METHODS TO | DENTI FY MODULATORS TECHNI CAL FI ELD Provi ded are nethods for

i dentifying nodul ators of the bitter aftertaste associated with nmenthol .
BACKGROUNRONBIIH (223291 s a cool i ng agent that provides a biPCTAH2009/000290

of f-note/ aftertaste when used at hi gher concentrations, which is

undesi rable for consuners. Therefore, nethods that identify conpounds or

i ngredients, which are able to nodulate, and in particular to inhibit or
mask, this bitter aftertaste are of interest. Bitter taste is perceived via

taste receptors, and a fgerhooy TEIDENTEYIMOBULRTOREX taste receptors
(TAS2R or T2R) is known. The receptors are broadly tuned to detect

t housands of structurally diverse bitter substances, and no obvi ous shared
chemi cal features can be recognifzgsHNICAL FIELmgoni sts even of single
receptors. For exanple, TAS2R7 is known to respond to various conpounds

i ncluding, for exanple, chloroquine and quinine and strychni ne. None of

t hese i t pRIIdEASIEMENEEDOPIHENITRAY MoBMBRISNthEBiEEr sftactastetagsdatatatwittvat ed by
ment hol . SUMVARY Appl i cant found that one of these 25 bitter receptors is
acti vat ed™8)Pfent hol . In particular, applicant identified menthol as a
specific agoni st of taste receptor type 2 nmenber 7 (TAS2R7).This finding
allows to provide nethods that qu&ﬂy @ and its agonist nenthol to
identify ingredients that nodul at % esponse of TAS2R7 to nenthol, for
exanpl e, antagonlsts (bl ockers, inhibitors or masking agents) of the

Teont T4 FBAARES s oo Rbefith bR o gt JFEGIERCrARI M Bedal (herd

i dent 8r8° 1™ |ngaen ck or mask™t ebltter
taste of cmcehmﬁnon$,dmmhlsue¢bsagldﬁﬁcscoawnbﬂsconf| rmed in human sensory
evaluations and will allowto reduce the bitter aftertaste of nenthol.

Therefore, methods that identify compounds or ingredients, which 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 TAS2R?7 is known to respond to various compounds including, for example, chloroquine

and quinine and strychnine.

None of these bitter taste receptors had previously been shown to be activated by
menthol.
25
SUMMARY

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

30 In particular, applicant identified menthol as a specific agonist of taste receptor type 2
member 7 (TAS2R7).



Provided is the followng: ( 1) Anethod to identify an agent that

nodul ates the taste of nenthol, the nethod conprising: (1) contacting cells
t hat expr¥O0H/0E2B2R7 bitter taste receptor that is abl @TEHR0%AWII%at ed by
ment hol with nmenthol in the presence of at |east one agent; and (ii)
determ ni ng whether the at | east one agent affects binding to nmenthol or a
functional response of said TAS2R7 bitter taste receptor to nenthol, with
the proviso that the cells are not unmani pulated cells in their natural

envi r onenis fikding AIJWRLH pFbvite h&IsthaeHIoPEAS2R NS dydnidDRBhthGLy, Wher ein
t he TASZR?IBHtté% taste%receptor éBnprises a_ TAS2R7 bﬁ#?gr taste receptor

subst ant i 4eNfY Rerasiesdotiat medulats fre sapansaof TASERMCEMethaHor examite2, with a

sequence Agte§dridty (Wckads, indfidrs 9PMasikind Asethd] obinkinfénthdlabfedRAEPASZIRMNI Ch s
encoded by a nucieotlde seqﬁence selected fromthe grougacon3|st|ng of a

nucl ei ¢ a@§Haqmdbe metnods Pareipt allge e ideptity medeielos ingudieg gaemte thadf SEQ I D
NO 1 as deidacdribied obphaskethedits tastestiménthol Adéntfib@hgerds tsh sabsianéd mal | Y

honol ogous to a nucl eotide sequence of SEQ ID NO 1 , ., as . determ ned by
ybr i A saCYBAN SSRERe A kel AL hANAP SR 0 B adierinf 2 BoaBhll e

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 sati on hybridi ses under stringent hybridization conditions at a

t enper at uPeviled EXh€fallowimgsol ut i on consi sting of 50% f or mam de, 5*SSC, and
1% S and washing at 65 Cin a solution consisting of 0.2*SSC and 0. 1%
SDS. ( A nethod as herein described, including as defined herein under any

one of (1§1)Armethgd to iderdifcamagent tianepfilates thedaste a6 menthek Bistroethpd a
conservat&yﬁpﬁﬂ@ftional variant that is able to be activated by nenthol.
(i) contacting cells that express a TAS2R7 bitter taste receptor that is able to be
activated by menthol with menthol in the presence of at least one agent; and
15 (i) determining whether the at least one agent affects binding to menthol or a functional
response of said TAS2RY bitter taste receptor to menthol,

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

(2) A method as herein described, including under (1), wherein the TAS2R?7 bitter taste
20  receptor comprises
a TAS2RY7 bitter taste receptor substantially homologous to a polypeptide sequence of
SEQ ID NO:2, with a sequence identity of at least 90%;
a TAS2RY7 bitter taste receptor which is encoded by a nucleotide sequence selected
from the group consisting of
25 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
NO:1, , as determined by hybridisation,
wherein the substantially homologous nucleic acid as determined by sequence
30 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° Cin 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.



(4) A nmethod as herein described, including under any one of ( 1) to (3)
wherein the cells also express a G Protein, optionally one or nore chineric
G Pr ot ei WDrzelougey29 Gaq- CGustducin, G al pha 16-gust duci RCZAH280900629hi meri c
G Protein substantially honol ogous to Gag- Gustducin or G al pha 16-gustducin
44. (5) A nethod as herein described, including under any one of ( 1) to
(4), wherein step (ii) is perfornmed by neasuring a change in or caused by
intracel lul ar nessengers. (6) A nethod as herein described, including under
any one of ( 1) to (5), wherein the functional response is determ ned by
measuring a change in an intracellul ar nmessenger selected from|P3 and

Cal i um 269 Amsthod ALReER descThe dnplueias as Ates TOFRIT WesehgrusRRe (AH8Mdbne. of (

1) to (6)2), whasiRtH PASIRTKHrIasté PoceBlof BlLebnbENBliVeTBndibRM Rakit Hatisl Ng Of
bacterial cells, eucar%otlc cells, yeast cells, insect cells, manmalian

cel I's, anPPIpR Bhacuped DY ietRabr m cel I's. (8) Ahe nethod as herein descri bed,
i ncludg ng under (7), wherein the cell is a mammalian cell. (9) A nethod as

ST e e FoSHonof R Bt b Bho ey Bhirt HEa il ee TATEk) °2 °°'
(10) A ki hlsﬁeiaifmési;ﬁi(n]I Gg_?ro(ei(ijr), obtgﬂﬂﬂ?)bmﬁm@ﬁ:cchl?ndribﬂ-Pméeﬂn &t&ﬁldﬂlg'ﬁhﬁZR? bihtlter
taste recept.ar .a | er ny .one.of . {,0. 9] nent nol ,
for conb: FUaaURE Y BBhodRRu)ud afMhoaiderin sy Srisibnddiy b oIS R Aot
(11) A netdGah-Gustdedimgr Glaiphiai16-giskitcinddd herei n, incl udi ng under (10),

conpr%éing:(i) growi ng reconbi nant cells that express a TAS2R7 bitter taste
receptor as defined under any one of ( 1) to (3), (11) adding one or nore
agent in tHé mpetbsdag berein desenibied| incladidg (hderand ene philhio(g), avhereimsfep (i a

f unct i onaj, gee by § b el oF IREH b haBELLE HRRNSGels Presence and

absence of the agent, to ent | agents that nodu

(6) A method as herein described, including under any one of (1) to (5), wherein the
15  functional response is determined by measuring a change in an intracellular messenger

selected from IP3 and calcium?'.

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

20  cells, insect cells, mammalian cells, amphibian cells, and worm cells.

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

mammalian cell.

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

(10) A kit comprising:

(i) recombinant cells that express a TAS2RY7 bitter taste receptor as defined under any
30 one of (1) to (3), and

(i) menthol,

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

(11) A method of using the kit described herein, including under (10), comprising:



taste of nmenthol. (12) A method to identify an agent that nodul ates the
TAS2R7 bitter taste receptor that is able to be activated by nenthol, the
met hod cONPr0EVME29(i) measuring a paraneter that chang®€STIGH20€#90298e t O
ment hol binding to the TAS2R7 bitter taste receptor, and (ii) determning a
change of the parameter in response to an agent in presence of nenthol, in
conparison to a negative control conprising nenthol but not the agent, and
thereby identifying the agent as a nodul ator of the taste of nmenthol. (13)
A et hod @sreRing rediftbirtt 8318 thdt Akbregd Q@Asﬁﬁﬁ bitter@bte bG8 defifed ASZR7
bitter taste receptor rises: a TAS2R bitter taste receptor

subst ant | 4ndeyany Bfg‘éh?ngb a pol ypeptide sequence of SEQ ID NO.2, with a

sequence Quﬂﬁdﬁmddné)érrﬁ&re'a@éﬁttm&Q)%res%na_é\gf?r%nthbltérﬂf taste receptor which is

encoded b nuc] eotide se nce selected fromthe consisting of: a
nucl ei ¢ al ets?lﬂ'Bg‘E’Qrﬂ q’éﬂ”p? ﬂ‘BFQP@BU?SQQS‘SQOH%EIC@Hﬁ‘Pﬁ D8 of SEQ ID
NO 1 a5 dekpérisenedres¥ncesideisendetd td 4gént, & idustifEagerdcindt Subgh@nhd al | y
honol ogouga %o a n Ieotlde sequence of SEQID NO1 , , as determ ned by
hybri di sa ¥ Lin the substantial ly honol ogous nucleic acid as

determ ned by sequence Identity has a sequence identity of at |east 90%
wher ei n t 1@) Auetharhtoi idéritify droageinbihatraodulateeine TRS2AR7dttent édsts racaptdr thit

hybri di sal'sl B tlf%g a?lgd;b)}'@gﬁtbols{hr |npeq|eory%0%tg{s|n jzation conditions at a

t enper at ure of Fon - consi's 50% f or mam de, 5*SSC, and
1% SD8) ah)dnemhnglg patan%ematrchangeellrmtesponsedqma;rthmglnMgmmesgtsmmd 0.1%

SDS. (14) ribed herein, including under any one of (12) and
AT

(13), wher itter taste receptor is a conservative functional
vari ant ofii) gtepmringjgichangesof the parameter in response to an agent in presence of

menthol, in comparison to a negative control comprising menthol but not the agent, and

thereby identifying the agent as a modulator of the taste of menthol.
15

(13) A method as described herein, including under (12), wherein the TAS2R7 bitter
taste receptor comprises:
a TASZR bitter taste receptor substantially homologous to a polypeptide sequence of
SEQ ID NO:2, with a sequence identity of at least 90%;
20 a TAS2R7 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
25 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
30 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) A method as described herein, including under any one of (12) and (13), wherein
the TAS2R?7 bitter taste receptor is a conservative functional variant of TAS2R7 which is
35 able to be activated by menthol.



able to be activated by nenthol.(15) A nethod as descri bed herein,

i ncl udi ng under any one of (12), (13), and (14), wherein step (i) is

per f or redwbRo/n22i2bod sel ected fromthe group consi sti n@CHICH2AUH00296ence
spectroscopy, NWR spectroscopy, neasuring of one or nore of absorbance,
refractive index, hydrodynam c nethods, chromatography, neasuring

sol ubility, biochem cal nethods, wherein the nethods neasure the properties
of the TAS2R7 bitter taste receptor in a suitable environment selected from
the group consisting of solution, bilayer nmenbrane, attached to a solid

phase, i n(f) hlrﬁétﬂodw@s@bﬂ%d hdoaun.qcmaun@ummh@aﬁe oﬁﬁlg) (13) v (gh)es. DETAI LED
DESCRI PTI ON The ne hods ovided herein permt the identi fi catl on of test

agent s t hahefeRieRdds Berifeer & adnethed %9"?‘%%‘1 frem thegrewp sonsistingnad R7
(T chzné |7 at Ogsdresc'éh&a mfi@%pﬁﬂ\!ﬂvﬂh%péam‘ébd@ ﬁhéasd?mylof 6:93 orRbreof €XPr essgng

and o tlona are cont act t est agents an
rent hot & oERaeR Reie Pt Rufiaduiie Tl el aiap b mer s o
nodul at or selubilitg, histhagidalmethots, vhardie thetmethedt Medsubs the @rdmstﬁesbif fekers. The
effects o ents. upon R7 ca exam ni ng any
sui tabl e gﬁ%gﬁéﬁﬁ?}ta rﬁcﬁ?ﬁy‘ %?Wg%ﬁa nvg?mﬁ?ﬁgglfa?\?alﬁgﬁ‘ t%@?ﬁ? functi onal
r esponse. céusjstisgpt sliition aslapgr nohizane, rayaMZRZ sbtﬁd:ﬁlﬁsermadtpld/mbr)olmn be
used. Recgg&,%ronaacﬁ‘@ﬁg;alng ﬁdynn'vgﬁl:lgél initiates subsequent intracellul ar

events, for exa i n second nessengers, for exanple, inositol
trlphU%phate (IP3) mhlch releases intracellular stores of calciumions.
Activation of sonme G protein coupled receptors stinulates the fornation of
| P3 t hrough phosphol i pase C-nedi ated hydrol ysis of phosphatidylinositol.
IP3 in turn stinulates the release of intracellular calciumion stores.
Thus, a change in cytopl asn c DEIAMERDPESERIRMONs, or a change in second
messenger |evels such as I P3 can be used to determ ne G protein coupled
receptor activity. The functional effects of the agent on the receptor
and/ ot> G Eljh%mgquap@vggg 8eteimreImiyhe identification of test agents that increase or

decrease the effect of menthol on TAS2R7 (modulators). The methods may be in vivo or
in vitro. Cells expressing TAS2R7 and optionally a G-protein are contacted with test
agents and menthol to determine the properties of said agents as menthol taste
" modulators, including but not limited to menthol bitterness blockers.

20
The effects of the test agents upon TAS2R7 can be measured by examining any suitable
parameters of TAS2R?7 binding, or an activated TAS2R7 functional response. Any
suitable assay detecting TAS2R?7 receptor activity can be used.

25  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
receptors stimulates the formation of IP3 through phospholipase C-mediated hydrolysis
of phosphatidylinositol. IP3 in tum stimulates the release of intracellular calcium ion

30 stores. Thus, a change in cytoplasmic calcium ion levels, or a change in second
messenger levels such as IP3 can be used to determine G-protein coupled receptor

activity.

The functional effects of the agent on the receptor and/or G-protein are determined by

35  any suitable functional assay, for example, an assay that measures changes in



any suitable functional assay, for exanple, an assay that neasures changes
| nparaneters of the transduction pathways such as intracellular |IP3 and
Ca2+, or W 20t0ees2& protein specific assays such as | ab@CITG200%H001BFPgS,
according to techniques known in the art. Alternatively, binding assays may
be used to determi ne the effect on nenthol binding to TAS2R7. The

I dentified agent can then be further tested for its activity as a nent hol
nodul at or according to techniques known in the art, described w thout

li mi ; alt i Oﬁaﬂﬁﬁfe&irﬁlobméWnsdhcflcbrﬂp‘elttlh\ﬁé’ﬁ|su6t€§sﬁmﬂ'§§elﬁ1ﬁﬂP3%6 éﬁﬁ*, uﬁ%i%tgg i dentify
a nodul atqr is si0l ogi ca e that is affecte

activity; 8‘ protein ?fi%/%%siqﬁﬁ '@Q@'”&%@h@% éﬁn‘?‘i?@ﬂj'ngnmd?‘?mé“@?ﬁ‘”%ct i onal
assays. Sththe bunmttemam}elﬁbﬁﬂmg a854ys\Wdyl bekuseuo Bétefiife Beteffebn MERARI €,

wi t hout mta use rec rrblnjnt cells or intact cells or

tissues i 89pip %9?%%?61%1&?@ tﬁﬂag?fﬁg?n UrRPr ostorbiof ifs AGHY Y 22

concens r atrieathol modilstot Hccoadingloasgh@iqaés Rnowarin Mekady, deBaried Wetholtilifethtsh ng, for
exanpl e, ntr | | ular cal cium (Ca2+), cAMP, cGWP, inositol phospate (IP3),
di acyl gl yc% e(l.?f’ arachinoid acid, MAP kinase or tyrosine kinase), ion
flux, phosphorylation |evels, transcription |levels, neurotransmtter

I I GIP d t
pﬁ\égpﬁol | g?g%bgﬁéﬁ%%%ﬁggthgpcaﬁm%u Igg(r{loo#agm' 8smfis u,atc%r '?e%%o@] Hﬁ'ﬁﬁé%agfachl doni c
aci d r el eakanget s &ffactesicbyalAB 2AR7 ety pvanatyadf suehoharges areSdaternsnsdiabl e

assay$gg ar gifrefe g@m@ >scribed in WO 01/1 8050. Various functional
assays arg éat gfluﬁ e%esfagébeel ow, exanple 3 describes a fluorescent assay

that detects calcium Receptor activation typically initiates subsequent

intracel | sha{ fuﬁa@mbsassaga@w%ewn ImGg Sﬁsﬁﬁeia'?npﬁ@%gutqﬁﬁé%}g%géaysf or

exanpl e, IP3, which releases intracellul'ar stores of calciumrons.
Acti vati OW%PS%@W@“B?W&? fr iptgchsedyontiseugst isplated fiom arimals apd that afenat i on of

i nosi tol  baddasREARIng tr{%?aon&ém@u&h am?m}%hbrg%sﬁ LectBiliaA) Rdsdandepol ysi s of

hosphati dylinositol. IP3.in turn stinulates rel ease of intracellul ar
ey i 1 Rl ke oxample, mgaesidabeat AT aem SAME SO dnesiol BisPaaal s or a

change i n(IP8) diadylgRSSBNDREG, arachinoid acid, MAP kinase or tyrosine kinase), ion flux,
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
20  reporters. Some suitable assays are, for example, described in WO 01/18050. Various
functional assays are detailed hereinbelow; example 3 describes a fluorescent assay

that detects calcium.

Receptor activation typically initiates subsequent intracellular events, for example,

25 increases in second messengers, for example, IP3, which releases intracellular stores of
calcium ions. Activation of some G-protein coupled receptors stimulates the formation of
inositol triphosphate (IP3) through phospholipase C-mediated hydrolysis of
phosphatidylinositol. IP; in turn stimulates the release of intracellular calcium ion stores.
Thus, a change in cytoplasmic calcium ion levels, or a change in second messenger

30 levels such as IP; can be used to determine G-protein coupled receptor activity. All
functional assays may be performed with, for example, samples containing cells
expressing the receptor on their surfaces or on isolated cell membrane fractions. Useful
cells are described in more detail hereinbelow. Also, for example, tissues from

transgenic animals may be used.



| evel s such as I P3 can be used to determ ne G protein coupled receptor
activity. Al functional assays may be perfornmed with, for exanple, sanples
cont ai ni Nyocelwe2epressi ng the receptor on their surfa®€3/@0eN0NBO| at ed
cell menbrane fractions. Useful cells are described in nore detai

her ei nbel ow. Al so, for exanple, tissues fromtransgenic aninmals nmay be
used. To identify a nodulator which is not an agonist itself, for exanple,
an antagoni st, inhibitor, or enhancer, sanples with and without test agent
both containing nenthol (agonist) are conpared . For exanple, a control

(with menthol but without nodulator) is assigned a relative receptor
activity vafdsetiyp meylator wiue! ie askan gt ftsalk {prexararle.as angagont.cont r ol

i denti fi emhibitod, BhékHahedr; seMipl@ Wi WithouMSE £t Bdth cHRARMGMdritiIt i fies an
enhancer.  An |ncrease or decrease in the neasured activity of, for exanple,

10% or mofa9isH AP R st i cal |y significant difference) can be considered
Si gni f§ carbr éxanples aEphteol (WitHmbatabdl tﬁ@@ﬂho&ﬁfﬂaal’a&ﬁ) i§ asag@ame&twt Ihout test
agent; or in a s est ent .co e contr e wt
test agenfe°5EP r?‘ﬁ%Y%‘f‘??ﬂgE 21(1 gﬁ?ﬁeﬁb‘[’ qgi i %et?ig%?ﬁnt ﬁ’gﬁ’ﬂt?ngﬁgf ect ed
cells). Tmhnmiembrémagnmlsa,gmereetssan ﬁfaqtaad%?daameyam ynhamcéﬂ]Aanoe%Q(be of the
agoni st d tho Lest S _conpar ed oni sts show
a reduct PF;%&% ee{é\%hr% @?&u{ Clt'V'BI Oéale pq?qqgé‘t?r\}mre, "oy S@E@rﬁ?ﬁe by at
| east 10%sigBficanediffawince)was bemonsdea*ewﬁlghlﬁearftmaswmm«gjwh tast bgerdl | y cl osely
I N s i SO
f or m havecentisi sareple w&tbt@t agent butinwhichithghcells gioinobéxpresa IAS2ZR7dmerleoi soner s
exi st (D yande (ﬂgﬁm D- und L-isonenthol, D and Lneonenthol, and D

) -

and L- ne0| sorrent WNEnt hol (+)-1sonmenthol (+)-Neonenthol
(+) - Neoi sonent hol (-)-Menthol (-Hsonmenthol (-)-Neonenthol

(-) - Neoi 5¢8‘i“d@nm|ahfbgaﬁ|i§'t'stTMQFE?OadﬂvW%ﬂttﬁ@bres&c@%@¥H&‘?Jgon|§ﬂqeﬁth§| vty ment hol

stereoi soners, the structural cl osely rel ated nenthone, including,
Wi t hol? | Witheus a;test agent isGRAMRAN &ntagonls s show a reduction of agonist-stimulated

receptor activity, for example by at least 10%.

By menthol, one or more of the following structurally closely related compounds
associated with bitter taste are meant. Natural menthol exists mostly as the (-)-menthol

20  or L-menthol form'; both L and D (or (+)) form have a bitter taste. In total, eight optically
active stereoisomers exist (D- and L-menthol, D- und L-isomenthol, D- and L-
neomenthol, and D- and L-neocisomenthol).

(*)-Menthol (s)-lsomenthol (+)-Neomenthol (+)-Neoisomenthol
CH; CH, CHs

HO HO \\\\\\\[ ]

HO

>.--'t>—

H3C CH; H3C/\CH3 HsC CHs HsC CH;
CHs CH; CHs
HO" \\\\ 9 H O\‘\\\ ? HO\“\\\ - HO
HsC Hsy HsC Hs HsC” SCH; HsC CHs
(-)-Menthol (-)-Isomenthol  (-)-Neomenthol (-)-Neoisomenthol



(2S, 5R) - 2-1 sopropyl - 5- met hyl cycl ohexanone, may function as TAS2R7 agoni sts
as well. The bitterness detection threshold for nenthol will vary wth the
i ndi vi duaWorawy@zag9it and with the m xture of i ngredi enPETGH0N110029¢
present in. For exanple, it may be as | ow as about 10 to 30 ppm or | ower.
In addition to the functional assays described herein that neasure a change
in paraneters caused by a functional response to agoni st binding, changes
in agonist binding itself can be determ ned by binding assays that neasure
the effects on the binding of menthol to a TAS2R7. Binding assays are wel |
known in the art and c ggmpatted in solution, in a bllayer menbr ane,

opt i onal |\ addftigr fRubrmest Bhaedthejofhes mengiokstemoisompst: theor i n vesi cl es.
Changes i stnfetuigliyngpsefy rarawdhﬂéntmeamae&a 7wmhvmmt.bﬁle_ mahthbre d.et erm ned by

measurin ers includin ut not ted to [ 0SCO

char act e?fzgtaé@?i (G?Brlop@ ﬁq‘élcg‘t' %%‘E‘@n@@y Lﬁ‘ﬁg‘m ﬂgﬁfﬁ? aa9n Sr%?c‘t’?'\/e

i ndex)s hydrodynam c nmethods (enploying for exanple shape), and

chr omat og r|n solu r rties aTSZ ptide. In
one enbod?&?gﬁﬁémﬁ?% %Cd'o 4 §}£° €° "%P@(?ﬁ"gﬁt"%%w'tg%e [9y! ﬁﬁ?tg‘ﬁét tracts
from cel | with tf’&S’DIIEtU&B((pr’IH@'SdIQIgS menthobis peesenfIAIZIRExamblepit pilay de as low &8 ndi ng

assay my erfornmed as described forHRs by Adleret al. in
USZOOSOOS%HJUEQO?&M %’ﬁgpﬁgle '0169] to [0198]. Various exanples of suitable

detecti on net hods t hat nmeasure TAS2R7 receptor activity in assays follow

her ei 1y, bej aqiiGhkd ﬁtelt'érﬁ:(ﬂot'\é] abdfs ASSHEd h eln tha e AQRAL ¢ ﬁ@@yﬁ may be

performed by using samples containing cells expressing receptor on
t hei r sur pare@eteny caysed 8 b dunstonrad respaesede agenistrbinding ghandgs éf agonist| | s are

descri bedyRgihgitbeiiANe defstifRE b fbirkfg s@%s%&%ﬁ&%?éﬁ@%ﬁ&&% bRy cell

nmenbr anes, tisSsues fromtransé%enl c animals ma used. | sol ated cells or

ti ssues naindipgpf peatelte aiARZRT ABPRiINg @asrayté@rw@'hknqwrt'n@w asteandescr i bed
herein. Atets@matélmwnymmwr iéfibafe LpR6RIF BfladtRdNE aSbAPHISE! inblligiasi ent-
expr eSSI et ?\glgteerrrc!)sr in ;/reselcl S. C%gr?tésqg b%];iln ?Enagtlhceal t(c:)eaI 'Il'Asl‘:ZII'\D?e oIIS eV\{(?dleI Calénovm an
ex arrp j @onolay g g ot me polypep

be determined by measuring parameters including but not limited to spectroscoplc

characteristics (for example fluorescence, absorbance, or refractive index),

hydrodynamic methods (employing for example shape), and chromatography,

measuring solubility properties of a TAS2R7 polypeptide. In one embodiment, binding

20  assays are biochemical and use membrane extracts from cells/tissue expressing
recombinant TAS2R?7 polypeptides. A binding assay may, for example, be performed as

described for T1Rs by Adler et al. in US20050032158, paragraphs [0169] to [0198].

Various examples of suitable detection methods that measure TAS2R7 receptor activity

25  in assays follow herein below.

Cells used in the assays:

30  All functional assays may be performed by using samples containing cells expressing
the receptor on their surfaces or on isolated cell membrane fractions. Useful cells are
described hereinabove. Instead of samples with separate cells or cell membranes,

tissues from transgenic animals may be used.



described in exanples 2 herein. Alternatively, cells transiently expressing
TAS2R7 can be used, for exanple, HEK293T/ Gal6-gustducin 44 cells

transi entwo 20109228i ng TAS2R7. Suitable cells include eRCACHRINN002P] s, for
exanple, without limtation, mammalian cells, yeast cells, or insect cells
(i ncluding Sf9), anphibian cells (including nelanophore cells), or worm
cells including cells of Caenorhabditis (including Caenorhabditis el egans).
Sui tabl e mammal i an cells include, for exanple, without limtation, COS

cells (i n%bldf@d'?ﬂllsc@r&rséuéﬁ%t@@ﬁye&presgﬁ@ﬂ@ﬂ?? cahBE49ey mehd methoBK293T cel I's,

HEK293 T-RexTM cell s, or other transfectable eucaryotic cell |ines.
Sui t abl e #esefiesg réﬁre'EeMeénqt'H%'VJd\§26$17t°%9? expragsediustiy stablecentiansiedl | s may be

t ransf ect ggpratdsida s"y'é’tSR\WTﬁﬁ‘@br@réﬁoﬁ 04 SiaBle(caMifdis e Kﬁoﬁd\%%l%&aweas
phosphol i pase C si nsd uc |on pat h transi ent| I s , as is
Par T knoulibaB eSpieng TETeb ANe et i, 6F Bl s bt seiress bodn Bt « hat
enpl oys th@uszdml,fméxmm,rmmmm@ispdwdmmgwdewﬁaﬂsue%yéﬁdré@.ﬂ@om as

G sub. al pﬁg%%'l% gust (duci n) 44, G sub. al pha. 16gust (duci n) 44,

Gal6gust ( ‘44, Gal6gust (ducin) 44, Gal6-gustducin 44, or as used

her ei nbel ow, "Gl6gust44”) which provides for enhanced coupling to taste

GPCRs, is described in detail in WO 2004/ 055048. Alternatively, other
chineric Syiablegels inslude queryatisgety ereuempledwishaut inaitation, rammetian Gd5048, or

ot her GPyéats%éng,orf|ﬁec@@mgnh@ud.@§mranﬁ¥ﬁmarr@ns BhaQiREmMERAGphof\SABY, can be
expre

th t t |
trans ct? ‘?ﬁorB‘aﬁeﬁWdegrce@(%f%egomH‘ipﬁa lﬁﬁ?ﬂsﬁfé’gg‘raggggﬁﬁrﬂ?" r:n:hgtr:]? i on
pat hvay, untablegnahmhMEUmlwa foaexamples witholituidhitatign, CQS mklanpctledmg he
fol | owi nge, ab%&er) B8R, HEKADY LakoENSS o qREARE cltis, b3
arac BA

GTPas /GTP inoid acid, roteln klnasec
(PKC), Magth RV%@@CWP&#{CH@’OW ¢Ridiges.or ERK k| nase. Al ter natively, any
suitabl e reporter gene nay be linked to a TASZR? -activation responsive

pr Om)_rtfr gwgabvseacci:tetngl ce‘ﬁ%%fﬂ‘d@%wtﬁﬁ% taffi1 } , as described in nore detail

Cells may be transfected with TAS2R7 and a G-protein (which links TAS2R7 to a
phospholipase C signal transduction pathway) transiently or stably, as is well known in
the art. An excellent heterologous expression system that employs the chimeric G-

20 protein G alpha 16-gustducin 44 (also known as G.sub.alpha.16 gust(ducin)44,
G.sub.alpha.16gust(ducin)44, Ga16gust(ducin)44, Ga16gust(ducin)44, Ga.16-gustducin
44, or as used hereinbelow, “G16gust44”) which provides for enhanced coupling to taste
GPCRs, is described in detail in WO 2004/055048. Alternatively, other chimeric G-
proteins based on Gag-Gustducin described in WO 2004/055048, or other G-Proteins,

25  forexample, G16 or G15, may also be used.

TAS2RY7 can be expressed in a cell with a G-protein that links the receptor to a signal
transduction pathway, for example, the phospholipase C signal transduction pathway, or
signal transduction pathways including, for example, the following: adenylate cyclase,
30 guanylate cyclase, phospholipase C, IP3, GTPase/GTP binding, arachinoid acid,
cAMP/cGMP, DAG, protein kinase ¢ (PKC), MAP kinase tyrosine kinase, or ERK kinase.

Alternatively, any suitable reporter gene may be linked to a TAS2R7 -activation
responsive promoter and used to determine TAS2R7 activity, as described in more detail
35  hereinbelow.



her ei nbel ow. Vector constructs used in cells described herei nabove: Any

sui tabl e expression vector may be used, for exanple, a plasmd vector with
expr essi oNOcawgEei28. For exanple, pcDNA3. 1Zeo or pcDNASPERTH200M100298gen,
Carl sbad, CA, US). For transient expression, any suitable vector can be
used, for exanple, pcDNA5/FRT provides useful results. TAS2R7 constructs
may i nclude so-called tags, including but not limted to a nenbrane export
tag and a tag used for detection of TAS2R7 including but not limted to

i muno detection. By "nmenbrane export tag" is nmeant a nucl eotide or peptide
signal sequence to formthe N-termnal part of a protein and to cause the
protein to be exported to the nenbrane. In transforned cells it ensures

that the Veitopdunsteldi®ubeddinccells destibddhéerdMaboté:cr taste receptor)
transl ated fromthe transfected nucl eoti de sequence is properly targeted to

t he nenbrane. Any of the known nenbrane export tags can be used, for
exanpl®, mhy Suitablel éxpicksibn ogstoranaebdustacioe ¥xaMmple tAgadmiavestommitost at i n, for

| e, t hout | tati f
cxarple: 3360l b s o 3RS R4 B R Re et | or
i mtati o8A, U8¥i ne rhodopsin, for exanple, mnthout limtation, the 39
N- t '

N et I obortronl GHRRRR RS 05 AR e e ORI
anot her npiobidanasefulgessilta, for exanpl e, mnthout limtation, about 7 to about

100 N4 erminal amnoacids of a menbrane protein. The HSV tag can be used
for inmmuno detection, or alternatively, it can be replaced by anot her

i mmuno def A82R6 ponsiycts mayi include savealied tatist inctuding biut netdintited jea famirane it can
be |eft og;porﬁhg %ha%ttbg%sé@gﬁ dE@EtldriTB‘fUﬂ&Sﬂ@it ﬁema? bRt ﬁot linfted Qf%ﬁmb it

FLAGr) tag t he am noaci d sequence |
[YPYDVPDY%?teCt@J‘WC tag [ EQKLI SEEDL], H S tag [HHHHHH] HSV tag
[ QPELAPEDPED], VSV-G tag

15 By “membrane export tag” is meant a nucleotide or peptide signal sequence to form the
N-terminal part of a protein and to cause the protein to be exported to the membrane. In
transformed cells it ensures that the introduced membrane protein (TAS2R bitter taste
receptor) translated from the transfected nucleotide sequence is properly térgeted to the
membrane. Any of the known membrane export tags can be used, for example, without

20  limitation, a membrane export tag from somatostatin, for example, without limitation, rat
somatostatin (RSS, SEQ ID NO:3, to form a peptide of 45 amino acids), a rhodopsin
tag/fragment, for example, without limitation, bovine rhodopsin, for example, without
limitation, the 39 N-terminal aa of rhodopsin or bovine rhodopsin (see for example in
Krautwurst et al. 1998, Cell 95(7):917-26), or the relevant fragment from another

25 membrane protein, for example, without limitation, about 7 to about 100 N-terminal

aminoacids of a membrane protein.

The HSV tag can be used for immuno detection, or alternatively, it can be replaced by
another immuno detection tag or, if no immuno detection is to be performed, it can be

30 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.

10



[ YTDI EMNRLGK], V5 tag [ GKPI PNPLLGLDST] and ot hers. The vector constructs for
expressing the GPCR and/or the Gprotein in such cells may be produced in a
manner Kkriwenoper22¥9usi ng Pol ynerase Chai n Reactions. Af PET/CHOIYWH2900Nn of
t he sequence, cDNA fragnments may be sub-cloned into a suitable vector, for
exanpl e pcDNA 3.1 mammual 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 $onfirn1thg rrect exPressign of épe protein. Once correct

E r

or ot ei e BRSNS BIRF PPrEaNOdtE GRGREANGLY fhe G PRYeiB uFHshSelmAd | an
cel I s i ncheipiodgeedfiika 9%ahneekidvraged skloking PBRENicask, CramyR&Rtibrangbect ed to

Rnown i n Taticapd b Rp EefitRER yEN ragrary Baybe pORERMoH AR FuRbERsFbe on
vect or9 hobr esangile peDNARB. lreamsmtiart expeessionivectanfdr mapinggian s€gUemces encodi ng
t he TAS2 . P ' | t T i ncl.ude, f. | e,
i or oor gai Sy e QR ESFER BN b andik e caBtshsnizazon of T ¢

bact eri opthagene.pl asmi d, orcosmi d DNA expression vectors; yeast transforned
W th yeast expression vectors; insect cell systens infected with viral
expression vectors (for exanple baculovirus), or with bacterial expression
vect ors (/& aghoghisansfietima porigyl, fos exkample 48 haums| eall Iyshatespeay e preparetor s t hat

may bey usgihiyded Byweamtsa&sang &t {%gr tta%gﬁmhgxgrégc{t gé;grggs%r@ﬁﬁe in

"G protein coupled receptors I gnal Transduction tors:
Tat suya HAG®IMANCEDFect ProtRip ekipssionis cogfiimed Gradtalpe eells, for BxaraplRat on FL;

Sept enber maMfdiian Sell8 AR AHERYBTERRs afti AER ORI, n‘?é@ilé sPlEbAYPY €SS ON
e

vectors may be sel| ected depending upon the use iInten or pol ynucl eotide
sequencesISKESRFHY Stahly expressingdhe erelgippeeording toiterbiniguehivalknayipittsi ng, and
propagatign of pol ynucl eoti de sequences

15

Alternatively, a variety of non-mammalian expression vector/host systems can be used
to contain and express sequences encoding the TAS2R7 G-Protein coupled receptor
(GPCR). These include, for example, microorganisms including bacteria transformed
with recombinant bacteriophage, plasmid, or cosmid DNA expression vectors; yeast

20 transformed with yeast expression vectors; insect cell systems infected with viral
expression vectors (for example baculovirus), or with bacterial expression vectors (for
example pBR322 plasmids).

Examples of specific vectors that may be used with the systems described hereinabove

25  are described in “G-protein coupled receptors (Signal Transduction Series)”; Editors:
Tatsuya Haga and Gabriel Berstein, 1st ed., CRC Press - Boca Raton FL; September
1999.

In bacterial systems, a number of cloning and expression vectors may be selected
30  depending upon the use intended for polynucleotide sequences encoding the GPCR.
For example, routine cloning, subcloning, and propagation of polynuclectide 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).
Ligation of sequences encoding a GPCR into the vector's multiple cloning site disrupts
35 the lacZ gene, allowing a colorimetric screening procedure for identification of

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 ogvegy1o/2egpat i on of sequences encodi ng a GPCR i nPETIAHR0AH0290" S
multiple cloning site disrupts the lacZ gene, allowing a colorinetric
screening procedure for identification oftransforned bacteria containing
reconbi nant nol ecules. In addition, these vectors may be useful for in
vitro transcription, dideoxy sequencing, single strand rescue with hel per

phage, and creatiqn of nested del eti on ned se uence Wen | ar ge
st t | olagyTagkaelein BSMeB e ootk a5 PO e, Jeaa Jesiois e

ant i bodi ebe usefotforis vitioi tenschiptien dideogséqeating sigisstirand refcua wiRGRpeRY be
used. For pRxaTBh@crafif AnssiE8 ARIiCH e Vlorthi iends \IHER Bl GRS 7

bacterlopﬁage pronot er use expressi on sys used

for produét? &FCHarg nepded, ¥°Aem@rf°b¢‘e@mtﬁﬁ@ f@ntibadigspyectarpwhichut i ve or
i nduci bl edpsa lﬁi@h@é\ﬁel eXpiédiionsf alGHER f’r&(]'fb@ruse@| Fo? BRAMAIK | V8BRS combinifgH

Pi chi
pastor <. MIarha rd giHe S b DR ool RPN R B otecr ot 1 on or |

intracel lular retention of expressed proteins and enable integration of

foreign S%H&Q&S@sb@ﬁ &stté?ﬁs M9y be &P rfog[lct%}\%%ﬁﬁtfﬁmﬁme?e vdcttrs t €

expression of heterol ogous proteins in insect I'nes 1 s or exanpl e,
derivati vé%"%'f““@ﬁé"?.@ﬁﬁ‘%@b'f‘@‘l‘%tﬂe BEATALR | $4¢8 as AlRNg dacigThalcehl Pxigase; aad
mul ti tapsPGHpromes, msy betded/ kg yean Jaechisertlycesiteteiste vy Pichmpdsriel gn gene

expressio Ir I te.vira ronoter .. either the
pol yhedri rﬁ}]%drsd't% g&h%d?ér@ex e'tﬁe'st% gg(greg&r ar 'Xt el'/ue'%)rtrgtfent'olnsdfa?\)fﬁre?%egl e that
optim ses p@k?lﬂ%%@ﬂ @wbmmeg@a@vefrfgrem’n sequentes Mmtheﬁmt ggnome faistalde vect or s
enabl e exgﬁgg?émm_of bot h nmenbr ane-bound and secreted proteins at high
level s, and al'so many post transl ati onal nodifications known to occur in

t O L i nk t
o0 B P S0l S e 2 ot B cBLYBE R B componencs.
nunmber of desctivessof dieclapidoptrarn Iaddu;ov‘mmaWuadyr@hafoeﬁfoemnmhlﬁ:abkne nucleo-

I nsect Sel 9%4(%%%%&%; (& Ians s&&g%nforgélp eséx%rr]esg%ﬁtisedlrected by a
very strong late viral promoter, either the polyhedrin or p70 promoters, and a wide array
of vectors is available that optimises expression and recovery of recombinant proteins.

20  These vectors enable expression of both membrane-bound and secreted proteins at
high levels, and also many post-translational modifications known to occur in
mammalian systems, including N- and O-linked glycosylation, phosphorylation,
acylation, proteolysis and secreted vaccine components. A number of vectors are
commercially available, for example the InsectSelect™ System from Invitrogen.

25

Expression systems:

In order to express cDNAs encoding the desired proteins (GPCR (TAS2R7) and G-

30 protein), one typically subclones the appropriate cDNA into an expression vector that
contains a strong promoter to direct transcription, a transcription/transiation 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 Salmonella, and kits for such
expression systems are commercially available. Similarly, eukaryotic expression

35 systems for mammalian cells, yeast, and insect cells are commercially available. The

12



In order to express cDNAs encoding the desired proteins (GPCR (TAS2R7) and
Gorotein), one typically subclones the appropriate cDNA into an expression
vect or t O 200MR22320s a strong pronoter to direct transcPCHtGHRA09/080290
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

expr essi 0By @\yie BRprbio BB M bel R bRam 16 3 adABIrd| RSR&T af Shdrd- ar e
commerci al |y ‘avai |l abl e. Theeukaryoti c expression vector may be, for

exanpl e, assos@tadorionior gdeireyiral Wktosdenoassoci at ed vector, or a retroviral
vector. In addition to the pronoter, the expression vector typically

cont ai ns 'al transcription unit or exg}r essi on _c%ssett_e that contains all the
addi t i onal" 2dERB AR LS PETRIPR NG BIPTESHION YR HPEYRIFR OPBiNge RNSEURtRN #AE BRI ng
hucl ei & aexgledsibrasietahbtconBirsyllitiahdRiopaRASHOMs FRRIFEd for tHdWiprezeidhal ns a
pr onot er ogtﬁrabl  linked to, the .(ﬂu Ie{' c ag]d sequence. encoding the protein
and si gnaPsi"? BETIPEACIIRI HeIRIGTe ‘PC']SB SPRRrh Y PSR BRISPIOR ARSSERGHYEr i pt

ri bosone bomainsg peinicer, operdbly linkad tethe aucléie toid Baguanae enb@liny bk @rateinci d
sequence e&;odi ink?d.to

h i i,cally. be | -
menbr ane- f ar ag;{maﬂ%éqg?@cﬁ%‘f%@h@ﬁ”@o@aﬁ%@lﬁp é’? w]eﬁréalns%@ -M%%%%BPH'EQ of the rat
Somat ost asites; 3nd prsfation te;rmqlaém g hemr_upleiormpeseqq‘xérice ieecddingethe psateih sty
Fcoeptor o VP Raly BhES R Rarl @ikl s St 3 HEREKmhSiactiinha Bgb 206
expr essi onf thasySomatestatior Hreaeptor seqnerderto aramae sticieptdedsutfasendxpadssion regi on
downst r eagy | ééc!aﬁ\bﬁwtaﬁf’&loférir@bvh%qggée?ulW5rQ:%él[|-g§rchere(§'J tdrs ! Addfitioh&ddhd on- The

term nation region may be obtalne romthe same gene as the pronoter
sequence WY@dBefowa%@mﬁWi fferent genes. For expression of the
proteins, conventional vectors for expression in eucaryotic or procaryotic
cells well known in the art may be used. Exanples of vectors include
bact et? al ABRKPESHPHFASTEIY Shayld Jlsg C%’Frﬁlt'@!‘s%'gg%'fﬁeﬂﬁ'“?% §@PRg pBR322- based
pl asm ds, dpwdreamitd thtbstrididral@BAe fdisbade X BfieRAl teniBMBHETRe terhBatichxanpl e,
GST and LacZ. .

region may be obtained from the same gene as the promoter sequence or may be

obtained from different genes.

20  Forexpression of the proteins, conventional vectors for expression in eucaryotic or
procaryotic cells well known in the art may be used. Examples of vectors include
bacterial expression vectors, for example, plasmids including pBR322-based plasmids,

pSKF, and pET23D, and fusion expression systems , for example, GST and LacZ.

25  Expression vectors containing regulatory elements from eukaryotic viruses are typically
used in eukaryotic expression vectors, for example SV40 vectors, cytomegalovirus
vectors, papilloma virus vectors, and vectors derived from Epstein-Barr virus. Other
exemplary eukaryotic vectors include pMSG, pAV009/A", pMTO10/A*, pMAMneo-5,
baculovirus pDSVE, pcDNA3.1, pIRES and any other vector allowing expression of

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

vect ors, WOt2010832320vi rus vectors, papillonma virus vect oPST/GIRAONWE290r S
derived from Epstein-Barr virus. O her exenplary eukaryotic vectors include
pMSG pAVO09/ A+, pMIOL O/ A+, pMAMheo-5, bacul ovirus pDSVE, pcDNA3.1 , plRES
and any other vector allow ng expression of proteins under the direction of
the SV40 early pronoter, SV40 later pronoter, netallothionein pronoter,

nuri ne MBEHRE%xbESNEN Hstdhss MiveTRrkdrs trB@Hﬁavﬁi@rg%ﬁgﬁm\Shﬁc'éﬁorpé&%Eer
pol yhedrin pronoter, or other_ pronoters shown effective for expression in

eukar yot | E‘VE‘&"F%“%“W%?’ Ghosphetransierpsss dinydrotelats '?%Easﬁ%@/m?e gene

anpl i ficajfjieon such as thym di ne ki nase, hygronycin B phosphotransferase,

di hydrof ol ate reductase and the |ike. The elenents that are typically

I ncluded in expression vectors may also include a replicon that functions
in E. xol The aegene tmgeaduymgawnmdeesm exessiort vechR$ Mal akBliiide@n of bacteria

t hat harbor .rec n sm ds i gue restriction sit

non- 6 aenPLOT BTUIO5S Mgl rens Fedsig §Ha R s RoaR SBRE: i o
sequencesbactéria thatHarlsorIredonrthinagt plesriss aamemgmaeesli‘mm rslte§m rmoh-egsrermalc aI any
of the ma t. & kn wh i 1 he

pr okaryot | 'Ogequg‘e ?as%éaf@ aglﬁ\gl 'J;(;Sr?gqoln)? CH %'C ﬁglﬁer}cﬁ%t 9"’?&‘8@%9 interfere
with the respglancageanchasen Bmommlcahamukfahgmany dog rbsstancfe gepesks@wryin | n

bact efg al ySYof 5%, i FRERLNL (RRBRIL SRUoRPa R HoBST Sibrah ey 25 @

fusion protern ere PRt er 6

per i pl asnhet intatfere sdthitheregiplicption ot the PNAVBR kaeticedelis tifrecegRry. i ncl uding its
signal peptide, is linked to the amino termnus of the GPCR The wild-type
GPCR cDNA or the MBP: GPCR fusion cDNA is subcloned into a suitable plasmd,
for exanpliebasimabeystefisdhe CPRREDNA ragmeparyde@sessethalpae erasefisioy the | ac

wi | d- typepmé?rmh%m tP/ét;imzsomte,%éﬂg esel @R, B FSrigiddnte mﬁ@sb-tﬁﬂo%g
descri bed, for exa rotei n coupled receptors

Tr ans#uct P’ES’F?"S@\FI?%)SV)("BFG'EHMMPE 'nq*a@'%gt%@'pmjaeafﬂﬁf BA'BF‘F%‘P("%?@P& n, 1st ed.,
pp. 265- 2&imEBE AR BPCR. The wild-type GPCR cDNA or the MBP:GPCR fusion cDNA is

subcloned into a suitable plasmid, for example pBR322, where in E. coli, GPCR
expression is driven by the lac wild-type promoter. Methods of expression of GPCRs in
E. coli are described, for example, in “G-protein coupled receptors (Signal Transduction

20  Series)’; Editors: Tatsuya Haga and Gabriel Berstein, 1st ed., pp. 265-280 CRC Press -
Boca Raton FL; September 1999. |

Genetically engineered yeast systems and insect cell systems which lack endogenous
GPCRs provide the advantage of a null background for TAS2R7 screening.

25 |
Genetically engineered yeast systems substitute a human GPCR and Ga protein for the
corresponding components of the endogenous yeast pheromone receptor pathway.
Downstream signaling -pathways are also modified so that the normal yeast response to
the signal is converted to positive growth on selective media or to reporter gene

30 expression (described 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
Knight and Grigliatti, (2004) J Receptors and Signal Transduction 24: 241-256).
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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 | backyocornd2pzw TAS2R7 screeni ng. Genetical |l y engi neeCedHze@s00®y9st 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 signal
is converted to positive gromh on selective nedia or to reporter gene

expr essi OAmpHRiBRA MRS, B SafidularmeldhophBid cdils, BROARFibddL B @kaBiEUihe 384
(supp.): 1@;91%/. Genetically erlcg% neered i nsect systens incorporate a human
GPCR and Bt&0dhatidescribhs B GRCR gxipssiin 81881 i ng t he t he phosphol i pase C
signaling pathway (see for exanple Knight and Gigliatti, (2004) J

Recept ors_and_Si gnal %r ction 24: 241-256). Anphi bian cell systens, in
parti cul aPVHErRIESHIPs, ' are described, for exanple, in WD 92/01 8 10
that describes a GPCR expression system Overexpression of TAS2R7: TAS2R7

may be ov essed b | aci it under the control of a strgn

Constit ut THeS) BRg B pverplrB e hyrefodt kB BRGaI L e ompBifea i ver v,
cert ai n nproabtesfer @fangpimthe ICMM e GRGRombien A\ llemiatiee Iy Ice fain mautatining oflonai Ns can
be introd . . . sgitutive ly active.

Tr ansf ect %ﬁgrgkg?r@g%h g§%§g§§ %ﬁ%@%gﬂ&éér%%ggnﬁs aﬁgﬁ @quﬁf? %&@erﬂldse:r)&ﬁ andard

t r ansf ect ¢oployas TASRRTGRCReonstidtively aotieduce bacterial, nmanmalian, yeast or
inseciycell lines that express |large quantities of the protein. Any known
met hod for introducing nucl eotide sequences into host cells nay be used. It
is only nE@e§!¢&Fi9nm&gsﬂﬁéepamﬁs@olvapttg@nesiructerﬁgﬁomuﬁ ng procedure used be
capabl e of successfully introducing the relevant genes into the host cell
capabl e of expressing the Er oteins of interest. These nethods may invol ve

i nt r oduci RGN iaasigeivgrmethesigcandensed iy prodice; hactoral. mammatan, yeasteirgn
genetic Mpsadtal iried et axpress laff duadfitbsioPeyifieihe use of cal ci um phosphat e
trans{secti on, polybrene, protoplast fusion, electroporation,

Any known method for introducing nucleotide sequences into host cells may be used. It

is only necessary that the particular genetic engineering procedure used be capable of

successfully introducing the relevant genes into the host cell capable of expressing the

proteins of interest. These methods may involve introducing cloned genomic DNA,

20 cDNA, synthetic DNA or other foreign genetic material into a host cell and include the
use of calcium phosphate transfection, polybrene, protoplast fusion, electroporation,

liposomes, microinjection, plasma vectors, viral vectors and the like.

For example, without limitation, the T-Rex™ expression system (Invitrogen Corp.,

25  Carlsbad, CA) may be used. The T-Rex™ System is a tetracycline-regulated
mammalian expression system that uses regulatory elements from the E. coli Tn10-
encoded tetracycline (Tet) resistance operon. Tetracycline regulation in the T-Rex™
System is based on the binding of tetracycline to the Tet repressor and derepression of
the promoter controlling expression of the gene of interest.

30

Cell culture:

After transfection, the transfected cells may be cultured using standard culturing
conditions well known in the art. It will be apparent to the skilled person that different
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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
Corp., CaWwD2bud2224) may be used. The T-Rex(tn) System PETAH20YMW0390

| i ne-regul ated mammal i an expressi on systemthat uses regulatory el enents
fromthe E. coli Tnl0- encoded tetracycline (Tet) resistance operon.
Tetracycline regulation in the T-Rex(tn) Systemis based on the binding of
tetracycline to the Tet repressor and derepression of the pronoter

control i ealseé@r@w&éhtenutdr@eormms HelddHolpBRdriatd B mpe il aﬁ@celr%fuﬁter"e
transfection, the transfected cells may be cul tured using standard

culturlngmd?gﬁdltlons well known in the art. It wll be apparent to the
skilled person that differentcells require different culture conditions

i ncluding approriate tenperature and cell culture nmedia. TAS2R7 receptor
prot ei n r EAS2RY yecelptorgeefeirecbcovéry: protein may be recovered fromthe cell

cul turge using standard techniques. For exanple, the cells may be burst open
ei t her nechanlcally or by osnotic shock before being subject to

preci pi t alfidgpiregn theqifoteirmaydredsenyesaddnm thetrell salture asina dtagdard denbaiaues.whi ch

wi |l depepgr @@nipree tHeadelld ﬁ\kﬂ/ B8E bﬁ@@@;’i@ﬁ &t maaﬁaerdaw ot 5y daehdtie SRR ed.
Al ternative 1 nant recovgred fromthe culture

medi um i nbe\ﬁrctﬁ3 '?gﬁsé‘b%eggt(?r%‘?%tﬁ' ’b%nqe‘g‘rﬁrang%g'@gﬁy 2§Ps (e RRURERdl at or s t hat
may be i deeduehéedf vidych Wik dapesayest thd/partitalaonesorqibioant enaderzl &, ba reboverddor s,

enhanger SAlt@rﬂgmégt %QQ@&o?ﬁb?n%\PHFoher n. 288’?%&9&% %mﬁﬁ@%ﬁ? 5%ﬂmh1of1aa0t Vi ty

can be identi descri type o tor

i ncl ude niyPEN thiaRcyReinan selisftadpeen gelturathd rmay depend on the concentratl on
For exanple, an agent nmay act as an agonist in a certain concentration
range, but act as a nodul ator or enhancer of another agonist (for exanple a

Shoul d MBI shat ey BY WeRUOER BErRs SRS 1o denti Ty them as
nmodul a8 ors.
Modulators (for example, inhibitors, enhancers, and antagonists, but not agonists) of
TAS2R7 receptor activity can be identified as described herein below.
The type of a modulator may include more than one type at a time, and may depend on
the concentration. For example, an agent may act as an agonist in a certain
20  concentration range, but act as a modulator or enhancer of another agonist (for example
a sweetener or sugar) in another concentration range. Therefore, agents should be

tested at different concentrations to identify them as modulators.

There now follows a definition of the agents to be identified in the methods described
25  herein.

A modulator as used herein is an agent that effects an increase or decrease of one or
more of the following: the cell surface expression of a receptor, the binding of an agonist
(menthol) to a receptor, the intracellular response initiated by an active form of the

30 receptor (in the presence of menthol), or another physiological response.
The modulator modulates (increases or decreases) the response of a TAS2R7 to
menthol.
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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 aWOi20¥@2a¥e or decrease of one or nore of the f&CI&H20¢/00029% cel l
surface expression of a receptor, the binding of an agonist (nenthol) to a
receptor, the intracellular response initiated by an active formof the
receptor (in the presence of nenthol), or another physiol ogical response.
The nodul at or nodul ates (i ncreases or decreases) the response of a TAS2R7

to ment hoMowawlr@hause vmiuy%eyaf¢mb%uhardowmngcs%anoﬁm9&|eg p&htidds ng smal |
nol ecul es rotei nucl ei ¢ aci ds i bodi es or fragnents

t her eof . Qrﬁgeé 85 e'B@g'ﬂﬁvr"]’\t)E‘bd"?sr‘ﬁfrﬁagﬁ'ﬁptéﬁgerggu CAROrEIYRY '8t heti ¢ or
natural , exiouasbdsrced inclading ayntn@trcefrlnaﬂural fe&fra@xanmﬁteraf mgmualnforrrakamm@mml i an,

i nsect ant cterial or f el | t [ r culture
condltlonéﬂ“ﬁgﬁmﬁﬁP@T"@ "EEF @amwéﬂ? P%' mgﬁcg T?Vﬂ?ﬁ?cﬁﬂ”?igﬁéﬁ whi ch
act i vai esoffcdddRenahmediamsd sudt cdllsicr eases an i ntracel |l ul ar response when it
binds to a TAS2R7 conpared to the intracellular response in the absence of
the TAS2R7. Additionally or alternatively, nenthol may decrease

i nt er nal i Manthohis efi agtivaddriof §A$52latwhicbaetiyams TASZR7tamdtcatides ardhdrezses hace

expr essi oy ateRiaf ?e%?gﬁéérwﬁe?\ il Jse@% \SF Oc?)ﬁgﬁk%qf)ttr% ﬁ'\{? cerlHI ks (msece”

surface receptors present e sur sence 6f an
agoni st . mﬁh%lﬂb%g\é‘ﬁ pkthe |T§33R7a/gmrﬁ0§tallwmadihrnbtl\wdts n‘te@tftOh@av Qe@pam at the

sane {§ompgirhdiz¥ortaalf8lfick rQrf] g‘?&r sgcl'gfhéﬂc {RE BB s ifak€ ekGbia &4

ant agoni st) as the agoni st/ nent oes not activate an i nt racel | ul ar
response TSGEPPRE disrensed §s sempaied taihmnymber ofeel purice recpiasp prasamiasi t i ng t he

intracel | he@UrfA@SHAGA in HEWHEEhRYf 8R ag8ifidti St as conpared to the
intracel lular response in the presence of an agonist and in the absence of

an antagoni st. An inhibitor decreases the binding of an agonist/ nenthol to

the r ecepAﬁ@ntagomarmaﬁ agortift wHith tmdadd n@ eéepidiart &@Q‘I&h{iat(cblﬂpéthﬁe absence of

i nhi bj and/?{ creases the intracellular response |ndu?e b

agoni éntagonls or at a different site Fallostenc antagonist) as the agonist/menthol, but d es
not activate an intracellular response initiated by an active form of a receptor, thereby
inhibiting the intracellular response induced by an agonist as compared to the

intracellular response in the presence of an agonist and in the absence of an antagonist.

20  Aninhibitor decreases the binding of an agonist/ menthol to the receptor as compared to
the binding of the agonist in the absence of inhibitor, and/or decreases the intracellular

response induced by an agonist.

An enhancer increases the binding of an agonist/ menthol to the receptor as compared
25  to the binding of the agonist in the absence of enhancer, and/or increases the

intracellular response induced by an agonist.

The activity, or changes in activity, of a receptor binding an agonist and transmitting the

signal through, for example, a G-protein (i.e. due to different interactions with
30 modulators) can be determined by the assays described hereinbelow.

Example assays to identify modulators of the TAS2R7 receptor:
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An enhancer increases the binding of an agonist/ nmenthol to the receptor as
conpared to the binding of the agonist in the absence of enhancer, and/or
i ncr easeswoRie1/mes2acel | ul ar response i nduced by an agoniPET/CHRAE/®MO29MVi ty,
or changes in activity, of a receptor binding an agonist 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
her ei nbel ow. Exanpl e assays to identify nodul ators of the TAS2R7
receptor:Detection of changes of cytoplasmc ions or nenbrane voltage:
Cells are Ioaded with io S|t|ve dyes to report receptor activity, as
descri bed2EK : Asmic igns, of membrane voltage: (Si gnal Transduction
Series)", CRC Press 1999; 1st Edi tion; Eds Haga and Berstein. Changes in

t he conce tration of ns |n ) asm or rane re. neasured
ot e ae e Rl s eBh vk Y%ﬂ&&%?%p&&ﬁﬁ%@ggaws bt Aot
respecti vl ‘ﬁ prﬁwumammeﬂIrebeptdmcggmeﬂanh@mtncmsenw)‘l ORCRess 1gadyeetd by the

activatio t.ed.,usin

cal ci um EH@ %Dél i al?([)‘g PR ﬁ%?q'g ﬁe ﬁé)qcfaﬂ%% é’gﬁ’gﬁ 'nstF‘éﬁgPpl??{Ht is
proporti onaﬂnembranlaeroitageeare measuredagihg ah &m seasitveion mdrhiranevditags al | ows f or
rapi d andg nt of receptor activity. Cells used are
transf ect e@‘l@lﬁ]{ﬂ{jk&§ (I%%%)E({%rgg‘sas the TAS2R7 GPCR and a G protein which
allows for coupling to the phospholipase C pathway as described

her ei pabopgcifNeat i ve controls include cells or their nmenmbranes not

expr essi n?_TASZRT'(m)Ck transfected), to exclude &&SSI bl e non-specific
effects ofntrapellulas Galrie releagmipduned. by the:activalian ehGRCRs g detestedomingrcatiocol i s

descri bedpbimedpt ek thdl bln@t@EQEzlﬁl'nnTﬁé)&'a% G- Ho@ﬁ@@?é%rg%né@@é‘ﬁuor&ciﬂééiUCt' on
Series)"; Eltors Tat suya Haga and briel Berstein, 1st 24pp. CRC

Press - Bﬁ'@%\a'lﬂ%ﬁtdﬁnprpﬂor“@@b{oé%é?e 'I‘Q@Qaceﬂfﬂ%f %W'%Jﬁ'@é’@?tmﬁ”ﬁ‘ﬁs fM't his

sumar i seﬁbdn,eé,wﬁualaﬁm.@mggguy@héntaf Rb&Ropdivgeeded with 8.5K cell's per well
and mlal% nt ai ned at 370C

Cells used are transfected cells that co-express the TAS2R7 GPCR and a G-protein
which allows for coupling to the phospholipase C pathway as described hereinabove.
Negative controls include cells or their membranes not expressing TAS2R7 (mock
transfected), to exclude possible non-specific effects of the candidate compound.

20  The calcium flux detection protocol is described in detail in “G-protein coupled receptors
(Signal Transduction Series)”; Editors: Tatsuya Haga and Gabriel Berstein, 1st ed.,
424pp.CRC Press - Boca Raton FL; September 1999, and an adapted version with is
summarised below:

25  Day 0: 96-well plates are seeded with 8.5K cells per well and maintained at 37°C
overnight in nutritive growth media.

Day 1: Cells are transfected using 150 ng of TAS2R7 GPCR DNA and 0.3 pl of
Lipofectamine 2000 (Invitrogen) per well. Transfected cells are maintained at 37°C
30 overnightin 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
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overnight in nutritive growmh nmedia. Day 1: Cells are transfected using 150
ng of TAS2R7 GPCR DNA and 0.3 nl of Lipofectam ne 2000 (I nvitrogen) per

wel | . Tr anefenyed28el | s are nmai ntai ned at 37C over ni ght PCHR/GHR09%@0D29@ gr owt h
media. Day 2: G owh nedia is discarded and cells are incubated for 1 hour
(at 370C in the dark) with 50 m of calcium assay solution consisting of
1.5 mM Fluo-4 AM (Mol ecul ar Probes) and 2.5 nmM probenicid dissolved in C1
buffer solution which contains 130 mvNaCl, 5 mM KCl, 10 mM Hepes, 2 nM

CaCl 2 andNi@, BMMlnmomemmHépEs@nMcé’d@anaaén{Mngo&l(pw hpest srsc.agded to
each well and th further incubated for 30 mnutes at room

t enper at ulETiH QH%SP'ﬁz?PQed isLrach el gndithegrate g furthgrdroypbated forndd PREteppht e i s

washed 5 tdofPemipeidiurd@thaldatk. 1 buffer as a vvashl ng buffer and cells are
reconstituted in 200 m, of Cl buffer. Then t ate is placed in a

f 1 uor esceRtfefiselugpns:3re dissagled and fie F&%&ﬁl"ﬁd’f’?@hef’ ﬁé'”ﬁsé’%‘t@ﬁ%ﬁ” vBereasa ar
Devi ces) Q@hshilEbltterBRd (:M%'a@@&lc%ﬁstmc\!d fREBb | ABECT BGRRPL OF activation is

initiated follow ng addition of 20 mM of a 10X concentrated agoni st stock
solution. Fluorescence is continuously nonitored for 15 seconds prior to

agoni st aggid ih@%la@é‘@ Jlézfed%a ﬂuéré&:e’ﬁ?ﬁ%%‘ﬁat@?éa%r ?&%&bﬁtﬂea@\g'ﬁléx@&tloﬁecem or
activation | evels can defi ned - % Acti vation = gl\/am mum

f1 uor esce%@ecu'%é%eéﬂcleﬁ)eorfﬂl‘%5\"556&49!?@5"'8&@%‘{'?9%3'?‘! %P@g&%‘ﬁk‘!@)om's’ indigtesy

Fl uor escefmgwihg ab8iasieof20\BeF B10X EbhnRsEe8 B§6hist sRRRbILASH. [FIRERERGNEE, Where
baseline fluorescence represents the average fluorescence |levels prior to

agoni 7 aBefitnHeysly momsprethior A pecppes prpriragonst agdiiaraitler £y Which i s

nor mal i zededond$ BerlRB AL ARiitlhuor escence (FO using the equation
DF/ F=(F-FO)/FO in which F is the peak fluorescence signal and FOis the

basel i ne fluorescence signal (baseline fluorescence represents the nean

f 1 uor esceReeepta attiVation tbviercahive defineat aslfolidwe: 15 seconds prior to |igand

addition)_ By % Activation = (Maximum fluorescence — baseline fluorescence/baseline

15 fluorescence) * 100 or Fluorescence Increase = Maximum Fluorescence — baseline
fluorescence, where baseline fluorescence represents the average fluorescence levels
prior to agonist addition.
- By an increase in peak fluorescence (F) which is normalized to the baseline
fluorescence (F0) using the equation AF/F=(F-F0)/FQ in which F is the peak

20 fluorescence signal and FO is the baseline fluorescence signal (baseline fluorescence
represents the mean fluorescence calculated for the first 10 to 15 seconds prior to ligand
addition)
- By Peak Fluorescence Increase = Maximum Fluorescence — Baseline Fluorescence in
which Baseline Fluorescence represents the average fluorescence level prior to agonist

25 addition.

Useful cells are, without limitation, mammalian cells as described hereinabove, for

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
30 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

hereinbelow.

19



- By Peak Fluorescence Increase = Maxi mum Fl uorescence - Baseline

Fl uorescence in which Baseline Fluorescence represents the average

fl uor escenoa0108022329pri or to agoni st addition. Useful celPC3/Cir2009%/082% out
limtation, mammalian cells as described herei nabove, for exanple 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
het er ol ogous expression systemis described in detail in WO 2004/055048. A

cal ci um firh@.a@ﬁmxucﬁpaabﬁo&@art&qg P@@omée%s%émh@ab@% ABReifoled in exanple 1
her ei nbel ow. The identificatigon o nmodul ator is perforned as described

above subjodewing grodifisations| U e alfrie craaied e thepreelise deval of THS2RYonpar ed to

the basel hgirity Et@ine® fromASIRTbiRm: tMisiexpRBSiAg TRE2RT fthé BRRBRESGN cel | s
expr essi nggTASZR? in the (?resence of an _agoni st but in the absence of a

test agenf9onih bptig theahsegse o @dpetagent ﬁ"ﬂ%@ﬂﬁ? ondeqreaseyn TASERARGH Ve of at

| east 2 f o dxarple bE&Isash2 fidl dat Ieabt 3 RS &t b8stf10lfeld , ablbadt@AD0 f@ld 18¥ndrel d, or
nore identjifies a %r@#l ator. Alternatively, the identification involves an

i ncrease GFMEE ALY uorescence intensity of, for exanple, 10%or nore,
when conpared to a sarrpl e W thout nodul ator, or when conpared to a sanple
w th nodu t at do not express. the TAS2R7 tide
(rmock- trahs#r%t\}aﬁ t(?gll en? 'Caiaré'r?y?a?s awﬁegg ot chr(?ﬂs?)ﬂuorﬂgcsegﬁg %r]g%gdenyl ate
cycl ase aact forekgmple £1Q¥e of moredherf ommrmtacm;ul aasampje détbaut impedlatar, atetheinl by

Keni &, r I : - I on m xtures
are E@uba&hﬁgﬁ)ﬁ?@r&@?%g? "%lal’] ratorl esg% g’ % thalic% "n‘?%%ﬁ’gszs.]‘“ﬁgﬁs g\%&ng

i ncubat i opglypeptide (ravckdiaosigeied calld. depr ot ei ni zed by the addition of 0.9 m

of cold 6% trichloroacetic acid. Tubes are centrifuged and each supernat ant

solution is added to a Dowex AGGOW X4 columm. The cAMP fraction fromthe
col urm i sAdenyate|Cyglage aptiity: of 0.1 nM i nmi dazole-HC (pH 7.5) into a counting

vial in oxgelyst& J0BAME ydiR dcBVif e BEFENYE, BREEINHIE Gs iebd el Mdetail

15 by Kenimer & Nirenberg, 1981, Mol. Pharmacol. 20: 585-591. Reaction mixt'unes are
incubated usually at 37° C for less than 10 minutes. Following incubation, reaction
mixtures are deproteinized by the addition of 0.9 mi of cold 6% trichloroacetic acid.
Tubes are centrifuged and each supernatant solution is added to a Dowex AG50W-X4
column. The cAMP fraction from the column is eluted with 4 ml of 0.1 mM imidazole-HCI

20  (pH 7.5) into a counting vial in order to measure the levels of cAMP generated following
receptor activation by the agonist. Control reactions should also be performed using

protein homogenate from cells that do not express a TAS2R7 polypeptide.

IP3/ Ca®* signals:
25 In cells expressing G-proteins, signals corrseponding to inositol triphosphate (IP3)/Ca**

and thereby receptor activity can be detected using fluorescence. Cells expressing a
TAS2R7 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-
30 free buffer, optionally supplemented with a chelating agent such as EDTA, to distinguish

fluorescence response resulting from calcium release from internal stores.

Phospholipase Clintracellular Ca®' signals:
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receptor activation by the agonist. Control reactions should al so be
performed using protein honogenate fromcells that do not express a TAS2R7
pol ypept iWO.2010r8252Ca2 signals: In cells expressing G pr®C&GHR009%(00398 S
corrseponding to inositol triphosphate (1P3)/Ca 2+ and thereby receptor
activity can be detected using fluorescence. Cells expressing a TAS2R7 GPCR
may exhibit increased cytoplasmc calciumlevels as a result of

contribution fromboth intracellular stores and via activation of ion

channel s, TA§2rRNisCdxpFeaséd inta ERWith e @-%?dtélﬁma?lmlé'tﬁé"%gatop@t ﬂ%ﬁﬁ@ii@ééf to
conduct such assays in calciunfree buffe i.qnal | uppl emented with a

chel at i ngCiftt rangduction petimay. thanges in 'H‘@%ﬁeﬂqﬂaﬁq:%oﬁ@@@éﬁét@”@é%ponse

resul t i ngmbbSlred 3bicddmpletlisisiiofdsedntiCAahiiddto f&%ﬁd/oﬂ‘mﬁ'@m@ﬂnb pase
Cintracellular Ca2 signal s: TAS2R7 is expressed in a cell with a Gprotein

that |ink%399 receptor to a phosphol i pase C signal transduction pathway.
Changes in intracellular Ca2+ concentration are neasured, for exanple using

fl uoresceEgECa%?EE%(_j ﬁat or dyes and/or fluoronetric inaging. GIPase/ GTP

Bi ndi ng: udi ng TAS2R7, a neasure of receptor activity is the

bi ndi ng oForGIEGPER imﬂhdhngriASZlahmnmmt@mfnemtdrlaen@@heIercﬂtd;'ﬁPSbyt he

G protein I et e n|n of | abelled GIP.
céiPrH?rlnt)%g #gorﬂg HJ% %eépi?% ﬂngs 'ﬁg" § (?ecf)?m co

Menbr anes™1'soO romcefl's expres @gt%cubat ed in a
buf f er comleaibrﬁnegbSﬂSteGﬁR;thsbmddIgurﬁla@blkidI@EPGDP Active GIPase rel eases the

| abel f f

el RRRAANS S RISF IO B SR B SR L SRRRTALLOR, o Lree
, foll omedownlggﬁﬁ&m[%vﬁam lt'f‘dﬁh)nt'&d"@DmeﬁﬁItP@seraleaseamﬁbabedasand unbound
| abel | ed (53R a'n% ;fh@@if’dé‘f‘éj wiehfid 5&5‘?%& BY's |oﬁ%/fﬁ’eé |néobearn& ;::H?a‘i’ef | abel | ed

GTP is measure Ui d scinti atlo ntr ncl ude assays
usi ng rrenﬁ%zfrh‘é@eﬂsﬁm %@é@’aiqdd-‘ﬂha@éﬁl ig 2@ ;M éklﬁ@e@pwgd ’IPASZFQT"at'OH counting.

(mocktr aanﬁ@ﬁﬁ)@nﬂé is inButtetPand thbBd HEKIeR @IF BlrémS\RAbYRAbh enifdEBt s of the

test 1a erligllters-r Bound and labelled GTP is measured by liquid scintillation counting. Controls
include assays using membranes isolated from cells not expressing TAS2R7 (mock-
transfected), in order to exclude possible non-specific effects of the test agent. The
method is described in detail by Traynor and Nahorski, 1995, Mol. Pharmacol. 47: 848-
854.

20
To identify modulators, as described hereinabove, a change (increase or decrease) of
10% or more in GTP binding or GTPase activity is usually sufficient. However, to identify
agonists, the assays described hereinabove are performed subject to the following
modifications. An agent is identified as an agonist usually if the activity is at least 50% of

25  that of a known agonist (for example menthol) when the compound is present at 100 mM
or less, for example 10 to 500 uM, for example about 100 uM, or if it will induce a level

the same as or higher than that induced by a known agonist.

Microphysiometer or biosensaor:

30 Such assays can be performed as described in detail in Hafner, 2000, Biosens.
Bioelectron. 15: 149-158.

Arachinoid acid:
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met hod is described in detail by Traynor and Nahorski, 1995, Mol.
Pharmacol . 47: 848- 854. To identify nodul ators, as descri bed herei nabove,
a change Wprrerogg2®9or decrease) of 10% or nore in GIP bPR#AIGHR0GY00EPPase
activity is usually sufficient. However, to identify agonists, the assays
descri bed herei nabove are perforned subject to the follow ng nodifications.
An agent is identified as an agonist usually if the activity is at |east
50% of that of a known agonist (for exanple nmenthol) when the compound is

present atl'hé@'@ra&@ﬂu%rr Ielvéﬁﬁ ,aréc‘ﬂfno%'mk %m%@)yé@a@gg |H8iMatofr Bf re@éﬁglpéc%viﬁbom 100

mM or if it wl uce a | evel as_or higher than that i1'nduced by
a known a§Hfk %f“eﬂ?ﬂdd? SWQ?Q)W' ber'IS’Pé% ah<8p9.J Sﬁl‘@'hcﬁg@a%f" 28Hbhe

per f or mred2essadescri bed in detail in Hafner, 2000, Biosens. Bioelectron. 15:
149-158. Arachino id acid: The intracellular |evel of arachinoid acid is
enpl oyed as an indicator of receptor activity. Such a nethod is described
in detril camP@gMm et al ., 2000.J. Biol. Chem, 275:20146- 20156.

cAMP/ cGWP ceI I acel r cAlVP neasured usin CcAMP
Ao of mnnsEeel BepiRE Bt Raas sRueEh R oA FORI A bE) | bot by
Horton & Bamlainelgngmém, ok txemnide MoHescidbed by Horton & BatdHalaleAl 985, nat i vel y, a
number e e CAMP rcial I ava ble, for
exanpl e tMg“fPiﬁsméwa 4@23% Iﬁge?'téaégél L"80 ee{rolfzg We ES eﬁ‘&%ﬂgneous
assay by EAMPB@s«;‘Bmem"namlNEN for eansige emalgﬁrﬁﬁﬁhmsFluAr&seemmtl vely, the
intracgl | 1 an
| Tunegss b Bhlon SXSSF ot Bbus SX8Y By ) SENR I A ERRNI RESURNTE, °0  am
J . Resp. Pesluctsahltermasively Bhe lintracglidar s eteue{ulgdepels ofe@EMitmag swaswedet er i ne
the level ,ghg sﬁwmur%aggéw%w@%am@aé@xd Eéécnf)&ﬁ inFeASYBbAR &t AlMFAmNd/ o
cGW as describ

J. Resp. Cell and Mol. Biol., 11:159-164 (1994), may be used to determine the level of

cGMP. Altemnatively an assay kit for measuring cAMP and/or cGMP as described in US

15 4,115,538 can be used.

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

non-specific effects of test agents may be used.

20 DAG/IP3:
Second messengers Diacylglycerol (DAG) and/or inositol triphosphate (IP3), which are
released by Phospholipid breakdown, that is caused by receptor activity, can be
detected and used as an indicator of GPCR (TAS2R7) activity, for example as described
in Phospholipid Signalling Protocols, edited by lan M. Bird, Totowa, N.J., Humana Press,
25  1998. Alternatively, kits for the measurement of inositol triphosphates are available

commercially from Perkin Elmer and CisBio International.

Negative controls with mock-transfected cells or extracts thereof to exclude possible
non-specific effects of test agents may be used.

30
PKC Activity :
Growth factor receptor tyrosine kinases can signal via a pathway involving activation of
Protein Kinase C (PKC), which is a family of phospholipid- and calcium-activated protein

kinases.
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Negative controls with nock-transfected cells or extracts thereof to

excl ude possi bl e non-specific effects of test agents nmay be used. DAG | P3:
Second ne¥eentPares2Di acyl gl ycerol (DAG and/or inositol PCTEHROHNDZ0( | 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 (TAS2R7)
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 tri phosphates are avail abl e
commercially fromPerkin El ner and C| sBio |International. Negative controls

Wit h nockJ"P?éaﬁg% B geaG PrAHFtS "IS’PC?&W '6?§“?‘H€|K&ﬁ°“i’%i'°@>?@plﬁ’é?éetﬁ’d%‘?%?fe

][lon speci &dtvitgfThess geraf prb%ﬁs’ts ingedy, forERYmpR, pﬁﬁﬁonﬁﬁ&eﬁ%dsdhﬁtwnlfacgrom h
actor receptor tyrosine. kinases can via a pat hway .invol vi ng
acti vat i of"GAMBEsTET Analidings &T'ﬁwngﬁ%ngrpr?t?a%?sf Eﬁfqaﬁe%\‘“ DRSS phol i pi d-

and cd ci (mlwding wuagnhapeo;tpgll aﬂ&plammgémﬁdtﬁa@emhibnom@m aﬁh@a@cts mduged by
PKC show PK t t rec ti.vity. These gene products
i ncl ude, JT?‘ %C‘?Ig(%hpﬁua R% e"%'ﬁg &§§8”ﬂ°i%§ '@f‘}"é)(? ‘f act or encodi ng genes
(including c-fos, c-nyc and C- jun) prot eases, protease inhibitors

(i ncludin I i r), and
adhesi on IQK gjgt\ﬁg Eil nc‘? %gﬁynlja ﬁuﬁﬁ%ﬁ%ﬁ@%ﬁ@%@ﬁét%1 Ld(%ll%lje)%'&(l CAM 1)).
PKC act i v‘i'-"h?mn%ﬁ? p334i, wherelthe phaspberglatiensofteBIEC isbiesdrakeypafitidéavicheis al ., 1982,
J. Bigd. LR uegﬁy'se%a?g’té&by b‘@f@ﬁézo gra {J]:%EBIB%E ﬁ%ﬁé‘i"l?ﬁlegg Ospﬁcace bstrate

peptide, which Is” subsequent ul ose
paper, i susAgdds meagurel qc“‘d‘é(r‘i’f Béﬂfﬁé ét!l'aﬁ% omﬁa@weecqlglair extfagﬁt&af’rqiem kinasgiCki nase,

or in cr u&&nﬂ@bwb@au&é& ﬁ\%tn?rM F@Pﬁse'z'?nlh'mslﬁwn@dmbﬁoﬁélfhebﬁ gy luted in 20
mv HEPES/ 2 mM DTT imredi ately prior to the assay. An alternative assay can

be performed using the Protein Kinase C Assay Kit conmmercially avail abl e by
PanVer a. An altemative assay can be performed using the Protein Kinase C Assay Kit

15 commercially available by PanVera.

The above-described PKC assays are performed on extracts from cells expressing the
GPCR (TAS2R7).

20  Alternatively, activity can be measured through the use of reporter gene constructs

driven by the control sequences of genes activated by PKC activation.

Negative controls with mock-transfected cells or extracts thereof to exclude possible
non-specific effects of test agents may be used.

25
MAP Kinase activity:

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

30 measured to show GPCR (TAS2R?7) 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 phosphorylation of endogenous ERK1/2 kinases following GPCR

activation.
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The above-descri bed PKC assays are perforned on extracts fromcells
expressing the GPCR (TAS2R7). Alternatively, activity can be neasured

t hrough tWe 208022829r eport er gene constructs driven by tRETEGIR0999100298quences
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
activity can be neasured using commercially available kits, for exanple,

the p38 NAReerM@edl?éiﬂi AgakirbmBiits N Wrdeirg I@r’ﬂﬂe%bﬁm@lﬂﬁougﬁ kﬁo% Ehtﬁéh? orat e(tm

MAP Ki nase as Per ki El rer Life Sciences I nases or
e B S IR R A i Bl A TR oy el
and G couepgps&PERnases (forssxdmpi)) Seame ERKdrire ﬁﬁé@kﬁ%&ﬁr\tbé hedsurdrer ci al l'y
avail abl e REQ&fR Bi osci ences, which nmeasures the phosphoryl ati on of

endogenous§' /2 ki nases follomdng GPCR activation. Alternatively, direct
nmeasurgnments of tyrosine kinase activity through known synt hetic or natural

bstrat t | | th
Wi vity OB R B o ime 8% bR RSB e B ne i nases)
can be neaspared fwMmidiiaekpressid ond arasae TNAS2ART pokypedmeleperfor nmed with both

pur 11 d_kh08525:R00r GRALE BN LGS A BRARY (L RILASHn S A FRgL"d one o

nore TAS2 ypept he su f&YUSET can be
either fu peptldesn oresening:the supstragen tHifmai &Rpzgene (96 Bipchesie Riophys tAnta

bst r at i 1- 225)
F:Jsts sig e13r'r1t?erq§§? %%%pﬁor tfe}at% ?@P]os?hgrg{arﬁgq%@g g)séﬁﬁssﬁ%tﬁﬁf%%ﬁé cting
ki nase ackingse @@S't'e%Arﬂwﬁ@f obkinagerrabetraie beptidgs erep@mmeielsllsea\@llaidm@necu ally
avai | abl ehOeattlafary §sé?@r|§ fh%ué%r rle)étébsﬁé(p%e ¢ ﬁRUE@ ﬁ}@tc@h%r&ﬁlgl{ i de, "

RRLI EDAEYAARG (commerci al |y avai l fromsS , IS a su rate for
many r ecept3deblgiamigmat hichris w%%raﬁfefowﬁax @§eptSb€Pﬁ§1 'P?é‘ﬁ?@ﬂ@f BERRING e t he

bi ndi ng okinB&ft S6the FehRdds dfreltRe bihbihg bBpeptil€BubishiStes to filters, then the
15  peptide substrates should have a net positive charge to facilitate binding. Generally,
peptide substrates should have at least 2 basic residues and a free-amino terminus.

Reactions generally use a peptide concentration of 0.7-1.5 mM.

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

20  non-specific effects of test agents may be used.

Transcriptional reporters/ TAS2R7 -responsive promoter/reporter gene:

To identify modulators with reporter gene assays, an at least 2-fold increase or 10%
decrease in the signal is significant. An agonist stimulates for example at least 2-fold, 5-
25  fold, 10-fold or more when comparing activity in presence and absence of the test agent.
The intracellular signal initiated by binding of an agonist to TAS2R7 sets in motion a
cascade of intracellular events, the ultimate consequence of which is a rapid and

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

30  The activity of the receptor can therefore be determined by measuring the expression of
a reporter gene driven by a promoter responsive to TAS2R7 activation.

A “promoter” as used herein is one or more transcriptional control elements or

sequences necessary for receptor-mediated regulation of gene expression, including
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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 ryoOt2010i2R28. Reacti ons generally use a pepti de ®CHEEHWI%ANDIN 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/ TAS2R7 -responsive pronoter/reporter gene:
To identify nodul ators with reporter gene assays, an at |east 2-fold

increase gfe éﬁ%r@%?ﬁ%ﬁrohﬁtér%h%h&?@bnd ﬁar%cﬂ?t‘iJanSéBF blntﬁﬁ'g &gni st
stinmulates for exanple at |east 2-fo or nore when

conpar i ng"eEerFafY {QF reGePar-Eaguiated %Z?Pﬂeséﬁé‘eﬁ'@é‘oéﬁrs fepeonsig toé@ieﬁiraceﬂwér

i ntracel | gijdls flsOnAd frbﬂﬁlabbﬁiéﬂﬁw&mg BITAE2RG ¢ sABctagamd SperbtelARkitoset S 1N
noti on a cascade, of intracel Iﬁﬁﬁ‘zr events, the ultinmate conseguence of which

is a rapi CPrESECIRLRPEGICE o repATteTRene W0SE ITAPSGTIBtPT FaRsialiRB 0kt i on of one

or NMore geiiMate abivityas tdadily deteftatidiend meadiirailecan therefore be determ ned by
measuring the expression of a reporter gene driven by a pronoter responsive

to TAS2R7 activation. A "pronoter" as used herein is one or nore
t ranscri pRegorar gémtmmj beesedentent, mr@RamsHuma&ifeesem Y5FPQ B-lactamase,
one or nore of

recept or - tio ARG aXPLERS L L in

basal pr o fa?ms'g?l ﬁ%%se Sgnc(?ﬂ? r arrqsmgfj'agetpﬁ’ar& etso? |pﬁ(§f’ Qs necessar y
for r ecepﬂmmnw@olfmteocmmssaome infrstimed oeptider (W) @ese.\tke s@natbstatin

intr II (Y | sel ected
and g%gra In\%éh%pﬁ{;'%hé'ﬁaﬁ@%g%g%é@o%&h@%%‘y%g%n er-gtlj( @%P?K)Z%grter gene
whose t r agenesirgspoosive tor MingB aandoP-biresponsivengenesdinchiding tmesgmamrleas det ect abl e

and measuggpy TF@g@Q&t&ﬁEnt&%ﬂ?%se anﬁaezg SEE Ghifline fo%'&ar%é%f%leeancf rom

| uci f erase, alact05| he so-cal | ed

"i mmedi at@f@émwan‘béhes c-fos proto-oncogene, transcription factor CREB,
vasoactive intestinal peptide (VIP) gene, the somatostatin gene, the

pr oenkephal i n gene, the phosphoenol pyruvate carboxy-ki nase (PEPCK) gene,
geneslt espomatere wiltbegeleged agsardng ta the selastadyroertejgee, asiWikPeapRaethe genes
for Fos afpdhd gKiled dgrel ated antigens (Fra) 1 and 2 , k Ba, ornithine
decar boxyl ase, an

Luciferase, CAT, GFP, B-lactamase, B-galactosidase and assays for the detection of

their products are well known in the art. Examples of further reporter genes are

20 described hereinbelow.

The "immediate early” genes are suitable and are rapidly induced (for example within
minutes of contact between the receptor and the effector protein or agonist). Desirable
properties in reporter genes include one or more of the following: rapid responsiveness
25  to agonist binding, low or undetectable expression in quiescent cells; induction that is
transient and independent of new protein synthesis; subsequent shut-off of transcription
requires new protein synthesis; and mRNAs transcribed from these genes which have a
short half-life of several minutes to a few hours. Similarly, the promoter may have one,
several or all of these properties.
30
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
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
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annexins | and Il1). Pronoters will be selected according to the sel ected
reporter gene, as wll be apparent to the skilled person. Luciferase, CAT,
GFP, b-| aWOantge252B- gal act osi dase and assays for the deP€EGH2A099f0029%ei r
products are well known in the art. Exanples of further reporter genes are
descri bed herei nbel ow. The "inmmedi ate early" genes are suitable and are
rapidly induced (for exanple within m nutes of contact between the receptor
and the effector protein or agonist). Desirable properties in reporter

genes i nclHeR isAB&uIRY EMA&ICHEN b EPACLdraW! BEF, dralBMA MFRRRNY ¢RRESS t o agoni st
bi ndi ng, | ow or undetectable exBr ession i nanIw escent cell's; induction that

i s transi Eisceplignalanbpraed elemest logaigd peween nd1d\andhdd bp upsiisaddrshtheshut - of f

of transcgkdtrhRNACSHISite, RSed3BMlid? fdisBiuh RYILBE H serurA BANEINGS J1akeer | bed from
t hese genes which have a short hal f-Ilif several mnutes to a few hours.

¢ e of |
Si mi | ar | yOne pethg f¥rdrsteamRlenents isgatedaly@s 1o -5 and ftressmblesdie properti es.
The c-§ oscdsehdis@BERGRE PoricAMPregRtZ.€ of a gene that is responsive to a
nunber of different stinuli and has an rapid i nduction. The c-fos

regul atory el enents include a TATA box that is required for transcription
i nitiati oMhe frawschiivh faxtdn CREBEytic AP réspoasivd elameatbifdingdproteat)ds an enhancer ,

whi ch includes.a | ement . with d symet ry andwhich s required for
Fnduct | onrasyorpiR o BYFRAT nioilish {RBERYRaEElre) sRABY of § ek Bt o
enhancer sigeaievit nicdoltiedofivie enels 327 badeteriféd bydetpetingeitherfthe bintling c- f os
MRNA cap sJ [ S.. ial r r ind ' lLn,.ser H 3T3
col 1 520 ond b ved SRR BT or b e PR LN HShhATDE TS T Bhally | P

r esenbl eselemenictanwed thesCREe.reAb fesporsaleremeanyullag PNA seqhencechtiecCRipt i on
factor i @};g | : Rk . i [.S~.fle§ponsi ve
to Ievefsga‘dﬁﬂ%/gel upéf&ggwté/%ﬁgég%ﬁé,dﬁ e 'Q@??é‘g%ﬁ%ﬁp&o égﬁbr%gceptor
t hat si gn&ll4S §949.68%ul ati on of cAMP | evel s can be determ ned by detecting
either the binding of the transcription factor, or the expression of a

reporter gene linked to a CREB-binding _ o _
15 ther suitable reporter genes and their promoters include the vasoactive intestinal

peptide (VIP) gene and its promoter which is cAMP responsive; the somatostatin gene
and its promoter which is cAMP responsive; the proenkephalin and its promoter which is
responsive to cAMP, nicotinic agonists, and phorbol esters; and the _
phosphoenolpyruvate carboxy-kinase (PEPCK) gene and its promoter which is cAMP

20  responsive.

Additional examples of reporter genes and their promoters that are responsive to
changes in GPCR activity include the AP-1 transcription factor and NF-kB.
The AP-1 promoter is characterized by a consensus AP-1 binding site which is the
25  palindrome TGA(C/G)TCA. The AP-1 site is also responsible for mediating induction by
tumor promoters including the phorbol ester 12-O-tetradecanoylphorbol-B-acetate (TPA),
and are therefore sometimes also referred to as a TRE, for TPA-response element. AP-1
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
30 proteins themselves make up AP-1 activity), Fos-related antigens (Fra) 1 and 2, IkBa,
omithine decarboxylase, and annexins | and |l

The NF-xB promoter/binding element has the consensus sequence GGGGACTTTCC. A
large number of genes have been identified as NF-kB responsive, and their control
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el ement (terned the CRE, orcAMP response elenent). The DNA sequence of the
CRE is TGACGICA. Reporter constructs responsive to CREB binding activity
are descrwpediv/a32a2s 5, 919, 649. Qther suitable reporter HEMEH28000039€i1 r
pronoters include the vasoactive intestinal peptide (VIP) gene and its
pronoter which is cAVMP responsive; the somatostatin gene and its pronoter
whi ch is cAMP responsive; the proenkephalin and its pronoter which is
responsive to cAMP, nicotinic agonists, and phorbol esters; and the

phosphoengk ity éah Be ﬁm{ea%xTé‘dda@sger{eﬁgﬁgﬂtogepera%dvﬁyt 8eRdsHBYIREVeI ch IS
CAMP responsi ve, Additional exanples of reporter genes and their pronoters

that are PeY¥pERhiclide {Qf expmplgdloseenegsting heth. JNFy iGHRQ Feselastiombag

transcri nw‘zgm,lérgmsaamﬁldsmw&agrs ﬁﬁ@dﬁ\?hﬂﬁm%ﬂ%l_ dﬁéivéﬁa %@%g{%&@rhbyﬁ .
consensus - i ndi n ite ich is. the palindrone \, e -
el s ahear s Cub e Ml Pape i Rimg Sl R Mot By orefmbe. SHPets Bie

i ncl uﬂ:‘i ng;a Glemphterapala neiarnlean prothofRrt @tus&@enanewa@d@@p&?ive seqadheésbfa (TPlA) , and
are therefore sonetines.a eferred to.as a or TPA-response el enment .
AP 1 hot | IREQCONT TSI RN Rh it itsh el o F RS PES R e ponse of
cell s to gmetnidis steicomimerciliycavpllate ioém ABr dxamipts, UGN TECH)enes i ncl ude t he
genes for Fos and Jun (which proteins thensel ves make up AP-1 activity),

Fos-related antigens (Fra) 1 and 2, | kBa, ornithine decarboxyl ase, and
annexi ns A gixad pramotéarvensifuck &aneasitp be testedriyi exgosgh@ BEROR (TAS2RMe consensus

sequepge W}Eﬁ%@tmﬁéf&&é@ﬁiﬂf‘iﬁ%’%{mstﬂfct,%ggﬁgéli]ﬂ{tgfgpg)gd%adl?géﬁllb hef as NF-kB

respon5|ve,_aﬁd el'r controlel ements cdn _ porter gene to
moni t or CGITRCEEse of atyeastz2+id inrthe pxntessian af sepgrtekBeneibiresponseto teexanpl e t hose

encodi ng ddenkt IdicdlE 1t tHeTBRortd?PiS&Iita6IE kP Meabits d#(ﬂ@ﬁ%«szﬁ‘/k %ﬁity”‘”d | kBa.

Vect ors encodi ng NF-kB-responsive reporters are known in art or can be
readily formed using ordinary skill in the art, for exanple, synthetic NFKB

el ement s @&iro®s fF iMANERlptRH AEB4Y8 inclie Bet &Wis nBEerads By @rdR pridR75 aflvences  of
a gene known to be subIJ ect to NF-kB regul ation, Further, NF-kB responsive
r epor]tSer carrying the reporter construct, and cells with-a promoterless reporter construct.

Agents that modulate GPCR (TAS2R7) activity as shown by reporter gene activation can
be verified by using other promoters and/or other receptors to verify GPCR (TAS2R7)
specificity of the signal and determine the spectrum of their activity, thereby excluding

20  any non-specific signals, for example non-specific signals via the reporter gene pathway.

Inositol Phosphates (IP) Measurement:

Phosphatidy! inositol (PI) hydrolysis may be determined as described in'US 5,436,128,
which involves labelling of cells with 3H-myoinositol for at least 48 hours or more. The

25 Ilabelled cells are contacted with a test agent for one hour, then these cells are lysed and
extracted in chloroform-methanol-water. This is followed by separating the inositol
phosphates by ion 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

30 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

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

Binding assays:
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constructs are comercially available from for exanple, CLONTECH. A given
pronoter construct can easily be tested by exposi ng GPCR ( TAS2R7) -

expr essi Nyocelwe2s2er ansf ected with the construct, to anPagErH28e9/q00290
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 (TAS2R7) activity. Controls for transcription
assays include both cells not expressing GPCR (TAS2R7), but carrying the
reporter construct, and cells with a pronoterl ess reporter construct.
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agent, to_ cpmin tBe resence f..bufyfer. cont )gé ﬁl ew fg for inhibitors
and ant ag%q{grg?tg,grap Y’d‘ﬁ)‘?aﬁHT"bq ?9"3’6‘“3{ Rrogeties Pr{]'?'li R eAyrepfids-imgNe he ratio of
cpm i n t hempodipenickinding tisssys agebioghetmicat pmd use mémebrane srtraxts fsdmbuf f er cont r ol

hi ch ' . . ' St _ Vel
(whi ¢ naé’ell@ﬁlfsr@yexfi@ssﬁg%&h@éﬁﬂhﬁﬂ@fﬁﬁ%&lvﬁ#ﬁ%}f R%é’g@@,—a%ggﬂg%g'rf&at lvely to

t he functional assays descri bed herei nabo _ nge in

par anet er &Ml &8 Psfornad asidespited feshiGisdhy Aderslahind¢S31088937) 58agoni st

bi ndi 15y nparadrapkeesITite@A9BYy bi ndi ng assays that neasure the binding of an
agoni st to a TAS2R7 receptor.

A substantially homologous TAS2R?7 protein includes, without limitation, such prote'ins
where all or parts of the protein are replaced with the relevant part of an allelic variant or
different species, including a TAS2R7 from mouse, rat, hamster, ape, and dog.

20
Further, substantially homologous TAS2R7 nucleotide or polypeptide sequences may be
formed by conservative mutations and/or point mutations and include, without limitation,

any conservatively modified variant as detailed below.

25  With respect to nucleotide/nucleic acid sequences, conservatively modified variants
means nucleic 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).

30 Because of the degeneracy of the genetic code, a large number of nucleic acids different
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

35 nucleic acid (except AUG, which is ordinarily the only codon for methionine, and TGG,
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Bi ndi ng assays are well known in the art and can be tested in solution, in
a bilayer nenbrane, optionally attached to a solid phase, ina lipid

nonol ayerwOgp10/a22528si cl es. Bi ndi ng of a nodul ator to a PSBEZRR2pAI9Iept i de
can be determ ned, for exanple, by measuring changes in spectroscopic
characteristics (for exanple fluorescence, absorbance, or refractive

i ndex), hydrodynam ¢ nmet hods (enpl oying for exanple shape), chronmatography,
measuring solubility properties of a TAS2R7 pol ypeptide. In one enbodi nent,

bi ndi ng_a&hiel % @a.aarhy @l abn m@lrybt@sham &hi B@@ho@iﬁb& aFjisid farf&mtlﬁﬁél$/5/ tissue
expr essi n%Er ec nant TAS2R7 \é&)e ptid A hi ndi ng assay nma

exanpl e, B8N L?éf’f‘t? id, 88948255ty PWF‘R@“ Klentical Q'éﬁepaqie 40ﬁ0@99t5050032158

par agr ap héadh%ll@r&]vaﬁéhoh%i@&hclelé\ a&idbfﬂﬁ@lﬂ'édc_éhéé’mﬁ@lmﬂﬁGQ%Sm-ﬁl%‘ﬁzﬁga@f otein
i ncl udes, thOlIJ limtation, such proteins ere all or parts of the

protein a?'éerf%%eé%%cdd ¥ he rel evant part of an allelic variant or
di fferent species, including a TAS2R7 from nouse, rat, hanster, ape, and

dog. b | I id
PR T e L e A g e

and i ncl udsng mawinquivtotaisoft ratanobinara ggne teobrologyt indledig POR| feérectlondrig, ant  as
detai | ed Q%I ({ﬂ}gcteWrﬁl? %%%BESF cIZt)I\CI)A r{Ha(ﬁls%%d cﬁl h%gtcée(ﬁé (r]ﬁ%\ﬂtrg EgH%ﬁgﬁ)e i denti cal

conservative ucI
or essentwhich Wab’@émlseft@l Intmﬂunﬁsetm @aggeﬁmnb@iA&@hsmace Tbkyasantst i t ut ed

ani no Aci thén B s%rXé:'ﬁeraq%rZ%%t%%gﬁg?é&ﬁ%ﬁéﬁ'f%tl&matt, wt)% wnsg% les as

expl al ned herein e degeneracy o he gen I'c code, a
| ar ge nunﬁ&sm@lflomf@b'leéP@V@mgcfgncdbmlhfrs@n'!arlamlmﬁ!eW@lhknﬁwmlotﬂnéofnal |y

i denti cal F&@gm@eaaa/e Sle mrpgb.w%ttb éél(e&rc%@éroat.végﬁ&uﬂwshsean

|
variations are l'ent variations," which are one specl es o?uconser vatively
nodi fi ed (P&B'i"a'trﬁﬁﬁ'ée folioyrad Wﬁ@mp@%w%t'@@@deﬂé@'WﬁGh aEHlys @e8/9l 9ol ypept i de

al so descmbi&wgwewsd@%ﬁﬂam QlyFdspegil/aladri lrﬁwaéhfo h\euéné%el/éa BGAIE!-
codon in a nucleic acid exc chis ordlnarlly

Ther ef or e,
the ofly €0 @gﬁysfadﬁl OLYP AT BH; eYleupgyTesdienAq/me %"%H' ﬂ”WaF?’Ytpr thh&e%nl y codon
for trypteptyanyrigasr phe; vayk éileg to yield a functionally

An alternative exemplary guideline uses the following six groups, each containing amino
" acids that are conservative substitutions for one another: 1) Alanine (A), Serine (S),
20  Threonine (T); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N), Glutamine (Q);
4) Arginine (R), Lysine (1); 5) Isoleucine (l), Leucine (L), Methionine (M), Valine (V); and
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

Another alternative guideline is to allow for all charged amino acids as conservative

25  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.

30
Substantially homologous nucleotide or polypeptide sequences have the degree of
sequence identity or hybridize under certain stringent hybridization conditions as
indicated below.

29



i dentical nucleic acid sequence that will produce an identical polypeptide.
Accordingly, each silent variation of a nucleic acid which encodes a

pol ypept ivWO 20®/02e42Pi cit in each given nucleic acid sequ@ATELHA¥K(029@spect
to am no acid sequences, am no acid substitutions nmay be introduced using
known protocols of reconbi nant gene technol ogy including PCR gene cloning,
site-directed nutagenesis of cDNA, transfection of host cells, and in-vitro
transcription which may be used to introduce such changes to the TAS2R7
sequence. %, EBguerdk idhtig: can then be screened for taste-cell-specific GPCR
functional activity nservative substitution tables providi nq

functi onafFY %?Wl'h?o’ﬁ?f?%sé‘é'ﬂﬂ%t'd&rs@qwcp hRR Gwh SPRHaNER 'd&f‘f'ty ofatleastanpl e,

one exenpataéast w%d@thémgs% §,eitqgat;,t g@pservative substi tutl ons i ncl udes
(original residue foll exenpl ary substitution): alalg éqtor ser;

arg/Tys; ASHsENalby h‘P{T‘%bg%;?PBP?P“dE;?%ﬂ%"é‘Fe g% A/ %\%‘?ﬂ“eﬂ?‘%/}dﬁgtﬂy yeast a or
pro; I s/#&dens000%i 4t ledst 06ccu ablenstiogsd.eu/ile or val; lys/arg or gin or glu;
nmet/leu or tyr or ile; phe/nmet or leu or tyr; ser/thr; thr/ser; trp/tyr;
tyr/trp or phe; val/ile or leu. An alternative exenplary guideline uses the
f ol | ow ngAtErXatiyely L bstaatially hoowologbud mg:lcwitite or mﬁvmtndéwéquan@soﬂa}smwati \(/e)
substitutg or anj ( Thre nine (T);
2) Aspartl/%gg Qfe('%gh%tyéq% %%‘c7°§17‘)cr3§4/°(%§§/§)a a2 ?Ongseﬁ/g "(‘3)\5“““@”8 amne (Q;
4) Argi ni vegia(R)as defailedhbereinlabpye.5) | sol euci ne (I ), Leucine (L), Methionine
(M, Mpline (V); and 6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W.
Anot her alternative guideline is to allow for all charged am no aci ds as
conser vat ¢ateulationafi% Gequance fdentityigdietentinad astfellawsr t hey are positive or
negati ve. LAST"IEBQSFC' LSJQ?I All'aqﬂnght%k chSHRHlid ltthHegﬁ's?lc sggllcﬁtahgﬂﬁmpémﬁlg%dt I ons

t hat alter add or eté a e amno acl percentage (for
exanpl e WY the Poagmy blasty W’HPhZSG)Ua'@We@b_‘EWMW“Mn'WWhmam ds in an encoded

sequence 7 Getdinfife ?Piaéhtﬁlﬁéieéjndc%ohé’e @iy §é bé’é‘ééfné?‘éﬁbtfwé%c\é%ﬁa@t i ons.
Substantially honol ogous nucl eoti de or ypept i de sequences have the
degr el ofsequence, Blastn'is used, using default parameters of BLAST version 2.2.1.3, including

an EXPECT (statistical significance threshold for reporting matches against database

sequences) of 10, and DUST filtering.

To determine % identity of a polypeptide query sequence against another polypeptide

sequence, Blastp is used, using default parameters of BLAST version 2.2.1.3, including
20 an EXPECT of 10, and DUST filtering.

Stringent hybridization conditions:
Nucleotide sequences are considered substantially homologous provided that they are
capable of selectively hybridizing to the nucleotide sequences presented herein, or to

25  their complement, under stringent hybrdisation conditions detailed 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).

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

example, in the cDNA or genomic DNA library being screened.
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sequence identity or hybridize under certain stringent hybridization
conditions as indicated bel ow. %Gequence identity: A substantially

honol ogousOrawViRai2Pde sequence has a % sequence i denti t PCHICHOON@WO29D 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 may have a % sequence identity of at

| east 70% sRR%hthAtlis @Wmaand 6 Bs FRERBIA4ANd MRclib M hORAl ob¥ el bR Wit tHRS
detai |l ed herei_n above, cul ati on _of % Sequence ldentity is determ ned as

fol | ows. %L%?Nésag?'z,s'df&?a@acmrp@ﬂwﬁp '@émﬁf ’FE%‘F‘)“OP@%YW@ mRaskesh foF search
al gor i t hne:empie e dadiatdipgpiopiopate §lvagispPpahi ch is avail abl e at

http://ww. ncbi.nlmnih.gov . To determne %identity of a nucleotide query
sequence agai nst anot her nucl eoti de sequence, Blastn is used, using default
par amet er Kit 06 iddnfifyla m@dalater :2. 2. 1 . 3, includi ng an EXPECT (st atistical
significance threshold for reporting matches agai nst dat abase sequences) of
10, and DUST filtering. To determne % identity of a pol ypeptide query
sequence Add,faséxaample, bacrepoiny i pt hide tlreaphpoceredBingHitpthascangeides usi ng

defaul t par ] in n EXPECT of 10,
and DUST P oeiunel lest TaSaRY, o Locbstarual BBritEiot RBPR e
sequencesthareto; @od that evreprises bwnthel (a@ohigt)honol ogous pr ovi ded t hat they are
capabjg of selectively hybridizing to the nucleotide sequences presented
hereln or to their conplenent, under stringent hybrdi sation conditions

det ai | ed ©eliasally, e ¢atig dmthecenmenirise @rS-psatein faseyemalederecalsium gigaaling. a sol ut i on

consi sti ngyiRbieds &Jt&ﬁsr@r@ I@Swn% PabscribBd héré?n%?&@ﬂ% éﬁﬁl@@g@&o@k é@\% % in a

solution consisting o and 0.1% S 1* SSC=0 015 M
Na3 Cit r ab@¥ joHntrodyice them to the cells if necessary. A very useful chimeric G-protein is
Galpha16-gustducin 44.
15

Menthol is provided in suitable concentrations, for example,

0.01 to 1000 micromolar, 0.1 to 100 micromolar, or 20 to 80 micromolar.

Optional kit components may include a suitable medium for culturing the recombinant
20  cells provided, and a solid support to grow the cells on, for example, a cell culture dish or

microtiter plate, these optional components will be readily available to the skilled person.

The kit may be used as follows:

(i) Recombinant cells that express the TAS2R7 protein are grown on the solid support.
25 (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 agonlst menthol in a

suitable concentration

(iii) 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

30 identified as a modulator.

For example, (iif) 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
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Background hybridi zati on may occur because of other nucl eotide sequences
present, for exanple, in the cDNA or genomc DNA |ibrary being screened. A
signal tHO208/0228 than 10 fold as intense as the specPCILEH2009%002901 on
observed with the target DNA is considered background. The intensity of
interaction may be neasured, for exanple, by radiolabelling the probe, e.g.
wth 32P. Kit to identify a nodulator : A kit, for exanple, a screening kit
or high throughput screening kit, that conprises reconbinant cells that

express TATRR/deseRbed RUBRAGVE P aﬁamaalrévggé&ncéﬁw%e&oﬁm%do and t hat

conprises nenthol (agonist). Optional é I's further conprise a
G pr ot ei nref’@?“b'éﬁ'&tr?ﬁf'% whish 2 pisp dascsibeh $TEINABOVeSUi t abl e G proteins are known

and descrap b@nﬁbdlbeéé%la?@bbﬂjf%xaﬁ\ﬂé th& EAILIBR AR BSEY th YeRWAINE aBMMItbPof Nt I oduce
themto t ells it necessar A very useful chineric Gproteinis

Gal phalé- Wu%"dn' S&f‘"‘“%ﬁ‘ﬂﬁ onse 173 654 3ti n sui tabl e concentrations, for
exanple, 0.01 to 1000 mcronmolar, 0.1 to 100 m cronolar, or 20 to 80

m crom)l i 0 Kj t one i ncl ude a suitable medium

forcul tur t??g&'ﬁ@ygeeff%‘?f{)tloﬁ‘geﬁ‘fng q@ fa\%m@ﬁ? and a solid support to grow
t he cell s(l)d?ecofrrbi‘nam(@eﬂplﬂmt e&)réﬁ the TABRRY @rotkéis BreOgrowh ohaitd $olit sppdre, t hese
opt i onal t he ski on. The
kit may b@juse ?t cf)}]c Wgratl?ns roﬁ'e%t%?r%? &ﬂ? 1§8I"f Offrate %r§8§§%£tot e TAS2R7
protein acrwkugerroemummf tibtnedgllates enwmllsirt the praspntesftthagenths! agonsbineent r at i ons

from ghoug, . or nore are added to the cul ture medi um of
defi n]gg u%uzla%té@wgb&vr\}e ﬁsrmlvln the presence of the agonist nenthol in a

sui tabl e (c'u"t)ﬁ@éﬁngeainiadnnt(tuonal)re@oomofgbe tellsdo fheragonishialdeteswimedbe of the cells
i's deterng Aﬁ%ﬂanﬁ?éﬁe"@ﬁéﬂs@% H&? Hc@%ﬁ&’@ﬁ%n‘c@offh@é@é?%@eﬁgge ggce of the test

agent, an st agent fer e ent i ulator. For
exanpl e, TEEPeNsermprepenqgeeaf F't?rtﬁ%tcﬁga@té;cﬁné ithrytesioagenyis dirselaf idenifiedas 8y s
descri bedfgipgdm

15
Confirmation of identified modulators:
A modulator identified by a method described hereinabove may easily be confirmed by
simple sensory experiments using a panel of flavorists or test persons to tasté the
identified modulators. The compounds are tasted e.g. in water together with menthol in
20 comparison to a negative control without modulator to confirm a modultor that reduce or

block the bitter taste of menthol.
Large scale screening assays:

25  Transcriptional reporter assays and most cell-based assays described hereinabove are

well suited for screening libraries for agents that modulate TAS2R?7 activity.

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
30 typically run in parallel (for example in microtiter formats on microtiter plates in robotic

assays).

Assays may be run in high throughput screening methods that involve providing a

combinatorial chemical or peptide library containing a large number of potential
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above, in conbination wth any one of the detection nethods that report
receptoractivity descri bed herei nabove. This may require specifically
chosen orwedamiees2eeconbi nant cells, which are al so desecirhatoéveneimabove.
A suitable assay is, for exanple, the calciumflux assay to determ ne
activation of TAS2R7 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 TAS2R7 protein are grown on tlje solid support. (ii) rest

agent s atmeQueBR! SadH IDRriek laAMhaR QbeededNIong of ABrddsqys §B¥:Rb&y € added to the
cul ture nedium of define | ates or wells in the presence of the nenthol

( d pla ] , .
agoni st i PEreinakpve dp)identfy Hioss {ibray agents (partisular chemicgLsnegies of srRolassesl
response thht didpaytaé béativitp dédigibad Bévehbbve. BRE MoBLIBRE Bs RIBATRAICAA bkhe _
ent (decreased response in

response i.n presence and absence of the test a > >

presence %?ecﬁm'ésefjé’ﬂ"aﬁg?gﬁ’te)ﬁsq%ﬁ?& t W@“f'f%é‘f”ei‘ﬁb@ﬁgu'?@rst byepaigyo aRALIEIHS ed as an
I nhi bist orderkzatiiesr mati on of i1dentified nodul ators: A nodul ator identified by
a nmet hod descri bed herei nabove may easily be confirned by sinple sensory
experinments using a panel of flavorists or test persons to taste the

I dent i f i eSynthediocampownd libregies anpanmdercailgavadshie from. anumbervlit@hpdrigget her wit h

ment hol i, ' . tihve. rol W t modulat or, t nfirma
rodul tor  TRARRY Bal @fs chefhiaf 83, (rica Tyt Uk R dalBit IPHBltph du 35, ¢

scr eeni ngBranderyAssotiates {MeirprackiH. ) epbMicersoass dhew Miltbrdne@dnndel | - based
assayg, described herei nabove are well suited for screening libraries for
agents that nodul ate TAS2R7 activity. The assays nmay be designed to screen
| ar ge chdrbraties|of keshapertshy aut omating the assay steps and providing
conmpounds from any conveni ent source to the assays, which are typically run

in parallel (for exanple in mcrotiter formats on mcrotiter plates in
robotic a(éggﬁ)glpatonal chemical library is a collection of diverse chemical compounds

generated by either chemical synthesis or biological synthesis, by combining a number
15  of chemical "building blocks" such as reagents. For example, a linear combinatorial
chemical library such as a polypeptide library is formed by combining a set of chemical
building blocks (amino acids) in every possible way for a given compound length (i.e.,
the number of amino acids in a polypeptide compound). Millions of chemical compounds
can be synthesized through such combinatorial mixing of chemical building blocks.
20

A rare chemical library is available from Aldrich (Milwaukee, Wis.).

Libraries of natural compounds in the form of bacterial, fungal, plant and animal extracts
are commercially available for example from Pan Laboratories (Bothell, Wash.) or

25  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 protein/expression libraries, cDNA libraries from natural sources,
30 including, for example, foods, plants, animals, bacteria, libraries expressing randomly or
systematically mutated variants of one or more polypeptides, genomic libraries in viral

vectors that are used to express the mRNA content of one cell or tissue.
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Assays may be run in high throughput screening nmethods that involve
providing a conbinatorial chemcal or peptide |ibrary containing a | arge
nunber ofwpab®REEPodul ators. Such libraries are then £CT&BR0/10029Nne or
nore assays descri bed hereinabove to identify those |library agents
(particular chem cal species or subclasses) that display the activity
descri bed herei nabove. The nodul ators thus identified can be directly used
or may serve as leads to identify further nodul ators by naking and testing

derivativ Gt 439 r Jaypsnssl able froma
nunber of ﬁ?oh'%gf"g?hf’ntc u?)qti@ﬁ/oaésiblig@ Sg%%ﬂg?ﬁe?:g .ﬂ"\d(ua}!ra'lcla(%//cljl g{]tl Cor nwal |

UK) , mng@ﬁewafemfﬁ@e%ﬁ in Nsygbe aBr'ﬁrﬁ’éBﬁ”'Aé@éEh w%gfqmcrtutem@te cap H. ), and

M cr osours@uédﬁetWrMéE@;faﬂateGem dgainst PEAEES p&tbntif floda@RMIsY; if A conbi natori al
chem cal |ibrar _|s a col | ection of diverse chem cal conpounds generated by

ei t her ch¥ificed iy of WEE'?aé'OBF'mﬁlegFE%?EeatP be\nbeered.evepys- E:%Wﬁ'i’srﬁaﬁdesé anunber of
cheni cal $ibgle Indidogtdy) Trakssa lﬁyléfétaﬁlaarfdﬁﬂ6©ﬂfe$ pla{écxfaneasa@mw)ut &od i near

conbinatori | _che Ly such ol ype brary_is formed by
conbi ni ngmggglg ip @ﬁé?‘ﬁehﬁ{a BFG H?q‘?g cﬁ%ég‘%/g' eﬁ"&@?'@ﬁss?%fr@v L?“tpos& bl e
vvaly for atep tme!bocmmmninﬁérérenqhh)t(r}dsat is pbmbléwﬁwyegvammrmipﬁsetslh n a g

ol ypepti i ons . Q ounds can S esi ze
A S T AL e S e S
chemcal library is available fromA drich (M| waukee, Ws.). Libraries of

git lrjgigdt sCa e (L:ngn’?rsglr e“Fﬁethgava I ab?ﬁg#’%#tgé%%p#aﬂ?ron‘?’h%nmq_&geora ori es

( Bot hel | aWH@thQ#SM/coSearch (NC), or are readily produceabl e by nethods
wel | knomn in the art. Additionally, natural and synthetically produced

libraries_and conpounds are readily nodified through conventional chem cal,
physi cal , Teigstadselechiahs amergest inciidieg smalbehamieal comepuntis, ghestied! n/ expr essi on

librari espolﬁ% ﬂ)lbl%l@él'p“eﬁlnferré)rﬁbﬂﬁfegrp’ﬂ)teﬁl@%@%ﬁs céﬂBGhMt@Qmuﬁl@fc a%?&@”pl e,

foods, plants, ani mal s, bacteri a, brari es EXPFESSIH random

syst e:{’th i 2% 'rrgﬂSnﬁf' apent ceape érﬁygthSFC woand MBS Pl sRspRauUAds 2 m c

l'i brari eSpl‘oﬂudt iof Adtural sample, for example plant extract, culture supernatant, or tissue
sample.

20 Identified modulators may be added to food products together with menthol to decrease
its bitter off-taste. Consumables include food products, beverages, oral care products,
mouth wash, tooth paste, dental floss, and compositions for admixture to such products,
in particular flavor compositions. Flavor compositions may be added to processed foods
or beverages during their processing, or they may actually be consumables in their own

25  right, e.g. condiments such as sauces and the like. Sweet tastants are particularly
interesting in confectionary and other sweet consumables including desserts, but also in
savory and sweet-sour consumables. Examples of consumables include confectionary
products, cakes, cereal products, baker’s products, bread products, gums, chewing
gums, candy, hard candy, sauces (condiments), soups, processed foods, cooked fruit

30 and vegetable products, meat products, egg products, milk and dairy products, cheese
products, butter and butter substitute products, milk substitute products, soy products,
edible oils and fat pAroducts, medicaments, beverages, alcoholic drinks, beers, soft
drinks, food extracts, plant extracts, meat extracts, condiments, sweeteners,

nutraceuticals, pharmaceutical and non-pharmaceutical gums, tablets, lozenges, drops,
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vectors that are used to express the nRNA content of one cell or tissue.In
a high throughput assay, it is possible to screen up to several thousand

di f f er entWoduWEe®ps or agonists in a single day. |n paPCIrgH2809/00826h wel |
of a mcrotiter plate can be used to run a separate assay against a

sel ected potential nodulator, or, if concentration or incubation tine
effects are to be observed, every 5-10 wells can test a single nodul ator.
Thus, a single standard mcrotiter plate can assay about 100 nodul ators. |f

1536 wel | erplisibRs efkifs, Bk, etiBRTilRs Sdnagaluférme%b%usmoe&%k.hy b@esiayed, r om about
100 to about 1500 di fferefrf‘nt con;ﬁ) unds. is possible to assay several

di fferent'“ﬁ?%ttl?é’e'ﬁg?s fag effefuesg %l?%téns for up to about 6, 000-20, 000

di fferent conpounds is possi bIe Types of test agents that may be tested
for their TAS2R7 nodul ating effect in the assay nethods: The test agents
may be any agent including small chem cal conpounds, chem cal pol yners,

bi ol odi caSequanga® bfnu¢leigtacibssandpwiteihsts, sugars, carbohydrates, nucleic
acids and |lipids. An agent can be a synthetic conpound, a m xture of
conpounds, a natural product or natural sample, for exanple plant extract,
cul t ur e slipesagaeroes employed srsihe coastpicts. anddesthodsi dederitediHesdintsn bafoubheé added

Lo 00 PRGNSR ASRUE i BolP il LRoRCASRIE R (LIRS O 25t o

Consunabl everages, oral care uth
wash, tooditecierste, dental floss, and conpositions for adm xture to such
prod s, in particular flavor corrposi tions. Flavor conpositions nmay be
added to processed foods or beverages during their processing, or they may
actual |y BAYRRITAeBPles CPR coriap seauaces gistknown gnd bavecheenrpublished inder sauces

and the |ik@ameVaRd ,éf@,@];,@éwﬁl;,n@grg,ng@ré{ehq)gowl y interesting in confectionary
and ot her sweet consumabl es i ncluding desserts, but also in savory and

sweet - sour consunabl es. Exanpl es of consunabl es include confectionary

product s, se@pNO:qeg gal msgplu@b@mg Bedirhcs (nREIRBWRIdSandlpr@ad).pr oduct s, guns,
chew n 5g guns, candy, hard can%[%(F sauces éCOI’ldI ment s’%% sou rocessed

f oodst® cooked fruit andH\YEedaTe EcEPREIRE € MemRkar /F 08eRT &f %ﬁé product s,

mlk and dai ry product s Refdt@@2eSequence Accession Number (RefSeq) NM_ 023919.2
Gl1:68160950 RefSeq database, The National Center for
Biotechnology Information (NCBI), and the corresponding receptor
protein (NP_076408.1 GI:12965176).

20
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 that provides
the STOP codon. The resulting construct is shown in SEQ ID: 5 & 6.

25
SEQID NO:3 RSS Tag includes 45 aminoacids of rat somatostatin and EcoRl site
SEQID NO:4 Includes HSV tag, “T” to get into frame, Notl site and STOP codon
SEQID NO:5&6 hTAS2R?7 construct (nucleic acid + protein)

(RSS Tag-EcoRI site—TAS2R7-Notl site—HSV Tag with STOP)
30
There now follows a series of examples that serve to illustrate the above-

described methods. The following examples are merely illustrative and should not be
construed as limiting the described subject matter including the methods and kit in any

manner.
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products, butter and butter substitute products, m |k substitute products,
soy products, edible oils and fat products, nedi canents, beverages,

al cohol i owononke2seers, soft drinks, food extracts, pl aot/@rbsawi®p neat
extracts, condinments, sweeteners, nutraceuticals, pharnmaceutical and

non- pharmaceuti cal guns, tablets, |ozenges, drops, emulsions, elixirs,
syrups, edible filnms, and other preparations for naking beverages, instant
beverages and effervescent tablets. Sequences of nucleic acids and
proteins: gfhgpR@auences enployed in the constructs and nethods
descrlbed‘ﬁargrﬁ can be found in the sequence |listing hereinbelow They are
given in anminoternminal to carboxyterm nal direction. The TAS2R receptor CDS
codi ng seqyeRreRsies s e ONA @&derﬁh@é%a?&%h %%Rﬁm&tﬁmﬁtﬁﬁaﬁ Biferiadtes and
reference nunbers indicated bel ow 2 TAS2R7 codi ng sequence
(nucl ei c EReeEtOANAS Broeiety: Hunan taste receptor type 2 menber 7 (TAS2R7 or
T2R7) ,5 Ref erence Sequence Accessi on Nunber (RefSeq) NM 023919.2 d:68160950
Ref Seq database, The National Center for Biotechnol ogy Information (NCBI),
and the cgﬁﬂEgﬁéﬂding receptor protein (NP_076408.1 d: 129651 76). The
codi ng seGeaa@ton sfHun@T ASPR7AKEresbiah edt@don but not the stop codon. Wen
cloned into an expression vector, the conplete cassette in the vector wll
include the Nterm nal RSS tag as a menbr ane sequence, and the C-term nal

HSV tag t e Ther i n hovvnln
SEQ I D: 5%‘2 é‘w %ééﬁﬂ %”&cﬁ% ag |nc Rl e"%‘giigdtb p% aC| §'f'“ r‘?a°§

somat &t afRECR)austhgE=oRis pe¢ificepribieds trlatmnmhenollractedmgt&glarag, 'T" to get into
frame, Notl site and STOP codon SEQ I D NO 5& hTAS2R7 construct (nucleic
acid + protein) (RSS Tag-EcoRl site-TAS2R7-Not| site-HSV Tag with STOP)
There ”OWTqu'fuIP)@%gtﬁ Gl SichuMarCXAEBRE ak NhpIFiBd b5 JoRymdradtSERAT Fedchitn

abovedescri bed
(PCR) using gene-specific primers that span the entire coding region.

15 The TAS2R7 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 45 amino acids of
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

20 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, TAS2R7, and the HSV tag were fused in frame in the hTAS2R7 construct of
SEQ ID NO:5 to allow translation into the receptor protein. The resulting receptor cDNA
25 in the expression vector comprises the joined amino acid sequences of TAS2R7
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-TAS2R7 and
allows for expression of the TAS2R7 protein (SEQ ID NO:6).

30
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met hods. The follow ng exanples are nerely illustrative and should not be
construed as limting the described subject matter including the nethods
and kit iwoaaw/aesfer. Exanpl es Al l exanpl es use t he DNAPSEHIH2AGEWOIAsed on
the nRNA for the human bitter taste receptor type 2 nenber 7. Exanple 1

Generation of human TAS2R7 expression vector The full |ength gene of hunman
TAS2R7 was anplified by polynerase chain reaction (PCR) using gene-specific
priners that span the entire coding region. The full |ength gene of human

TAS2R7 was anplified by pol ynerase chain reaction (PCR) using gene-specific
primers that span the entire coding region. The TAS2R7 cDNA was subcl oned
into an expression cassette based on the pcDNA3. 1Zeo expression vector
(I'nvitrogen, Carlsbad, CA US). Wthin multiple cloning sites, this vector
contains the nucleotide sequence coding for the first 45 am no acids of the
rat somatpstatin receptor subtype 3 (included in SEQID NO 3, RSStag) to
facili tate-%e?—%-surface targeting of the transgene, and the nucleotide

HS | t D t
(rev obi t Sasr Hech BBt HAELILIRREY V' Com cal | det kot on, which s+

i ncl uded HEK%Q/G&%%L?&@F 82¥4tc%ﬁls w@ésuéeﬁgghegéggr%o aé 'a&ﬁﬁé/d Gipguer e

fused in frame in t R7 construct © ow transl ati on

into the PORAQRBEASIFhs: hashceliine HEKPST iscommarpialiv avaiiable frnmtthe Amgsices si on
vect or CO‘F’Béuéééltdr@@ollé&tnBﬁ@Aﬁ@)”ﬂT@@@g craaerges of TASZ2R7 preceded by SEQ
ID NO3 (RSS tag including 45 am noacids of rat somatostatin) and foll owed
by SEQID NGO 4 (HSV tag) (in amnoterm nal to carboxyterm nal direction).
The construct transfected into an expression vector is called

pcDNABo 1ZEganipS2R7 and al |l ows for expression of the TAS2R7 protein (SEQ ID
NO 6) . Exanpl e 2: Generation of transient and stable cell |ines

Transient transfection/expression of TAS2R7 in HEK293T/Ga16-gustducin 44 cells

On day 0, the HEK293T/ Ga16-gustducin 44 cells were plated in 96-well black wall,
clear-bottom plates at a density of 15,000 cells per well and grown overnight in growth

15  media (DMEM with 10% (v/v) heat-inactivated fetal bovine serum, 2 mM L-glutamine,
100 units/ml penicillin, 100 pg/ml streptomycin).

On day 1, the media was changed to an antibiotic-free and serum-free DMEM.
The cells were transfected with with TAS2R7 using Lipofectamine 2000 (Invitrogen).
20
Per well of a 96-well plate, 150 ng of vector DNA (TAS2R7 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 yl 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
25  medium in the plate was exchanged for 50 pul of DMEM and 25 pl of the
lipofectamine/DNA mixture was incubated on the cells for 3-4 hours at 37°ina
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
30 described in Example 3.
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HEK293T/ G al6-gustducin 44 cells were used; they were forned as descri bed
in WO 2004/ 055048. The host cell line HEK-293T is commercially avail abl e
from t he Waep1068@e52Ti ssue Cul ture Coll ection (ATCC), ATCECT)GH20R000299268
Exanpl e 2a Transi ent transfection/expression of TAS2R7 in
HEK293T/ Gal6- gustducin 44 cells On day 0, the HEK293T/ Gal6-gustducin 44
cells were plated in 96-well black wall, clear-bottomplates at a density
of 15,000 cells per well and grown overnight in growh nmedia (DVEMw th 10%
(v/v) heat-inactivated fetal bovine serum 2 nmM L-glutam ne, 100 units/m
penicillin, 100 ng/m streptonycin). On day 1, the nedia was changed to an
ant i bi ot i EX3PRlg28nq serumfree DVMEM The ceIIs were transfected with with
TAS2R7 using Li Per well of a 96-well plate,
150 ng of e oM S ey & 12 5 el e 1) was diluted
in 12.5 m of DNENI In a second tube, 0. 3 m of Llpofectanlne 2000 was
diluted in 12.5 mM of DMVEM and incubated for 5 min at roomtenperature.
After h utions wer ed and i ncubated for,_ 20 m n at RT.
The  gr bt FokelRimiFh SREYp APESTRte TARARIngEe SEPOBaniblof BRE N dPo S i of
t he |i pof pcDiAS. mBéd;)MSZRZ(tcunsirucamto HEKBOBEMG c8-dubteucial 44 céler (f@avkedhasir s at
37 in ah edat nRs. hi s then r

anti bioti éeﬁ'cr geé& N Hl? tai nlchs-g[ ﬁ@ﬁﬁﬁ%zﬁ%ﬂ% OB'&etrc'?lﬁp&P@ﬁ%g? W%’HQh? he

cel | s wer Amesgeah Tlssuer@ItEtaJ@ellecﬂZai ATOQ) MG ESRUEde88.bed i n Exanpl e

3. Exanpl e 2b CGeneration of a cell line stably expressing Gal6-gustduci n44
and TAS2R7 Cell lines that stably expresses TAS2R7 was generated by
transfecting the pcDNA3. 1Zeo- TAS2R7 construct into HEK293T/ Gal6- gust ducin
44 cel®s Thetarsiecion wes epifgewgdias fellowspl e 1). The host cell line HEK-293T is

comercially available fromthe American Tissue Culture Collection (ATCO),
ATCC(r) # ORLday @.thg HEK293T Gal6-gustducind4 cells were seeded in a 6-well plate at a

density of 900,000 cells per well and grown over night in selective growth medium.

On day 1, the medium was exchanged with 2 ml of antibiotic-free and serum-free growth
medium. 10 pl Lipofectamine 2000 was dissolved in 250 ul DMEM and incubated for 5
15 minutes at room temperature. In parallel, 4 ng TAS2R7 vector DNA were dissolved in
250 pl DMEM. These two resulting solutions were mixed and incubated for 20 minutes at
room temperature before they were added to the cells into the cell culture medium. After

4 hours, the medium was replaced with antibiotic-free, serum-containing growth medium.

20  The cells were incubated in humidified atmosphere (37 °C, 5% CO,).

After 24 hours, the cells were re-plated in selective growth medium (DMEM with 10%

(v/v) heat-inactivated fetal bovine serum, 2 mM L-glutamine, 100 units/ml penicillin, 100

pg/ml streptomycin, 200 pg/ml G418 and 200 pg/ml zeocin) and were further incubated
25 in a humidified atmosphere (37 °C, 5% CO,).

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

were selected and expanded.
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The transfection was perfornmed as follows: On day 0, the HEK293T
Gal6-gustducind44 cells were seeded in a 6-well plate at a density of

900, 000 cwDIl2s10m2es29el | and grown over night in sel ectiveCH@R/weoum On
day 1, the medi um was exchanged with 2 m of antibiotic -free and
serumfree growh nmedium 10 m Li pofectam ne 2000 was di ssolved in 250 m
DVEM and i ncubated for 5 mnutes at roomtenperature. In parallel, 4 ny
TAS2R7 vector DNA were dissolved in 250 mM DVEM These two resulting

sol ut i ons TABPRY7 Bkpressifd) BelisWatd alepfiiddOsy t%@w 'P@s‘b'éhﬁastoai 6 rnmmrh@rmﬁr@ﬁ.éw e
beforethg)/ were added to the cells into cell _cul um After 4

hour s, apggiaTRINGd &g aypRaled f\HP'E"Het&ﬁt"P%Q'BQ ppthe ELIP %EEUM cho!ﬂCHPhg
gr ovvt h nedevites, Bumngelid, SCARUS.) & dbsdriBed iim eRamipldi 3.i @k abA® sRB&eRcled’ 0C, 5%

After 24 hour r sel ective grow h nmedi um
(DIVEM wi t FFS f% ﬁ@?"%gﬁl‘%ﬁé&ﬂ’% ’64‘&5{?%?5'%%9? lﬂlS'eser um 2 nM L-gl utam ne,
100 unéts/m pen| cillin, 100 ng/m streptonycin, 200 ng/mM G418 and 200
ng/ M Zzeocin) and were further incubated in a humidified at nosphere (37 0C,
5% C2) . After 2 to 4 weeks of culture (replacing nediumas necessary),
zeocin-re col oni es were sel ected and expanded. TAS2R7 expressi ng
cells vverg(g Qtafled by their response to 2.6 nM L-nenthol, which was

det er m negj i ,Qﬁ% g fluorinetric imagi ng on the FLI PR—TETRA(tr’r)
(Mol e ularu @CQ% yvale, CA, U S.) as described in exanple 3. One

cl one vas Fﬁfal@m gﬂw.tfogéﬁﬂ bhmaundAhng@%BH UdrBskRng i & ﬁ\ﬁééeTlﬁé«?RéAce' !

l'i ne. | ci um As | uo-4AM (I nvitrogen, Carl
us) i %Oa F‘P'El'é‘r"eg)(:’b“lq!'cﬁ fehapge dn C@f“’ﬁ"‘t‘f??’%eﬂﬂ%?%ﬂwscm Samfe ghangee 9n (teange i n

concent r aghigilon BbkteAtrhfIMS FRticTRAY LAY ikdiaR@eh IdspoRse a8l fectistbc aBGANGA at i on,
pal‘tl cul arl an i ncr ease in response to recept or activation occurri ng after

agoni st eRFIEUNIANCARIRMNS! ¥POSUFRe HEK293T cel | |ine expressing
Gal6- gustduci n44 and a TAS2R7 bitter taste

At day 0, the HEK293T cell line expressing Ga16-gustducin44 and a TAS2R7 bitter taste

15 receptor formed as described in examples 2a or 2b was seeded in antibiotic-free growth
medium (standard DMEM with 10% (v/v) heat-inactivated fetal bovine serum, 2 mM L-
glutamine standard DMEM with 10% (viv) heat-inactivated fetal bovine serum, 2 mM L-
glutamine, 100 units/ml penicillin, and 100 pg/ml streptomycin) into black wall/clear
bottom 96-well plates, coated with poly(ethylenimine) (0.005% v/v) at a concentration of

20 15,000 cells per well and incubated for 48 hours in humidified atmosphere (37 °C, 5%
COy,).

At the time of the assay, the growth medium was discarded and the cells were in
humidified atmosphere (37 °C, 5% CO.) for 1 hour with 50 pl of loading buffer consisting

25 of 1.5 pM Fluo-4 AM and 2.5 mM probenecid (Sigma-Alidrich, St. Louis, MO, U.S.) in
DMEM.

Afterwards, the 96-well plate was washed 5 times with 100 p! of assay buffer (130 mM
NaCl, 5 mM KCI, 10 mM HEPES, 2 mM CaCl, and 5 mM dextrose, pH 7.4) per well,
30 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
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receptor formed as described in exanples 2a or 2b was seeded in
antibiotic-free growh nedium (standard DVEM wi th 10% (v/ V)

heat - i nacwpwatd2528t al bovi ne serum 2 nM Lgl ut am ne st ROALAAROOKEN29I t h 10%
(v/v) heat-inactivated fetal bovine serum 2 mM Lglutam ne, 100 units/n
penicillin, and 100 ng/mM streptomycin) into black wall/clear bottom

96-wel |l plates, coated with poly(ethylenimne) (0.005%v/v) at a
concentration of 15,000 cells per well and incubated for 48 hours in

humi di fi eghglampaeRRi® ﬂ@?méi&waé%é;@%a 5 fithed J;mh b b@?l Bf adsB§ bafSPer idie 9r owt h
medi um was di scarded and the cells were in d atnosphere (37 0C, 5%
CO2) for anhigensifuted with ?ﬁo ndfofﬂsf@mbﬁﬁermwwﬂ consisting of 1.5 mM Fl uo-4 AM
and 2.5 nmM probenecid (Sigma-Aldrich, St. Louis, MO, U S.) in DVEM
Afterwards, the 96-well plate was mashed 5 tines with 100 M of assay

buf fer (130 mMM NaCl, 5 mMMKCl, 10 mM HEPES, 2 mM CaCl 2, and 5 nM dextrose,
pH 7. 4) pEPr asepY readinrite BlAteataoptatasn 9l Fearomalsi dpagieg Bfa@@eadﬁﬁéﬂﬁﬁ’&e was
furthes i (RBRITEIRADY, Mifledlidh tpje%e@ltsm?vmé em)qmt HhrdcBptbNEctiatidh was al | ow

for conplete de-esterification of theF 4. Afterwards the plate was
washed 5 ttRied by #qditippof #0 'B‘Ff‘)é{t?éai/aﬁ‘t’:ﬂf?"érCOB‘éﬁ““ﬁ@PIaQOE'ﬁHStP%"CBQigtﬂqnt(LR ed with
100 m of gies 3y desitddeagdst enal doncéiration Seent &RIBUNY the €18pl Micklivrsasphypced in

a Fluoro ic Imaging Pl ate Rea er FL (FLI PR-TETRA(tm), Mbl ecul ar
Devi ces, nE‘c'ﬁFﬁ 9'5T"89 “@%h"@ﬁ’)pm é fF‘%‘cti vation was initiated by

addi tion of 20 mcroliter of a tenfol d concentrated agoni st stock solution
(to give the desired agonist end concentration when added to the 180

mcrojyt ehugﬁ%@é/ncg%% e%oﬁif?xh W?%fég df‘é’f‘%opie‘g%d’se% g.Oe 383 XaleJJeﬁﬁe

Fl uor escence wasS con |nuous I've a signal
basel i ne (areegagbugiveFgipver tp@powstuaﬂdltpo and fori120 sactuids rafber amodlstaﬁdltmo

seconds af’l’ﬁ@[:h QW\ 3 n&%{)cfédoﬂl F{Q@ﬁﬁ'@/ﬁ?ﬁdfc eﬁ'ng{?'@ltat% V\Mﬂ'legF Pging(?hegi Ves

DF/FOlndlcate Int emaX|rmrﬁS|gna occurring
Wi t hi n t henaxipins sigoa @scuriingiwithin ghend 2} mmn@s ginalk tiomnimun signal foh¢umindie 120

seconds afffh 4O stbotiidifet S4bnist addition).
15

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

triplicate.

A concentration-response analysis was performed and ECs, values were calculated by
20  nonlinear regression using the function f(x) = (a-d)/(1+(x/C)™)+ d; with a = minimum
signal, d = maximum signal, nh = hill coefficient, C = ECs,., and x= agonist
concentration. ECs, is the molar concentration of an agonist which produces 50% of the
maximum possible effective response for that agonist. A more potent agonist will have a

lower ECsg value.

25
The obtained calcium signals were corrected for the response of cells expressing only
the G-Protein a subunit (Ga16-gustducind44) and normalized to the fluorescence of cells
prior to the stimulus using AF/FO (Fmax-Fmin/FO0).

30
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Al'l data was collected fromat |east two i ndependent experinents each
carried out in triplicate. A concentration-response analysis was perforned
and ECSOwalawgn2eepe cal cul ated by nonlinear regressi onPaiGHRQIMW0THANCt i on
f(x) = (a-d)/ (1 +(x/Cnh)+ d; with a = mninmumsignal, d = nmaximum signal,
nh = hill coefficient, C = EC50. , and x= agoni st concentration. EC50 is
the nol ar concentration of an agoni st which produces 50% of the maxi num
possi bl e effective response for that agonist. A nore potent agonist wll
have a | opdm Oval ue. The obtai ned calciumsignals were corrected for the
response of cells expressing only the G Protein a subunit

( Gal6- gushétivatioridhT ABPR7 Dy m@thal @0a §tablkfeell fidgior escence of cells prior to the
stimulus using DF/ FO (Fnmax- Fm n/ FO). Exanpl e 4 Activation of TAS2R7 by
menthol in a stable cell line To confirmthat the cell line formed in
exanple 2b stably expresses the bitter taste receptor TAS2R7, a

concent r alo @nnﬁirersnmnﬂm cell ime foomed -imexrample 2tastahlynepadseds thdEKRBB Taste

Gal6gust d 4 ( S R7 expo Lrent hol
as a ;"Zgat&éﬁe‘éco ﬁ% érhmgk?&‘qrap‘?&'re\%éc?%%cg\’%ul ﬁ’t e m"é@,{ Ies"‘(':asl %ggeét%dexarrpl e
3, and ar HEKH%W\GanGQtasMLemM CElie (tbatadmlapdemtmsaﬁASﬁR()fWereSé’@))sedstoaLso

i ndi cat ed t onta ned a,final
concentraft Etﬁ.‘&g %%Q&Eﬁé@% ﬂl; u" o(ralec%ar?r%ugr afldf%c" ']?X >Pa‘?781 es

bel ow. Ta#mhdkarg:shawe intablednThd stW(ﬁQRae\bqliodn(H-@rT@)is alsgmiodingtedit i ons  of

L-nment hol . The negative control did not show a significant change above the
background signal upon exposure to TAS2R7, denmpnstrating the absence of
agoni st-induced receptor activation. The EC50 was cal cul ated as described in
exanpt® 3Eadmgarerle digcapte’ 3Cwell gacqatrglyrcantaings  dinalaepncametiny ohQD20 31 nivi
The resul DMS@B‘H@W"f&tcﬁmfpbébnhfl}%'?%%xérﬁpléé?Bélb!\ﬁt ed by L-nenthol . Furthernore,
nore than 15 of the other human T were tested and were found not to be
activated by L-nmenthol, which |nd| cat es the highly specific receptor
activation of

L-menthol TAS2R7 TAS2R7 Neg. Control Neg. Control
[mM] AFIF, +STD AF/IF, +STD
2.60 0.02 0.28 0.65 0.13
1.30 1.16 0.20 053 0.10
0.65 103 023 0.47 0.14
0.33 0.61 0.28 0.34 0.06
0.16 0.23 0.18 0.15 0.06
0.08 0.12 0.07 0.10 0.04
0.04 0.13 0.06 0.08 0.03
0.02 0.09 0.04 0.08 0.03
0.01 0.09 0.03 0.09 0.04

Table 1: Activation of TAS2RY7 by different concentrations of L-menthol.

15 The negative control did not show a significant change above the background signal
upon exposure to TAS2R7, demonstrating the absence of agonist-induced receptor
activation.The ECs, was calculafed as described in example 3. The calculated ECsg
value for L-menthol and TAS2R7 was 0.31 mM. The results demonstrate that TAS2R7 is
activated by L-menthol.

20
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human TAS2R7 by L-nenthol. Exanple 5 Activation of TAS2R7 bv L-nenthol in
transiently transfected cells The intracellular cal ciumresponse foll ow ng
t he addi tworzowfo2es2eent hol was determ ned in a HEK293T c@CIl/AH20@9/902901 y
expressi ng Gal6-gustduci n44 and transiently expressing TAS2R7, formed as
described in exanple 2a. The results are shown in the table bel ow Table 2:
Activation of TAS2R7 by different concentrations of L-nmenthol (DF/ FO val ues
+/- STD) A significant concentration-dependent increase in calcium

si gnal | i NguNRIMBRS RloYEMHaH RGBT ﬂm@‘i‘}tﬂérﬂﬂmgﬁ TASTREWBR] tektBd GRY Werd foaRtPh&nt | ¥
expressi ng human TAS2R7. The results denonstrate that TAS2R/ is activated

by L- ment Koe actvated By Lieantnglwhigh 'éd'éﬁf?ﬁﬂ}?eﬂﬂrf'b?pegf'ﬁrﬁﬂeﬁ@lf actiygtiehofwas al so
shown to AGhaYTAS2RABZRMmdatine 1. A nethod to identify an agent that

nodul ates the taste of nenthol, the nmethod comprising: (i) contacting cells
that express a TAS2R7 bitter taste receptor that is able to be activated by
menthof with nenthol in the presence of at |east one agent; and (ii)
determ ni g et.her the at | east one agent affects binding to nmenthol or a
funct i ona&?—@%ﬁénse of said TAS2R7 bitter taste receptor to nenthol, with

t he provi Activiatien oft TS 2RI Bydl -mesathobih trangienmtiyprahsfeetdd eellsl s i n t hei r nat ur al
environment. 2. The method of claim1l wherein the TAS2R7 bitter taste
receptor conprises a TAS2R7 bitter taste receptor substantially honol ogous
to a pol yiﬁb@tritrdeellgtaquajqium respoEBEegfdllb)NN@ﬂZe adulitidn of Lseentiesi owsiddmniney imf at

| east ; §0%, bi t S e I eoti de
sequence seI e@iafje" re ﬁgb%a&h%sé@ ST St |%Mu§m§h naa?ﬁée;n%ue@@?é é‘rggsn %nti al | y
honol ogou$AB2RE, famddeastdedmmdqmexmmle)ﬂa SE@res{mltN@rerlwndetimrtableedlony
sequence identity,

L-menthol TAS2R7 TAS2R7
[mM] AF/Fq +STD
260 0.65 0.13
1.30 0.53 0.10
0.65 0.41 0.14
0.33 0.34 0.06
0.16 0.15 0.06
0.08 0.10 0.04
0.04 0.08 0.03
0.02 0.08 0.03
0.01 0.09 0.04

Table 2: Activation of TAS2R7 by different concentrations of L-menthol (AF/FO values +/-

STD)

15
A significant concentration-dependent increase in calcium signalling was observed upon
addition of L-menthol in cells transiently expressing human TAS2R7. The results
demonstrate that TAS2RY7 is activated by L-menthol.

20 Similar results were obtained for D-menthol, which was also shown to activate TAS2R?7.
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a nucleic acid substantially honol ogous to a nucl eoti de sequence of SEQ ID
NGO 1, , as determned by hybridisation, wherein the substantially

honol ogowsOrawVeRe®9aci d as determ ned by seguence i dent iPCY/(HRE09200829Guence
identity of at |east 90% wherein the substantially honol ogous nucleic acid
as determ ned by hybridisation 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 0.2*SSgang 0.1% SDS. 3. The nethod as defined in any one of clains 1
and 2 wherern the TAS2R7 bitter taste receptor is a conservative functional
variant that is able to be activated by nenthol. 4. The nethod of any one

of clainmsql toadndhed Biiderttifiearcaienbthat 8d@XiRE @Rtadte 6f MeRthel, the rthéPNal |y one
or nore chineric GProtein including Gag- Gustducin, G al pha 16- gustducin

44, and a®¥RPREN ¢ G Protein substantially honol ogous to Gag- Gustducin or G
al pha d6- gusdneieandiceld that elpress @ TAg2RDbittartas@Neceptorthartig@vld oty 4 Wher ein

step (ii) _is rfornmed by nmeasuring a chan n or caused by intracellular
nessengerg‘?t'véd.oeg‘ﬁ)ﬁé"%"hgéh B‘Pni‘ﬁ{/'”é'??ep@?e’?ﬁgﬁ?ﬁls'eiSttOBeQg%ﬂkﬁ in the

f unct i onalii) detepwinisg whethdethe ralieasicbrie\agerisfisctsitgndingcto andghdl br &functidnapcel | ul ar
nmessenger sel ect ed f .an al ci +. 7 he net hod of any one of
clainms 1 fegsgns\ﬁ/nogﬁ%'fj rﬂgghg%g%f%ggearﬁ‘éer}sigﬁgﬂe@ymlrom t he group consi sting of
bact eri al wigelHesprowisecthatytbe cellsaed het, unyremipulates ¢edls in theie odtuéemdronmantral i an
cell s,yanphibian cells, and wormcells. 8. The nethod of claim7 wherein

t he ce?l is a mmmalian cell. 9. The nmethod of claim8 wherein the cell is
a manmal i anThegnethedbiataimd wheseinttiheTABZRIpbiteNestetreceptanto@piides COS, HelLa and

e gy S e T L O ey
SEQ ID NO:2, with a sequence identity of at least 90%;
a TAS2RY7 bitter taste receptor which is encoded by a nucleotide sequence selected

15 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
NO:1, , as determined by hybridisation,

20 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 consisting of 50% formamide, 5xSSC, and 1% SDS, and washing at 65°

25 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 TAS2R7 bitter taste

receptor is a conservative functional variant that is able to be activated by menthol.

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 Gaq-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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(i1) menthol, for conbined use to identify agents as nodul ators of the
taste of nmenthol. 11. A nethod of using the kit of claim 10, conprising:
(1) growwgQ2wiepizPnant cells that express a TAS2R7 bi t PET/GHRE8Q%000290ept or
as defined in any one of clains 1 to 3, (ii) adding one or nore agent in
the presence of nmenthol, and (iii) determning a change in a functional
response of the cells by conparing the response in presence and absence of
the agent, to identify agents that nodul ate the taste of nenthol. 12. A

met hod t o5 fithethyd ana@mtofug%s mdti-’\lvlﬁér@ﬁﬁiébe(ii)-ﬁﬁ‘ﬁg%nr@dtﬂy%eats@ﬁﬁ%e? recept or

that is able to be activated by nenthol, the nethod conprising:

measur i ngchangaimefaasped buintraspliigedessengeSponse to nenthol binding to the
TAS2R7 bitter taste receptor, and(ii) determ ning a change of the paraneter
in response to an agent in presence of menthol, in conparison to a negative

control cBnjiiaBethed RERYIRRE dhglrimsot torhwhergiadhe fuiglipnalieseMipeiydateringdng t he

agent ®s By mRdslrmb@ chahgd Meantingdce@ar Bsibhgdr selbdted Flam MBlaREEaRfunft . ai m 12
wherein the TAS2R7 bitter taste receptor conprises a TAS2R bitter taste

receptor substantially honol ogous to a pol ypepti de sequence of SEQ I D NO 2,
W th a sefuRoRethod bt arlyyorefof akinmehile WhSindatARIRErelieldceyd fionsthe grapept or

which is egc%gled %cg nnFCel Ieoti de ﬁce‘%lﬁence se ectsed frlomthe %Ou@
consi sti n§® B9 ALRACKR" GlP PUSAN IR PPt SRESHIISSH RIS tBAMMATRN 8% de
sequence eaimpBBE@n cBlidNénd wasn deliser m ned by sequence identity, a nucleic acid
substanti ally honol ogous to a nucl eotide sequence of SEQID NO1 , , as
determ ned by hybridi sati on, wherein the substantially honol ogous nucl eic
aci d as d8tBennetbdd biclaiegliwhereinitbeceli it g mrasmaliapeglience i dentity of at | east
90%

9. The method of claim 8 wherein the cell is a mammalian cell selected from the group

consisting of CHO, COS, HelLa and HEK-293 cells.

15

10. A kit comprising:

(i) recombinant cells that express a TAS2R?7 bitter taste receptor as defined in any one

of claims 1 to 3, and

(ii) menthol,

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

11. A method of using the kit of claim 10, comprising:
(i) growing recombinant cells that express a TAS2RY7 bitter taste receptor as defined in
any one of claims 1 to 3,

25 (ii) adding one or more agent in the presence of menthol, 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

taste of menthol.

30 12. A method to identify an agent that modulates the TAS2R?7 bitter taste receptor that is
able to be activated by menthol, the method comprising:
(i) measuring a parameter that changes in response to menthol binding to the TAS2R7

bitter taste receptor, and
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wherein the substantially honol ogous nucleic acid as determ ned by
hybri di sation hybridi ses under stringent hybridization conditions at a

t enper at WO 20f0/02252€ i n a sol uti on consi sting of 50% f or REFIEHR0090BIC, and
1% SDS, and washing at 65 Cin a solution consisting of 0.2*SSC and 0. 1%
SDS. 14. The method of any one of clains 12 and 13, wherein the TAS2R7
bitter taste receptor is a conservative functional variant of TAS2R7 which
is able to be activated by nmenthol. 15. The nethod of any one of clainms 12,

13, and 1 d&‘l‘&ﬁﬁlﬁin a%hgﬁgééf)lhé &ﬁﬁ@fe?fﬁ%gpé?%e@o Né@'@lé la?ecﬁc@@ff romthe

group consi Ssti ng o | uor escence spect roscop ect roscopy, neasur [ ng
of one or Mepthel, mcogu@aﬁ%tﬁ@é\ega@wer@@trpkﬁ@mwa@g meha wmame@gﬁ@tu aots,

chr omat ogirRiNY. iddHBRMA thé Bge® h! Bim ddubatordl ehesth eRmeABbNOds, wherein t he
met hods measure the properties of the TAS2R7 bitter taste receptor in a

sui tabl e environnent selected fromthe ﬂ oup consi sting of solution,

bi I ayet nédbihgdasthed efgtaiad 2mberein e TASARdsRiteritasteirqcepiPll monol ayer, bound on
a menbr angemprités aMMAG2R Bitt? Saste receptor substantially homologous to a polypeptide

sequence of SEQ ID NO:2, with a sequence identity of at least 90%;
a TAS2RY7 bitter taste receptor which is encoded by a nucleotide sequence selected
from the group consisting of
10 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
NO:1, , as determined by hybridisation, '
wherein the substantially homologous nucleic acid as determined by sequence
15 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
consisting of 50% formamide, 5xSSC, and 1% SDS, and washing at 65° C in a solution

consisting of 0.2xSSC and 0.1% SDS.
20

14. The method of any one of claims 12 and 13, wherein the TAS2R?7 bitter taste
receptor is a conservative functional variant of TAS2R7 which is able to be activated by

menthol.

25  15. The method of 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
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 TAS2R?7 bitter taste receptor in a suitable

30 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.
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