1 GProteins The invention relates to chineric Gproteins, and in
particul ar those that nediate in taste receptor transduction pathways. The
i nvention also relates to assays based on heterol ogous expression systens
containing said proteins, and their use in screening for nodul ators of
bitter, sweet and umam taste response in humans. Taste sensation can be
classified into five separate nodalities: bitter, salty, sour, sweet and
umam . Tastants affect the palatability of food and beverages, thereby
influenciggggﬁgﬁg nutritional habits. They also affect the palatability of
other in s such as orally adm ni stered pharnaceutical s and

" nutraceuticals. Understanding and mani pul ating the nechani sm of taste
transductign has  inplications for. the food and pharnmaceutjcal industries.
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ingestibles such as orally administered pharmaceuticals and nutraceuticals.
Understanding and manipulating the mechanism of taste transduction has
implications for the food and pharmaceutical industries. If the taste transduction
pathways can be manipulated, it may be possible to create assays based on
heterologous expression systems, which in turn may be used to identify
compounds that can modulate taste response, and thereby render certain foods
more palatable or increase patient compliance in oral pharmaceutics and
nutraceutics.

Much has already been published on the mechanism of taste transduction.

The sensation of taste is initiated by the interaction of tastant molecules with their
receptors located in the membrane of cells found in the taste buds, which are
“located in the lingual epithelium of the fungiform, folate and circumvallate papillae
as well as in the soft palate and the epiglottis. Recent advances in biochemical
and physiological studies have enabled researchers to conclude that sweet,
umami and bitter taste transduction is largely mediated by so-called G-protein
coupled receptors or GPCRs.

GPCRs are cell surface proteins that are able to bind to tastant molecules
whereupon they couple to G-proteins initiating cellular processes producing



wher eupon they couple to Gproteins initiating cellular processes producind
2 secondary nessengers, such as calciumions, that enable the cells to send
a signal to the brain indicating a taste response. In general, GPCRs are
classified as &, G 13c, and GS-coupl ed receptors, which notation is
reflective of the primary Gprotein effector in their requisite signal
transduction pathways. Taste receptors are classified as d-coupled GPCRs
because of their interaction with Guspducin, which is a Gartype G protein.
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of the screening for high affinity agonists, antagonists, inverse agonists and
modulators of taste activity. However, there are many technical challenges in
developing reliable assays based on an heterologous expression systems. One
problem resides in the reliable expression of high concentrations of GPCRs at
the surface of a foreign host cell. A second problem is the provision of G-proteins
that not only are able to couple with many different types of GPCRs (often, such
G-proteins are referred to as “promiscuous”), but also couple with high efficiency,
such that even with relatively low surface concentrations of GPCRs, the cell
signal is as strong as possible .

With regard to this second problem, the so-called G,q proteins, Gq1s5 and Ga1e, are

known to bind to many classes of GPCRs. Furthermore, they couple GPCRs to

the activation of phopholipase C which leads to an increase in intracellular

calcium levels. This signalling cascade can be easily and quickly measured by

measuring the calcium levels in the cells as is well known in the art (see for '

example WO 0118050). However, Gy1s and Gg16 are not considered to be truly *
universally promiscuous G-proteins since there are several receptors that are.

incapable of activating them, see for example, Offermanns, S. and Simon, M.,

1995, J. Biol. Chem., 270: 15175-15180; Lee, JW.M. et al., 1998, J



exanpl'e WO 0118050). However, Gal5 and Gal6 are not considered to be truly
uni versally prom scuous G proteins since there are several receptors that
are incapable of activating them see for exanple, Ofermanns, S. and
Sinon, M, 1995, J. Biol. Chem, 270: 15175-15180; Lee, J. WM et al.,
1998, J 3 Neurochem, 70:2203-2211); Huang, Y. et al., 1996, J. Biol. Chem
271:3975- 3978.; Wi, D. et at., 1992, J. Biol. Chem 267: 25798-25802; Wi,
D. et at., 1993, Science, 261:101- 1033' Zhu, X and Bi nbaurer, L., PNAS USA,
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's faster Gmesg in'iﬁe %ﬂ\%r hand, Gustducin itself does not offer a practical solution as this
G-protein modulates release of cyclic nucleotides (cNMPs) which are not as
easily measured as, for example, increases in Calcium ions. It is technically
difficult to measure cNMPs and requires an immunoassay that generally takes in
the order of 4 to 6 hours, and then only provides an end-point assessment. Still
further, it is complicated to use a specialised G protein, such as Gustducin in a
heterologous cell expression system. To do so, one would have to introduce two
additional G-protein sub-units (the beta and gamma sub-units) into the
heterologous host cells to fully reconstitute the taste-receptor- G-protein complex.
Gu16 on the other hand can complex with beta/gamma sub-units endogenous to
mammalian cells, such as cells of the HEK 293 cell line. It is faster, easier and
more sensititive to empl_oy Gq16 rather than Gy-type of G-protein such as

Gustducin.

There remains a need to develop G-proteins that display high affinity for a wide
range of taste receptors and in particular, sweet, umami and bitter receptors, that
can be incorporated into heterologous expression system assays to screen for
modulators of the human taste response, thereby to quantify the activity of known

tastant molecules and to discover new ones.



nore sensititive to enploy Gal6 rather than Gartype of G protein such as
Qustducin. There remains a need to develop Gproteins that display high .
affinity for a wide range of taste receptors and in particular, sweet,
umam and bitter receptors, that can be incorporated into heterol ogous
expressi on system assays to screen for nodul ators of the human taste
response, thereby to quantify the activity of known tastant nol ecul es and
to di scover new ones. 4 The use of chineric G proteins has been suggested
in the prior art. In WO 02/36622 a Gaq chimeric protein is describe that is
substituted with at least 5 anmino ac#d units fromthe C-termnus of
Transduci n. Such Chineric proteins are described as being nore prom scuous
than the_native Gag in relation to two chenpsensory GPCRs. Notably,
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provi des in I'rst aspe GQuswucin chineric G protein.

Mody S.M. in Molecular Pharmacology 57: 13-23 (2000) describes chimeras of
G.16 and a specific sequence of G, and their increased promiscuity toward G;-
coupled receptors. Mody concludes that the chimeric proteins are not universal
adaptors for GPCRs, but they are able to improve the recognition of specific sub-
sets of GPCRs. Notably, none of the GPCRs in the sub-sets studied included
taste receptors.

Surprisingly, we have now found that chimeric G-proteins based on Gyq-Gustducin
are able to bind to a wide range of known and putative bitter taste receptors, and
sweet and umami receptors with high affinity.

Accordingly the invention provides in a first aspect a Guq-gustducin chimeric G-

protein.

In a specific embodiment the chimeric Gyq-Gustducin IS @ Ga15 or 16-Gustducin Protein,

more specifically a Gqi6-custducin protein.

In a further specific embodiment the G-protein is one wherein at least the last 5
amino acids of the G, are replaced by a corresponding number of amino acids
of Gustducin, more particularly the last 44 amino acid sequences of the Gqq is

replaced with a 44 amino acid unit of Gustducin.
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In a specific enbodiment the chinmeric Gag-ouswudfl is a Gal5 or 16-cuswucin
protein, nore specifically a Gaie-ouswdn protein. In a further specific
enbodi ment the G protein is one wherein at least the last 5 am no acids of
the Gaq are replaced by a correspondi ng nunber of am no acids of Gustducin,
nore particularly the |last 44 am no acid sequences of the Gaq is replaced
wth a 44 amno acid unit of GQustducin. 5 1In a preferred enbodi nent there
is provided a protein having am no acid sequences as set forth in the SEQ
I D 2. Another aspect the invention progides a nucleic acid encoding for a
protein as herein above defined. In a preferred enbodi nent the nucleic acid
conpri ses the nucl eoti de sequence set forth in SEQID 1. Wereas the

chi neri c pn atprefesredfernbndipestthete isprevideda pretgirbkavfiog amindgcidaki ng
substitutions at the C.termnnu stducin, the skilled person wll

appr eci at §89Y¢eSH fg'ﬁ'bg‘(tﬂ?fﬁé)(érh&or nut ati ons nmay be incorporated into
the Gproteins that my affect their prom scuity and/or their degree of
coupling to a given receptor, and these variants of the Gproteins form
anot her adyether gspeetdhe inveation pramidas @ Aucleicacihengasting fos@protaimesi t ut i ons or
nut ati_onsh ngg?\;@agﬁ% M thout the skilled person having recourse to any
inventive activity, sSinmply by using routine techniques in gene technol ogy

such as PCR, gene cloning, site-directed mutagenesis or cDNAs, transfection
of host cells, and,in-vitro transcyipti.gn. Thereafter, fhese variants may
be screendt@PEF efrgq(’emt;ﬂgitgpee Elquﬁ&"{)ﬁc' £empriges the nyclept AUPBC& nbodi nment
of this aﬁg%}thqiﬁ,stg@mqyention there is provided a variant that is a

pol ypepti de having 80% preferably 90% nore preferably 95% or greater
honol ogy to the sequence as set forth in SEQID No. 2. O her aspects of the

| nvention Vvifieress th%xa{ir%sé‘?‘li: %rr]otgﬁgto thé Br 's%tS iinegntlrcl)lﬁcrlngil %ee*grirrqed by making
substitutions at the C-terminus of Gustducin, the skilled person will appreciate
that other substitutions or mutations may be inoorpbrated into the G-proteins that
may affect their promiscuity and/or their degree of coupling to a given receptor,
and these variants of the G-proteins form another aspect of the present invention.
Furthermore, such substitutions or mutations may be formed without the skilled
person having recourse to any inventive activity, simply by using routine
techniques in gene technology such as PCR, gene cloning, site-directed
mutagenesis or cDNAs, transfection of host cells, and in-vitro transcription.
Thereafter, these variants may be screened for functional coupling to receptors.

In a specific embodiment of this aspect of the invention there is provided a
variant that is a polypeptide having 80%, preferably 90%, more preferably 95% or
greater homology to the sequence as set forth in SEQ ID No. 2.

Other aspects of the invention are an expression vector comprising nucleic acid
encoding for chimeric G-proteins defined herein, and host cells transformed or
transfected with said vector.

In yet another aspect of the invention there is provided a method of producing a
chimeric G-protein as defined comprising the step of culturing host cells as



encoding for chinmeric G proteins defined herein, and host cells transforned
or transfected with said vector. In yet another aspect of the invention
there is provided a nmethod of producing a chinmeric G protein as defined
conprising the step of culturing host cells as 6 defined having contained
therein an expression vector encoding for the chinmeric G protein, under
conditions sufficient for expression of said G protein, thereby causing
production of the protein, and recovering the protein produced by the cell.
In still another aspect of the inventBon there is provided a nethod of

anal ysi s dufiled Hiasing\containdd theekih @nan@redsidravddtor encedingr for thechimiericcul ar
bitter, sweet, and umam receptors, using the chineric proteins defined
her ei n. 1G-PEoteiRe pdercanditions suHiciant fenarpressirnef said Gsrroteinstherenl oyi ng a
transi ent b, ShdR | a ' f Ln of the
I nventi onéagﬁlgbﬁ 8?%@@@%@%@@5@“ I'n pg?? ?@@gﬁ@oﬁﬂ Flg{d,u%gg\g&'t‘tﬁ%r umam
recept or ,cellhne nmet hod conprising the steps of contacting a conpound with the '
cells, and determning the functional effects of the conpound on the
receptor: chimeric Gprotein conplex, such as an increase in cytosolic
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invention is directed to a manmmalian cell-based assay using
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i nvention i | Iec . an | - ed assay wherein the cells
stably erx}SF@&sb@%'hsgﬂ%%@%%m{eé%dd?% d 'lteﬁgﬁeri c GProtein, preferably in
I nduci ble form In yet another aspect of the invention, there Is provided a

conmpound,, or collection of conpounds containing the compound, that acts to
modul at e Pastreciiegphrdtimgnt amarpmalian eolt-baged assay empleyinga wansieMly sweet or

umam  reqesficted e BPEDNA éHEoBmAY chiffdridHofdff 6MRE iMRintibR-and a
taste receptor, in particular a bitter, sweet or umami receptor, the method
comprising the steps of contacting a compound with the cells, and determining
the functional effects of the compound on the receptor: chimeric G-protein
complex, such as an increase in cytosolic secondary messengers.

In another specific embodiment of this aspect, the invention is directed to a
mammalian cell-based assay using a stably-expressed gene or cDNA.

In yet another specific embodiment, the invention is directed to a mammalian
cell-based assay wherein the cells stably express both the receptor and the
chimeric G-Protein, preferably in inducible form.

In yet another aspect of the invention, there is provided a compound, or collection
of compounds containing the compound, that acts to modulate taste response of
taste receptors, in particular bitter, sweet or umami receptors, for use in an assay
method defined herein.

In still another aspect of the invention there is provided a compound, or collection
of compounds containing the compound that is identified as a modulator of taste



I'n still another aspect of the invention there is provided a conpound, or
col l ection of conpounds containing the conpound that is identified as a
nodul at or of taste 7 response using the assay nethod described herein, and
f oods beverages or oral pharmaceutical or neutraceutical preparations
cont ai ni ng sane. The various aspects of the present invention wll be
further described herein wwth reference to the detail ed description,
sequence listing and Exanples. Detailed Description of the Invention Wl
established transient expression systems, which are discussed in nore
detail bel 4l I C
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Cells expressing both a G-protein of the invention and a GPCR may be contacted
with known tastant compounds.

Examples of bitter tastant compounds that may be used in the present invention
are selected from the group consisting of Acteoside, Adhumulone,Adlupulone,
Aesculetin, Aesculin, L-Alanine, L-alanyl-L-alanyl-L-Alanine, L-alanyl-L-isoleucyl-
Alanine L-, L-valyI-L-vaIyI-Amarogéntin, Amaropanin Amaroswerin, Amygdalin,
Angustifoline, Antiacetylhumulone, Antiisohumulone, Arginine, L-Arginyl Leucine,
Arginyl Leucy Leucine, Arginyl Proline, Asaronaldehyde, Aspartyl Aspartic acid,
Asparasaponin |, Atropine, Benzyl beta-D-arabinoside, Benzyl beta-L-
arabinoside, Benzyl beta-D-fructoside, Benzyl beta-D-galactoside, Benzyl alpha-
D-glucoside, Benzyl beta-D-glucoside, Benzyl alpha-D-mannoside, Bitter
Peptides, Bitter Peptides from Soy Proteins, Butyl alpha-D-glucoside, Butyl beta-
D-glucoside, Caffeine, Camosifloside I, Camosifloside Ill, Carnosifioside 1V,
Catechin, Epicatechin, Epicatechin gallate, Chaconine, alpha-Chaconine, beta2-
Chloramphenicol, Cholic Acid, Cichoriin, Cohumulone, Colupulone,
Cryptochlorogenic Acid, gamma-lactone, Cucurbitacin B, Cucurbitacin D, Cyclo
Alanine-glycine, Cyclo Alanine-phenylanaline, Cyclo Alanine-valine, Cyclo(L-



Crypt ochl orogeni ¢ Acid, gamma-|actone, Cucurbitacin B, Cucurbitacin D; Cyclo
Al ani ne-glycine, Cyclo Al ani ne-phenyl analine, Cyclo Al ani ne-valine, Cyclo(L
8 arginylglycyl-L-prolyl-L-prolyl-L-phenylal anyl-L-isol eucyl -L-valyl),
Cycl o Aspar agi ne- phenyl al ani ne, Cycl o d yci ne-phenyl al ani ne, Cycl ohexi m de
Cycl o Luci ne-Tryptophan, Cycl opent(b)azepin-8(1 H)-one, 7-Methyl-2,3,6,7-
Tet rahydr o- Cycl opent (b) azepin-8(1 H)-one, 2,3,6,7-tetrahydro-7-hydroxy-7-

met hyl - Cycl opent - 2-en-1| -one, 2, 5-di hydroxy-5-net hyl - 3- (1-pi peridinyl) -

Cycl opent - 2-en-1-one, 2, 5-di hydroxy-58net hyl -3-(1-pyrrolidinyl)
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proline, Cyclo Proline-valine, Cyclo Valine-phenylalanine, Cynaratriol,
Cynaropicrin, Cynaropicrin, Daidzein, Daidzin Denatonium benzoate,
Denatonium saccharide, Dhurrin, Dihydroxybenzoic Acid, 2,3-Dihydroxybenzoic
Acid, 2,4-Ethyl b-L-arabinoside, Ethyl alpha-D-Glucoside, Ethyl beta-D-
Giucoside, Eustomoroside, Eustomoside, Gallic Acid, Epigallocatechin,
Epigallocatechin gallate, Gaudichaudioside F, Gelidoside, Genistein, Genistin,
Gentiopicroside, Gentistic Acid, Gentomoside, Geshoidin, 6'-O-beta-D-
Glucosylgentiopicroside, ucozaluzanin C, Glutamyl Aspartic Acid, Glutamyl
Glutamic Acid, Glycyl Leucine, Goitrin, Gramine, Grosshemin, Haematoxylin
Tetramethyl Ether Helicin, Heptadeca-16-ene, 1-Acetoxy-2,4-Dihydroxy-
Heptadeca-16-ene, 1,2,4-Trihydroxy-Histidine, L-Hulupone, Humulinone,
Humuione, Hydroxybenzoic Acid, 4-Hymenoside A, Hymenoside B, Hymenoside
C, Hymenoside D, Hymenoside E, Hymenoside F, Isohumulone, cis-
Isohumulone, trans-Isoleucine, L-Isolupanine, Isosparteine, beta-Isosparteine,
10,17-Dioxo-beta-Isosparteine, 10-oxo-beta-Lactucin, L-Leucine, L-alanyl-L-
alanyl-L-Leucine,N-[(2R)-6-amino-2-{(4S)-2,5-dioxo-4-(phenylmethyl)-1-
imidazolidinyl}-1-oxohexyl]-L-leucyi-L-methionyl-N-methyl-L-phenylalanyi-, (4-1)-
lactam, L-Leucine, glycyl-L-alanyl-Leucine, L-L-Leucine, N-(N2-L-leucyl-L-



Humul one, Hydroxybenzoi ¢ Acid, 4-Hynenoside A, Hynenoside B, Hynenoside C,
Hynmenosi de D, Hynenosi de E, Hynenoside F, |sohumul one, cis- |Isohumul one,
trans-1sol euci ne, L-1solupanine, |sosparteine, beta-Ilsosparteine,

10, 17- Di oxo- bet a- | sospart ei ne, 10-oxo-beta-Lactucin, L-Leucine, L-alanyl-L-
al anyl - L- Leuci ne, N-[ (2R) - 6- am no- 2-[ (4S) - 2, 5- di ox0- 4- (phenyl net hyl ) - 1-

I m dazol i dinyl]-1-oxohexyl]-L-Ieucyl-L-nethionyl-N nethyl-L-phenyl al anyl -
(4-1)- Iactan1 L- Leuci ne, glycyl-L-al agyl-Leucine, L-L-Leucine,

N-(N2-L-1¢e

1) :
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Lupul one,  Luputrione, Ml ]ein, Met hoxes Met hi oni ne, L- Mt hy
al pha- L- aFHB‘PW@sEB&UP'NAQPhWP@@FﬁL PPX®% FokyRidone, I\!‘B{WO%!\@"WUCOQ de,

g/egh%/): - ?leum ne %ﬁﬁ&?ﬂ& 2 I\ﬁe@l’é gcoslﬁéﬁéogyﬁ; {hyl Eé%&f-al%am ne, :\/g?hyl
gl gh% Dt (%wmmalbéta I-Glubosrdbr ﬁgtr:lryl/gglphm G}lllcasim3ﬂ?l |_@blaluuae,?gﬁtctlsyll de. Methyl
21 pha- D xoPbeoesNe, s S O-RIEBR YRRy APhA R e iR A 5B e, Y

Neohesper pHérylalbhipahmetitle a Jﬂ@@&é&ﬁd@ 28-DiGhestmmne i Meth{d alphgDesi de A,
Aivieroside B, Aivierosi . Perrottetin H_ Phenyl al ani ne, L- Phenyl

al pha-D- §lcesides?.aDi-tresing, Nbﬁﬂmﬂ@l@ﬂ@awgedéﬂetwﬂe lp¥ylapysapesidesi de,
oY o Bt RbOTISR Rerhbi NBERRAnAGE! Q0K Codbi?,
4-[(2-car Nen&e@dnudd*r Noezhbpidet @leﬂwu@zlwdsmde;l@leeropei?r @lwpalbsudeA Pr opyt
pr of ocat cOPES4H B; Obfibinsid e BarSkali A Fenviaghie o Fend aifhaD™"'
galactoside, Phenyl alpha-D-glucoside, Phenyl beta-D-glucoside, Phenylthiourea, -
Phlomisoside 1l, Piperidine-2-carboxylic acid, 4-[(2-carboxy-2-hydroxyethyl)thio}-
Piperidinecarboxylic acid-2, 4-[(2-carboxy-2-hydroxyethyl)thio}-Prehumulone,
Prelupulone, Propy! beta-D-fructoside, Propy! alpha-D-glucoside, Propyl beta-D-
glucoside, Protocatechuic Acid, Prunasin, Pulcherrimine, Quinidine, Quinine,
Quinolizinium-7-olate, Ranitidine, Rebaudioside C, Salicin, Salidroside,
Scabraside, Scandenoside R5, Sclareolide, Scopolin, Septemfidoside, Seryl
Lysyl Glycyl Leucine, Sinapine, Solanine, alpha-Sparteine, Sparteine, 17-oxo-
Stevisalioside A, Strychnine, Suavioside C1, Suavioside D2, Suavioside F,
Sucrose Octaacetate, Sweroside, Swertiamarin, Swertiapunimarin, Taxiphyllin,
TF1 (Furostan, beta-D-galactopyranoside), Theaflavin, Theaflavin Gallate A,
Theaflavin Gallate B, Tomatidine, Tomatine, alpha-
Tricyclodehydroisohumulone, Trifloroside, Trihydroxybenzoic Acid, 2,4,6-
Tryptophan, L-Uracil, 6-propyl-2-thio-L-Valine, L-arginylglycyl- L-pronI L-prolyl-L-
phenylalanyl-L-isoleucyl- (BPla)Valine, and L-Yohimbine.



Quinolizinium7-olate, Ranitidine, Rebaudioside C, Salicin, Salidroside,
Scabr asi de, Scandenosi de R5, Scl areolide, Scopolin, Septenfidoside, Seryl
Lysyl dycyl Leucine, Sinapine, Solanine, alpha-Sparteine, Sparteine,

17-oxo- Stevisalioside A Strychnine, Suavioside O, Suavioside D2,'

Suavi osi de F, Sucrose Cctaacetate, Sweroside, Swertiamarin,

Swertiapuni marin, Taxiphyllin, TFI (Furostan, beta-D gal actopyranoside),
Theafl avin, Theaflavin Gallate A, Theaflavin Gallate B, Tomati dine,

Tomati ne, al pha- Tricycl odehydroi sohutful one, Trifl oroside, Trihydroxybenzoic
Aci d, 2, Asexamples opbweet thstdnts; of corﬁpplnndsllhaﬁmddimdwé&héﬂé,there may
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modi 119 96h, EATitol BEAAIRY SuberafRRULSAEH, ORAREBAMGoBLe AcCsUl fame K

Alitanme, Aspalt I cin, I ne Sweet ener,
| somal t, I‘seraffmbtse,sNCﬂr?dcb@etaﬂae Pérdlartutief Pheaydacelﬂglywl-L-INgemenE

B SN T T S A W e

Met hyl  al giitah: sﬁ@éragwéiﬁe Metrtwblphsn_aaﬂabu%ﬁi@ Wh)ﬂ%etévﬁi hyl

bet a- D-  ucosi de, g D- mannosi de, beta-1L- xyl opyranosi de,
Vet hyl  alasabingside Mgt b@ae@@ucqalcpm&ﬂ@hﬂ axaomadeossda-Methyl ipetohi ne, Met hyl
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Abr usosi dRréenin®) Mo ialish=D-Gincogitiy 2\3-Dhisalaucin®y; PpstptaternuiciAdid),
Bai yunosi de, = Brazzein, Bryodul coside,  Carnosifloside V, Carnosifloside VI,

D. curmi rfeynarin, Slxayplyliin, &¢desnd®‘és Abrispsiseds Abrusegide,B; Abrysoside
Fl uor ene-
o bet a 10 Arfisdkide B, ABRASE, AgBYfcyhizin, Araboglycyrhizin, Balyunosids,
dycyrr h|ara_z:zasn,| Bryoﬂhlcasdel GamoslﬂemuladbIQarnQSIﬂbsldaMh.ylﬂrm)mmiiMperi tin-7-
@ ucosi deC)%l@c}/agif)gl g%,cé)y%?dcan a%%q Btsxllcgselde’A uorgﬁe-glsalpﬁa Ié-dlcarboxyhc

acid, 4-beta,10-alpha-dimethyl-1,2,3,4,5,10-hexahydor-Gaudichaudioside A,

Glycyrrhizic Acid, Hernandulcin, Hemandulcin,‘4beta-hydroxy-Hesperitin-?-

Glucoside Dihydrochalcone, Huanggioside E, Huangqioside E, 3-
Hydroxyphloridzin, Kaempferol, 2,3-Dihydro-6-Methoxy 3-O-Acetate, Mabinlin
Maltosyl-Alpha-(1,6)-Neohesperidin Dihydrochalcone, Mogroside lIE, Mogroside
I, Mogroside IlIE, Mogroside 1V, Mogroside V, 11-Oxo Mogroside V, Monatin,
Monellin, Monoammonium Glycyrrhizinate (Mag), Mukurozioside lib, Naringin
Dihydrochalcone, Neoastilbin, Neohesperidin Dihydrochalcone (NHDHC),
Neomogroside, Osladin, Pentadin, Periandrin |, Periandrin Il, Periandrin {ll,
Periandrin IV, Periandrin V, Phlomisoside |, Phlorizin, Phyllodulcin, Polypodoside
A, Potassium magnesium calcium glycyrrhizin, Pterocaryosides A,
Pterocaryosides B, Quercetin, 2,3-Dihydro-3-O-Acetate, Quercetin, 2,3-Dihydro-
6-Methoxy-Quercetin, 2,3-Dihydro-6-Methoxy-3-O-Acetate, Rebaudioside A,
Rebaudioside B, Rubusoside, Scandenoside R6, Siamenoside |, Sodium
glycyrrhizinate, Steviolbioside, Stevioside, Stevioside, alpha-Glycosyl
Suavioside A, Suavioside B, Suavioside G, Suavioside H, Suavioside t,
Suavioside J, Thaumatin, Triammonium Glycyrrhizinate (TAG), Trilobatin



Hydr oxyphl ori dzi n, Kaenpferol, 2,3-D hydro-6-Methoxy 3-0-Acetate, Mbinlin
Mal t osyl - Al pha- (1, 6) - Neohesperi di n D hydrochal cone, Mgroside |IIE, Mbgroside
11, Mgroside IllE, Mgroside IV, Mgroside V, 11-Oxo Mgroside V, Mnatin,
Monel I i n, Monoammoni um d ycyrrhi zinate (Mag), Mikurozioside |lib, Naringin

D hydr ochal cone, Neoastii bin, Neohesperidin D hydrochal cone ( NHDHC),
Neonogr osi de, OGsladin, Pentadin, Periandrin I, Periandrin Il, Periandrin
11, Periandrin IV, Periandrin V, PhI m sosi de I, Phlorizin, Phyllodulcin,
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Ni ger ool i gosacchari des, Sugar cane Bagasse Extract, hydr oxyben20| c Acid,
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Gymnemic Acid IV, Hodulcin, Jujubasaponin I, Jujubasaponin Ill, Propionic Acid,
(-)-2-(4-Methoxyphenoxy)-Ziziphin, Ethyl Maltol, Maltol, Butanoic Acid, 2-Oxo-3-.
Methyl-Alanine, N-(1-Methyl-4-oxo-2-imidazolin-2-yl) Creatinine, Abrusoside E,
mono-methyl ester, Lactitol, Periandrinic acd |, monoglucuronide, Periandrinic
acid I, monoglycuronide, Xylitol, Tagatose, d-Benzoyloxyacetic acid, 4-Methoxy
Hoduloside I, 4-Nitrophenyt a-D-galactoside, 4-Nitrophenyt alpha-D-glucoside,
4-Nitrophenyl beta-D-glucoside, 4-Nitrophenyl alpha-D-mannopyranoside,

Urea, (N-(4-cyanophenyl)-N'-((sodiosulio)methyl)-Chloramphenicol, Chlorogenic
Acid, Methyl alpha-D-Glucoside, Methyl alpha-D-Glucoside 2,3-Di-alanine,
Methyl alpha-D-Glucoside 2,3-Di-glycine, Methyi alpha-D-Glucoside 2,3-Di-
proline, Methyl alpha-D-Glucoside 2,3-Di-valine, Aniline, 2-Butoxy-5-Nitro-
Aniline, 2-Ethoxy-5-Nitro-Aniline, 2-Methoxy-5-Nitro-Aniline, 3-Nitro-
(+)-Baiyunol-beta-D-gluccoside-alpha-D-glucoside, Aniline, 1,3-Hydroxy-4-
methoxybenzylAniline, 2-Propxy-5-Nitro- (P4000)Benzo-1,4-dioxane 2-(3-
Hydroxy-4-Methoxyphenyl)-Benzoe-1,3-dioxan-4-one 2-(3-Hydroxy-4-
methoxyphenyl)-Benzoic Acid, 2-Benzoyl-4-Methoxy-Benzoic Acid, 2-(4-
Methoxybenzoyl)-Benzo-1,3(4H)-xathiane, 2-(3-Hydroxy-4-Methoxyphenyl)-
Benzo-1,4-xathiane 3-(3-Hydroxy-4-methoxypheny!)-



Gymmem ¢ Acid 1V, Hodul cin, Jujubasaponin Il, Jujubasaponin Ill, Propionic
Acid, (-)-2-(4-Methoxyphenoxy)-Ziziphin, Ethyl Maltol, Mltol, Butanoic
Acid, 2-Oxo-3- Methyl-Alanine, N-(1-Methyl-4-o0xo0-2-imdazolin-2-yl)
Creatinine, Abrusoside E, nono-nethyl ester, Lactitol, Periandrinic acd I,
nonogl ucuroni de, Periandrinic acid Il, nonoglycuronide, Xylitol, Tagatose,
d- Benzoyl oxyacetic acid, 4-Mthoxy Hoduloside I, 4-N trophenyl

a-D-gal actoside, 4-Nit ropheny| al pha- ﬂ)zgl ucosi de, 4-Nitrophenyl

bet a- D- gl Butagouzegcldl.-‘i‘{&,5-dﬂWdquy—4&[33(ﬁahydrnnwﬂﬂp9ﬂmnmeiql) 1 ea,
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proline, I\/Ethy ucaosi al i ne, Anlllne 2- But oxy-5-Nitro-
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Hydr oxy- 43'Nbaﬂboxyhp+mp¢i't’m- IEhydmhéchnellab-E@nw}H@Oeo@hé&ﬂ ty 44Dikydré- 3-

net hoxyphen Benzoi ¢ Aci d._ 2-Ben hoxy- Benzoi ¢ Acid, 2-(4-
Met hoxggeﬁ?’zéy&)oan% thoxy)- Eﬁ;’"@!%%%%@POéy-iD@epgb@ Hygraxymst hoxypht(anyl )

ABfeF?%OSldl xy 4 )??%ﬁﬁg%yﬁ gaa?%xygﬁﬂia%{&% B_E@tm&gy@m @

oxopr opyl mﬂm«yﬂl}’?n)ﬂ)ﬂ woxopropylipienoxyijpoepyianonoRtassiomcsalc Stgvioside
4-13, 5-di

413 - noBATE. SarmiS 25Toh Bt S Ry 3 DYy gR e et uim
sal t, Cycl okept Ggyl}ﬁh@néxﬂefh ylFasohspotdstiing datt, UreddVah dkweydnoph enﬁl §-N-oxi ne
Et hyl benzene, bet a- Hydr oxy- 4- met hoxybenzyl ) - Hespertin Di hydrochal cone,

n

3' - Car box& F%"?Bé}‘q th -H}Rﬂnﬂlﬁaal cone, 3'-Fornyl-Ilsocoumarin, 3,4-Dihydro- 3-

(3- Hydr oxy- 4-met hoxy) -Perillartine, 8,9-epoxy-Phenyl 3-Hydroxy-4-

met hoxybenzyl Ether, Phosphonic acid, [3-[3,5-dihydroxy-4-[3-(3-hydroxy-4-
As umami tastants there may be mentioned Glutathione, Glutamyl Glutamic Acid,

(Z)-6-Dodecen-4-olide, Inosinic acid, Dodec-Z6-en-4-olide, Glutamic Acid, L-
Aconitic Acid, N~(1-deoxy-fructos-1-yi) glutamate, hydrolyzed vegetable protein,
Methyl alpha-D-Glucoside, 2,3-Di-lysine, Methyl alpha-D-Glucoside 2,3-Di-
omithine, L-Asparagine, L-a-glutamyl-L-a-glutamyi-L-Glutamic acid, L-a-aspartyl-
L-a-glutamyl-Glutamyl valine, Wheat gluten hydrolyzate, Aspartic acid L-, L-a-
aspartyl-L-a~-aspartyl-L-a-aspartyl-Docosahexaenoic acid, and
(42,7Z,10Z,13Z2,16Z,19Z)-L-Theanine.

The functional effects of the tastant molecules on the G-protein may be
determined by measuring changes in parameters of the transduction pathways
such as intracellular IP3 and Ca®", or by other G-protein specific assays such as
labeling with GTPyS, according to techniques known in the art and that are
described more fully herein below.

Many functional and orphan bitter taste receptors, and sweet and umami
receptors are able to couple with the chimeric G-proteins of the present invention.
As bitter receptors, one can mention those so-called T2Rs or TAS2Rs described

o



met hoxyphenyl } 1- oxopr opyl ] phenoxy] propyl] nonopot assi um salt, Stevi osi de
anal ogue, Sul fam c acid,

[ 2-]3, 5-di hydroxy-4-][ 3- (3 hydr oxy- 4- met hoxyphenyl ) - 1-

oxopr opyl ] phenoxyj et hyl ] - ronopot assi um salt, Urea, and N-(4-cyanophenyl)-N -
(2-carboxyet hyl)-L-Theani ne. As umam tastants there may be nentioned

G utathione, Qutanmyl Qutamc Acid, (Z)-6-Dodecen-4-olide, Inosinic acid,
Dodeo- Z6- en- 4-ol i de, dutam c Acid, L‘é;conitic Aci d,
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t he transtigR02rambNelsansG. sialh 2691,|®éltaﬂcﬂdt38nl-390 ISt faﬂhbrC&te*chlmenby ot her
G protein

f h | | i W th, GTPyS, di t
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Many func&ggﬁd biRgd t& Rﬁ%?]@ a}ﬂd umam
receptors are egto%coup epﬁﬁoﬁﬁ% anﬁ%ﬁé}mgrggglp?%@@% the present
I nvent i onthosésepurteidechimertie Bory proteimerefemedrtnherein dbomee so-cal l ed T2Rs or

TAS2Rs described 13 in Bufe at al in Nature Genetics 32: 397-401, or
Chandr ashekar et at in Cell, 100: 703-711, or Matsunam in Nature, 404:

601- 604. t gm% gagp’ HERESIRIqT é@p 'k known TIR
receptors as hg@étgr ﬁ%e I n plidn c«%l( ZOOCZ%H%P"I%A%%@S g 22\8@ 4696;
Nel son, Gunefional bittep taste remntardsnownaas TASQRIGZas destrikiet sod, G et at, 2001,
Cell, 101:381-.390. rther e ch mer.i.c 0 t he present
i nvent i orharactegived Eﬁgé'h {qep aboye f?fé @Pfi th%ﬁ@ﬂ'@é’c\ﬁﬁgw ein G“‘G'
gustducin 44 Of the present invention may be contacted with 5mM salicin or 5SmM
phenyl-beta-D-glucopyranoside (both known bitter tastants) according to the
following protocol to elicit a robust fluorescent signal (using Flexstation) that is

about 3-times étronger than a reference chimeric G-protein (Gq16-244), and about

7-times stronger than the wild-type Gg1s.

The protocol is described 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 may be summarised as follows:

1. Day 0: 96-well plates are seeded with 20K cells per well and maintained at 37
degrees C ovemight in nutritive growth media.

2. Day 1: Cells are transfected using 300 ng of GPCR DNA and 0.6 ul of
Lipofectamine 2000 (Invitrogen) per well. Transfected cells are and
maintained at 37 degrees C overnight in nutritive growth media.

3. Day 2: Growth media is discarded and cells are incubated for 1 hour (at room
temperature in the dark) with 75 pl of calcium assay solution consisting of
1.5 uM Fluo-4 AM (Molecular Probes) and 2.5 mM probenicid dissolved in a
Hanks balanced salts solution (HBSS) that has been supplemented with 10



a ligand binds to a given GPCR, conpared with the native Gag proteins and
those reported chinmeric Gaq proteins referred to herein above. To illustrate
this, Manmalian cells, e.g. HEK293T cells transfected with a known
functional bitter taste receptor known as TAS2R16 as descri bed and
characteri sed by Bufe (see above reference) and the chineric Gprotein Gar,
gusb"cin 44 of the present invention may be contacted with 5mM salicin or
5mM phenyl - bet a- D- gl ucopyr anosi de (b1(4th known bitter tastants) according to
the foll owngHppes,&06uM caleiuincehioride amdi®t1 % bovineseeur affiunial pHus4 ng

Fl exstation %&%tﬂ?t I S about 3-tinmes stronger than a reference chineric

G protein ( g{g?s and about 7-tinmes stronger than the w | d-type Gang.
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(Molecular Devices) or the FLIPR (Molecular Devices) and receptor activation

is initiated following addition of 20 ul of a 10X concentrated ligand stock

solution. Fluorescence is continuously monitored for 15 seconds prior to

ligand addition and for 45 — 75 seconds after ligand addition. Receptor

activation levels are defined as by the two following equations: % Activation =

(Maximum fluorescence ~ baseline fluorescence/baseline fluorescence) * 100

or Fluorescence Increase = Maximum Fluorescence — baseline fluorescence,

where baseline fluorescence represents the average fluorescence levels prior

to ligand addition.

In another example, HEK293T cells transfected with a known functional bitter
taste receptor known as mouse T2R5 (see Chandreshekar et al, in Cell, Vol. 100,
70-711, March 17 2000) and the chimeric G-protein Gq1s-gusiducin 44 Of the present
invention were contacted with 10 uM cycloheximide which was able to elicit a

robust flurorescence signal that was 5-times stronger than the wild-type Gqyss.

In another example, HEK293 T-Rex™ cells stably transfected with the known
functional human bitter taste receptor TAS2R10 (see Bufe et al in Nature
Genetics 32: 397-401) and the chimeric G-protein G16-gustducin 44 of the



Hepes, 200M cal ci um chl oride and 0. 1% bovi ne serum al bumn, pH 7.4 at 37
degrees C, is added to each well and the plate is further incubated for 30
m nutes at roomtenperature in the dark. 5. Buffer solutions are discarded
and plate is washed 3 tinmes with 100 | wash buffer and cells are
reconstituted in 200 | of wash buffer and incubated for 15 mnutes at 37
degrees C. 6. Plate is placed in a fluorescent mcroplate reader, for

exanpl e the Flexstation (Ml ecular Devices) or the FLIPR (Ml ecul ar

Devi ces) and receptor activation is inpitiated follow ng addition of 20 | of
a 10X concentrated |ligand stock sol ulPon. Fl uorescence is continuously

moni t or edpresentlipveniiamwerepcantacted withi2p8niM astrjichnine, whichfwas allieto 75 seconds

after lig |t e ctivation levels are defined as by the two
foll ow nga@u%&ﬂ%’%ﬁ&%%ﬁ%ﬁg%g{ggﬁe: (Maxi mum f 1 uorescence - baseline

fl uorescence/ basel i ne fluorescence) * 100 or Fluorescence Increase =
Maxi mrum F| uor escence - baseline flqﬂrescence, where baseline fl uorescence

repr ﬁsent W anethenerample; K28 deiee I celle stably V@FSfe@tédIWi@'?-Fﬁem {a olr;_. I'n
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taste recep nown as nouse see |, Vol.
100, 70- 7221-5 ndddufe 2t aDindYataredGehetiost 3211891764 03- yoarat thierchiBabliei©&rucInd4 of the

present inyent{ re.contacted with 10 uM cycl ohexi m de ich was able to
B fort a PR G RFolieE B biatent ket ebe coniaued BRI N han | he

wi | d- typepKanlfthiocBrodngit8 owhien Was! ble td-&RkR% obusKflbrestdnzeSiga.y transfected
with the known functional human bitter taste receptor TASZR10 (see Bufe et
al | i n NaBimilarly @50gtM psomhioBGiTil £lidiledemrbhiust response. ¢ G prot ei n
Gl6-gustducin 44 of the 15 present invention were contacted with 250 uM
strychni ne, which was able to elicit a robust flurorescence signal.

In another example, HEK293 T-Rex™ cells stably transfected with TAS2R43 and
the chimeric G-protein G16-gustducin 44 of the present invention were contacted
with 10 pM aristolochic acid, which was able to €licit a robust fluorescence

signal.

In another example, HEK293 T-Rex™ cells stably transfected with TAS2R44 and
the chimeric G-protein G16-gustducin 44 of the present invention were contacted
with 10 pM aristolochic acid, which was able to elicit a robust fluorescence

signal.

Still further in another example, HEK293T cells transfected with the known
functional sweet taste receptor complex that is formed by a heterodimer of
human TAS1R2 and TAS1R3 (Li, X. et al., 2002, PNAS USA, 99: 4692-4696;
Nelson, G. et al., 2001, Cell, 101:381-390.;) and the chimeric G-protein Gg1e.
gustducin 44, Were contacted with either 2.5 mM aspartame, acesulfame K or

sucralose, all of which were able to elicit a robust flurorescence signal that was 2-

times stronger than the wild-type Gg1s.

The chimeric constructs may be produced in a manner known per se using
Polymerase Chain Reactions. In one embodiment, chimeric constructs may be
produced using a bridge overlap PCR mutagenesis strategy as described in



In anot her exanple, HEK293 T-RexTM cells stably transfected with TAS2R38 (a
proposed bitter receptor for phenylthi ocarbam de, see Kimet at in Science
299, 1221-5 and Bufe et at in Nature Genetics 32: 397-401 ) and the
chimeric G protein Gl6-gustducin 44 of the present invention were contacted
wi th 250 uM phenylthi ocarbam de, which was able to elicit a robust
fluorescence signal. Simlarly 250 M propythiouracil elicited a robust
response. In another exanple, HEK293 1f-RexTMcells stably transfected with
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human TASI R2 and TASI R3 (Li, X. etal., 2002, PNAS USA, 99:4692-4696;

Nel son, (eplageraent of Hterminis of the G.381-390. 1) and the chineric G protein

G 16. gustduci i 44, were contacted with elther 2.5 nmM aspart ane,

acesul fame K or sucralose, all of which were able to elicit a robust
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After a post-transfection period, e.g. 48hours, cell lysates may be prepared,
analysed by a Western-Blot analysis in order to confirm correct expression of the
chimeric proteins. Once correct protein expression is confirmed, suitable
mammalian cells, e.g. HEK293T cells or HEK T-Rex™ may be transfected to
generate cells stably expressing chimeric Guq-ustducin according to techniques
well known in the art.

In practising the various aspects and embodiments of the present invention in
relation to cloning, elucidating ligand-receptor pairs, and finding modulators of the
bitter, sweer or umami response, recourse is made to conventional techniques in
molecular biology, microbiology and recombinant technology. Accordingly, the
skilled person is fully apprised of such techniques and as such they are hereafter
treated only summarily in order to more fully describe the context of the present
invention.

in order to express cDNAs encoding the G-proteins or receptors, one typically
subclones the appropriate cDNA into an expression vector that contains a strong
promoter to direct transcription, a transcription/translation terminator, and a
ribosome-binding site for translational initiation. Suitable bacterial promoters are

I



| east 5 gustducin-derived am no acids. The chineric products of the PCR may
be cloned into a suitable vector, for exanple pCR2.1-Topo (comrercially
avai lable fromlnvitrogen) and submtted for DNA sequencing in order to
verify correct replacenment of the termnus of the Gag . After verfication
of the sequence, chinmeric Gaq -G swulL; n cDNA fragnents may be sub-cl oned
into a suitable vector, e.g. pcDNA 3.1 nmammal i an expression vector and
transiently transfected in a mamal i an host cell, for exanpl e HEK293T or
HEK T-RexTM to verify correct expression of the transgene. After a
post-transfection period, e.g. 48hour$7 cell |ysates nmay be prepared,

anal ysed Wgll RndWa it the &t @l g.aBakolk Bacills @pd @hdISalmenéild, Ena Kits $6it skPr essi on
of the <chinmeric proteins. Once correct, protein expression is confirnmed,
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skilled person is fully apprised of such techniques and as such they are
hereafter treated only summarily in order to nore fully describe the
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to the nucleic acid sequence encoding the G-protein or receptor and signals
required for efficient polyadenylation of the transcript, ribosome binding sites, and
translation termination. The nucleic acid sequence encoding the G-protein or
receptor as the case may be, may typically be linked to a membrane-targeting
signal such as the N-terminal 45 amino acids of the rat Somatostatin-3 receptor
sequence to promote efficient cell-surface expression of the recombinant G-

protein or receptor. Additional elements may include, for example enhancers.

An expression cassette should also contain a transcription termination region
downstream of the structural gene to provide for efficient termination. The
termination region may be obtained from the same gene as the promoter
sequence or may be obtained from different genes.

For expression of the G- proteins or receptors, conventional vectors for
expression in eucaryotic or procaryotic cells well known in the art may be used.
Examples of vectors include, but are not limited to standard bacterial expression
vectors including plasmids such as pBR322-based plasmids, pSKF, pET23D,
and fusion expression systems such as GST and LacZ.

Expression vectors containing regulatory elements from eukaryotic viruses are



expression systens are commercially available. Simlarly eukaryotic
expression systens for mammalian cells, yeast, and insect cells are well
known in the art and are also conmercially available. The eukaryotic
expression vector may be, for exanple an adenoviral vector, an

adeno- associ ated vector, or a retroviral vector. In addition to the
pronoter, the expression vector typically contains a transcription unit or
expressi on cassette that contains alhgthe additional elenents required for

t he expr r%iaﬂgu éd}m&]k?gaéﬁte?gpesghn;%ﬁ&%%_&eiww \r)&t&%cl eic acid in host

cells. A°lypircal expre sse usS’ coftal ns a pronoter operably
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casset t enfapsibe tamdP virgprRIntbtar, Roudssearédtha Aftus pramaetal, polyHeRginon  downstream
of the structural gene to provide for efficient termnatlion. The

t er m nat P@ineteyios athespremaoters shown effectivetfaeexprassige inceukaryealic eglisaot er
sequence or may be obtained fromdifferent genes. For expression of the G
proteins or receptors, conventional vectors for expression in eucaryotic or
pr ocar yoSomecedpressiar] systemsvhave nidrkersthatrprgvide genedmplificatign sactoés vect or s
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regul atory elenents fromeukafyotic viruses are
amplification are also suitable.

The elements that are typically included in expression vectors also include a
replicon that functions in E. coli, a gene encoding drug resistance to permit
selection of bacteria that harbor recombinant plasmids, and unique restriction
sites in non-essential regions of the plasmid to allow insertion of eukaryotic
sequences. The particular drug resistance gene chosen is not critical, any of the
many drug resistance genes known in the art are suitable. The prokaryotic
sequences are optionally chosen such that they do not interfere with the
replication of the DNA in eukaryotic cells, if necessary.

Standard transfection methods can be used to produce bacterial, mammalian,
yeast or insect cell lines that express large quantities of the G-protein or receptor,
which are then purified using standard techniques.

Any of the well known procedures for introducing nucleotide sequences into host
cells may be used. These include the use of calcium phosphate transfection,
polybrene, protoplast fusion, electroporation, liposomes, microinjection, plasma
vectors, viral vectors and any of the other well known methods for introducing



typically used in eukaryotic expression vectors, e.g., SV40 vectors,
cytonegal ovirus vectors, papillom virus vectors, and vectors derived from
Epstein-Barr virus. Qher exenplary eukaryotic vectors include pMsG

pPAV0O09/ A. sup. +, pMIOL0/ A. sup. +, pMAMWheo-5, bacul ovirus pDSVE, pcDNA3. 1,

pl RES and any ot her vector allow ng expression of proteins under the
direction of the SV40 early pronoter, SV40 | ater pronoter, netall othionein
pronmoter, murine nmammary tunor virus pronoter, Rous sarcona virus pronoter,
pol yhedrin pronoter, or other pronotfys shown effective for expression in
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1950),

After the expression vector is introduced into the celis, the transfected cells may
be cultured under standard culturing conditions. The G-protein or receptor protein
may be recovered from the culture using standard techniques. For example the
cells may be burst open either mechanically or by osmotic shock before being
subject to precipitation and chromatography steps, the nature and sequence of
which will depend on the particular recombinant material to be recovered.
Alternatively, the recombinant G-protein or receptor may be recovered from the
culture medium in which the recombinant cells had been cultured.

The activity of a receptor in binding to ligands, and the coupling of the G-protein
to the receptor may be assessed using a variety of in vifro and in vivo assays to
determine functional, chemical, and physical effects, e.g., measuring ligand
binding, secondary messengers (e.g., CAMP, cGMP, IP3, DAG, or Ca?"), ion flux,
phosphorylation levels, transcription levels, neurotransmitter levels, and the like.
Furthermore, such assays can be used to test for inhibitors of the receptors as is

well known in the art.



19 cloned genom c DNA, cDNA, synthetic DNA or other foreign genetic

material into a host cell. It is only necessary that the particular genetic
engi neering procedure used be capable of successfully introducing at |east
one gene into the host cell capable of expressing the receptor. For

exanpl e, the T-RexTM expression system (Invitrogen Corp., Carlsbad, CA may
be used. The T-RexTM Systemis a tetracycline-regul ated manmal i an

expression systemthat uses regulatory elenments fromthe E. coli
Tn10-encoded tetracycline (Tet) resd&tance operon (Hillen and Berens 1994,
Annu. Rev. Mcrobiol. 48, 345-369; Hillen et al., 1983, Control, J.

Mol . Biol, 169, 707- 721%| Tetracycline re uI ation in the T- RexTM Systemis
based oqurnléleﬁpha$$?@/Sd at Q"@ttﬁ?é‘?%mth@ ROteq r?érq%ptqréphlbggwaum der epr essi on

of the r ao et al.
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subj ect to preci ation and chromatography steps, the nature and sequence

of  whi cetivity is anbpaeer when etivity nelativede thecantisl isshighemt eri al to be
recovered. Alternatively, the reconbinant G protein or receptor may be
recovered fromthe culture mediumin which the reconbinant cells had been

cul t ur edrheléffectsdf thettest@onounde iboen thefupiction Bfthearetegtdrgisan bad t he coupl i ng
of the Gprotein to the recegtor may be assessed usi n%‘na variety of in
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invention. When the functional consequences are determined using intact cells or

animals, one can measure a variety of effects such as changes in intracellular

secondary messengers such as Ca®", IP3 or cAMP. Suitable assays for making

such measurements are described in WO 01 18050 which is hereby incorporated

by reference.

Preferred assays for G-protein coupled receptors include cells that are loaded
with ion sensitive dyes to report receptor activity, as are more fully set out in “G-
protein coupled receptors (Signal Transduction Series), CRC Press 1999; 1%
Edition; Eds Haga and Berstein, which is incorporated herein by referénce. In
assays for identifying modulatory compounds, changes in the level of ions in the
cytoplasm or membrane voltage will be monitored using an ion sensitive or
membrane voltage fluorescent indicator, respectively.

Receptor activation typically initiates subsequent intracellular events, e.g.,
increases in second messengers such as IP;, 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 (Berridge & Irvine, Nature 312:315-21 (1984)).



Furthernore, such assays can be used to test for inhibitors of the receptors
as is well known in the art. 20 Sanples or assays that are treated with a
potential receptor inhibitor nmay be conpared to control sanples wthout the
test conpound, to exam ne the extent of nodul ation. Control sanples
(untreated with inhibitors) are assigned a relative receptor activity val ue
of 100. Inhibition of receptor activity is achieved when the receptor
activity value relative to the control is |ower, and conversely receptor
activity is enhanced when activity repptive to the control is higher. The
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changes in intracellular secondary nessengers such as Cat+, |P3 or CAMP.
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cytopl asm or nenbrane” voltage w | nonitored using an ion sensitive or
menbrane vol tage fluorescent indicator, respectively. Receptor activation
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receptor in a cell with a G-protein as defined herein above, that links the receptor .
to a phospholipase C signal transduction pathway. Optionally the cell line is HEK-

293, although other mammalian cells are also preferred such as CHO and COS
cells. Modulation of taste transduction is assayed by measuring changes in
intracellular Ca®* levels, which change in response to modulation of the receptor
signal transduction pathway via administrétion of a molecule that associates with
the feceptor. Changes in Ca®* levels are optionally measured using fluorescent
Ca?" indicator dyes and fluorometric imaging.

In yet another embodiment, the ligand-binding domains of the receptors can be
employed in vitro in soluble or solid-state reactions to assay for ligand binding.
Ligand binding in a receptor, or a domain of a receptor, can be tested in solution,
in a bilayer membrane attached to a solid phase in a lipid monolayer or vesicles.
Thereby, the binding of a modulator to the receptor, or domain, can be observed
using changes in spectroscopic characteristics, e.g. fluorescence, absorbance or
refractive index; or hydrodynamic (e.g. shape), chromatographic, or solubility
properties, as is generally known in the art.

The compounds tested as modulators of receptors can be any small chemical
compound, or a biological entity, such as a protein, sugar, nucleic acid or lipid.



of calciumions. Activation of some G protein coupled receptors stinul.ates.
the formation of inositol triphosphate (I1P3) through phospholi pase

C-nmedi ated hydrolysis of phosphatidylinositol (Berridge & Irvine, Nature
312: 315-21 (1984)). 21 IP3 in turn stinulates the release of intracellular
calciumion stores. Thus, a change in cytoplasmc calciumion levels, or a
change in second nessenger |evels such as IP3 can be used to assess

G protein coupled receptor function. Cells expressing such G protein
coupl ed receptors may exhibit increa8d cytoplasmic calciumlevels as a

resul t offypically; tdat compolin@swilbbdsmall RsBidat lecutds? EaSemtitily\dng activation of
ion channels, in which case it may be desirable, although nof necessary, to
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yet anot her enbodi nent, the |igand-binding donains of the receptors can be

enpl oyed©f ¥praries of chemdigpl ganapaiindso| i d- state reactions to assay for |igand

bi nding. Ligand binding in a receptor, or a domain of a receptor, can be

tested in solution, 1in a bilayer nenbrane attached to a solid phase in a

| i pi d noAsbaysamay bevas irchigh.throlighputtscredrirg methibdsgthat involvequibvidiog & o t he

receptor ok d?maliI n. can. be o ser.%ed . .
tombinatorial chemical or peptide library containing a large number of potential

therapeutic, or tastant compounds (that are potential ligand compounds). Such

libraries are then screened in one or more assays, as described herein, to

identify those library members (particular chemical species or subclasses) that

display a desired characteristic activity. The compounds thus identified can serve

as lead compounds to further develop modulators for final products, or can

themselves be used as actual modulators.

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

Preparation and screening of combinatorial chemical libraries is well known to
those of skill in the art and no more needs to be stated here.



usi ng changes in spectroscopic characteristics, e.g. fluorescence,
absorbance or refractive index; or hydrodynam c (e.g. shape),

chromat ographic, or solubility properties, as is generally known in the
art. The conpounds tested as nodul ators of receptors can be any snal

chem cal conpound, or a biological entity, such as a protein, sugar,
nucleic acid or lipid. 22 Typically, test conpounds wll be small chem cal
nol ecul es. Essentially any chem cal conpound can be used as a potenti al
nmodul ator or ligand in the assays of23he invention, although know edge of
the ligand specificity of an individual receptor would enable the skilled
person to nake pre-selection of interesting conpounds. Sone preferred
conpoundsiniikerbighderoughpuf assalys oéthe invertioneit isTpessilsle $agereemyuptte desi gned to

screen large chem cal l|jibraries by automating the . ass steps and providing
conmpound S P EHsaas AitsrParmoduRibeEor BRRds 1 a shale g eeriGrcal 1) run i n
paral | el dRhavell dfa Microtitel plate 4 FBUSe® b finCd 8éparate Msalydyaindt af oboti C
assays). The skilled person will understand that there are many suppliers

of | i br argelsstest peteatial apdwWatepdrni songendrafien ernasbatiomtiine affegts aretoughput

screenin } I i J i al . m cal or

pepti de Ig? rzfté&%?otﬁpglfynéf'ﬂgQ\ée\ﬂ?f%éggﬁﬁn%gglgﬁgwggﬁ@{& gtﬁ%@gpeuti c, or

tast ant ot ddcrotitentplate eapaseay about! 1005 d. co8yrnodelators. 1386 welbr ari es are
t hen screened in one or nore assa%s, as .descri bed herein, to, identify those
library rl@?ﬁﬁ%?ﬁe uspdh then,a sindle,iate 6an eadlyiassay from,akod 0040 abput  di spl ay a
desired 3 hSddrp&isidsyY it ggég!r@é_;, i fd . serve as
| ead conpoi(;jl?gg}smét}%hﬁdrnﬁ%er 3'e!}tel?(8?)§_%83€ators fgtrré]#ﬁfrfl%rlaﬁgé%{ Si%sr,gag'r can

t hensel veassaysereens & upctoatioutt 002,000 diffetentisompoandsis possibileal |ibrary is

aynt heor e5b Be ifteiFaF sigRMal ing RIBMBES: \'ng s nunber of chemical
"bui | di ng bl ocks" such as reagents. For exanple, a linear

Lead compounds found by assay technology herein above described, or

development compounds formed from such leads can be administered directly to

a human subject to modulate taste. Altemnatively, such compounds can be

formulated with other ingredients of preparations to be taken orally, for example,

foods and beverages, pharmaceutical or neutraceutical or homeopathic

preparations.

The amount of compound to be taken orally must be sufficient to effect a
beneficial response in the human subject, and will be determined by the efficacy
of the particular taste modulators and the existence, nature, and extent of any
adverse side-effects that accompany the administration of a particular compound.



conbi natorial chemcal |ibrary such as a pol ypeptide library is forned by..
conbining a set of chem cal building blocks (amno acids) in every possible
way for a given conpound |length (i.e., the nunber of amno acids in a

pol ypeptide compound). MIIlions of chem cal conpounds can be synthesized

t hrough such conbinatorial mxing of chem cal building blocks. Preparation
and screening of conbinatorial chemcal |ibraries is well known to those of
skill in the art and no nore needs to be stated here. 23 1In the high

t hroughput assays of the invention, 24 is possible to screen up to several

t housand THefe eove RallowRIbaREY Of exanipleihgssémedo HiuBht tHavnvenloRar t i cul ar,
each well of a mcrotiter plate can be used to run a separate assay agai nst |

a selected potential nodulator, or, if concentration or incubation tine

effects %r%llt&anﬁffeé’ SlcelR4A r\é lﬁefi oMfahSiefifflan s tloﬁ&'tﬁ l'e modul at or.

Thus, a single m Crotl e can assay (e.g., 96)
modul at oneseptbfs HEGZ%EIT d:ellswl/em&rsedr mmmdtamémansfeemmgbfetheIratespt@an easily

assay fr abep 00 different ounds. It is possible to
assay se E&% E&%&gﬁ@ﬁﬁsggagﬁgeﬁ Pra{-arls @%é@ﬁkgﬁﬁ%H§e¢or up to about
6, 000- 20, 000 di fferent conpounds is possible wusing the integrated systens

of the invention. Lead conpounds found by assay technol ogy herein above
descri bekxample idevel opnent conpounds fornmed from such | eads can be

adm ni stered di refcély to a tﬁuman subj ect to nodul ate taste. Alternatively,
such corgmwﬁ—éﬂl@@ with other ingredients of preparations to
be takeny t !

neutraceut'?:‘lr ca{ u,s“"":'FfJ(:)‘maopat Lsfmcetj §pa0§t %’%@gﬁ he amuﬁ?{ ? lgéoh‘r;%%ound to be

t aken ortajrhan mﬁaduaragﬂéiducmmmms mf;ﬁo@NAm dxcteafplates witheFpamde in the
hunan rsnt;gbg and will be determnm n the efficac of the particular
taste afwgteaﬁaqwq{@eéﬂsa%%f@n I{WBGT reqipnsy 5eRe specifig primers

used were :

169ust44-S: (5 GGCCCCGAGGGCAGCAACTTAAAAAAAGAAGATAAGGAA 3')
16gust44-AS: (5° TTCCTTATCTTCTTTTTITAAGTTGCTGCCCTCGGGGCC 3)

First, two overlapping PCR fragments that correspond to G,16 and gustducin
were amplified. The 5’ G146 fragment was made using the T7 primer in
conjunction with the 16gust44-AS primer, whereas the 3' gustducin fragment
was made using the SP6 primer in conjunction with the 16gust44-S primer. The
individual PCR products were separated by agarose gei electrophoresis and
purified. The purified PCR products were mixed, annealed together and then the
full-length chimeric fragments were amplified using T7 and SP6 primers. 1.5 mM
MgCl, was included in the PCR mixtures and the PCR products were amplified
with thermal cycling parameters at 94° C for 45 s, 50° C for 90 s and 72° C for ‘
120 s using a GeneAmp PCR System 9700 from Applied Biosystems. The
assembled chimeric PCR fragment was subcloned into pcDNA3.1 and checked
for integrity by DNA sequencing and restriction mapping. Proper expression of
the fusion protein was confirmed via Westem blot analysis of whole cell lysates
from transfected cells using an anti-G45 polyclonal antibody (Torrey Pines
Biolabs).



adverse side-effects that acconpany the adm nistration of a particul ar
conpound. 24 There now follows a series of exanples that serve to
illustrate the invention. For all exanples, HEK293 cells were used; for
transient transfection of the receptors, HEK293T cells were used, and for
stable transfection of the receptors, T-RexTM HEK293 cells (Invitrogen
Corp., Carlsbad, CA) were used. Exanple 1 : Production of G .1 w'snf,r"4
chimera The Gal 6gusw'crr,aa was constructed by bridge overlap PCR

mut agenesi s using the human Galé and®& at gustducin cDNAs in pcDNA3. 1 as
tenplates with T7 and SP6 pronoter sequences as outer flanking primner
regions. Gene specific prinmers used were : 1l6gust44-S. (5

GGCCCCGAS CTTAAAAAAAGAAGATAAGGAA 3') l1e6gust44-AS: (5

TTCCTTATQE[!!E%'BJJJ%! GCTGCCCTCEEEECC 3')  First, two overl appi ng PCR

f ragnment to Gal6é and gustducin were anplified. The 5 Gale
f ragnment Alleesssapsiaraupéenfigrmdueusing blackesiearrbottoomPe+wadlii slatesithat Hdve beegust 44- AS

prinmer, where the 3' gustducin fragnept . was made using the SP6 primer in
conj unct iSGﬁd%?‘ﬁW Q%bﬂfG&thﬁéﬁqusfél?yW@ pqrﬂ%ﬁ"}ﬁ'}ﬂﬂquﬂéﬁ@’br oducts were
separ at egnalitaf RFT dre€s EHVERR ﬁﬁﬁ%pgﬁgméte ﬁﬂ{vﬁfg 'negdd?.rh]?tmrhé' ed PCR

products were m xed, arneal ed togeéther t he -l'ength chineric
f r agment of the assaypthief grodthugiedip isdistaddesPan g eeéllsears indubGtedVfor M@ue (atas

e 0B A S5 Wi o T PAOS Se bl fRlepbitid 11 126
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by DNA sdligsolved i adirhksdxalanaedi salts sajution ¢HBBS) that hasbeepsi on of the fusion
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serum albumin, pH 7.4 at 37 degrees C. After the initial 1 hour loading period,

125 pl of wash buffer consisting of 2.5 mM probenicid dissolved in HBSS that has

been supplemented with 10 mM Hepes, 200uM calcium chloride and 0.1%

bovine serum albumin, pH 7.4 at 37 degrees C, is added to each well and the

plate is further incubated for 30 minutes at room temperature in the dark to allow

for complete deesterification of the Fluo-4-AM. The buffer solutions are

discarded, the plate is washed 3 times with 100 pl wash buffer and finally the

cells are reconstituted in 200 p! of wash buffer and incubated for 15 minutes at

37 degrees C. For assay reading, the plate is placed in a fluorescent microplate

reader, for example the Flexstation (Molecular Devices), and receptor activation

is initiated following addition of 20 u! of a 10X concentrated ligand stock solution.

Fluorescence is continuously monitored for 15 seconds prior to ligand addition

and for 45 — 75 seconds after ligand addition. Receptor activation levels are

defined as by the two following equations: % Activation = (Maximum

fluorescence — baseline fluorescence/baseline fluorescence) * 100 or

Fluorescence Increase = Maximum Fluorescence — baseline fluorescence, where

baseline fluorescence represents the average fluorescence levels prior to ligand

addition.



fromtransfected cells using an anti-Gals polyclonal antibody (Torrey Pines
Bi ol abs). 25 Exanple 2 Fluo-4 Cal cium Assav All assays are perforned using
bl ack, clear-bottom 96-well plates that have been seeded the day before
with 20K transfected cells per well and have been nmaintained at 37 degrees
C overnight in appropriate growth nedia. At the tine of the assay, the
gromh nedia is discarded and cells are incubated for 1 hour (at room
tenperature in the dark) with 75 i 0% a cal cium assay solution consisting

of 1.5 g Fl uqi AM (Mol ecul ar Probes) and 2.5 nM probenicid (Sigma-Aldrich)
di ssol v nks bal anced salts solution (HBSS) that has been

suppl enenbﬁglfe%&ps f%pTQNﬂé%ceéew calciumchloride and 0. 1% bovine serum -
al bu P ter the initial 1 hour |oading period,

125 I ofAtWrD lcefl$ stabtyoerpressing)thef Gapreteinvaner plbtediio ibtack| eleat-bettornn HBSS t hat

has su me 2001AM aIC| umchloride and 0.1% -
bovi ne Wﬁﬁglag%ﬁF%&ngc?nﬁp%%a'a@gf%ko\@mf@ HHRelSC rPf@QfQ wel | and the

pl ate i snédiat [T daye UipetRedibes c%g@dﬁafaﬁsarﬁibldm%é%ﬁmméﬁ‘@ahé the dark to
allow for conplete deesterification of the Fl uo-4 The buffer solutions

are di dbarcelsiare trengiected using FOMGHGECR BAA and A.610®f ipofectariing f er and

f |1 d i Al of buf f d b d
for 15 A%G eitioderd; TheElR gt orbloletuighl atd hratsseibedio By S ol aced i n a
f I uor esqgyiig memlaalﬁafcuuﬁraﬁs%ag coh@ifiof@sdtribetie Eixbmpted 2lab8ie (Mol ecul ar

Devices), and receptor activation is initiated follow ng addition of 20 |
of a 10X concentrated |igand stock solution. Fluorescence is continuously

nDnltor 5 seconds prior to ligand addition and for 45 - 75 seconds
after ition. Receptor activation levels are defined as by the two

foll ovm nﬂaag@honmﬁmr TR SWesttResepters( Maxi mum
At day 0, cells stably expressing the G-protein are plated in a 6-well plate at a
density of 800,000-850,000 cells per well and grown overnight in selective growth

media. On day 1, the media is changed to an antibiotic-free growth media and
the cells are transfected using 2 ng of TIR2 and 2 pg of T1R3 cDNA and 10 pl of
Lipofectamine 2000 (Invitrogen). The cells are maintained overnight in antibiotic-
free growth media. On day 2, the cells are replated into a black, clear-bottom 96
well plate at 20,000 cells per well and grown overnight. The morning of the
calcium assay, the media is replaced with low glucose media supplemented with
Glutamax and dialyzed FBS to minimize receptor desensitization by sugars and
giutamate. The cells are further incubated in this media for 6 hours at 37
degrees C. At the end of this period, the cells are processed for the calcium
assay according to conditions described above.

Example 5
Activation of human TAS2R16 by a bitter glucoside in cells expressing different
G-proteins.

5 mM of phenyl-B-D-glucopyranoside was added in cells expressing hTAS2R16
and either wild-type Gq16, a chimera of the invention Gq1sgustducinas, and a

comparative chimera Gg16244. Cells stably expressing the different G-proteins



fluorescence - baseline fluorescence/baseline fluorescence) * 100 or

Fl uorescence | ncrease = Maxi mum Fl uorescence - baseline fluorescence, where
basel i ne fluorescence represents the average fluorescence levels prior to
ligand addition. 26 Exanple 3 Transfections for T2R bitter receptors At
day O, cells stably expressing the Gprotein are plated in bl ack,
clear-bottom 96-well plate at 20,000 cells per well and grown overnight in
selective gromwh nedia. On day 1, the nedia is changed to an
antibiotic-free growh nedia and the2tZells are transfected using 300 ng

GPCR DNA waré tarfsiéntRftrdrsROtEs for P4 Hdurg (R tihe ﬁuﬂnbhqmmemﬁepe' I's are grown

overni ght and processed the next day wusing the Fluo-4 calcium assay

condi t i onkecapiokr Fpltewing tansfestien, zhasgueawereazeafpd ewlﬂh Flbedsanstti ons for Ti R

"n a6 vl o e oaftRim yofebiod g o BAEET b BoR8 Po¥ T} EXBrPIS.G o1 oun
overni ght2, laelmrefmbresszegce)wab manidred cénstartly dnd theeme®tifidorescarivanged to an
antibiotic-free %qovvth media and the cells are transfected using 2 pg

of
TIR2 and 'I‘GQSléfP IR seqends o tp ligapd addity 15 RS geRsidered @6 the Roselinegen) . The
cells ar r r owt h day 2,
the cel | ?dﬁ%ﬂﬁ@b&ﬁ*gg&ﬁﬁ@@@s ‘%@é"P P'l‘%s btﬁg ‘ngeté’i‘ﬁ"““p&é'?'graat 20, 000
cells perdnspihyedaa@rmtemnegreeruﬁr@eptorﬁcavatimmon@nmb lighad stimutztiomth@say, t he
media is replaced with | ow glucose nedia supplenented with d utamax and
di al yzed 9848 6XBressindrPee recept or desensitization by sugars and gl utanate.
The cells are further incubated in this nedia for 6 hours at 37 degrees C.

AL the enygf 41 BlciiRbl Schvid B péiih il e BSRGARRT &-bidfeih Ugrgtbcl um - assay

according 1o con I-ons

Promiscuous G-protein

Taste Receptor Guitsgustducings Gate Gut6244
sham transfected (control) 2162 1024 1541
human TAS2R16 23821 3494 8296

All data are expressed in relative fluorescence units (RFUs) and represents the
increase in mean fluorescence over baseline following ligand addition. The
ligand and final concentration used was 5 mM phenyl-B-D-glucopyranoside.

Similar results were also obtained using 5 mM D-salicin.

Example 6
Functional activity of mouse bitter receptor (T2R5) with G-proteins

Following the methodology as described in Example 5 the following results were
obtained:-

Table 2:
Promiscuous G-protein



Exanple 5 Activation of human TAS2RI6 by a bitter glucoside in cells
expressing different Goproteins. 5 mMof phenyl-(3-D gl ucopyranosi de was
added in cells expressing hTAS2RI6 and either wild-type Gal6, a chinmera of
t he i nvention Gal-6gustduci n44, and a conparative chinmera Gal6z44. Cells
stably expressing the different G proteins 27 were transiently transfected
for 24 hours with the human TAS2R16 bitter receptor. Follow ng
transfection, the cells were treated with Fluo-4 and intracellular calcium
fl uorescence was neasured as descri b2d above in Exanple 2. Cellular

f | uor esceaste R/@%pfﬁ?ni tored constantl yc;g{ggﬁtmi%rrean f(l_;(gg)r escence neasured
for 15 seconds prior to ligand addition was consi dered as the baseli ne,
non-stimulated level of fluorescence Cells expressing the Gal 6gustduci n44
chinmera displayed a greater degree of receptor activation follow ng |igand
stimulation th | | s expressing Ga Table 1: F ional activity of
human bimmﬁlgjgﬁtﬁggﬁmﬁf’ﬁh G protein iants Prom'ulrs}ﬁgous G protein Taste
Recept or Gal 6gust dudn44 Gal6 Gai 6z44 shamtransfected (control) 2162 1024
1541 humgyse R16 23821 3494 8296 Al#40data are exP568sed in rel ative
fluorescence units (RFUs) and represents the Increase in nmean fluorescence
over baseline following ligand addition. The ligand and final concentration
used was 5 nmM phenyl - (3-D-gl ucopyranoside. Simlar results were al so

obt ai nedAlligatacare exiyrdasedlin felativetitorescente fanits (RPU) and répresanteftheouse bitter
receptor, gTZRS), with G proteins Follow n? t he net hodol thy as described in
Exanpl e BCraasefinmeap fugrescence ovapbaseline following ligand addition. The

ligand and final concentration used was 10 pM cycloheximide.

»

Example 7
Activation of human bitter receptor TAS2R10 by strychnine in cells stably

expressing G, 16qustducina4 and TAS2R10

The example was performed essentially as described in example 5, except that
tetra-cycline-inducibie cell lines stably expressing human TAS2R10 and
G16gust44 were used instead of transient transfection. Cells were kept at a cell
density of 75-80%. The following results were obtained:

Table 3

Promiscuous G-protein
Taste Receptor G t6qustducinds
G-protein only(control w/o tetracycline) 13238

G-protein + human TAS2R 10 (with tetracycline) 24230




obt ai ned: Table 2: Prom scuous G protein 28 Taste Receptor Gal sgustducin44
Gal 6 shamtransfected (control) 3989 1705 * nouse T2R5 10407 2569 All data
are expressed in relative fluorescence units (RFUs) and represents the

i ncrease in nean fluorescence over baseline followi ng |igand addition. The
ligand and final concentration used was 10 M cycl ohexi m de. Exanple 7
Activation of human bitter receptor TAS2RI O by strychnine in cells stably
expressi ng Gl 6cust ducl n44 and TAS2R10 The exanple was perfornmed essentially

as described in exanple 5, except th#9 tetra-cycline-inducible cell |ines
stably exgrd:staiahg ekpressed hTeRLR AnresCeMELSHItY RIS andespredshBagheof
transient transfection. Cells were kept at a cel|l ‘density of 75-80% The

f ol | owi ndnGrease inamean ueneseentever QBﬁ@hT@ frlewingdigand addiipa: dhe  Taste

& prot o Aoang B AR eenbo B IR MRS TR mblst 20 "W vara are

expressed in relative fluorescence units (RFUs) and represents the increase
in mean fl uorescence over baseline followi ng ligand addition. The 1|igand
and finalEX@BKi@8tration used was 250 M strychnine. Exanple 8

Activation of human bitter receptor TAS2R38 by phenylthiocarbamide or

propythiouracil in cells stably expressing Gqisqustducinas and TAS2R38

The example was performed essentially as described in example 5, except that
tetracycline-inducible cell lines stably expressing human TAS2R38 and
G16gust44 were used instead of transient transfection. Cells were kept at a cell
density of 75-80%. The following results were obtained:

Table 4

: Promiscuous G-protein
Taste Receptor Guiegustducinds
G-protein only(control w/o tetracycline) 3422

G-protein + human TAS2R38 (with tetracycline) 8989

= All data are expressed in relative fluorescence units (RFUs) and represents the
increase in mean fluorescence over baseline following ligand addition. The
ligand and final concentration used was 250 uM phenyithiocarbamide. Similar

results were obtained using 250 uM propythiouracil.

Example 9
Functional activity of human bitter receptor (TAS2R43) with G-proteins.

Using similar methodology as Example 5 except that tetra-cycline-inducible cell

lines stably expressing human TAS2R43 and G16gust44 were used instead of



Activation of human bitter receptor TAS2R38 by phenvithi ocarbam de or- .
propythiouracil in cells stably expressing 0., eoustdudn44 and TAS2R38 The
exanpl e was perfornmed essentially as described in exanple 5, except that

tetracycline-inducible cell lines stably expressi ng hunan TAS2R38 and
Gl6égust 44 were used instead of transient transfection. Cells were kept at a
cell density of 75-80% The follow ng results were obtained: Table 4

Prom scuous G protein Taste Receptor GQ ftustduan44 G protein only(control
W o tetracycline) 3422 G protein +3R8uman TAS2R38 (with tetracycline) 8989
Al'l  dat ransientchransfestioh.iCellsavertikept & alosledensitysf 5-80%% (Ridfollodity r epr esent s
the increase in nean fluorescence over baseline following |igand addition. .
The | i EpSHs wege phialedoncent rati on used was 250 M phenyi t hi ocar bani de.
Simlar results were obtained using 250 pM propythiouracil. Exanple 9
Functional activity of human bitter receptor (TAS2R43) wth G proteins.

Usi ng sTabled net hodol ogy as Exanple 5 except that tetra-cycline-inducible
cell lines stably expressing human TRf@st4cucuiGEromist 44 were used instead
of 30 transient Transfection. Cells were kept at a cell density of 75-80%

The fol oy c I'ts were obtained: Table 5 @rom scuous G protein Taste
Recept or %lr%;ue?ﬁﬂcl n44 G protein only 3955 éﬁ?‘%‘f“&“?n + human TAS2R43
26766 '

G-protein only 3955
G-protein + human TAS2R43 26766

All data are expressed in relative fluorescence units (RFUs) and represents the
increase in mean fluorescence over baseline following ligand addition. The

ligand and final concentration used was 10 uM aristolochic acid.

Example 10
Functional activity of human bitter receptor (TAS2R44) with G-proteins.

Using similar methodology as Example 5 except that tetra-cycline-inducible cell
lines stably expressing human TAS2R44 and G16gust44 were used instead of
transient Transfection. Cells were kept at a cell density of 75-80%. The following

results were obtained:

Table 6

Promiscuous G-protein
Taste Receptor Gu16gustducinds
G-protein only 5700

G-protein + human TAS2R44 17254




Al'l data are expressed in relative fluorescence units (RFUs) and represents
the increase in nean fluorescence over baseline following |igand addition.
The ligand and final concentration used was 10 M aristol ochic acid. Exanple
10 Functional activity of human bitter receptor (TAS2R44) with G proteins.
Using simlar nethodol ogy as Exanple 5 except that tetra-cycline-inducible
cell lines stably expressing human TAS2R44 and Gl6gust44 were used instead
of transient Transfection. Cells were kept at a cell density of 75-80% The
following results were obtained: TabB¢ 6 Prom scuous G protein Taste

Recept or H b = R j : r | DR a S2R44
AEAPIRE ﬁa?ggg*grég@ggn&@g@ fudhéegencd thits (RPOS] S rebroedty Us) and

r epr esentinctease in meandlierescensanvél basetine following/liganoicadditiore The | owi ng | i gand
addition. Th | igand and fi.nal concentration used was 10 M aristol ochic

aci d. Exa'Fﬁﬂ"g a.[ﬁ%ﬁ’mﬁ?’?‘iﬁﬁ‘éf?*'%f’??&f"ﬁasow m@&'ﬁ@?ﬁi\é‘i a?'écept or wWith Gproteins
Fol | ow ng the nethodol ogy as described in Exanple 5 the following results

were obtained: Table 7: Prom scuous G protein Taste Receptor Galsgusnuan44
Eats shaxamplastlect ed (control) 1370 643 human TASI R2/ TASI R3 4617 1300

Functional activity of human sweet receptor with G-proteins

Following the methodology as described in Example 5 the following results were

obtained:-
Table 7:

Promiscuous G-protein
Taste Receptor Gat6gustducind4 Go1s
sham transfected (control) 1370 643
human TAS1R2/TAS1R3 4617 1300

All data are expressed in relative fluorescence units (RFUs) and represents the
increase in mean fluorescence over baseline following ligand addition. The
ligand and final concentration used was 2.5 mM sucralose. Similar results were
also obtained using 2.5 mM aspartame or acesulfame K.



Al'l data are expressed in relative fluorescence units (RFUs) and represents
the increase in nean fluorescence oxer baseline follow ng |igand addition.
The ligand and final concentration USed was 2.5 nmM sucral ose. Sim | ar
results were also obtained using 2.5 nM aspartane or acesul fane K 32

d ai ngjdimd Gaq Gustducin chineric Gprotein. 2. The chinmeric Gag- Gustducin
of claim1 characterised in that it is a Gal5 or 16-Gustducin protein. 3.
The chinmeric Gprotein of claiml1l or claim2 wherein at |east the last 5

am no , aci gs.of the are replaced by a correspondi ng nunber of am no
aci ds bf é@p@fﬁ@idwfn%i‘ﬂ“%‘éc%ﬂf)%ﬁ c Gprotein of claim3 wherein the |ast

44 amo acy ; sequen t ' | aced with a 44
i o ol d i g ENe TS Geien OF gl 1 Vheteleet B Bafts BB SRR et o 1 s
a Ga, 5- Gustptoteim protein. 6. The chimeric G Protein of claim4 which is a

b B i A 5 AL B B o
L0120 RS 4 RS SEIdhbAE SR RS

set forth iGusdatihD 1 encoding for a Gprotein defined in claim1. 10. An
expressi on vectar conprising nucleic acid conprising the nucleotide

sequerfee selther iimeric/{S-preteirohiclaine dvhriendhedagt 44 aiintaeigsiohdte i n any one
of clains S(j?lqablgrrhé?LBHTe éuqh&%ﬁeiﬁ%lré réﬂlggéé ﬁlﬁh%dd\”amnggcﬁf(@ﬁi%fs' on vector as

defined in
Gustducin.

5. The chimeric G-Protein of claim 4 which is a Gy15-gustqucin protein.
The chimeric G-Protein of claim 4 which is a G416-Gustducin protein.
A chimeric G-protein according to claim 1 having an amino acid sequence set
forth in the SEQ ID 2.

8. A G-protein according to claim 1 encoded for by a nucleic acid comprising a
nucleotide sequence set forth in SEQ ID 1.

9. A nucleic acid comprising the nucleotide sequence set forth in SEQ ID 1
encoding for a G-protein defined in claim 1.

10.  An expression vector comprising nucleic acid comprising the nucleotide
sequence set forth in SEQ ID 1 encoding for a G-protein defined in any one of
claims 1 to 6.

11. A host cell transfected with an expression vector as defined in claim 10.

12.  The host cell of claim 11 stably expressing the chimeric G-Potein and a taste
receptor.

13. A method of producing a chimeric G-protein as defined in any one of claims 1
to 6, comprising the step of culturing host cells having contained therein an
expression vector encoding for the chimeric G-protein, under conditions
sufficient for expression of said G-protein, thereby causing production of the
protein, and recovering the protein produced by the cell.

14. A method of analysis and discovery of modulators of taste receptors, using the

chimeric proteins defined in any one of claims 1 to 6.



12. The host cell of claim 11l stably expressing the chineric G Potein and a
taste receptor. 13. A nethod of producing a chineric G protein as defined
in any one of clains 1 to 6, conprid3ng the step of culturing host cells
havi ng contained therein an expression vector encoding for the chineric

G protein, under conditions sufficient for expression of said G protein,

t her edp. caksmethqst ofcanalysis aod diseovepy of mwpdylator of éastesecepforssefmctacki n

produced b cel | . net h f anal ysis .and di.scovery of nodul ators
b “taste r oolbhsrloundtbindgseRPadlord Hest it MasnRi 4R ufgmbne o
claims 1 tgadie réeptds, ubingethB @himéri@ pritEinsJefindd th ang vaeYofdaifedutoat or s of
taste receptors, selected fromthe group of bitter taste receptors, sweet

taste receftors, and umam taste receptors, using the chineric proteins

defin in . | XB: 16. . L aim 14

el oyong MetiedBodnfl i ORint 14 Smboyhlia MEIRIALERH a8 abedl ST "sr o
encodi ng aepdploying @ transfectad genehsr cDNW @ncodinganchimedriepretainoétieor, t he

met hod conprising the steps of contacting a cqonmpound with cells, and

det er ni ni ndveniion @neka Bske regeniern the methodeprpBising the sters ofcanardingchi neri ¢

G protein ¢Q ; t%}ﬂld i t : i 16
wher ei n thfa‘él %\@@nodﬁ\g,thg? p%’c g%%gg[nﬁ%&ﬁe@ngfyrhﬁ%gfgﬁ ﬂgﬂht% héem%#;hnrgogs in
i ntracel | uloartheesseptgeclsinrarthGasoteinP8omplexal ci un+.

17. A method according to any one of claims 14 to 16 wherein the functional effect

is determined by measuring the changes in intracellular messengers such as

IP3 or calcium?*.





