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(57) ABSTRACT 

The invention relates to compounds that specifically bind a 
T1R1/T1R3 or T1R2/T1R3 receptor or fragments or sub 
units thereof. The present invention also relates to the use of 
hetero-oligomeric and chimeric taste receptors comprising 
T1R1/T1R3 and T1R2/T1R3 in assays to identify com 
pounds that respectively respond to umami taste stimuli and 
sweet taste stimuli. Further, the invention relates to the 
constitutive of cell lines that stably or transiently co-express 
a combination of T1R1 and T1R3; or T1R2 and T1R3; under 
constitutive or inducible conditions. The use of these cells 

lines in cell-based assays to identify umami and Sweet taste 
modulatory compounds is also provided, particularly high 
throughput screening assays that detect receptor activity by 
use of fluorometric imaging. 
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Figure 2 hit 1 R2 and ht R3 are expressed in human tongue 
epithelium. cDNA-specific amplification products can be 
amplified from cDNA prepared from resected human 
circumvallate papillae. 
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Figure 3 Human T1R2T1R3 functions as a SWeet taste 
receptor 
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Figure 4T1R2 may controlT1R2T1R3 ligand specificity 
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Figure 7 Key ligand-binding residues of mGlurr1 are 
Conserved in T1R1 
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Figure 8 Human T1RIT1R3 functions as an umami taste 
receptor 
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A. B. 

Figure 9 PDZIP facilitate the surface expression of human 
TR2. 

A. Immunofluorescence staining of Myc-tagged hi? R2 
indicates that PDZIP significantly increases the 
amount of human T1R2 protein on the plasma 
membrane. 

B. FACS analysis data demonstrating the same result. 
Myc-tagged human T1R2: Green line. Myc 

tagged 
C. human T1R2 with PDZIP: black line. 
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data demonstrating hi?1R2/hT1R3 
responses to a number of Sweet stimuli. 

ium-imaging Figure 10 Calc 
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Figure 11 
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Figure 13 
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Fig lure f6 Lactisole inhibits the T1R2T1R3 sweet and T1Rnt1R3 umami receptors and 
Sweet and umami taste. (Left panel) responses of HEK-Gis cells translently transfected with 
TR1/T1R3 (circles) to 10 mM L-glutamate and HEK-Gs cells transiently transfected with 
T1R2T1R3 (squares) to 150 mM sucrose in the presence of variable concentrations of lactisole 
are shown. (Right panel) fold increases in taste detection thresholds in the presence off and 2 mM 
lactisole are shown for the sweet taste stimuli sucrose and D-tryptophan, the umami taste stimuli L 
glutamate (MSG) and L-glutamate plus 0.2 mM IMP, and sodium chloride. Detection thresholds 
were determined following the method of Schiffman et al. 
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Figure 18 
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Figure 19 
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Figure 20 
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Figure 21A 
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Figure 21B 
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T1R HETERO-OLIGOMERIC TASTE RECEPTORS, 
CELL LINES THAT EXPRESS SAID RECEPTORS, 

AND TASTE COMPOUNDS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 60/494,071 filed on Aug. 6, 2003, and 
U.S. Provisional Application Ser. No. 60/552,064 filed Mar. 
9, 2004, both of which are incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention; in part relates to the discov 
ery that the T1R receptors assemble to form functional taste 
receptors. Particularly, it has been discovered that co-ex 
pression of T1R1 and T1 R3 results in a taste receptor that 
responds to umami taste stimuli, including monosodium 
glutamate. Also, it has been discovered that co-expression of 
the T1R2 and T1 R3 receptors results in a taste receptor that 
responds to Sweet taste stimuli including naturally occurring 
and artificial Sweeteners. 

1. Field of the Invention 

0004 Also, the present invention relates to the use of 
hetero-oligomeric taste receptors comprising T1R1/T1R3 
and T1R2/T1R3 in assays to identify compounds that 
respectively respond to umami taste stimuli and Sweet taste 
stimuli. 

0005 The invention also relates to chimeras and trun 
cated versions of T1R1, T1R2, and T1R3, as well as 
chimeras of T1R1/T1R3 and T1R2/T1R3 receptors compris 
ing human, rat, or human and rat Subunits. 
0006 Further, the invention relates to the construction of 
cell lines that stably or transiently co-express a combination 
of T1R1 and T1R3; or T1R2 and T1R3, including truncated 
or chimeric versions of these subunits as well as chimeric 
receptors comprising wild-type or chimeric Subuits; under 
constitutive or inducible conditions. 

0007. The use of these cell lines in cell-based assays to 
identify umami and Sweet taste modulatory compounds is 
also provided, particularly high throughput screening assays 
that detect receptor activity by the use of fluorometric 
imaging. 

0008. The invention also relates to compounds that bind 
to T1R1/T1R3, T1R2/T1R3 receptors, as well as T1R1, 
T1R2, and T1R3 chimeric and truncated subunits and chi 
meric receptors. 
0009 2. Description of the Related Art 
0010. The taste system provides sensory information 
about the chemical composition of the external world. 
Mammals are believed to have at least five basic taste 
modalities: Sweet, bitter, Sour, salty, and umami. See, e.g., 
Kawamura et al., Introduction to Umami. A Basic Taste 
(1987); Kinnamon et al., Ann. Rev. Physiol., 54:715-31 
(1992); Lindemann, Physiol. Rev., 76:718-66 (1996); Stew 
art et al., Am. J. Physiol., 272:1-26(1997). Each taste modal 
ity is thought to be mediated by a distinct protein receptor or 
receptors that are expressed in taste receptor cells found on 
the surface of the tongue (Lindemann, Physol. Rev. 76:718 
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716 (1996)). The taste receptors that recognize bitter, sweet, 
and umami taste stimuli belong to the G-protein-coupled 
receptor (GPCR) superfamily (Hoon et al., Cell 96:451 
(1999); Adler et al., Cell 100:693 (2000)). (Other taste 
modalities are believed to be mediated by ion channels.) 
0011 G protein-coupled receptors mediate many other 
physiological functions, such as endocrine function, exo 
crine function, heart rate, lipolysis, and carbohydrate 
metabolism. The biochemical analysis and molecular clon 
ing of a number of Such receptors has revealed many basic 
principles regarding the function of these receptors. For 
example, U.S. Pat. No. 5,691,188 describes how upon a 
ligand binding to a GPCR, the receptor undergoes a con 
formational change leading to activation of a heterotrimeric 
G protein by promoting the displacement of bound GDP by 
GTP on the surface of the GC. subunit and subsequent 
dissociation of the GC. subunit from the G? and GY subunits. 
The free GC. subunits and G|By complexes activate down 
stream elements of a variety of signal transduction path 
ways. 

0012. The T1R receptors were previously hypothesized 
to function as sweet taste receptors (Hoon et al., Cell 
96:541-51 (1999); Kitagawa et al., Biochem Biophy's Res. 
Commun. 283:236-42 (2001): Max et al., Nat. Genet. 28:58 
63 (2001); Montmayeur et al., Nat. Neurosci. 4: 412-8 
(2001); Sainz et al., J Neurochem. 77: 896-903 (2001)), and 
Nelson et al. (2001) and Li et al (2002) have recently 
demonstrated that rat and human, respectively, T1R2 and 
T1R3 act in combination to recognize sweet taste stimuli. 
0013 However, there remains in the art a need for new 
and improved flavoring agents. For example, one of the five 
known basic tastes is the “savory' or “umami” flavor of 
monosodium glutamate ("MSG”). MSG is known to pro 
duce adverse reactions in some people, but very little 
progress has been made in identifying artificial Substitutes 
for MSG. It is known that a few naturally occurring mate 
rials can increase or enhance the effectiveness of MSG as a 
savory flavoring agent, so that less MSG would be needed 
for a given flavoring application. For example the naturally 
occurring nucleotide compounds inosine monophosphate 
(IMP) or guanosine monophosphate (GMP) are known to 
have a multiplier effect on the savory taste of MSG, but IMP 
and GMP are very difficult and expensive to isolate and 
purify from natural Sources, or synthesize, and hence have 
only limited practical application to most commercial needs 
in food or medicinal compositions. Less expensive com 
pounds that would provide the flavor of MSG itself, or 
enhance the effectiveness of any MSG that is present could 
be of very high value. Similarly, discovery of compounds 
that are either new “High Intensity' sweeteners (ie. they are 
many times Sweeter than Sucrose) would be of value. 
0014 What is needed in the art is the identification and 
characterization of taste receptors which function as Sweet 
and umami receptors, assays for identifying compounds that 
modulate (enhance or block) Sweet and umami taste, and the 
compounds that specifically bind to these receptors. 

SUMMARY OF THE INVENTION 

0015 The present invention provides chimeric receptors 
comprising various combinations of human and rat TIRS, 
such as a chimeric T1R2/T1R3 receptor comprising a human 
T1R2 subunit and a rat T1R3 subunit; a chimeric T1R2/ 
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T1R3 receptor comprising a rat T1R2 subunit and a human 
T1R3 subunit; a chimeric T1R2 receptor subunit comprising 
a hiuman extracellular domain, a rat transmembrane domain 
and a rat intracellular domain; and a chimeric T1R3 receptor 
Subunit comprising a rat extracellular domain, a human 
transmembrane domain and a human intracellular domain. 

0016. The present invention also provides compounds 
that specifically bind to T1R1, T1R2, T1R3, T1R1/T1R3 and 
T1R2/T1R3, or isolated subunits, fragments, chimeras or 
truncated versions thereof as disclosed herein. 

0017. The present invention relates to the discovery that 
different combinations of T1Rs, when co-expressed, pro 
duce fimctional taste receptors that respond to taste stimuli. 
Particularly, the present invention relates to the discovery 
that co-expression of T1R2 and T1R3 results in a hetero 
oligomeric taste receptor that responds to Sweet taste 
stimuli. Also, the present invention relates to the discovery 
that the co-expression of T1R1 and T1 R3 results in a 
hetero-oligomeric taste receptor that responds to umami 
taste stimuli such as monosodium glutamate. 

0018. The present invention also relates to cell lines that 
co-express T1R1 and T1R3, including human or rat, or 
T1R2 and T1R3, including human or rat. In preferred 
embodiments these cell lines will express elevated amounts 
of the receptors, either constitutively or inducibly. These cell 
lines include cells that transiently or stably express T1R1 
and T1R3 or T1R2 and T1R3. 

0019. Also, the present invention provides assays, pref 
erably high throughput screening assays, that utilize the 
T1R2/T1R3 taste receptor, or the T1R1/T1R3 receptor, 
preferably high throughput cell-based assays, to identify 
compounds that modulate Sweet or umami taste. The inven 
tion also provides assays that include taste tests to confirm 
that these compounds modulate Sweet or umami taste. 

0020. The invention also relates to compounds that bind 
to the N-terminal extracellular domain of T1R2, compounds 
that bind to the cysteine-rich domain of T1R2, compounds 
that bind to the Tranismembrane Domain of T1R2, com 
pounds that bind to the Transmembrane Domain of T1R3, 
compounds that bind to the Transmembrane Domain of 
T1R2 of a truncated receptor h2TM/h3TM, and compounds 
that bind to the Transmembrane Domain of T1R3 of a 
truncated receptor h2TM/h3TM, for example. 

BRIEF DESCRIPTION OF THE FIGURES 

0021 FIG. 1 contains a sequence alignment of human 
and rat T1Rs, human calcium-sensing receptor and rat 
metabotropic glutamate receptor. 

0022 FIG. 2 contains RT-PCR amplification experimen 
tal results which show that hT1R2 and hT1R3 are expressed 
in taste tissue. 

0023 FIG. 3a-3b contain functional data (intracellular 
calcium responses) elicited by different Sweet taste stimuli in 
HEK cells stably expressing Gs that are transiently trans 
fected with human T1R2, T1R3 and T1R2/T1R3 at various 
concentrations of sweet taste stimuli (FIG. 3a); human 
T1R2/T1R3 dose responses for several sweet taste stimuli 
(FIG. 3b); human T1R2/T1 R3 responses to sucrose in the 
presence of gurmarin, and endogenous B2-adrenergic recep 
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tor responses to isoproterenol in the presence of gurmarin. 
FIG.3c contains the normalized response to different Sweet 
CS. 

0024 FIG. 4 contains intracellular calcium responses in 
HEK cells stably expressing Go.15, transiently transfected 
with hT1R2/hT1R3, rT1R2/rT1R3, hT1R2/rT1R3 and 
rT1R2/hT1R3 in response to 350 mM sucrose, 25 mM 
tryptophan, 15 mM aspartame, and 0.05% monellin. 

0025 FIG. 5 contains the results of a fluorescence plate 
reactor based assay wherein HEK cells stably expressing 
Go.15 were transiently transfected with hT1R2 and hT1R3 
or hT1R3 alone and contacted with the calcium dye Fluo-4 
and a Sweet taste stimulus (12.5 mM cyclamate). 
0026 FIG. 6 contains normalized dose-response curves 
which show that hT1R2 and hT1R3 function in combination 
as the human Sweet receptor based on their dose-specific 
interaction with various Sweet stimuli (trp, cyclamate, 
Sucrose, neotame, asparame, Saccharin and Acek). 
0027 FIG. 7 contains structural information relating to 
mGluR1 and T1R1. showing the key ligand binding residues 
are observed in these molecules. 

0028 FIG. 8a–8c contains functional data showing HEK 
cells which stably express Go. 15 that are transiently trans 
fected with T1R1/T1R3 respond to glutamate in an intrac 
ellular calcium-based assay. FIG. 8a shows that intracellular 
calcium increases in response to increasing glutamate con 
centration; FIG. 8b shows intracellular calcium responds to 
IMP (2 mM), glutamate (0.5 mM) and 0.2 mM IMP; and 
FIG. 8c shows human T1R1/T1R3 responses for glutamate 
in the presence and absence of 0.2 mM IMP. 

0029 FIGS. 9a-9b respectively contain the results of an 
immunofluorescence staining assay using Myc-tagged 
hT1R2 and a FACS experiment showing that the incorpo 
ration of the PDZIP peptide (SEQ ID No: 1) enhanced the 
expression of a T1R (hT1R2) on the plasma membrane. 

0030 FIG. 10a through 10b contain calcium imaging 
data demonstrating that h1TR2/hT1 R3 respond to different 
sweet stimuli. 

0031 FIG. 11 shows the responses of cell lines which 
stably express hT1R1/hT1R3 by automated fluorescence 
imaging to umami taste stimuli. 

0032 FIG. 12 shows the responses of a cell line which 
stably expresses hT1R2/hT1R3 by automated fluorescence 
imaging to Sweet taste stimuli. 

0033 FIG. 13 shows dose-response curves determined 
using automated fluorescence imaging for a cell line that 
inducibly expresses the human T1R1/T1R3 taste receptor 
for L-glutamate in the presence and absence of 0.2 mMTP. 

0034 FIGS. 14 and 15 show the response of a cell line 
that inducibly expresses the human T1R1/TR3 taste receptor 
(I-17 clone) to a panel of L-amino acids. In FIG. 14 different 
C-amino acids at 10 mM were tested in the presence and 
absence of 1 mM IMP. In FIG. 15 dose-responses for active 
amino acids were determined in the presence of 0.2 mM 
IMP 

0035 FIG. 16 shows that lactisole inhibits the receptor 
activities of human T1R2/T1R3 and human T1R1/T1R3. 
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0.036 FIG. 17 shows schematics of human-rat T1R chi 
meras. The chimeras are constructed by fusing the human or 
rat extracellular domains to the rat or human transmembrane 
domains respectively, as shown in h2-r2, r2-h2.h3-r3 and 
r3-h3. 

0037 FIG. 18 shows neohesperidin dihydrochalcone 
(NHDC) enhances the activities of T1R1/T1R3 umami taste 
receptor. Neohesperidin dihydrochalcone=5 uM. The 
glutamate dose response curve is left-shifted by 2.3 fold (left 
panel), and the glutamate/IMP dose response is left-shifted 
by 2.1 fold. 

0038 FIG. 19 shows that control sweeteners do not affect 
the activities of T1R1/T1R3 umami taste receptor Stevio 
cide=0.5 mM. Saccharin=1 mM. Glutamate dose response 
is shown in the left panel, and glutamate/IMP dose response 
is shown in the right panel. 

0039 FIG. 20 shows NHDC maps to the transmembrane 
domain of human T1R3. 

0040 FIG. 21 shows mapping of a compound to the 
human T1R2 transmembrane domain. 

0041 FIGS. 22a-d show sweeteners which map to dif 
ferent domains/subunits of the human sweet receptor. FIG. 
22a shows responses of human and rat Sweet receptors to 
sucrose (200 mM), aspartame (10 mM), neotame (0.1 mM), 
cyclamate (10 mM), and sucrose (200 mM) in the presence 
of lactisole (1 mM) (Suc/Lac). HEK-293T cells were tran 
siently transfected with human or rat T1R2, T1R3, and a 
G. chimera Gusii, and assayed for intracellular calcium 
increases in response to Sweeteners. FIG. 22b shows aspar 
tame and neotame were mapped to N-terminal extracellular 
domain of human T1R2. Combinations of T1R chimeras 
were transiently transfected into HEK-293T cells with Ges, 
il, and assayed for responses to Sweeteners at the concen 
trations listed in 23a. The presence or absence of response 
is what is important. FIG.22c shows cyclamate was mapped 
to the C-termininal transmembrane domain of human T1R3. 
FIG.22d shows lactisole was mapped to the transmembrane 
domain of human T1R3. Different combinations of T1R 
chimeras were transiently transfected into HEK-293T cells 
with G. G.s, and assayed for responses to Sucrose (200 
mM) and AceK (10 mM) in the absence or presence of 
lactisole (1 mM). The activities in B, C and D represent the 
meantSE of number of responding cells for four imaged 
field of -1,000 confluent cells. 

0042 FIGS. 23a-d show mutations in T1R2 or T1R3 
selectively affect the activity of different sweeteners. FIG. 
23a shows sequence alignment of the N-terminal ligand 
binding domain of rat mGluR5 with human and rodent 
TR2s. The 8 critical amino acids involved in ligand-binding 
in mGluR5 are labeled with *, three of the 8 amino acids are 
conserved in T1R2 and underlined. FIG. 23b shows two 
point mutations in the human T1R2 N-terminal extracellular 
domain that abolish response to aspartame and neotame 
without affecting cyclamate. Stable cell lines of hT1R2/ 
hT1R3 (WT), hT1R2 S144A/hT1R3 (S144A) and hT1R2 
E302A/hT1R3 (E302A) were generated as describe in the 
Examples. The dose-responses of these stable lines were 
determined on FLIPR for sucrose, aspartame, neotame and 
cyclamate. The activities represent the meantSE of fold 
increases in fluorescence intensities for four recorded wells. 
FIG. 23c shows sequence alignment of human and rodent 
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T1R3 transmembrane domains. The three extracellular loops 
are underlined and labeled EL1, 2, or 3, according to their 
order in the protein sequences. FIG. 23d shows mutations in 
the extracellular loop of hT1R3 that abolish response to 
cyclamate without affecting aspartame. Each of the three 
extracellular loops of hT1R3 were replaced with rat protein 
sequence separately, and the resulting hT1R3 mutants were 
transiently transfected into HEK-293T cells together with 
Gs, and assayed for responses to Sucrose (200 mM), 
aspartame (10 mM) and cyclamate (10 mM). The activities 
represent the meant SE of number of responding cells for 
four imaged field of ~1,000 confluent cells. 

0.043 FIGS. 24a–b show human T1R2 is required for 
Gs-coupling. FIG. 24a shows responses of human, rat and 
chimeric Sweet receptors to sucrose (200 mM) and AceK (10 
mM). Stable Gis cells were transiently transfected with 
human, rat or chimeric T1RS, and assayed for intracellular 
calcium increases in response to Sweeteners. FIG. 24b shows 
GGs-coupling is mediated by human T1R2. The activities 
represent the meant SE of number of responding cells for 
four imaged field of ~1,000 confluent cells. 

0044 FIGS. 25af show the effect of lactisole and cycla 
mate on the human T1R1/T1R3 umami receptor. FIG. 25a 
shows the response of human T1R1/T1R3 stable cell line to 
L-glutamate (5 mM) and L-glutamate/IMP (170.2 mM) in 
the absence and presence of lactisole (5 mM). FIG. 25b 
shows the lactisole dose-dependent inhibition curves were 
determined for L-glutamate (Glu), and L-glutamate with 0.2 
mM IMP (Glu/IMP), each at two different concentrations. 
The IC50s are 0.19-0.02 mM and 0.210.01 mM for 
L-glutamate at 8 and 80 mM; 0.35+0.03 mM and 0.82+0.06 
mM for L-glutamate with IMP at 0.8 and 8 mM respectively. 
FIG. 25c shows the dose responses for L-glutamate, with or 
without 0.2 mM IMP were determined in the presence of 
different concentrations of lactisole. In the presence of 0, 25, 
or 50 uM lactisole, the EC50s are 9.9+1.5 mM, 7.9+0.5 mM, 
and 7.0+0.3 mM for L-glutamate; in the presence of 0, 100, 
or 200 uM lactisole, the ECss are 0.53+0.04 mM, 0.71+0.10 
mM, and 0.84+0.10 mM for L-glutamate with IMP. Values 
represent the meant-SE for four independent responses. FIG. 
25d shows the detection thresholds for Sweet, umami, and 
salty taste stimuli were determined in the presence or 
absence of lactisole. The inhibition effect of lactisole is 
shown as fold increases in detection thresholds. "Detection 
thresholds' are defined as the lower limit of detectable 
tastants. The detection threshold values were averaged over 
four trials for three subjects. FIG. 25e shows the responses 
of human T1R1/T1R3 stable cell line to threshold level of 
L-glutamate (4 mM) and endogenous M2 receptor agonist 
carbachol were assayed on FLIPR in the absence and 
presence of various concentrations of cyclamate. FIG. 25f 
shows the dose-responses of the human T1R1/T1R3 stable 
cell line were determined on FLIPR for L-glutamate with or 
without 0.2 mM IMP in the absence and presence of 
cyclamate (8 mM). The activities in B, C, E and F represent 
the meantSE offold increases in fluorescence intensities for 
four recorded wells. The dose responses in B, C, E and F 
were reproduced at least 6 times independently. 

0045 FIG. 26 shows a working model for the sweet and 
umami taste receptor structure-function relationships. Filled 
arrows indicate direct activation, open arrows indicate 
enhancement, and bar heads indicate inhibition. 
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0046 FIG. 27a shows all 16 combinations of T1Rs and 
chimeras that were tested for responses to Sweeteners and 
lactisole. rT1R2/T1R3H-R, rT1R2/hT1R3, and T1R2H-R/ 
T1R3R-H show a significant response to cyclamate and they 
can be inhibited by lacdisole. T1R chimeras were transiently 
transfected into HEK-293T cells with G.s. The activities 
represent the meant SE of number of responding cells for 
four imaged field of ~1,000 confluent cells, each unit on the 
Y axis represents 50 responding cells. Abbreviations: Suc 
(sucrose 100 mM); Suc/Lac (sucrose 100 mM, lactisole 1 
mM); AceK (acesulfame K10 mM); AceK/Lac (acesulfame 
K 10 mM, lactisole 1 mM); ATM (aspartame 10 mM); NTM 
(neotame 10 mM): Cyc (cyclamate 10 mM). FIG.27b shows 
the lactisole dose-dependent inhibition curves of the human 
Sweet receptor were determined for Sucrose (Suc), saccharin 
(Sac), and D-tryptophan (D-Trp), each at two different 
concentrations. The IC50s are 19.6+0.1 uM and 64.6+0.3 
uM for sucrose at 50 mM and 120 mM; 22.6+0.1 uM and 
103+7 uM for saccharin at 0.1 and 2 mM; 19.9+0.2 uM and 
168+9 LM for D-tryptophan respectively. FIG. 27.c shows 
the dose responses of human Sweet receptor for Sucrose, 
D-Trp and saccharin were determined with different con 
centrations of lactisole. In the presence of 0, 10, or 20 LM 
lactisole, the ECsos are 19.4+0.9 mM, 24.7+1.0 mM, and 
31.3-0.3 mM for sucrose: 0.37+0.02 mM, 0.60+0.03 mM, 
0.94+0.08 mM for D-Trp; 42+3 uM, 67+6 uM, 118+2 uM 
for saccharin. Values represent the meantSE for four inde 
pendent responses. The dose-responses in B and C were 
determined at least 6 times independently, and generated 
similar results as shown here. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0047 The inventions provides compounds that specifi 
cally bind to the wild-type and chimeric sweet and umami 
taste receptors disclosed herein. Further provided are com 
pounds that specifically bind to the wild-type, chimeric or 
truncated T1R2 or T1R3 subunits of the Sweet and umiami 
receptors. 

0048 Binding to the T1R2/T1R3 Sweet receptor defines 
a large genus of molecules. The receptor responds to every 
Sweetener tested, including carbohydrate Sugars, amino 
acids and derivatives, Sweet proteins, and synthetic Sweet 
eners. In the meantime, the receptor exhibits Stereo-selec 
tivity for certain Sweeteners, for example, it responds to 
D-tryptophan but not L-tryptophan, which is in correlation 
with taste physiology data. 
0049. Thus, the compounds of the invention specifically 
bind chimeric receptors. Examples include, but are not 
limited to, a chimeric T1R2/T1R3 receptor comprising a 
human T1R2 subunit and a rat T1R3 subunit; a chimeric 
T1R2/T1R3 receptor comprising a rat T1R2 subunit and a 
human T1R3 subunit; a chimeric T1R2 receptor subunit 
comprising a human extracellular domain, a rat transmem 
brane domain and a rat intracellular domain; and a chimeric 
T1R3 receptor subunit comprising a rat extracellular 
domain, a human transmembrane domain and a human 
intracellular domain. The invention provides functional taste 
receptors, preferably human taste receptors, that are pro 
duced by co-expression of a combination of different T1Rs. 
preferably T1R1/T1R3 or T1R2/T1R3, and the correspond 
ing isolated nucleic acid sequences or fragments, chimeras, 
or variants thereof that upon co-expression result in a 
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functional taste receptor, i.e., a sweet taste receptor (T1R2/ 
T1R3) or umami taste receptor (T1R1/T1R3). 

0050 T1Rs, a family of class C G protein-coupled recep 
tors (GPCRs), are selectively expressed in the taste tissue 
(Hoon, M. A., et al., Cell, 1999. 96(4): p. 541-51, Bach 
manov, A. A., et al., Chem Senses, 2001. 26(7): p. 925-33, 
Montmayeur, J. P. et al., Nat Neurosci, 2001. 4(5): p. 492-8. 
Max, M., et al., Nat Genet, 2001. 28(1): p. 58-63, Kitagawa, 
M., et al., Biochem Biophys Res Commun, 2001. 283(1): p. 
236-42 and Nelson, G., et al., Cell, 2001. 106(3): p. 381-90.) 
Functional expression of T1Rs in HEK293 cells revealed 
that different combinations of T1Rs respond to sweet and 
umami taste stimuli (Nelson, G., et al., Cell, 2001. 106(3): 
p. 381-90, Li, X., et al., Proc Natl Acad Sci USA, 2002. 
99(7): p. 4692-6.) T1R2 and T1R3, when co-expressed in 
293 cells, recognize diverse natural and synthetic sweeteners 
For the reason mentioned above re “diverse', please con 
sider whether we need this section for enablement. If not, I’d 
delete. We can discuss), while T1R1 and T1R3 recognize 
umami taste stimulus L-glutamate, and this response is 
enhanced by 5'-ribonucleotides, a hallmark of umami taste. 
Knockout data confirmed that T1Rs indeed mediate mouse 
sweet and umami tastes Damank, S., et al., Science, 2003 
301 (5634): p. 850-3, Zhao, G. Q., et al., Cell 2003 Oct. 31.: 
115(3):255-66). 

0051. The class C GPCRs possess a large N-terminal 
extracellular domain, often referred to as the Venus flytrap 
domain (VFD) (Pin, J. P., Pharmacol Ther, 2003 98(3): p. 
325-54), and are known to function as either homodimers, in 
the cases of metabotropic glutamate receptors (mGluRs) and 
calcium- sensing receptor (CaR), or heterodimers, in the 
case of I-aminobutyric acid type B receptor (GABAR). The 
functional expression data shows a heterodimer mechanism 
for T1Rs: both T1R1 and T1R2 need to be coexpressed with 
T1R3 to be functional, which is supported by the overlap 
ping expression patterns of T1RS in rodent tongue. 

0.052 It is established herein that T1R family members 
act in combination with other T1R family members to 
function as Sweet and umami taste receptors. As disclosed in 
further detail infra in the experimental examples, it has been 
demonstrated that heterologous cells which co-express 
hT1R2 and hT1R3 are selectively activated by sweet taste 
stimuli in a manner that mirrors human Sweet taste. 

0053 For example, HEK-293-Go. 15 cells that co-express 
hT1R2 and hT1R3 specifically respond to cyclamate, 
Sucrose, aspartame, and saccharin, and the dose responses 
for these compounds correlate with the psychophysical taste 
detection thresholds. 

0054 Also, as supported by data in the experimental 
examples, it has been shown that cells which co-express 
hT1R1 and hT1R3 are selectively activated by glutamate 
(monosodium glutamate) and 5'-ribonucleotides in a manner 
that mirrors human umami taste. For example, HEK-293 
GC. 15 cells that co-express hT1R1 and hT1R3 specifically 
respond to glutamate and the dose response for this unami 
tasting compound correlates with its psychophysical taste 
detection threshold. Moreover, 5'-ribonucleotides such as 
IMP enhance the glutamate response of the T1R1/T1R3 
receptor, a synergism characteristic of umami taste. 
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0055. Further, as shown by experimental data in the 
examples it has been shown that cells which stably and 
inducibly co-express T1R1/T1R3 selectively respond to the 
umami taste stimuli L-glutamate and L-aspartate and only 
weakly respond to other L-amino acids, and at much higher 
concentrations, providing further evidence that the T1R1/ 
T1R3 receptor can be used in assays to identify compounds 
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that modulate (enhance or block) umami taste stimuli. 
Examples of compounds that specifically bind to the sweet 
receptor and modulate sweet taste can be found in Table 5. 

0056 Tables 1-4 provide examples of compounds that 
specifically bind to the umami receptor and modulate umr 
nami taste. 

TABLE 1. 

Umami Amides 

Compound Umami Ecso ratio (vs. (a) 
No. Compound ECso (uM) MSG) (uM) 

A1 O.22 2.74 1 N On 1 O O 

C 
N 
H 

C 
3,6-Dichloro-N-(4-ethoxy-phenyl)-2- 

methoxy-benzamide 

A2 O O.93 6.98 O.O1 

No O o1 
C 

N 
H 

C 
4-(3,6-Dichloro-2-methoxy 

benzoylamino)-benzoic acid methyl 
ester 

A3 C /- 1.08 6.14 O.O3 

-()–: 
O 

C 

2,5-dichloro-N-(4- 
ethoxyphenyl)benzamide 

A4 0.4 

2-(Benzobthiophene-2-carbonyl)- 
amino-4-methyl-pentanoic acid 

methyl ester 
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TABLE 1-continued 

Umami Amides 

Compound Umami Ecso ratio (vs. (a) 
No. Compound ECso (uM) MSG) (uM) 

AS O.31 

2-(Benzofuran-2-carbonyl)-amino-4- 
methyl-pentanoic acid methyl ester 

ro) 
2-(5-Methoxy-benzofuran-2- 

carbonyl)-amino-4-methyl-pentanoic 
acid methyl ester 

A6 O.32 2.86 1 

O O 

(R)-5-methoxy-N-(1-methoxy-4- 
methylpentan-2-yl)benzofuran-2- 

carboxamide 

cy 
5-methyl-N-(5-methylhexan-3-yl) 

benzofuran-2-carboxamide 

A9 O O.71 

O 1. 

2-(Benzofuran-5-carbonyl)-amino-4- 
methyl-pentanoic acid methyl ester(R)- 
methyl 2-(benzofuran-5-carboxamido)- 

4-methylpentanoate 
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TABLE 1-continued 

Umami Amides 

Compound Umami Ecso ratio (vs. (a) 
No. Compound ECso (uM) MSG) (uM) 

A21 1.52 3.74 1 

O) 
N-(pentan-3-yl)benzofuran-2- 

carboxamide 

A22 N 1.58 

CO. S N 

Benzothiazole-6-carboxylic acid (1- 
propyl-butyl)-amide 

A23 O O.38 

& I 
O 

2-methyl-N-(2-methylheptan-4- 
yl)benzodoxazole-5-carboxamide 

A24 1.12 

()- 
O 

2-methyl-N-(2-methylheptan-4- 
yl)benzodoxazole-6-carboxamide 

A25 1.48 

1)- p-( / 
O O 

(R)-4-Methyl-2-(2-methyl 
benzooxazole-6-carbonyl)-amino 

pentanoic acid methyl ester 
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TABLE 1-continued 

Umami Amides 

Compound 
No. Compound 

N-(2,3-dimethylcyclohexyl)-3- 
methylfuran-2-carboxamide 

A33 

DC) { O 
4,5-dimethyl-N-(2-methylcyclohexyl) 

furan-2-carboxamide 

A34 

N 
(R)-methyl 2-(1H-indole-2- 

carboxamide)-4-methylpentanoate 

N-(heptan-4-yl)-1H-indole-6- 
carboxamide 

A36 
O 

N / 

(R)-methyl 2-(1H-indole-5- 
carboxamido)-4-methylpentanoate 

11 

Umami Ecso ratio (vs. (a) 
ECso (uM) MSG) (uM) 

1.15 

1.33 

O.82 8.81 1 

1.01 
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TABLE 1-continued 

Umami Amides 

Compound Umami Ecso ratio (vs. (a) 
No. Compound ECso (uM) MSG) (uM) 

A37 N 1.5 
2 O 

H / 
N N O 

". 

(R)-methyl 4-methyl-2-(duinoline-6- 
carboxamido)pentanoate 

A38 7 122 6.54 1 

| H Ol S 

O r 
5-Methyl-thiophene-2-carboxylic acid 

(1-propyl-butyl)-amide 

A39 S O 1.31 2.3 1 

5-Methyl-thiophene-2-carboxylic acid 
(1,2,3,4-tetrahydro-naphthalen-1-yl)- 

amide 

Cr's V 
(R)-methyl 2-(2-naphthamido)-4- 

methylpentanoate 

A41 O 0.7 2.14 3 

N 
O 

O c. 
N-(nonan-5-yl)benzod1.3dioxole-5- 

carboxamide 

A40 0.37 
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TABLE 1-continued 

Umami Amides 

Compound Umami Ecso ratio (vs. (a) 
No. Compound ECso (uM) MSG) (uM) 

A101 1.16 7.62 1 

OH 

N-(heptan-4-yl)-2-hydroxy-4- 
methoxybenzamide 

4-hydroxy-3-methyl-N-(1,2,3,4- 
tetrahydronaphthalen-1-yl)benzamide 

A1 O2 1.32 949 1 

A103 1.36 

O 

C N 
(1S,2R)-ethyl 2-(3-chloro-4- 

methoxybenzamido) 
cyclohexanecarboxylate 

A104 1.37 

O 

u? N 

O ON 

Biphenyl-2-carboxylic acid 2,4- 
dimethoxy-benzylamide 

A105 1.38 2.79 1 
O 

N 
H 

S 
(S)-N-(1,2,3,4-tetrahydronaphthalen-1- 

yl)-4-vinylbenzamide 
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TABLE 3-continued 

Umami Ureas 

Umami EcSO 

Compound ECso ratio (vs. Con. 
No. IUPAC Name uM MSG) (uM) 

C10 1.51 2.1 O.3 

-C) ) - / 

1-(4-ethoxyphenyl)-3-(2-methylcyclohexyl)urea 

C11 1.65 4.49 1 
O 

1s, 
H H 

F 

1-(2-fluorophenyl)-3-(1,2,3,4-tetrahydronaphthalen 
1-yl)urea 

C12 1.67 

HN 

- O HN 

O 

1-(2-methoxyphenyl)-3-(2-methylcyclohexyl)urea 

C13 1. 1.72 11.87 1 

r 
1-(2,4-dimethoxyphenyl)-3-(pentan-3- 

yl)urea 
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TABLE 5-continued 

May 10, 2007 
50 

2.34 E109 C 

HN C 

N-( 
O 

N-(2,4-dichlorophenyl)-3,4-dihydroisoquinoline 
2(1H)-carboxamide 

E110 N 

KR) & 
N-(2-cyanophenyl-3,4-dihydroisoquinoline-2(1H)- 

carboxamide 

O 
N-p-tolyl-3,4-dihydroisoquinoline-2(1H)- 

carboxamide 

E112 C 

KR) & 
N-(3-chloro-2-methylphenyl)-3,4- 

dihydroisoquinoline-2(1H)-carboxamide 

E113 / 

( ; O -K 
N-(2,4-dimethoxyphenyl)-3,4-dihydroisoquinoline 

2(1H)-carboxamide 

0061 Also, as supported by experimental data in the 
examples, it has been shown that cell lines which co-express 
T1R1/T1R3 or T1R2/T1R3 respectively respond to umami 
or Sweet taste stimuli and a quantitative dose-responsive 
manner which further Supports a conclusion that specific 
binding to the T1R1/T1R3 and T1R2/T1R3 receptor can be 
used to define receptor agonists and antagonists, e.g., MSG 
Substitutes, umami blockers, novel artificial and natural 
Sweeteners, and Sweet blockers. 
0062 Also, as supported by data in experimental 
examples, it has been shown that the sweet taste blocker 
lactisole inhibits both the T1R2/T1R3 Sweet receptor and the 
T1R1/T1R3 umami taste receptor. Compounds are provided 

2.5 

427 

4.33 

4.44 

herein that enhance, mimic, modulate or block Sweet or 
umami taste. The fact that lactisole inhibits both the T1R1/ 
T1R3 and T1R2/T1R3 receptors suggests that these recep 
tors may share a common Subunit which is bound by 
lactisole and potentially other taste modulators. Therefore, 
this shows that Some compounds which enhance, mimic, 
modulate or block Sweet taste can have a similar effect on 
umami taste or vice versa. 

0063. Further, as supported by data in experimental 
examples, it has been demonstrated that cell lines which 
stably co-express T1Rs, i.e. T1R1/T1R3 or T1R2/T1R3, 
when assayed by automated fluorescence imaging very 
effectively respond to various Sweet and umami taste 
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stimuli, i.e. at magnitudes Substantially greater than tran 
siently transfected cells. Thus, these cell lines are especially 
well Suited for use in high throughput Screening assays for 
identifying compounds that modulate, block, mimic or 
enhance Sweet or umami taste. However, the invention also 
encompasses assays that utilize cells that transiently express 
a T1R or combination thereof. 

0064 Moreover, while the application contains data dem 
onstrating that some T1RS act in combination, particularly 
T1R1/T1R3 and T1R2/T1R3, and that such receptor com 
binations may be used in assays, preferably high throughput 
assays, it should be noted that the Subject invention also 
encompasses assays that utilize T1R1, T1R2 and T1R3 
alone or in combination with other proteins, e.g., other 
GPCRS. 

0065. There are differences in human and rodent sweet 
taste in terms of the ligand specificity, G protein coupling 
efficiency, as well as sensitivity to inhibitors. The species 
differences in T1R ligand specificity can be utilized to 
demonstrate that the Sweet taste receptor indeed functions as 
a heteromeric complex, and that there is more than one 
ligand binding site on the receptor. Furthermore, a functional 
link between the Sweet and umami receptors mediated by 
T1R3 has been shown (Example 16). 
0.066 Both human and rat sweet receptors can efficiently 
couple to a chimeric GC15 with the C-terminal tail sequence 
from G (Gs). For example, human but not rat T1R2/ 
T1R3 selectively responds to a group of Sweeteners, includ 
ing aspartame, neotame, and cyclamate. This is consistent 
with taste physiology data. These differences in agonist 
specificity can be utilized to map their binding sites on the 
receptor. A chimeric T1R can be generated between human 
and rat genes, with a junction immediately before the 
transmembrane domain. Each T1R chimera therefore con 
sists of two halves, the N-terminal extracellular domain, and 
the C-terminal transmembrane and intracellular domain, 
from different species. For example, a chimeric T1R2, 
termed T1R2-R, has a sequence from the N-terminus of 
human T1R2 fused to rat T1R2 C-terminal sequence. 
Responses to these chimeras can then be tested (FIG. 22). 
0067 Novel compounds and novel flavor, tastants, and 
sweet enhancers were discovered in the chemistry series of 
amide derivatives. The amide compounds also comprise 
certain Sub-classes of amide derivatives or classes of deriva 
tives related to amides, such as for example ureas, urethanes, 
oxalamides, acrylamides, and the like. These compounds, 
when used together with Sucrose or alone, increase a 
response in vitro and concomitant increase in Sweet percep 
tion in human tasting. These compounds enhance other 
natural and synthetic Sweet tastants. Examples of these 
compounds are listed in Table 5. 
0068. In one embodiment, the invention provides novel 
compounds, flavorants, tastants, flavor enhancers, taste 
enhancers, flavor modifying compounds, and/or composi 
tions containing them. 
0069. In a more specific embodiment, the invention pro 
vides novel Sweet flavorants, Sweet tastants, Sweet taste 
enhancers, and Sweet taste modifiers and compositions con 
taining them. 
0070 More particularly, in another embodiment, the 
invention is directed to compounds that modulate, induce, 
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enhance, or inhibit natural or synthetic Sweet tastants, e.g., 
naturally occurring and synthetic Sweeteners. 

0071. In another embodiment, the invention provides 
compositions, preferably compositions Suitable for human 
or animal consumption, containing at least one compound of 
the invention. These compositions include foods, beverages 
and medicinals, and food additives which when added to 
foods, beverages or medicinals modulate the flavor or taste 
thereof, particularly by enhancing the Sweet taste thereof 
0072 Another embodiment of the invention is directed to 
use of a compound of the invention to modulate the Sweet 
taste of a desired food, beverage or medicinal, which com 
position may comprise one or more other compounds that 
elicit a Sweet taste. These compounds, when they were used 
together with naturally occurring and synthetic Sweeteners, 
not only increased a response in vitro but also intensified the 
Sweet and other flavor or taste perceptions in human tasting. 
These specific compounds, when they were used together 
with Sweet tastants, such as naturally occurring and Syn 
thetic Sweeteners, not only increased the T1R2/T1R3 
response in vitro but also intensified the sweet taste and 
other flavor or taste perceptions in human tasting. 
0073 Novel compounds and novel flavor, tastant, and 
umami enhancers and tastants such as amides, ureas, amino 
amides, amido-amides, and B-lactams are also disclosed 
herein. These compounds, when used together with MSG or 
alone, increase a response in vitro and the umami perception 
in human tasting. These compounds also enhance other 
natural and synthetic umami tastants. Examples of these 
compounds are listed in Tables 1-4. 
0074. In one embodiment, the invention provides novel 
compounds, flavorants, tastants, flavor enhancers, taste 
enhancers, flavor moding compounds, and/or compositions 
containing them. 

0075. In a more specific embodiment, the invention pro 
vides novel umami flavorants, umami tastants, umami taste 
enhancers, and umami taste modifiers and compositions 
containing them. 

0076 More particularly, in another embodiment, the 
invention is directed to compounds that modulate (induce, 
enhance or inhibit) natural or synthetic umami tastants, e.g., 
monosodium glutamate (MSG). 
0077. In another embodiment, the invention provides 
compositions, preferably compositions Suitable for human 
or animal consumption, containing at least one compound of 
the invention. These compositions include foods, beverages 
and medicinals, and food additives which when added to 
foods, beverages or medicinals modulate the flavor or taste 
thereof, particularly by enhancing the umami taste thereof. 

0078. Another embodiment of the invention is directed to 
use of a compound of the invention to modulate the umami 
taste of a desired food, beverage or medicinal, which com 
position may comprise one or more other compounds that 
elicit a umami taste, e.g., MSG. These compounds, when 
they were used together with MSG, not only increased a 
response in vitro but also intensified the umami and other 
flavor or taste perceptions in human tasting. These specific 
compounds, when they were used together with umami 
tastants, such as MSG, not only increased the T1R1/T1R3 
response in vitro but also intensified the umami taste and 
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other flavor or taste perceptions in human tasting. Some of 
the compounds, when they were tasted alone, elicited human 
perception of umani. 
0079 Compounds defined by specific binding to specific 
receptors using the present T1R assays can be used to 
modulate the taste of foods and beverages. Suitable assays 
described in further detail infra include by way of example 
whole-cell assays and biochemical assays, including direct 
binding assays using one of a combination of different T1R 
receptors, chimeras or fragments thereof, especially frag 
ments containing N-terminal ligand-binding domains. 
Examples of assays appropriate for use in the invention are 
described in greater detail infra and are known in the GPCR 
field. 

0080 Assays can be designed that quantitate the binding 
of different compounds or mixtures of compounds to T1R 
taste receptors or T1R taste receptor combinations or T1R 
receptors expressed in combination with other heterologous 
(non-T1R) proteins, e.g. other GPCRs, or that quantitate the 
activation of cells that express T1R taste receptors. This can 
be effected by stably or transiently expressing taste receptors 
in heterologous cells such as HEK-293, CHO and COS cells. 
Thus, this physico-chemical characteristic of the compounds 
is used to define a genus of compound that share this 
characteristic. 

0081. The assays will preferably use cells that also 
express preferably stably) a G protein such as Go. 15 or 
GC.15 or other promiscuous G proteins or G protein variants, 
or an endogenous G protein. In addition, G and G, proteins 
may also be expressed therein. 

0082 The effect of a compound on sweet or umami taste 
using cells or compositions that express or contain the 
above-identified receptors or receptor combinations may be 
determined by various means including the use of calcium 
sensitive dyes, Voltage-sensitive dyes, cAMP assays, direct 
binding assays using fluorescently labeled ligands or radio 
active ligands such as H-glutamate, or transcriptional 
assays (using a suitable reporter Such as luciferase or beta 
lactamase). 
0.083 Assays that may be utilized with one or more T1Rs 
according to the invention include by way of example, 
assays that utilize a genetic selection for living cells; assays 
that utilize whole cells or membrane fragments or purified 
T1R proteins; assays that utilize second messengers such as 
cANP and IP3, assays that detect the translocation of arrestin 
to the cell surface, assays that detect the loss of receptor 
expression on the cell Surface (internalization) by tested 
ligands, direct ligand-binding assays, competitive-binding 
assays with inhibitors, assays using in vitro translated pro 
tein, assays that detect conformational changes upon the 
binding of a ligand (e.g., as evidenced by proteolysis, 
fluorescence, or NMR), behavioral assays that utilize trans 
genic non-human animals that express a T1R or T1R com 
bination, such as flies, worms, or mice, assays that utilize 
cells infected with recombinant viruses that contain T1R 
genes. 

0084. Also within the scope of the invention are struc 
ture-based analyses wherein the X-ray crystal structure of a 
T1R or T1R fragment (or combination of T1Rs, or a 
combination of a T1R with another protein) is determined 
and utilized to predict by molecular modeling techniques 
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compounds that will bind to and/or enhance, mimic, block or 
modulate the particular T1R receptor or receptor combina 
tion. More particularly, the invention embraces the determi 
nation of the crystal structure of T1R1/T1R3 (preferably 
hT1R1/hT1R3) and/or T1R2/T1R3 (preferably hT1R2/ 
hT1R3) and the use of such crystal structures in structure 
based design methods to identify molecules that modulate 
T1R receptor activity. 
0085. The invention especially includes biochemical 
assays conducted using cells, e.g., mammalian, yeast, insect 
or other heterologous cells that express one or more full 
length T1R receptors or fragments, preferably N-terminal 
domains of T1R1, T1R2 and/or T1R3. The effect of a 
compound in Such assays can be determined using competi 
tive binding assays, e.g., using radioactive glutamate or IMP. 
fluorescence (e.g., fluorescence polarization, FRET), or 
GTPYS binding assays. As noted, in a preferred embodi 
ment, such assays will utilize cell lines that stably co-express 
T1R1/T1R3 or T1R2/T1R3 and a suitable G protein, such as 
G.s. Other appropriate G proteins include the chimeric and 
variant G proteins disclosed in U.S. application Ser. No. 
09/984,292 and 60/243,770, incorporated by reference in 
their entirety herein. 
0086) Still further, altered receptors can be constructed 
and expressed having improved properties, e.g., enhanced 
Surface expression or G-protein coupling. These T1R vari 
ants can be incorporated into cell-based and biochemical 
assayS. 

0087. It is envisioned that the present discoveries relating 
to human T1RS will extend to other species, e.g., rodents, 
pigs, monkeys, dogs and cats, and perhaps even non-mam 
mals such as fish. In this regard, several fish T1R fragments 
are identified infra in Example 1. Therefore, the subject 
invention has application in Screening for compounds for 
use in animal feed formulations. 

0088. The invention further includes that utilize different 
allelic variants of various T1Rs and combinations thereof, 
thereby enabling the identification of compounds that elicit 
specific taste sensation in individuals that express those 
allelic variants or compounds that elicit specific taste sen 
sations in all individuals. Such compounds can be used to 
make foods more generally palatable. 
0089 T1R encoding nucleic acids also provide valuable 
probes for the identification of taste cells, as the nucleic 
acids are specifically expressed in taste cells. For example, 
probes for T1R polypeptides and proteins can be used to 
identify taste cells present in foliate, circumvallate, and 
flugiform papillae, as well as taste cells present in the 
geschmackstreifen, oral cavity, gastrointestinal epithelium, 
and epiglottis. In particular, methods of detecting T1RS can 
be used to identify taste cells sensitive to sweet and/or 
umami taste stimuli or other taste stimuli representing other 
taste modalities. For example, cells stably or transiently 
expressing T1R2 and/or T1R3 would be predicted from the 
work herein to be responsive to Sweet taste stimuli. Simi 
larly, cells expressing T1R1 and/or T1R3 would be predicted 
to be responsive to umami taste stimuli. The nucleic acids 
encoding the T1R proteins and polypeptides of the invention 
can be isolated from a variety of Sources, genetically engi 
neered, amplified, synthesized, and/or expressed recombi 
nantly according to the methods disclosed in WO 
00/035374, which is herein incorporated by reference in its 
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entirety. A listing of T1RS that may be expressed according 
to the invention are provided in the Examples. However, it 
should be emphasized that the invention embraces the 
expression and use of other specific T1RS or fragments, 
variants, or chimeras constructed based on Such T1R 
sequences, and particularly T1RS of other species. 

0090. As disclosed, an important aspect of the invention 
is the plurality of methods of screening for modulators, e.g., 
activators, inhibitors, stimulators, enhancers, agonists, and 
antagonists, of these taste-cell-specific GPCRs. Such modu 
lators of taste transduction are useful for the modulation of 
taste signaling pathways. These methods of screening can be 
used to identify high affinity agonists and antagonists of taste 
cell activity. These modulatory compounds can then be used 
in the food industry to customize taste, e.g., to modulate the 
Sweet and/or umami tastes of foods. 

0.091 This invention rectifies the previous lack of under 
standing relating to Sweet and umami taste as it identifies 
specific T1Rs and T1R receptor combinations that mediate 
Sweet and umami taste sensation. Therefore, in general, this 
application relates to the inventors discoveries relating to 
the T1R class of taste-specific G-protein-coupled receptors 
and their specific function in taste perception and the rela 
tionship of these discoveries to a better understanding of the 
molecular basis of taste. 

0092. The molecular basis of sweet taste and umami 
taste—the savor of monosodium glutamate—is enigmatic. 
Recently, a three-member class of taste-specific G-protein 
coupled receptors, termed T1Rs, was identified. Overlap 
ping T1R expression patterns and the demonstration that the 
structurally related GABA receptor is heterodimeric Sug 
gest that the T1Rs function as heterodimeric taste receptors. 
In the examples infra, the present inventors describe the 
functional co-expression of human T1R1, T1R2, and T1R3 
in heterologous cells; cells co-expressing T1R1 and T1R3 
are activated by umami taste stimuli; cells co-expressing 
T1R2 and T1R3 are activated by sweet taste stimuli. T1R1/ 
T1R3 and T1R2/T1R3 activity correlated with psychophysi 
cal detection thresholds. In addition, the 5'-ribonucleotide 
IMP was found to enhance the T1R1/T1R3 response to 
glutamate, a synergism characteristic of umami taste. These 
findings demonstrate that specific T1RS and particularly 
different combinations of the T1Rs function as sweet and 
umami taste receptors. 

0093 Human perception of bitter, sweet, and umami is 
thought to be mediated by G-protein-coupled receptors 
(Lindemanm, B., Physiol Res. 76:718-66 (1996)). Recently, 
evaluation of the human genome revealed the T2R class of 
bitter taste receptors (Adler et al., Cell 100:613-702 (2000); 
Chandrasgekar et al., Cell 100:703-11 (2000); Matsunami et 
al., Nature 404: 601-604 (2000)) but the receptors for sweet 
and umami taste have not been identified. Recently, another 
class of candidate taste receptors, the T1Rs, was identified. 
The T1Rs were first identified by large-scale sequencing of 
a subtracted cDNA library derived from rat taste tissue, 
which identified T1R1, and subsequently by T1R1-based 
degenerate PCR, which led to the identification of T1R2 
(Hoon et al., Cell 96:541-551 (1999)). Recently, the present 
inventors and others identified a third and possibly final 
member of the T1R family, T1R3, in the human genome 
databank (Kitagawa et al., Biochem Biophys. Res Commun. 
283(1): 236-42 (2001): Max et al., Nat. Genet. 28(1): 58-63 
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(2001); Sainz et al., J. Neurochem. 77(3): 896-903 (2001): 
Montmayeur et al., Nat. Neurosci. 4, 492-8. (2001)). Tell 
ingly, mouse T1R3 maps to a genomic interval containing 
Sac, a locus that influences sweet taste in the mouse (Fuller 
et al., J Hered 65:33-6 (1974); Li et al., Mamm. Genome 
12:13-16 (2001)). Therefore, T1R3 was predicted to func 
tion as a Sweet taste receptor. Recent high-resolution genetic 
mapping studies have strengthened the connection between 
mouse T1R3 and Sac (Fuller T. C., J Hered. 65(1): 33-36 
(1974); Li et al., Mammal. Genome 12(1): 13-16 (2001)). 
0094) Interestingly, all C-family receptors that have been 
functionally expressed thus far metabotropic glutamate 
receptors, the GABA receptor, the calcium-sensing recep 
tor (Conigrave, A. D., Quinn, S. J. & Brown, E. M., Proc 
Natl AcadSci USA97, 4814-9. (2000)), and a fish olfactory 
receptor (Speca, D. J. et al., Neuron 23, 487-98. (1999))– 
have been shown to be activated by amino acids. This 
common feature raises the possibility that the T1Rs recog 
nize amino acids, and that the T1Rs may be involved in the 
detection of glutamate in addition to Sweet-tasting amino 
acids. Alternatively, a transcriptional variant of the mGluR4 
metabotropic glutamate receptor has been proposed to be the 
umami taste receptor because of its selective expression in 
rat taste tissue, and the similarity of the receptor-activation 
threshold to the glutamate psychophysical detection thresh 
old (Chaudhariet al., Nat. Neurosci. 3:113-119 (2000)). This 
hypothesis is difficult to reconcile with the exceedingly low 
expression level of the mGluR4 variant in taste tissue, and 
the more or less unaltered glutamate taste of mGluR4 
knockout mice (Chaudhari and Roper, Ann. NY. Acad. Sci. 
855:398-406 (1998)). Furthermore, the taste variant is struc 
turally implausible, lacking not only the majority of the 
residues that form the glutamate-binding pocket of the 
wild-type receptor, but also approximately half of the globu 
lar N-terminal glutamate-binding domain (Kunishima et al., 
Nature 407:971-7 (2000)). 
0095 Comparative analysis of T1R expression patterns 
in rodents has demonstrated that T1R2 and possibly T1R1 
are each coexpressed with T1R3 (Hoon et al., Cell 96:541 
51 (1999); Kitagawa et al., Biochem Biophy. Res. Communil. 
283:236-242 (2001); Max et al., Nat. Genet. 28:58-63 
(2001); Montmayeur et al., Nat. Neurosci 4:492-8 (2001): 
Sainz et al., J. Neurochem 77:896-903 (2001)). Furthermore, 
dimerization is emerging as a common theme of C-family 
receptors: the metabotropic glutamate and calcium-sensing 
receptor are homodimers (Romomano et al., J Biol. Chem. 
271:28612-6 (1996): Okamoto et al., J. Biol. Chem. 273: 
13089-96 (1998); Han et al., J. Biol. Chem. 274:100008-13 
(1999); Bai et al., J. Biol. Chem. 273:23605-10 (1998)), and 
the structurally related GABA receptor is heterodimeric 
(Jones et al., Nature 396:674-9 (1998); Kaupmann et al., 
Nature 396:683-687 (1998); White et al., Nature 396:679 
682 (1998); Kuner et al., Science 283:74-77 (1999)). The 
present inventors have demonstrated by functional coex 
pression of T1Rs in heterologous cells that human T1R2 
functions in combination with human T1R3 as a Sweet taste 
receptor and that human T1R1 functions in combination 
with human T1R3 as an umami taste receptor. 
0096. The discoveries discussed herein are especially 
significant, as previously the development of improved 
artificial Sweeteners has been hampered by the lack of assays 
for Sweet taste. Indeed, the five commonly used commercial 
artificial Sweeteners, all of which activate hT1R2/hT1R3, 
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were discovered serendipitously. Similarly, other than sen 
sory testing, a laborious process, there is no assay for 
identifying compounds that modulate umami taste. These 
problems are now alleviated because, as established by 
experimental results discussed infra, the human Sweet and 
umami receptors have been identified, and assays for these 
receptors have been developed, particularly assays that use 
cells that stably express a functional T1R taste receptor, i.e. 
the Sweet or umami taste receptor. 
0097 Based thereon the invention provides assays for 
detecting and characterizing taste-modulating compounds, 
wherein T1Rfamily members act, as they do in the taste bud, 
as reporter molecules for the effect on Sweet and umami taste 
of taste-modulating compounds. Particularly provided and 
within the scope of the invention are assays for identifying 
compounds that modulate, mimic, enhance and/or block 
individually, Sweet and umami tastes. Methods for assaying 
the activity of GPCRs, and especially compounds that affect 
GPCR activity are well known and are applicable to the T1R 
family member of the present invention and functional 
combinations thereof. Suitable assays have been identified 
Supra. 

0098. The invention also provides compounds that bind 
T1R1, T1R2, T1R3, T1R2/T1R3 or T1R1/T1R3, or any 
fragment, portion, or Subunit thereof, as disclosed through 
Out. 

0099. In particular, the subject GPCRs can be used in 
assays to, e.g. measure changes in ligand binding, ion 
concentration, membrane potential, current flow, ion flux, 
transcription, receptor-ligand interactions, second messen 
ger concentrations, in vitro and in vivo. In another embodi 
ment, T1R family members may be recombinantly 
expressed in cells, and the modulation of taste transduction 
via GPCR activity may be assayed by measuring changes in 
Ca" levels and other intracellular messages such as cAMP. 
cGMP, or IP. 
0100. In certain assays, a domain of a T1R polypeptide, 
erg., an extracellular, transmembrane, or intracellular 
domain, is fused to a heterologous polypeptide, thereby 
forming a chimeric polypeptide, e.g., a chimeric protein with 
GPCR activity. Particularly contemplated is the use of 
fragments of T1R1, T1R2 or T1R3 containing the N-termi 
nal ligand-binding domain. Such proteins are useful, e.g., in 
assays to identify ligands, agonists, antagonists, or other 
modulators of T1R receptors. For example, a T1R polypep 
tide can be expressed in a eukaryotic cell as a chimeric 
receptor with a heterologous, chaperone sequence that facili 
tates plasma membrane trafficling, or maturation and target 
ing through the secretory pathway. The optional heterolo 
gous sequence may be a PDZ domain-interacting peptide, 
such as a C-terminal PDZIP fragment (SEQ ID NO 1). 
PDZIP is an ER export signal, which, according to the 
present invention, has been shown to facilitate surface 
expression of heterologous proteins such as the T1R recep 
tors described herein. More particularly, in one aspect of the 
invention, PDZIP can be used to promote proper targeting of 
problematic membrane proteins such as olfactory receptors, 
T2R taste receptors, and the T1R taste receptors described 
herein. 

0101 Examples of such chimeric receptors include trans 
species receptors. Any combination of receptor Subunits 
from various species can be used together to form a chimeric 
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receptor, which can then be used to identify tastants, for 
example. Therefore, contemplated herein is a chimeric 
T1R2/T1 R3 receptor comprising a human T1R2 subunit and 
a rat T1R3 subunit. Also contemplated is a chimeric T1R2/ 
T1R3 receptor comprising, a rat T1R2 subunit and a human 
T1R3 subunit. Also contemplated is a chimeric T1R2 recep 
tor subunit comprising, a human extracellular domain, a rat 
transmembrane domain and a rat intracellular domain (SEQ 
ID NOS: 16 and 17, for example). Also contemplated is 
chimeric T1R3 receptor Subunit comprising, a rat extracel 
lular domain, a human transmembrane domain and a human 
intracellular domain (SEQ ID NOS: 18 and 19, for 
example.) 

0102) Such chimeric T1R receptors can be expressed in 
any eukaryotic cell, such as HEK-293 cells. Preferably, the 
cells contain a G protein, preferably a promiscuous G 
protein Such as Gs or G, or another type of promiscuous 
G protein capable of linking a wide range of GPCRs to an 
intracellular signaling pathway or to a signaling protein Such 
as phospholipase C. Activation of Such chimeric receptors in 
Such cells can be detected using any standard method, such 
as by detecting changes in intracellular calcium by detecting 
FURA-2 dependent fluorescence in the cell. If preferred host 
cells do not express an appropriate G protein, they may be 
transfected with a gene encoding a promiscuous G protein 
such as those described in U.S. Application Ser. No. 60/243, 
770, U.S. application Ser. No. 09/984,297, filed Oct. 29, 
2001, and U.S. application Ser. No. 09/989,497 filed Nov. 
21, 2001 which are herein incorporated by reference in its 
entirety. 

0103) Additional methods of assaying for modulators of 
taste transduction include in vitro ligand-binding assays 
using: T1R polypeptides, portions thereof, i.e., the extracel 
lular domain, transmembrane region, or combinations 
thereof, or chimeric proteins comprising one or more 
domains of a T1R family member; oocyte or tissue culture 
cells expressing T1R polypeptides, fragments, or fusion 
proteins; phosphorylation and dephosphorylation of T1R 
family members; G protein binding to GPCRs: ligand 
binding assays: Voltage, membrane potential and conduc 
tance changes; ion flux assays; changes in intracellular 
second messengers such as cCMP. cAMP and inositol 
triphosphate (IP3); and changes in intracellular calcium 
levels. 

0.104 Further, the invention provides methods of detect 
ing T1R nucleic acid and protein expression, allowing 
investigation of taste transduction regulation and specific 
identification of taste receptor cells. T1R family members 
also provide useful nucleic acid probes for paternity and 
forensic investigations. T1R genes are also useful as nucleic 
acid probes for identifying taste receptor cells, such as 
foliate, fungiform, circumvallate, geschmackstreifen, and 
epiglottis taste receptor cells. T1R receptors can also be used 
to generate monoclonal and polyclonal antibodies useful for 
identifying taste receptor cells. 
0105 Functionally, the T1R polypeptides comprise a 
family of related seven transmembrane G protein-coupled 
receptors, which are believed to be involved in taste trans 
duction and may interact with a G protein to mediate taste 
signal transduction (see, e.g., Fong, Cell Signal, 8:217 
(1996); Baldwin, Curr. Opin. Cell Biol. 6:180 (1994)). 
Structurally, the nucleotide sequences of T1R family mem 
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bers encode related polypeptides comprising an extracellular 
domain, seven transmembrane domains, and a cytoplasmic 
domain. Related T1R family genes from other species share 
at least about 50%, and optionally 60%, 70%, 80%, or 90%, 
nucleotide sequence identity over a region of at least about 
50 nucleotides in length, optionally 100, 200, 500, or more 
nucleotides in length to the T1R nucleic acid sequences 
disclosed herein in the Examples, or conservatively modi 
fied variants thereof, or encode polypeptides sharing at least 
about 35 to 50%, and optionally 60%, 70%, 80%, or 90%, 
amino acid sequence identity over an amino acid region at 
least about 25 amino acids in length, optionally 50 to 100 
amino acids in length to a T1R polypeptide sequence dis 
closed infra in the Examples conservatively modified vari 
ants thereof 

0106 Several consensus amino acid sequences or 
domains have also been identified that are characteristic of 
T1R family members. For example, T1R family members 
typically comprise a sequence having at least about 50%, 
optionally 55%, 60%. 65%, 70%, 75%, 80%, 85%, 90%, 
95-99%, or higher, identity to T1R consensus sequences 1 
and 2 (SEQID NOS. 2 and 3, respectively). These conserved 
domains thus can be used to identify members of the T1R 
family, by identity, specific hybridization or amplification, 
or specific binding by antibodies raised against a domain. 
T1R consensus sequences include by way of example the 
following sequences: 

0107 T1R Family Consensus Sequence, 1: (SEQID NO: 
2) (TR)C(FL)(RQP)R(RT)(SPV)(VERKT)FL.(AE)(WL 
)(RHG)E 

0108 T1R Family Consensus Sequence 2: (SEQ ID NO: 
3) (LQ)P(EGT)(NRC)YN(RE)A(RK)(CGF)(VLI)T- 
(FL)(AS)(ML) 

0109 These consensus sequences are inclusive of those 
found in the T1R polypeptides described herein, but T1R 
family members from other organisms may be expected to 
comprise consensus sequences having about 75% identity or 
more to the inclusive consensus sequences described spe 
cifically herein. 
0110 Specific regions of the T1R nucleotide and amino 
acid sequences may be used to identify polymorphic vari 
ants, interspecies homologs, and alleles of T1R family 
members. This identification can be made in vitro, e.g. under 
stringent hybridization conditions or PCR (e.g., using prim 
ers encoding the T1R consensus sequences identified 
above), or by using the sequence information in a computer 
system for comparison with other nucleotide sequences. 
Different alleles of T1R genes within a single species 
population will also be useful in determining whether dif 
ferences in allelic sequences control differences in taste 
perception between members of the population. Classical 
PCR-type amplification and cloning techniques are useful 
for isolating new T1RS, for example, where degenerate 
primers are sufficient for detecting related genes across 
species. 
0111 Typically, identification of polymorphic variants 
and alleles of T1R family members can be made by com 
paring an amino acid sequence of about 25 amino acids or 
more, e.g., 50-100 amino acids. Amino acid identity of 
approximately at least 35 to 50%, and optionally 60%, 70%, 
75%, 80%, 85%, 90%. 95-99%, or above typically demon 
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strates that a protein is a polymorphic variant, interspecies 
homolog, or allele of a T1R family member. Sequence 
comparison can be performed using any of the sequence 
comparison algorithms discussed below. Antibodies that 
bind specifically to T1R polypeptides or a conserved region 
thereof can also be used to identify alleles, interspecies 
homologs, and polymorphic variants. 

0112 Polymorphic variants, interspecies homologs, and 
alleles of T1R genes can be confirmed by examining taste 
cell-specific expression of the putative T1R gene or protein. 
Typically, T1R polypeptides having an amino acid sequence 
disclosed herein can be used as a positive control in com 
parison to the putative T1R polypeptide to demonstrate the 
identification of a polymorphic variant or allele of the T1R 
family member. The polymorphic variants, alleles, and inter 
species homologs are expected to retain the seven trans 
membrane structure of a G protein-coupled receptor. For 
further detail, see WO 00/06592, which discloses related 
T1R family members, GPCR-B3s, the contents of which are 
herein incorporated by reference in a manner consistent with 
this disclosure. GPCR-B3 receptors are referred to herein as 
rT1R1 and mT1R1. Additionally, see WO 00/06593, which 
also discloses related T1R family members, GPCR-B4s, the 
contents of which are herein incorporated by reference in a 
manner consistent with this disclosure. GPCR-B4 receptors 
are referred to herein as rT1R2 and mT1R2. As discussed 
previously, the invention also includes structure-based 
assays that utilize the X-ray crystalline structure of a T1R or 
T1R combination, e.g., hT1R2/hT1R3 or hT1R1/hT1R3, to 
identify molecules that modulate T1R receptor activity, and 
thereby modulate Sweet and/or umami taste. 

0113. The present invention also provides assays, pref 
erably high throughput assays, to identify molecules that 
enhance, mimic, block and/or modulate T1R receptors. In 
Some assays, a particular domain of a T1R family member 
is used in combination with a particular domain of another 
T1R family member, e.g. an extracellular, transmembrane, 
or intracellular domain or region. In other embodiments, an 
extracellular domain, transmembrane region or combination 
thereof may be bound to a solid Substrate, and used, e.g., to 
isolate ligands, agonists, antagonists, or any other molecules 
that can bind to and/or modulate the activity of a T1R 
polypeptide. 

0114 Various conservative mutations and substitutions 
are envisioned to be within the scope of the invention. For 
instance, it is within the level of skill in the art to perform 
amino acid Substitutions using known protocols of recom 
binant gene technology including PCR, gene cloning, site 
directed mutagenesis of cDNA, transfection of host cells, 
and in-vitro transcription. The variants could then be 
screened for activity. 

Definitions 

0.115. As used herein, the following terms have the mean 
ings ascribed to them unless specified otherwise. 

0116 “Taste cells' include neuroepithelial cells that are 
organized into groups to form taste buds of the tongue, e.g., 
foliate, fungiform, and circumvallate cells (see, e.g., Roper 
et al., Ann. Rev. Neurosci. 12:329-353 (1989)). Taste cells 
are also found in the palate and other tissues, such as the 
esophagus and the stomach. 



US 2007/01 04709 A1 

0117 “T1R refers to one or more members of a family 
of G protein-coupled receptors that are expressed in taste 
cells Such as foliate, fungiform, and circumvallate cells, as 
well as cells of the palate, and esophagus (see, e.g. Hoon et 
al., Cell, 96:541-551 (1999), herein incorporated by refer 
ence in its entirety). Members of this family are also referred 
to as GPCR-B3 and TR1 in WO 00/06592 as well as 
GPCR-B4 and TR2 in WO 00/06593. GPCR-B3 is also 
herein referred to as rT1R1, and GPCR-B4 is referred to as 
rT1R2. Taste receptor cells can also be identified on the basis 
of morphology (see, e.g., Roper, stupra), or by the expres 
sion of proteins specifically expressed in taste cells. T1R 
family members may have the ability to act as receptors for 
Sweet taste transduction, or to distinguish between various 
other taste modalities. Representative T1R sequences, 
including hT1R1, hT1R2 and hT1R3 are identified infra in 
the examples. 

0118 “T1R nucleic acids encode a family of GPCRs 
with seven transmembrane regions that have “G protein 
coupled receptor activity, e.g., they may bind to G proteins 
in response to extracellular stimuli and promote production 
of second messengers such as IP3, cAMP, c0MP, and Ca" 
via Stimulation of enzymes Such as phospholipase C and 
adenylate cyclase (for a description of the structure and 
function of GPCRs, see, e.g., Fong, Supra, and Baldwin, 
Supra). A single taste cell may contain many distinct T1R 
polypeptides. 

0119) The term “T1R' family therefore refers to poly 
morphic variants, alleles, mutants, and interspecies 
homologs that: (1) have at least about 35 to 50% amino acid 
sequence identity, optionally about 60, 75, 80, 85,90, 95, 96, 
97, 98, or 99% amino acid sequence identity to a T1R 
polypeptide, preferably those identified in Example 1, over 
a window of about 25 amino acids, optionally 50-100 amino 
acids; (2) specifically bind to antibodies raised against an 
immunogen comprising an amino acid sequence preferably 
selected from the group consisting of the T1R polypeptide 
sequence disclosed in Example 1 and conservatively modi 
fied variants thereof; (3) are encoded by a nucleic acid 
molecule which specifically hybridize (with a size of at least 
about 100, optionally at least about 500-1000 nucleotides) 
under Stringent hybridization conditions to a sequence 
selected from the group consisting of the T1R nucleic acid 
sequences contained in Example 1, and conservatively 
modified variants thereof, or (4) comprise a sequence at least 
about 35 to 50% identical to an amino acid sequence 
selected from the group consisting of the T1R amino acid 
sequence identified in Example 1. 

0120 Topologically, the T1Rs disclosed herein have an 
“N-terminal domain also called “extracellular domain' 
comprising a “venus flytrap domain and a "cysteine rich 
domain.'"transmembrane domains' comprising seven 
transmembrane regions, and corresponding cytoplasmic, 
and extracellular loops; and a "C-terminal domain” (see, 
e.g., Hoon et al., Cell, 96:541-551 (1999); Buck & Axel, 
Cell, 65:175-187 (1991)). These domains have been struc 
turally identified using methods known to those of skill in 
the art, Such as sequence analysis programs that identify 
hydrophobic and hydrophilic domains (Stryer, Biochemis 
try, (3rd ed. 1988). Such domains are useful for making 
chimeric proteins and for in vitro assays of the invention, 
e.g., ligand binding assays. The specific binding of a com 
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pound to these structurally defined domains provides pro 
vides structural definition for the compound. 
0121) “Extracellular domains” therefore refers to the 
domains of T1R polypeptides that protrude from the cellular 
membrane and are exposed to the extracellular face of the 
cell. Such domains generally include the “N terminal 
domain that is exposed to the extracellular face of the cell, 
and optionally can include portions of the extracellular loops 
of the transmembrane domain that are exposed to the 
extracellular face of the cell, i.e., the loops between trans 
membrane regions 2 and 3, between transmembrane regions 
4 and 5, and between transmembrane regions 6 and 7. 
0.122 The “N-terminal domain region starts at the N-ter 
minus and extends to a region close to the start of the first 
transmembrane domain. More particularly, in one embodi 
ment of the invention, this domain starts at the N-terminus 
and ends approximately at the conserved glutamic acid at 
amino acid position 563 plus or minus approximately 20 
amino acids. These extracellular domains are useful for in 
vitro ligand-binding assays, both soluble and Solid phase. In 
addition, transmembrane regions, described below, can also 
bind ligand either in combination with the extracellular 
domain, and are therefore also useful for in vitro ligand 
binding assays. 
0123 “Cysteine-rich domain refers to the domain of the 
polypeptides. This conserved sequence contains several 
highly-conserved Cys residues that form disulphide bridges, 
and lies outside the cell membrane. This region corresponds 
to the domain of the T1Rfamily members and is found in all 
three subunits, T1R1-T1R3. The cysteine rich sequence is 
found in amino acids 510-566 of T1R1, 508-565 of T1R2, 
and 512-568 or T1R3. 

0.124 “Transmembrane domain,” which comprises the 
seven “transmembrane regions.” refers to the domain of T1R 
polypeptides that lies within the plasma membrane, and may 
also include the corresponding cytoplasmic (intracellular) 
and extracellular loops. In one embodiment, this region 
corresponds to the domain of T1R family members which 
starts approximately at the conserved glutamic acid residue 
at amino acid position 563 plus or minus 20 amino acids and 
ends approximately at the conserved tyrosine amino acid 
residue at position 812 plus or minus approximately 10 
amino acids. The seven transmembrane regions and extra 
cellular and cytoplasmic loops can be identified using stan 
dard methods, as described in Kyte & Doolittle, J. Mol. 
Biol., 157:105-32 (1982)), or in Stryer, supra. 
0.125 “Cytoplasmic domains' refers to the domains of 
T1R polypeptides that face the inside of the cell, e.g., the 
“C-terminal domain and the intracellular loops of the 
transmembrane domain, e.g., the intracellular loop between 
transmembrane regions 1 and 2, the intracellular loop 
between transmembrane regions 3 and 4, and the intracel 
lular loop between transmembrane regions 5 and 6. 
0.126 “C-terminal domain refers to the region that spans 
the end of the last transmembrane domain and the C-termi 
nus of the protein, and which is normally located within the 
cytoplasm. In one embodiment, this region starts at the 
conserved tyrosine amino acid residue at position 812 plus 
or minus approximately 10 amino acids and continues to the 
C-terminus of the polypeptide. 
0127. The term “ligand-binding region' or “ligand-bind 
ing domain refers to sequences derived from a taste recep 
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tor, particularly a taste receptor that Substantially incorpo 
rates at least the extracellular domain of the receptor. In one 
embodiment, the extracellular domain of the ligand-binding 
region may include the N-terminal domain and, optionally, 
portions of the transmembrane domain, such as the extra 
cellular loops of the transmembrane domain. The ligand 
binding region may be capable of binding a ligand, and more 
particularly, a compound that enhances, mimics, blocks, 
and/or modulates taste, e.g., Sweet or umami taste. 

0128. The phrase "heteromultimer' or "heteromultim 
neric complex” in the context of the T1R receptors or 
polypeptides of the invention refers to a functional associa 
tion of at least one T1R receptor and another receptor, 
typically another T1R receptor polypeptide (or, alternatively 
another non-T1R receptor polypeptide). For clarity, the 
functional co-dependence of the T1Rs is described in this 
application as reflecting their possible function as het 
erodimeric taste receptor complexes. However, as discussed 
previously, functional co-dependence may alternatively 
reflect an indirect interaction. For example, T1R3 may 
function solely to facilitate surface expression of T1R1 and 
T1R2, which may act independently as taste receptors. 
Alternatively, a functional taste receptor may be comprised 
solely of T1R3, which is differentially processed under the 
control of T1R1 or T1R2, analogous to RAMP-dependent 
processing of the calcium-related receptor. 

0129. The phrase “functional effects” in the context of 
assays for testing compounds that modulate T1R family 
member mediated taste transduction includes the determi 
nation of any parameter that is indirectly or directly under 
the influence of the receptor, e.g., functional, physical and 
chemical effects. It includes ligand binding, changes in ion 
flux, membrane potential, current flow, transcription, G 
protein binding, GPCR phosphorylation or dephosphoryla 
tion, conformation change-based assays, signal transduc 
tion, receptor-ligand interactions, second messenger concen 
trations (e.g., cAMP. c6MP, IP3, or intracellular Ca"), in 
vitro, in Vivo, and ex vivo and also includes other physi 
ologic effects such increases or decreases of neurotransmit 
ter or hormone release. 

0130 By “determining the functional effect” in the con 
text of assays is meant assays for a compound that increases 
or decreases a parameter that is indirectly or directly under 
the influence of a T1R family member, e.g., fumctional, 
physical and chemical effects. Such functional effects can be 
measured by any means known to those skilled in the art, 
e.g., changes in spectroscopic characteristics (e.g., fluores 
cence, absorbency, refractive index), hydrodynamic (e.g., 
shape), chromatographic, or Solubility properties, patch 
clamping, Voltage-sensitive dyes, whole cell currents, radio 
isotope efflux, inducible markers, oocyte T1R gene expres 
sion; tissue culture cell T1R expression; transcriptional 
activation of T1R genes; ligand-binding assays: Voltage, 
membrane potential and conductance changes; ion flux 
assays: changes in intracellular second messengers such as 
cAMP. c6MP, and inositol triphosphate (IP3); changes in 
intracellular calcium levels; neurotransmitter release, con 
formaational assays and the like. 

0131 A“flavor or tastant herein refers to a compound or 
biologically acceptable salt thereofthat induces, in a subject, 
the perception of smell and/or taste, which include sweet, 
Sour, salty, bitter and umami, and others. The Subject can be 
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human, animals, and/or a biological assay, Such as the ones 
described and cited in this application. 
0132) A “flavor or taste modifier” herein refers to a 
compound or biologically acceptable salt thereof that modu 
lates, including enhancing or potentiating, inhibiting, and 
inducing, the Smell and/or tastes of a natural or synthetic 
tastants in a Subject. 
0133) A “flavor or taste enhancer herein refers to a 
compound or biologically acceptable salt thereof that 
enhances the tastes or Smell of a natural or synthetic tastants, 
e.g., monosodium glutamate (MSG) for ulnami taste and 
fructose for sweet taste. 

0.134). “Umamni tastant” or “umami compound herein 
refers to a compound or biologically acceptable salt thereof 
that elicits a detectable umami taste in a Subject, e.g., MSG. 
0135 “Sweet tastant” or “sweet compound herein refers 
to a compound or biologically acceptable salt thereof that 
elicits a detectable Sweet taste in a subject, e.g., fructose. 
0.136 An "umami taste modifier herein refers to a com 
pound or biologically acceptable salt thereofthat modulates, 
including enhancing or potentiating, inhibiting, and induc 
ing, the umami taste of a natural or synthetic umami tastants, 
e.g., monosodium glutamate (MSG) in a Subject. 
0.137. A “sweet taste modifier herein refers to a com 
pound or biologically acceptable salt thereofthat modulates, 
including enhancing or potentiating, inhibiting, and induc 
ing, the Sweet taste of a natural or synthetic Sweet tastants, 
e.g., fructose, in a Subject. 
0.138 A “taste enhancing amount herein refers to an 
amount of a compound that is Sufficient to enhance the taste 
of a natural or synthetic tastants, e.g. monosodium glutamate 
(MSG) for umami taste or fructose for sweet taste. 
0.139. “Wet Soup Category' means wet/liquid soups 
regardless of concentration or container, including frozen 
Soups. For the purpose of this definition Soup(s) means a 
food prepared from meat, poultry, fish, vegetables, grains, 
fruit and other ingredients, cooked in a liquid which may 
include visible pieces of some or all of these ingredients. It 
may be clear (as a broth) or thick (as a chowder), Smooth, 
pureed or chunky, ready-to-serve, semi-condensed or con 
densed and may be served hot or cold, as a first course or as 
the main course of a meal or as a between meal Snack 
(Sipped like a beverage). Soup may be used as an ingredient 
for preparing other meal components and may range from 
broths (consomme) to sauces (cream or cheese-based 
Soups). 
0140 “Dehydrated and Culinary Food Category' means: 
(i) Cooking aid products such as: powders, granules, pastes, 
concentrated liquid products, including concentrated bouil 
lon, bouillon and bouillon like products in pressed cubes, 
tablets or powder or granulated form, which are sold sepa 
rately as a finished product or as an ingredient within a 
product, sauces and recipe mixes (regardless of technology); 
(ii) Meal solutions products such as: dehydrated and freeze 
dried Soups, including dehydrated Soup mixes, dehydrated 
instant soups, dehydrated ready-to-cook Soups, dehydrated 
or ambient preparations of ready-made dishes, meals and 
single serve entrees including pasta, potato and rice dishes; 
and (iii) Meal embellishment products such as: condiments, 
marinades, salad dressings, salad toppings, dips, breading, 
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batter mixes, shelf stable spreads, barbecue sauces, liquid 
recipe mixes, concentrates, sauces or sauce mixes, including 
recipe mixes for salad, sold as a finished product or as an 
ingredient within a product, whether dehydrated, liquid or 
frozen. 

0141. “Beverage Category' means beverages, beverage 
mixes and concentrates, including but not limited to, alco 
holic and non-alcoholic ready to drink and dry powdered 
Other examples of foods and beverages wherein compounds 
according to the invention may be incorporated included by 
way of example carbonated and non-carbonated beverages, 
e.g., Sodas, juices, alcoholic and non-alcoholic beverages, 
confectionary products, e.g., cakes, cookies, pies, candies, 
chewing gums, gelatins, ice creams, Sorbets, puddings, jams, 
jellies, salad dressings, and other condiments, cereal, and 
other breakfast foods, canned fruits and fruit sauces and the 
like. 

0142. Additionally, the subject compounds can be used in 
flavor preparations to be added to foods and beverages. In 
preferred instances the composition will comprise another 
flavor or taste modifier Such as a Sweet tastant. 

0143. In some instances biologically acceptable salts of 
the Subject compounds may be used. Examples of Such salts 
include alkali and earth metal salts, organic salts, and the 
like. Specific examples include potassium, Sodium, calcium 
and magnesium salts, hydrochloric or Sulfuric acid salts, 
ethanolamine salts, and the like. The salt will be selected 
such that it is biologically safe for ingestion and does 
adversely affect the Sweet taste modulatory properties of the 
compound. 

0144. As used herein, the term “medicinal product’ 
includes both solids and liquids which are ingestible non 
toxic materials which have medicinal value Such as cough 
syrups, cough drops, aspirin and chewable medicinal tablets. 
An oral hygiene product includes Solids and liquids such as 
toothpaste or mouthwash. 
0145 A“comestibly or medicinally acceptable carrier or 
excipient' is a medium that is used to prepare a desired 
dosage form of the inventive compound. A comestibly or 
medicinally acceptable carrier includes solvents, diluents, or 
other liquid vehicle; dispersion or Suspension aids; Surface 
active agents; isotonic agents; thickening or emulsifying 
agents, preservatives; Solid binders; lubricants and the like. 
0146) “Inhibitors,”“activators.'enhancers' and “modu 
lators' of T1R genes or proteins are used to refer to 
inhibitory, activating, enhancing or modulating molecules 
identified using in vitro and in vivo assays for taste trans 
duction, e.g., ligands, agonists, antagonists, and their 
homologs and mimetics. 
0147 Inhibitors are compounds that, e.g., bind to; par 

tially or totally block stimulation, decrease, prevent, delay 
activation, inactivate, desensitize, or down regulate taste 
transduction, e.g., antagonists. Activators and enhancers are 
compounds that, e.g., bind to, enhance, stimulate, increase, 
open, activate, facilitate, enhance activation, sensitize, or up 
regulate taste transduction, e.g., agonists. Modulators 
include compounds that, e.g., alter the interaction of a 
receptor with: extracellular proteins that bind activators or 
inhibitor (e.g. ebnerin and other members of the hydropho 
bic carrier family); G proteins; kinases (e.g., homologs of 
rhodopsin kinase and beta adrenergic receptor kinases that 
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are involved in deactivation and desensitization of a recep 
tor); and arresting, which also deactivate and desensitize 
receptors. Modulators can include genetically modified ver 
sions of T1R family members, e.g., with altered activity, as 
well as naturally occurring and synthetic ligands, antago 
nists, agonists, Small chemical molecules and the like. Such 
assays for inhibitors and activators include, e.g., expressing 
T1R family members in cells or cell membranes, applying 
putative modulator compounds, in the presence or absence 
of tastants, e.g., Sweet tastants, and then determining the 
functional effects on taste transduction, as described above. 
Samples or assays comprising T1R family members that are 
treated with a potential enhancer, activator, inhibitor, or 
modulator are compared to control samples without the 
inhibitor, activator, or modulator to examine the extent of 
modulation. Positive control samples (e.g. a Sweet tastant 
without added modulators) are assigned a relative T1R 
activity value of 100%. 
0.148 “ECs” is defined as the amount of a compound 
that elicits 50% of the maximal response the compound can 
elicit, whether as an activator, enhancer, or modulator. A 
dose-dependent response curve was determined for a com 
pound, and the compound concentration corresponding to 
50% of the maximal response was derived from the curve, 
in one example. 
0.149 “ICso is defined as the amount of a compound that 
elicits 50% of the maximal effect the compound can elicit as 
an inhibitor. 

0.150 Regarding sweet tastants and enhancers, after a 
compound is identified, scores of their activities are given as 
percentage of the maximum fructose intensity (%). In com 
pound dose response, an ECso can be calculated to reflect the 
potency of the compound as a Sweet agonist. In the present 
invention, an ECso of lower than about 100 mM is indicative 
of compounds that induce T1R2/T1R3 activity as a sweet 
agonist. Preferably, a positive hit for a Sweet agonist has an 
ECso value of less than about 1 mM, more preferably less 
than about a 10 uM. 
0151. In Sweet enhancement assay experiments, a fruc 
tose dose response was run and a second fructose dose 
response was run with a certain amount of candidate com 
pound at every fructose concentrations at the same time. 
Then, the ECso ratio can be calculated based on the follow 
ing definitions: 

ECso Ratio=ECso (fructose)/ECso(fructose-HCom 
pound) 

0152 wherein “compound refers to the concentration 
of compound used to elicit (or enhance or potentiate) the 
fructose dose response. Those concentrations could vary 
from a pM to an mM, more preferred, from a low nM to uM. 
A potent Sweet enhancer would have a high ECso Ratio at a 
low concentration of the compound used. 
0153. In the present invention, an ECs ratio of greater 
than 1 is indicative of a compound that modulates (poten 
tiates) T1R2/T1R3 activity and is an sweet enhancer. Pref 
erably, a positive hit will have ECs ratio values of at least 
1.20, preferably ranging from at least 1.50 to 100 or even 
higher. 

0154 By contrast, competing agonists (those Sweet 
tastants that bind mutually exclusively) or inhibitors always 
yield values of ECso ratio less than 1, such as from 0-1. 
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0155 Regarding umami tastants and enhancers, scores of 
their activities can be given as percentage of the maximum 
MSG intensity (%). In compound dose response, an ECso 
can be calculated to reflect the potency of the compound as 
umami agonist. In the present invention, an ECso of lower 
than about 10 mM is indicative of compounds that induce 
T1R1/T1R3 activity and an umami agonist. Preferably, a 
positive hit for an umami agonist will have ECso values of 
less than about 1 mM, more preferably ranging from about 
a pM to about a low uM. 
0156. In enhancement assay experiments, a MSG dose 
response was run and a second MSG dose response was run 
with a certain amount of candidate compound at every MSG 
concentrations at the same time. Then, the ECso ratio is 
calculated based on the following definitions: 

ECso Ratio=ECso(MSG)/ECso(MSG+Compound) 

0157 wherein “compound refers to the concentration 
of compound used to elicit (or enhance or potentiate) the 
MSG dose response. Those concentrations can vary from a 
pM to an mM, more preferred, from a low nM to uM. A 
potent umami enhancer has a high ECso Ratio at a low 
concentration of the compound used. 

0158. In the present invention, an ECs ratio of greater 
than 1 is indicative of a compound that modulates (poten 
tiates) T1R1/T1R3 activity and in an umami enhancer. 
Preferably, a positive hit has ECso ratio values of at least 
1.20, preferably ranging from at least 1.50 to 100 or even 
higher. 

0159 Negative control samples (e.g. buffer without an 
added taste stimulus) are assigned a relative T1R activity 
value of 0%. Inhibition of a T1R is achieved when a mixture 
of the positive control sample and a modulator result in the 
T1R activity value relative to the positive control is about 
80%, optionally 50% or 25-0%. Activation of a T1R by a 
modulator alone is achieved when the T1R activity value 
relative to the positive control sample is 10%, 25%, 50%, 
75%, optionally 100%, optionally 150%, optionally 200 
500%, or 1000-3000% higher. 
0160 The terms “purified,”“substantially purified,” and 
"isolated as used herein refer to the state of being free of 
other, dissimilar compounds with which the compound of 
the invention is normally associated in its natural state, so 
that the “purified,”“substantially purified, and "isolated 
subject comprises at least 0.5%, 1%. 5%, 10%, or 20%, and 
most preferably at least 50% or 75% of the mass, by weight, 
of a given sample. In one preferred embodiment, these terms 
refer to the compound of the invention comprising at least 
95% of the mass, by weight, of a given sample. As used 
herein, the terms “purified.”“substantially purified, and 
"isolated,” when referring to a nucleic acid or protein, also 
refers to a state of purification or concentration different than 
that which occurs naturally in the mammalian, especially 
human body. Any degree of purification or concentration 
greater than that which occurs naturally in the mammalian, 
especially human, body, including (1) the purification from 
other associated structures or compounds or (2) the asso 
ciation with structures or compounds to which it is not 
normally associated in the mammalian, especially human, 
body, are within the meaning of "isolated.” The nucleic acid 
or protein or classes of nucleic acids or proteins, described 
herein, may be isolated, or otherwise associated with struc 
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tures or compounds to which they are not normally associ 
ated in nature, according to a variety of methods and 
processes known to those of skill in the art. 
0.161 The term “nucleic acid' or “nucleic acid sequence' 
refers to a deoxy-ribonucleotide or ribonucleotide oligo 
nucleotide in either single- or double-stranded form. The 
term encompasses nucleic acids, i.e., oligonucleotides, con 
taining known analogs of natural nucleotides. The term also 
encompasses nucleic-acid-like structures with synthetic 
backbones (see e.g., Oligonucleotides and Analogues, a 
Practical Approach, ed. F. Eckstein, Oxford Univ. Press 
(1991); Antisense Strategies, Annals of the N.Y. Academy of 
Sciences, Vol. 600, Eds. Baserga et al. (NYAS 1992); 
Milligan J. Med. Chem. 36:1923-1937 (1993); Antisense 
Research and Applications (1993, CRC Press), WO 
97/03211; WO 96/39154: Mata, Toxicol. Appl. Pharmacol. 
144:189-197 (1997); Strauss-Soukup, Biochemistry 
36:8692-8698 (1997); Samstag, Antisense Nucleic Acid 
Drug Dev, 6:153-156 (1996)). 
0162 Unless otherwise indicated, a particular nucleic 
acid sequence also implicitly encompasses conservatively 
modified variants thereof (e.g., degenerate codon Substitu 
tions) and complementary sequences, as well as the 
sequence explicitly indicated. Specifically, degenerate 
codon Substitutions may be achieved by generating, e.g., 
sequences in which the third position of one or more selected 
codons is Substituted with mixed-base and/or deoxyinosine 
residues (Batzer et al., Nucleic Acid Res., 19:5081 (1991); 
Ohtsuka et al., J Biol. Chem., 260:2605-2608 (1985); Ros 
solini et al., Mol. Cell. Probes, 8:91-98 (1994)). The term 
nucleic acid is used interchangeably with gene, cDNA, 
MRNA, oligonucleotide, and polynucleotide. 
0163 The terms “polypeptide,”“peptide' and “protein' 
are used interchangeably herein to refer to a polymer of 
amino acid residues. The terms apply to amino acid poly 
mers in which one or more amino acid residue is an artificial 
chemical mimetic of a corresponding naturally occurring 
amino acid, as well as to naturally occurring amino acid 
polymers and non-naturally occurring amino acid polymer. 

0164. The term "plasma membrane translocation 
domain or simply “translocation domain” means a polypep 
tide domain that, when incorporated into a polypeptide 
coding sequence, can with greater efficiency "chaperone' or 
“translocate' the hybrid (“fusion') protein to the cell plasma 
membrane than without the domain. For instance, a “trans 
location domain may be derived from the amino terminus 
of the bovine rhodopsin receptor polypeptide, a 7-transmem 
brane receptor. However, rhodopsin from any mammal may 
be used, as can other translocation facilitating sequences. 
Thus, the translocation domain is particularly efficient in 
translocating 7-transmembrane fusion proteins to the plasma 
membrane, and a protein (e.g., a taste receptor polypeptide) 
comprising an amino terminal translocating domain will be 
transported to the plasma membrane more efficiently than 
without the domain. However, if the N-terminal domain of 
the polypeptide is active in binding, as with the T1R 
receptors of the present invention, the use of other translo 
cation domains may be preferred. For instance, a PDZ 
domain-interacting peptide, as described herein, may be 
used. 

0.165. The “translocation domain,”“ligand-binding 
domain', and chimeric receptors compositions described 
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herein also include “analogs,” or “conservative variants’ 
and “mimetics” (“peptidomimetics') with structures and 
activity that Substantially correspond to the exemplary 
sequences. Thus, the terms “conservative variant' or “ana 
log or “mimetic' refer to a polypeptide which has a 
modified amino acid sequence, such that the change(s) do 
not substantially alter the polypeptide's (the conservative 
variants) structure and/or activity, as defined herein. These 
include conservatively modified variations of an amino acid 
sequence, i.e., amino acid substitutions, additions or dele 
tions of those residues that are not critical for protein 
activity, or Substitution of amino acids with residues having 
similar properties (e.g., acidic, basic, positively or nega 
tively charged, polar or non-polar, etc.) Such that the Sub 
stitutions of even critical amino acids does not substantially 
alter structure and/or activity. 
0166 More particularly, “conservatively modified vari 
ants' applies to both amino acid and nucleic acid sequences. 
With respect to particular nucleic acid sequences, conserva 
tively modified variants refers to those nucleic acids which 
encode identical or essentially identical amino acid 
sequences, or where the nucleic acid does not encode an 
amino acid sequence, to essentially identical sequences. 
Because of the degeneracy of the genetic code, a large 
number of functionally identical nucleic acids encode any 
given protein. 

0167 For instance, the codons GCA, GCC, GCG and 
GCU all encode the amino acid alanine. Thus, at every 
position where an alanine is specified by a codon, the codon 
can be altered to any of the corresponding codons described 
without altering the encoded polypeptide. 

0168 Such nucleic acid variations are “silent variations.” 
which are one species of conservatively modified variations. 
Every nucleic acid sequence herein, which encodes a 
polypeptide, also describes every possible silent variation of 
the nucleic acid. One of skill will recognize that each codon 
in a nucleic acid (except AUG, which is ordinarily the only 
codon for methionine, and TGG, which is ordinarily the only 
codon for tryptophan) can be modified to yield a function 
ally identical molecule. Accordingly, each silent variation of 
a nucleic acid, which encodes a polypeptide, is implicit in 
each described sequence. 

0169 Conservative substitution tables providing func 
tionally similar amino acids are well known in the art. For 
example, one exemplary guideline to select conservative 
substitutions includes (original residue followed by exem 
plary Substitution): ala/gly or ser, arg/lys; asn/gln or his; 
asp/glu, cyS/ser, gln/asn; gly/asp; gly/ala or pro; his/asin or 
gln, ile/leu or val; leu/ile or val; lys/arg or gln or glu, met/leu 
or tyr or ile; phe/met or leu or tyr; ser/thr; thr/ser; trp? tyr; 
tyr/trp or phe; val/ile or leu. An alternative exemplary 
guideline uses the following six groups, each containing 
amino acids that are conservative Substitutions for one 
another: 1) Alanine (A), Serine (S), Threonine (T); 2) 
Aspartic acid (D), Glutamic acid (E); 3) Asparagine (N). 
Glutanine (Q); 4) Arginine (R), Lysine (I); 5) Isoleucine (I), 
Leucine (L), Methionine (M), Valine (V); and 6) Phenyla 
lanine (F), Tyrosine (Y), Tryptophan (W); (see also, e.g., 
Creighton, Proteins, W.H. Freeman and Company (1984); 
Schultz and Schimer, Principles of Protein Structure, 
Springer-Vrlag (1979)). One of skill in the art will appreciate 
that the above-identified substitutions are not the only pos 
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sible conservative substitutions. For example, for some 
purposes, one may regard all charged amino acids as con 
servative 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 of amino acids in an encoded 
sequence can also be considered "conservatively modified 
variations.” 

0170 The terms “mimetic” and “peptidomimetic” refer 
to a synthetic chemical compound that has Substantially the 
same structural and/or functional characteristics of the 
polypeptides, e.g., translocation domains, ligand-binding 
domains, or chimeric receptors of the invention. The 
mimetic can be either entirely composed of synthetic, non 
natural analogs of amino acids, or may be a chimeric 
molecule of partly natural peptide amino acids and partly 
non-natural analogs of amino acids. The mimetic can also 
incorporate any amount of natural amino acid conservative 
Substitutions as long as such substitutions also do not 
substantially alter the mimetic's structure and/or activity. 

0171 As with polypeptides of the invention which are 
conservative variants, routine experimentation will deter 
mine whether a mimetic is within the scope of the invention, 
i.e., that its structure and/or function is not substantially 
altered. Polypeptide mimetic compositions can contain any 
combination of non-natural structural components, which 
are typically from three structural groups: a) residue linkage 
groups other than the natural amide bond ("peptide bond’) 
linkages; b) non-natural residues in place of naturally occur 
ring amino acid residues; or c) residues which induce 
secondary structural minicry, i.e., to induce or stabilize a 
secondary structure, e.g., a beta turn, gamma turn, beta 
sheet, alpha helix conformation, and the like. A polypeptide 
can be characterized as a mimetic when all or some of its 
residues are joined by chemical means other than natural 
peptide bonds. Individual peptidomimetic residues can be 
joined by peptide bonds, other chemical bonds or coupling 
means. Such as, e.g., glutaraldehyde, N-hydroxySuccinimide 
esters, bifinctional maleimides, N,N'-dicyclohexylcarbodi 
imide (DCC) or N,N'-diisopropylcarbodiimide (DIC). Link 
ing groups that can be an alternative to the traditional amide 
bond ("peptide bond') linkages include, e.g., ketomethylene 
(e.g., —C(=O)—CH2— for —C(=O)—NH ), aminom 
ethylene (CH-NH), ethylene, olefin (CH=CH), ether 
(CH O), thioether (CH, S), tetrazole (CN), thiazole, 
retroamide, or ester (see, e.g., Spatola, Chemistry and Bio 
chemistry of Amino Acids, Peptides and Proteins, Vol. 7, pp 
267-357, “Peptide Backbone Modifications.” Marcell Dek 
ker, N.Y. (1983)). A polypeptide can also be characterized as 
a mimetic by containing all or some non-natural residues in 
place of naturally occurring amino acid residues; non 
natural residues are well described in the scientific and 
patent literature. 

0172 A“label' or a “detectable moiety' is a composition 
detectable by spectroscopic, photochemical, biochemical, 
immunochemical, or chemical means. For example, useful 
labels include P. fluorescent dyes, electron-dense reagents, 
enzymes (e.g., as commonly used in an ELISA), biotin, 
digoxigenin, or haptens and proteins which can be made 
detectable, e.g., by incorporating a radiolabel into the pep 
tide or used to detectantibodies specifically reactive with the 
peptide. 
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0173 A “labeled nucleic acid probe or oligonucleotide' 
is one that is bound, either covalently, through a linker or a 
chemical bond, or noncovalently, through ionic, van der 
Waals, electrostatic, or hydrogen bonds to a label such that 
the presence of the probe may be detected by detecting the 
presence of the label bound to the probe. 
0174 As used herein a “nucleic acid probe or oligonucle 
otide' is defined as a nucleic acid capable of binding to a 
target nucleic acid of complementary sequence through one 
or more types of chemical bonds, usually through comple 
mentary base pairing, usually through hydrogen bond for 
mation. As used herein, a probe may include natural (i.e., A. 
G, C, or T) or modified bases (7-deazaguanosine, inosine, 
etc.). In addition, the bases in a probe may be joined by a 
linkage other than a phosphodiester bond, so long as it does 
not interfere with hybridization. Thus, for example, probes 
may be peptide nucleic acids in which the constituent bases 
are joined by peptide bonds rather than phosphodiester 
linkages. It will be understood by one of skill in the art that 
probes may bind target sequences lacking complete comple 
mentarity with the probe sequence depending upon the 
stringency of the hybridization conditions. The probes are 
optionally directly labeled as with isotopes, chromophores, 
lumiphores, chromogens, or indirectly labeled Such as with 
biotin to which a streptavidin complex may later bind. By 
assaying for the presence or absence of the probe, one can 
detect the presence or absence of the select sequence or 
Subsequence. 

0.175. The term “heterologous' when used with reference 
to portions of a nucleic acid indicates that the nucleic acid 
comprises two or more Subsequences that are not found in 
the same relationship to each other in nature. For instance, 
the nucleic acid is typically recombinantly produced, having 
two or more sequences from unrelated genes arranged to 
make a new functional nucleic acid, e.g., a promoter from 
one source and a coding region from another source. Simi 
larly, a heterologous protein indicates that the protein com 
prises two or more Subsequences that are not found in the 
same relationship to each other in nature (e.g., a fusion 
protein). 
0176). A "promoter' is defined as an array of nucleic acid 
sequences that direct transcription of a nucleic acid. As used 
herein, a promoter includes necessary nucleic acid 
sequences near the start site of transcription, such as, in the 
case of a polymerase II type promoter, a TATA element. A 
promoter also optionally includes distal enhancer or repres 
Sor elements, which can be located as much as several 
thousand base pairs from the start site of transcription. A 
“constitutive' promoter is a promioter that is active under 
most environmental and developmental conditions. 
0177. An “inducible' promoter is a promoter that is 
active under environmental or developmental regulation. 
The term “operably linked’ refers to a finctional linkage 
between a nucleic acid expression control sequence (such as 
a promoter, or array of transcription factor binding sites) and 
a second nucleic acid sequence, wherein the expression 
control sequence directs transcription of the nucleic acid 
corresponding to the second sequence. 

0178 As used herein, “recombinant refers to a poly 
nucleotide synthesized or otherwise manipulated in vitro 
(e.g. “recombinant polynucleotide'), to methods of using 
recombinant polynucleotides to produce gene products in 
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cells or other biological systems, or to a polypeptide 
(“recombinant protein') encoded by a recombinant poly 
nucleotide. "Recombinant means' also encompass the liga 
tion of nucleic acids having various coding regions or 
domains or promoter sequences from different sources into 
an expression cassette or vector for expression of e.g. 
inducible or constitutive expression of a fusion protein 
comprising a translocation domain of the invention and a 
nucleic acid sequence amplified using a primer of the 
invention. 

0179. As used herein, a “stable cell line” refers to a cell 
line, which stably, i.e. over a prolonged period, expresses a 
heterologous nucleic sequence, i.e. a T1R or G protein. In 
preferred embodiments, such stable cell lines will be pro 
duced by transfecting appropriate cells, typically mamma 
lian cells, e.g. HEK-293 cells, with a linearized vector that 
contains a T1R expression construct, i.e. T1R1, T1R2 and/or 
T1R3. Most preferably, such stable cell lines will be pro 
duced by co-transfecting two linearized plasmids that 
express hT1R1 and hT1R3 or hT1R2 and hT1R3 and an 
appropriate selection procedure to generate cell lines having 
these genes stably integrated therein. Most preferably, the 
cell line will also stably express a G protein Such as G.s. 

0180. The phrase “selectively (or specifically) hybridizes 
to refers to the binding, duplexing, or hybridizing of a 
molecule only to a particular nucleotide sequence under 
stringent hybridization conditions when that sequence is 
present in a complex mixture (e.g., total cellular or library 
DNA or RNA). 

0181. The phrase “stringent hybridization conditions' 
refers to conditions under which a probe will hybridize to its 
target Subsequence, typically in a complex mixture of 
nucleic acid, but to no other sequences. Stringent conditions 
are sequence dependent and will be different in different 
circumstances. Longer sequences hybridize specifically at 
higher temperatures. An extensive guide to the hybridization 
of nucleic acids is found in Tijssen, Techniques in Biochem 
istry and Molecular Biology-Hybridization with Nucleic 
Probes, “Overview of principles of hybridization and the 
strategy of nucleic acid assays” (1993). Generally, stringent 
conditions are selected to be about 5-10° C. lower than the 
thermal melting point (Tm) for the specific sequence at a 
defined ionic strength pH. The Tm is the temperature (under 
defined ionic strength, pH, and nucleic concentration) at 
which 50% of the probes complementary to the target 
hybridize to the target sequence at equilibrium (as the target 
sequences are present in excess, at Tm, 50% of the probes 
are occupied at equilibrium). Stringent conditions will be 
those in which the salt concentration is less than about 1.0 
M sodium ion, typically about 0.01 to 1.0 M sodium ion 
concentration (or other salts) at pH 7.0 to 8.3 and the 
temperature is at least about 30° C. for short probes (e.g., 10 
to 50 nucleotides) and at least about 60° C. for long probes 
(e.g., greater than 50 nucleotides). Stringent conditions may 
also be achieved with the addition of destabilizing agents 
such as formamide. For selective or specific hybridization, a 
positive signal is at least two times background, optionally 
10 times background hybridization. Exemplary Stringent 
hybridization conditions can be as following: 50% forma 
mide, 5xSSC, and 1% SDS, incubating at 42°C., or, 5xSSC, 
1% SDS, incubating at 65° C., with wash in 0.2x SSC, and 
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0.1% SDS at 65° C. Such hybridizations and wash steps can 
be carried out for, e.g., 1, 2, 5, 10, 15, 30, 60; or more 
minutes. 

0182 Nucleic acids that do not hybridize to each other 
under stringent conditions are still substantially related if the 
polypeptides that they encode are substantially related. This 
occurs, for example, when a copy of a nucleic acid is created 
using the maximum codon degeneracy permitted by the 
genetic code. In such cases, the nucleic acids typically 
hybridize under moderately stringent hybridization condi 
tions. Exemplary "moderately stringent hybridization con 
ditions include a hybridization in a buffer of 40% forma 
mide, 1 M NaCl, 1% SDS at 37° C., and a wash in 1XSSC 
at 45° C. Such hybridizations and wash steps can be carried 
out for, e.g., 1, 2, 5, 10, 15, 30, 60, or more minutes. A 
positive hybridization is at least twice background. Those of 
ordinary skill will readily recognize that alternative hybrid 
ization and wash conditions can be utilized to provide 
conditions of similar stringency. 
0183) “Antibody” refers to a polypeptide comprising a 
framework region from an immunoglobulin gene or frag 
ments thereof that specifically binds and recognizes an 
antigen. The recognized immunoglobulin genes include the 
kappa, lambda, alpha, gamma, delta, epsilon, and mu con 
stant region genes, as well as the myriad immunoglobulin 
variable region genes. Light chains are classified as either 
kappa or lambda. Heavy chains are classified as gamma, mu, 
alpha, delta, or epsilon, which in turn define the immuno 
globulin classes, IgG, IgM, IgA, Ig|D and IgE, respectively. 
0184 An exemplary immunoglobulin (antibody) struc 
tural unit comprises a tetramer. Each tetramer is composed 
of two identical pairs of polypeptide chains, each pair having 
one “light” (about 25 kDa) and one “heavy’ chain (about 
50-70 kDa). The N-terminus of each chain defines a variable 
region of about 100 to 110 or more amino acids primarily 
responsible for antigen recognition. The terms “variable 
light chain” (VL) and “variable heavy chain” (VH) refer to 
these light and heavy chains respectively. 
0185. A “chimeric antibody' is an antibody molecule in 
which (a) the constant region, or a portion thereof, is altered, 
replaced or exchanged so that the antigen binding site 
(variable region) is linked to a constant region of a different 
or altered class, effector function and/or species, or an 
entirely different molecule which confers new properties to 
the chimeric antibody, e.g., an enzyme, toxin, hormone, 
growth factor, drug, etc.; or (b) the variable region, or a 
portion thereof, is altered, replaced or exchanged with a 
variable region having a different or altered antigen speci 
ficity. 
0186. An “anti-T1R antibody is an antibody or antibody 
fragment that specifically binds a polypeptide encoded by a 
T1R gene, cDNA, or a subsequence thereof. 
0187. The term “immunoassay” is an assay that uses an 
antibody to specifically bind an antigen. The immunoassay 
is characterized by the use of specific binding properties of 
a particular antibody to isolate, target, and/or quantify the 
antigen. 
0188 The phrase “specifically (or selectively) binds” or 
“specifically (or selectively) reacts with, when referring to 
a molecule or composition, refers to a binding reaction that 
is determinative of the presence of the molecule in a 
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heterogeneous population of other biologics. Thus, under 
designated conditions, the specified molecules bind to a 
particular receptor at least two times the background and do 
not Substantially bind in a significant amount to other 
molecules present in the sample. Specific binding to a 
receptor under Such conditions may require a receptor that is 
selected for its specificity for a particular molecule. 
0189 Regarding antibodies, a variety of immunoassay 
formats may be used to select antibodies specifically immu 
noreactive with a particular protein. For example, Solid 
phase ELISA immunoassays are routinely used to select 
antibodies specifically immunoreactive with a protein (see, 
e.g., Harlow & Lane, Antibodies, A Laboratory Manual. 
(1988), for a description of immunoassay formats and con 
ditions that can be used to determine specific immunoreac 
tivity). Typically a specific or selective reaction will be at 
least twice background signal or noise and more typically 
more than 10 to 100 times background. 
0190. The phrase “selectively associates with refers to 
the ability of a nucleic acid to “selectively hybridize” with 
another as defined above, or the ability of an antibody to 
“selectively (or specifically) bind to a protein, as defined 
above. 

0191 The term “expression vector” refers to any recom 
binant expression system for the purpose of expressing a 
nucleic acid sequence of the invention in vitro or in vivo, 
constitutively or inducibly, in any cell, including prokary 
otic, yeast, fungal, plant, insect or mammalian cell. The term 
includes linear or circular expression systems. The term 
includes expression systems that remain episomal or inte 
grate into the host cell genome. The expression systems can 
have the ability to self-replicate or not, i.e., drive only 
transient expression in a cell. The term includes recombinant 
expression "cassettes which contain only the minimum 
elements needed for transcription of the recombinant nucleic 
acid. 

0.192 By “host cell' is meant a cell that contains an 
expression vector and Supports the replication or expression 
of the expression vector. Host cells may be prokaryotic cells 
Such as E. coli, or eukaryotic cells such as yeast, insect, 
amphibian, worm or mammalian cells such as CHO, Hela, 
HEK-293, and the like, e.g., cultured cells, explants, and 
cells in vivo. 

Compounds 

0193 As discussed above, there are different domains on 
the T1R receptors. T1R1, T1R2, and T1 R3 each contain an 
N-terminal extracellular domain (also known as the Venus 
flytrap domain), transmembrane domains comprising seven 
transmembrane regions, and corresponding cytoplasmic, 
and extracellular loops; a cysteine rich domain, and a 
C-terminal domain. Each region defines a specific set of 
compounds that bind specifically to that region. 
0194 In humans, the N-terminal extracellular domain 
comprises amino acids 1 to 560 of nT1R2 and amino acids 
1 to 563 of hT1R3. In rats, the N-terminal extracellular 
domain comprises amino acids 1 to 564 of rT1R2, and 
amino acids 1 to 568 of rT1R3. 

0.195. In humans, the C-terminal transmembrane domain 
and intracellular domain comprise amino acids 561 to 839 of 
hT1R2, and amino acids 564 to 852 of hT1R3. In rats, the 
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C-terminal transmembrane domain and intracellular domain 
comprise amino acids 565 to 842 of rT1R2, and amino acids 
569 to 858 of rT1R3. 

0196) Metabotropic glutaiate receptors (mGluR) are 
another class of C-class G protein-coupled receptors that 
respond to glutamate. These are found primarily in the brain 
and neuronal tissue where they play a role in neuronal 
signaling. The mGluR N-terminal extracellular domain can 
be covalently linked to a T1R in order to create chimeric 
receptors. The mGluR receptor can be any of mGluR1 
mGluR8, for example. Different ligands bind to different 
domains on different subunits of both the umami and the 
Sweet receptors. For exaimple, aspartame and neotane bind 
to the N-terminal extracellular domain of T1R2, while 
cyclamate, neohesperidin dihydrochalcone (NHDC), and 
lactisole bind to the transmembrane domain of T1R3. 
Because T1R3 is one of the two subunits in the T1R1/T1R3 
umami taste receptor, cyclamate, NHDC and lactisole can 
interact with T1R3 in the T1R1/T1R3 umami taste receptor 
as well. Cyclamate and NHDC enhance the activity of the 
timami taste receptor, while lactisole inhibits the iunami 
receptor. 

0197) The specific binding compounds of the invention 
as it relates to umami tastants comprise amides. The amide 
compounds also comprise certain sub-classes of amide 
derivatives or classes of derivatives related to amides, such 
as for example ureas, urethanes, oxalamides, acrylamides, 
and the like. 

0198 Molecules that interact with the transmembrane 
domain of T1R2, for example, can be modulators of sweet 
taste, and molecules that interact with the transmembrane 
domain of T1R3 can be modulators of sweet taste and/or 
umami taste. 

0199 Human T1R2/T1R3 recognizes a group of Sweet 
eners which are not recognized by rat T1R2/T1R3, and 
human but not rat T1R2/T1R3 is inhibited by lactisole. 
When the extracellular domain of human T1R2 was replaced 
by its rat counterpart, the human receptor lost the ability to 
recognize aspartame, indicating that this part of human 
T1R2 is required for binding to aspartame. Inversely, when 
the extracellular domain of rat T1R2 was replaced by its 
human counterpart, the rat receptor acquired the ability to 
recognize aspartame, indicating that this part of the human 
T1R2 is sufficient to bind aspartame. By the same principle, 
the transmembrane domain of human T1R3 was required 
and sufficient for. 

0200 Table 6 shows the abbreviations used to represent 
various rat/human chimeric receptors and receptor subunits. 

TABLE 6 

hT1R2 - human T1R2 
T1R3 - human T1R3 
rT1R2 - rat T1R2 

T1R2ArT1R3 - a receptor composed of human T1R2 and 
rat T1R3 

rT1R2ST1R3 - a receptor composed of a rat T1R2 and 
human T1R3 

hT1R2.h3-r3- a receptor composed of human T1R2 and a 
chimeric T1R3 with human N-terminal 
extracellular domain and rat 
transmembrane and C-terminal domain 
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TABLE 6-continued 

rT1R2, r3-h3- a receptor composed of rat T1R2 and a 
chimeric T1R3 with rat N-terminal 
extracellular domain and human 
transmembrane and C-terminal domain 
a receptor composed of a chimeric T1R2 
with human N-terminal extracellular 
domain and rat transmembrane and 
C-terminal domain and rat T1R3 

r2-h2 rT1R3- a receptor composed of a chimeric T1R2 
with rat N-terminal extracellular 
domain and human transmembrane and 
C-terminal domain and rat T1R3 

h2-h1 hT1R3- a receptor composed of a chimeric T1R 
with human T1R2 N-terminal 
extracellular domain and human T1R1 
transmembrane and C-terminal domain 
and human T1R3 

h1-h2.hT1R3- a receptor composed of a chimeric T1R 
with human T1R1 N-terminal 
extracellular domain and human T1R2 
transmembrane and C-terminal domain 
and human T1R3 
a receptor composed of a N-terminal 
extracellular domain from hT1R2 
covalently linked to the transmembrane 
and C-terminal domain of mGluR1 and a 
N-terminal extracellular domain from 
hT1R3 covalently linked to the 
transmembrane and C-terminal domain 
of mGluR1 
a receptor composed of a N-terminal 
extracellular domain from hT1R1 
covalently linked to the transmembrane 
and C-terminal domain of mGluR1 and a 
N-terminal extracellular domain from 
hT1R3 covalently linked to the 
transmembrane and C-terminal domain 
of mGluR1 
a receptor composed of a N-terminal 
extracellular domain from mCluR1 
covalently linked to the transmembrane 
and C-terminal domain of hT1R2 and a 
N-terminal extracellular domain from a 
mCluR1 covalently linked to the 
transmembrane and C-terminal domain 
of T1R3 
receptor composed of a N-terminal 
extracellular domain from mCluR1 
covalently linked to the transmembrane 
and C-terminal domain of hT1R1 and a 
N-terminal extracellular domain from 
mCluR1 covalently linked to the 
transmembrane and C-terminal domain 
of T1R3 

h2-moluR1 h-mCluR1 - 

mGluR1-h2/mGluR1-h3 - 

mGluR1-h1 mGluR1-h3 - 

0201 Disclosed herein are non-naturally occurring com 
pounds that specifically bind to the T1R2/T1R3 receptor 
comprising hT1R2/hT1R3 but not rT1R2/rT1R3. Examples 
of Such compounds include, but are not limited to neotame, 
aspartame, cyclamate, lactisol, Compound 883360, Com 
pound 6542888, Compound 403249, Compound 6364395, 
Dihydroxybenzoic acid (DHB), Compound 6542888, and 
neohesperidine dihydrochalcone (NHDC) Additional 
examples are found in Tables 1-4. The organic, non-peptide 
compounds can be approximately the size of a box of 
dimensions 15x8x8 angstroms, more preferably the dimen 
sion should be 12x5x5 angstroms. 

0202 Also disclosed are compounds that specifically 
bind to a T1R2/T1R3 receptor comprisinghT1R2/rT1R3 but 
not rT1R2/hT1R3. Examples of such compounds include, 
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but are not limited to aspartame, and neotame. Additional 
examples are found in Table 5. 
0203 Also disclosed are compounds that specifically 
bind to the N-terminal extracellular domain of T1R2 of the 
hT1R2/hT1R3 receptor. Examples of such compounds 
include, but are not limited to neotame, aspartame carbohy 
drate Sugars (e.g. Sucrose, fructose, glucose, tagatose, eryth 
ritol, Sorbitol, maltose, Xylitol, lactose and galactose, as well 
as all other carbohydrate Sugars). Additional examples are 
found in Table 5. 

0204 Also disclosed are compounds that specifically 
bind to the Venus Flytrap Domain (VFD) of T1R2 of the 
hT1R2/hT1R3 and hT1R2/rT1R3 receptor. 
0205 Also disclosed are compounds that specifically 
bind to the N-terminal Venus flytrap domain of the T1R2 
subunit of the T1R2/T1R3 receptor. More specifically, also 
disclosed are compounds that specifically bind to amino acid 
residues 144 and 302 of the human N-terminal Venus flytrap 
domain of the T1R2 subunit of the T1R2/T1R3 receptor. 
Examples of such compounds include, but are not limited to 
aspartame, neotame, carbohydrates, and Sweet amino acids, 
Such as D-Trp., Ala, and Gly. 
0206. Also disclosed are compounds that specifically 
bind to the cysteine-rich region of T1R2 of the hT1R2/ 
hT1R3 receptor. Also disclosed are compounds that specifi 
cally bind to the Transmembrane Domain (TM) of T1R2 of 
the hT1R2/hT1R3 receptor. 
0207 Also disclosed are compounds that specifically 
bind to a T1R2/T1R3 receptor comprising rT1R2/hT1R3 but 
not hT1R2/rT1R3. Examples of such compounds include, 
but are not limited to cyclamate, NHDC, lactisole, Com 
pound 883360, Compound 403249, and Compound 
6364395. Additional examples are found in Table 5. 
0208 Also disclosed are compounds that specifically 
bind to hT1R2/hT1R3 and rT1R2/r3-h3 but not to rT1R2/ 
rT1R3 or to hT1R2/h3-r3. Examples of such compounds 
include, but are not limited to cyclamate, NHDC, lactisole, 
Compound 883360, Compound 403249 and Compound 
6364395. 

0209 Also disclosed are compounds that specifically 
bind to extracellular loop 2 and extracellular loop 3 of the 
human C-terminal domain of the T1R3 subunit of theT1R2/ 
T1R3 receptor. Also disclosed are compounds that specifi 
cally bind to hT1R2/hT1R3 and r2-h2/rT1R3 but not to 
rT1R2/rT1R3 or to h3-r2/hT1R3. 

0210 Also disclosed are compounds that specifically 
bind to the human N-terminal extracellular domain of the 
T1R3 subunit of the T1R2/T1R3 receptor. Also disclosed are 
compounds that specifically bind to the Venus Flytrap 
Domain (VFD) of T1R3 of the hT1R2/hT1R3 receptor. 
Examples of such compounds include, but are not limited to 
aspartame, neotame, carbohydrates, and Sweet amino acids, 
Such as D-Trp., Ala, and Gly. 
0211 Also disclosed are compounds that specifically 
bind to the Transmembrane Domain of T1R3 of the hT1R2/ 
hT1R3 receptor. Also disclosed are compounds that specifi 
cally bind to extracellular loop 2 and extracellular loop 3 of 
the human transmembrane domain of the T1R3 subunit of 
T1R2/T1R3. Examples of such compounds include, but are 
not limited to cyclamate. 
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0212. The compound of the invention does not include 
Sucrose, fructose, glucose, erythritol, isomalt, lactitol, man 
nitol, Sorbitol. Xylitol, certain known natural terpenoids, 
fiavonoids, or protein Sweeteners, di-peptides, tri-peptides, 
aspartame, Saccharin, Sucralose, halogenated saccharides, 
acesulfame-K, cyclamate. Sucralose, and alitame. neotame, 
perillartine, SC-45647, SC-40014, monellin, NC-002740 
01, thaumatin, CC-00100, NC-00420, alitame, SC-44102, 
dulcin, NC-00576, Slycyrrhizic Acid, Stevioside, Na-Saccha 
rin, D-tryptophan, cyclamate, DHB, glycolic Acid, glycine, 
D(-)fructose, homofuronol, D(-)tagatose, maltose, 
D(+)glucose, D-Sorbitol, D(+)galactose, C.-lactose, L()fruc 
tose, L(+)Compound 403249, and glucose. 
0213 Optionally, a compound of the invention is also not 
Compound 6364395. 
0214. Also disclosed herein are compounds that bind a 
truncated region of a T1R domain. For example, disclosed 
are compounds that specifically bind to the TM domain of 
T1R2 of a truncated Sweet receptor comprising h2TM/ 
h3TM, compounds that specifically bind to the TM domain 
of T1R3 of a truncated Sweet receptor comprising h2TM/ 
h3TM, compounds that specifically bind to the TM domain 
of T1R2 of a chimeric receptor comprising mGluR-h2/ 
mGluR-h3, compounds that specifically bind to the TM 
domain of T1R3 of a chimeric receptor comprising mGluR 
h2/mGluR-h3, compounds that binds to the TM domain of 
T1R1 of a truncated savory receptor comprising h1TM/ 
h3TM, compound that binds to the TM domain of T1R3 of 
a truncated sweet receptor comprising h1TM/h3TM, com 
pounds that bind to the TM domain of T1R1 of a chimeric 
receptor comprising mGluR-h1/mGluR-h3, and compounds 
that bind to the TM domain of T1R3 of a chimeric receptor 
comprising mGluR-h1/mGluR-h3. SEQ ID NOS: 29-33 
represent these truncated receptors. 
0215. The compounds of the invention do not include 
monosodium glutamate ("MSG”), inosine monophosphate 
(IMP) or guanosine monophosphate (GMP), sucrose, fruc 
tose, glucose, erythritol, isomalt, lactitol, mannitol, Sorbitol, 
Xylitol, certain known natural terpenoids, flavonoids, or 
protein Sweeteners, di-peptides, tri-peptides aspartame, sac 
charin, Sucralose, halogenated Saccharides, acesulfame-K, 
cyclamate. Sucralose, alitame, monosodium glutamate 
("MSG”), inosine monophosphate (IMP) or guanosine 
monophosphate (GMP), or adenosine monophospate. 
0216 Compound 403249 is (5-(4H-benzod1.3ox 
athin-2-yl)-2-methyoxyphenol, while Compound 6364395 
is 3-(3-hydroxy-4-methoxyphenethyl)benzodisoxyazole 
4,6-diol. 

0217. The compounds described above can demonstrate a 
compound-dependent increase in fluorescence with an activ 
ity compared to the maximal activity for fructose of at least 
25% in a fluorescence-based assay using a FLIPR instru 
ment (Fluorometric Intensity Plate Reader, Molecular 
Devices, Sunnyvale, Calif.). For examples of this protocol, 
See Examples 12 and 18. The compounds can also demon 
strate a compound-dependent decrease in the EC50 for a 
Sweetener by at least two-fold in a fluorescence-based assay 
using a FLIPR (Molecular Devices) instrument. Further 
more, in a cell-based assay, the compound can result in at 
least 10 out of 100 cells transfected with wild-type or 
chimeric receptor showing a compound-dependent increase 
in fluorescence. An example of a cell-based assay can be 
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found in Example 24. The compound can also demonstrate 
a compound-dependent increase of at least 1.1, 1.2, 1.3, 1.4. 
1.5, 1.6, 1.7, 1.8, 1.9, two-fold or greater, or any number in 
between, in the number of fluorescent cells in response to a 
sub-maximal level of a sweetener. The response can be 
measured by fluorescence, calcium levels, IP3 levels, cAMP 
levels, GTPYS binding, or reporter gene activity (e.g. 
luciferase, beta-galactosidase). 
0218. Furthermore, the compounds disclosed herein can 
have one or more of the following characteristics in a cell: 
a decreased ECso compared to a control of at least approxi 
mately 50%, increased intracellular Ca" level by at least 
approximately 25%, increased intracellular cAMP by at least 
approximately 25%, increased intracellular cGMP by at least 
approximately 25%, increased intracellular IP by at least 
approximately 25%, or increased G protein binding of 
GTPYS by at least approximately 25%. 
Methods of Using the Compounds 
0219. Also disclosed are methods modulating the savory 
taste of a comestible or medicinal product comprising pro 
viding at least one comestible or medicinal product, or a 
precursor thereof, and combining the comestible or medici 
nal product or precursor thereof with at least a savory flavor 
modulating amount of at least one non-naturally occurring 
compound as disclosed herein, or a comestibly acceptable 
salt thereof, so as to form a modified comestible or medici 
nal product; thereby modulating the Savory taste of a comes 
tible or medicinal product. 
0220 Also disclosed are methods for inhibiting the 
savory taste of a comestible or medicinal product compris 
ing providing at least one comestible or medicinal product, 
or a precursor thereof, and combining the comestible or 
medicinal product or precursor thereof with at least a savory 
flavor inhibiting amount of at least one non-naturally occur 
ring compound as disclosed herein, or a comestibly accept 
able salt thereof, so as to form a modified comestible or 
medicinal product; thereby inhibiting the savory taste of a 
comestible or medicinal product. 
0221) Also disclosed are methods for increasing the 
savory taste of a comestible or medicinal product compris 
ing providing at least one comestible or medicinal product, 
or a precursor thereof, and combining the comestible or 
medicinal product or precursor thereof with at least a savory 
flavor increasing amount of at least one non-naturally occur 
ring compound as disclosed herein, or a comestibly accept 
able salt thereof, so as to form a modified comestible or 
medicinal product; thereby increasing the savory taste of a 
comestible or medicinal product. 
0222 Also disclosed are methods for modulating the 
Sweet taste of a comestible or medicinal product comprising 
providing at least one comestible or medicinal product, or a 
precursor thereof, and combining the comestible or medici 
nal product or precursor thereof with at least a sweet flavor 
modulating amount of at least one non-naturally occurring 
compound as disclosed herein, or a comestibly acceptable 
salt thereof, so as to form a modified comestible or medici 
nal product; thereby modulating the Sweet taste of a comes 
tible or medicinal product. 
0223) Also disclosed are methods for inhibiting the sweet 
taste of a comestible or medicinal product comprising pro 
viding at least one comestible or medicinal product, or a 
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precursor thereof, and combining the comestible or medici 
nal product or precursor thereof with at least a sweet flavor 
inhibiting amount of at least one non-naturally occurring 
compound as disclosed herein, or a comestibly acceptable 
salt thereof, so as to form a modified comestible or medici 
nal product; thereby inhibiting the Sweet taste of a comes 
tible or medicinal product. 

0224. Also disclosed are methods for increasing the 
Sweet taste of a comestible or medicinal product comprising 
providing at least one comestible or medicinal product, or a 
precursor thereof, and combining the comestible or medici 
nal product or precursor thereof with at least a sweet flavor 
increasing amount of at least one non-naturally occurring 
compound as disclosed herein, or a comestibly acceptable 
salt thereof, so as to form a modified comestible or medici 
nal product; thereby increasing the Sweet taste of a comes 
tible or medicinal product. 
0225. Also disclosed are methods of enhancing umami 
taste perception comprising contacting an umami receptor 
with cyclamate and NHDC, and their derivatives, as well as 
methods of enhancing umami taste perception comprising 
contacting an umami receptor with lactisole derivatives. 
Also disclosed are methods of enhancing Sweet taste per 
ception comprising contacting an Sweet receptor with cycla 
mate and NHDC, and their derivatives. Also disclosed are 
methods of enhancing Sweet taste perception comprising 
contacting an Sweet receptor with lactisole derivatives. 
Isolation and Expression of T1R Polypeptides 
0226 Isolation and expression of the T1Rs, or fragments 
or variants thereof, of the invention can be performed as 
described below. PCR primers can be used for the amplifi 
cation of nucleic acids encoding taste receptor ligand 
binding regions, and libraries of these nucleic acids can 
optionally be generated. Individual expression vectors or 
libraries of expression vectors can then be used to infect or 
transfect host cells for the functional expression of these 
nucleic acids or libraries. These genes and vectors can be 
made and expressed in vitro or in vivo. One of skill will 
recognize that desired phenotypes for altering and control 
ling nucleic acid expression can be obtained by modulating 
the expression or activity of the genes and nucleic acids (e.g. 
promoters, enhancers and the like) within the vectors of the 
invention. Any of the known methods described for increas 
ing or decreasing expression or activity can be used. The 
invention can be practiced in conjunction with any method 
or protocol known in the art, which are well described in the 
Scientific and patent literature. 
0227. The nucleic acid sequences of the invention and 
other nucleic acids used to practice this invention, whether 
RNA, cDNA, genomic DNA, vectors, viruses or hybrids 
thereof, may be isolated from a variety of Sources, geneti 
cally engineered, amplified, and/or expressed recombi 
nantly. Any recombinant expression system can be used, 
including, in addition to mammalian cells, e.g., bacterial, 
yeast, insect, or plant systems. 

0228. Alternatively, these nucleic acids can be synthe 
sized in vitro by well-known chemical synthesis techniques, 
as described in, e.g., Carruthers, Cold Spring Harbor Symp. 
Quant. Biol. 47:411-418 (1982); Adams, Am. Chem. Soc. 
105:661 (1983); Belousov, Nucleic Acids Res. 25:3440-3444 
(1997); Frenkel, Free Radic. Biol. Med. 19:373-380 (1995); 
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Blommers, Biochemistry 33:7886-7896 (1994): Narang, 
Meth. Enzytmol. 68:90 (1979); Brown, Meth. Enzymol. 
68:109 (1979); Beaucage, Tetra. Lett. 22:1859 (1981): U.S. 
Pat. No. 4,458,066. Double-stranded DNA fragments may 
then be obtained either by synthesizing the complementary 
Strand and annealing the Strands together under appropriate 
conditions, or by adding the complementary Strand using 
DNA polymerase with an appropriate primer sequence. 
0229 Techniques for the manipulation of nucleic acids, 
Such as, for example, for generating mutations in sequences, 
Subdloning, labeling probes, sequencing, hybridization and 
the like are well described in the scientific and patent 
literature. See, e.g., Sambrook, ed., Molecular Cloning: a 
Laboratory manual (2nd ed.), Vols. 1-3, Cold Spring Harbor 
Laboratory (1989); Current Protocols in Molecular Biology, 
Ausubel, ed. John Wiley & Sons, Inc., New York (1997); 
Laboratory Techniques in Biochemistry and Molecular Biol 
ogy: Hybridization With Nucleic Acid Probes, Part I, Theory 
and Nucleic Acid Preparation, Tijssen, ed. Elsevier, N.Y. 
(1993). 
0230 Nucleic acids, vectors, capsids, polypeptides, and 
the like can be analyzed and quantified by any of a number 
of general means well known to those of skill in the art. 
These include, e.g., analytical biochemical methods such as 
NMR spectrophotometry, radiography, electrophoresis, 
capillary electrophoresis, high performance liquid chroma 
tography (HPLC), thin layer chromatography (TLC), and 
hyperdiffusion chromatography, various immunological 
methods, e.g. fluid or gel precipitin reactions, imrnmunod 
iffusion, immunoelectrophoresis, radioimmunoassays 
(RIAS), enzyme-linked immunosorbent assays (ELISAS), 
immuno-fluorescent assays, Southern analysis, Northern 
analysis, dot-blot analysis, gel electrophoresis (e.g., SDS 
PAGE), RT-PCR, quantitative PCR, other nucleic acid or 
target or signal amplification methods, radiolabeling, Scin 
tillation counting, and affinity chromatography. 
0231 Oligonucleotide primers may be used to amplify 
nucleic acid fragments encoding taste receptor ligand-bind 
ing regions. The nucleic acids described herein can also be 
cloned or measured quantitatively using amplification tech 
niques. Amplification methods are also well known in the 
art, and include, e.g. polymerase chain reaction, PCR (PCR 
Protocols, a Guide to Methods and Applications, ed. Innis. 
Academic Press, N.Y. (1990) and PCR Strategies, ed. Innis, 
Academic Press, Inc., N.Y. (1995), ligase chain reaction 
(LCR) (see, e.g., Wu, Genomics 4:560 (1989); Landegren, 
Science 241:1077, (1988); Barringer, Gene 89:117 (1990)); 
transcription amplification (see, e.g., Kwoh, Proc. Natl. 
Acad. Sci. USA 86:1173 (1989)); and, self-sustained 
sequence replication (see, e.g., Guatelli, Proc. Natl. Acad. 
Sci. USA 87: 1874 (1990)): Q Beta replicase amplification 
(see, e.g., Smith, J. Clin. Microbiol. 35:1477-1491 (1997)); 
automated Q-beta replicase amplification assay (see, e.g., 
Burg, Mol. Cell. Probes 10:257-271 (1996)) and other RNA 
polymerase mediated techniques (e.g. NASBA, Cangene, 
Mississauga, Ontario); see also Berger, Methods Enzymol. 
152:307-316 (1987); Sambrook: Ausubel; U.S. Pat. Nos. 
4,683,195 and 4,683.202; Sooknanan, Biotecnology 13:563 
564 (1995). The primers can be designed to retain the 
original sequence of the “donor 7-membrane receptor. 
Alternatively, the primers can encode amino acid residues 
that are conservative Substitutions (e.g., hydrophobic for 
hydrophobic residue, see above discussion) or functionally 
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benign Substitutions (e.g., do not prevent plasma membrane 
insertion, cause cleavage by peptidase, cause abnormal 
folding of receptor, and the like). Once amplified, the nucleic 
acids, either individually or as libraries, may be cloned 
according to methods known in the art, if desired, into any 
of a variety of vectors using routine molecular biological 
methods; methods for cloning in vitro amplified nucleic 
acids are described, e.g., U.S. Pat. No. 5,426,039. 
0232 The primer pairs may be designed to selectively 
amplify ligand-binding regions of the T1R family members. 
These regions may vary for different ligands or tastants. 
Thus, what may be a minimal binding region for one tastant, 
may be too limiting for a second tastant. Accordingly, 
ligand-binding regions of different sizes comprising differ 
ent extracellular domain structures may be amplified. 
0233 Paradigms to design degenerate primer pairs are 
well known in the art. For example, a COnsensus-DEgen 
erate Hybrid Oligonucleotide Primer (CODEHOP) strategy 
computer program is accessible as http://blocks.fhcrc.org/ 
codehop.html, and is directly linked from the BlockMaker 
multiple sequence alignment site for hybrid primer predic 
tion beginning with a set of related protein sequences, as 
known taste receptor ligand-binding regions (see, e.g., Rose, 
Nucleic Acids Res. 26:1628–1635 (1998); Singh, Biotech 
niques 24:318-319 (1998)). 
0234 Means to synthesize oligonucleotide primer pairs 
are well known in the art. “Natural base pairs or synthetic 
base pairs can be used. For example, use of artificial 
nucleobases offers a versatile approach to manipulate primer 
sequence and generate a more complex mixture of amplifi 
cation products. Various families of artificial nucleobases 
are capable of assuming multiple hydrogen bonding orien 
tations through internal bond rotations to provide a means 
for degenerate molecular recognition. Incorporation of these 
analogs into a single position of a PCR primer allows for 
generation of a complex library of amplification products. 
See, e.g. Hoops, Nucleic Acids Res. 25:4866-4871 (1997). 
Nonpolar molecules can also be used to mimic the shape of 
natural DNA bases. A non-hydrogen-bonding shape mimic 
for adenine can replicate efficiently and selectively against a 
nonpolar shape mimic for thymine (see, e.g., Morales, Nat. 
Struct. Biol. 5: 950-954 (1998)). For example, two degener 
ate bases can be the pyrimidine base 6H, 8H-3,4-dihydro 
pyrimido-4,5-c.1.2 oxazin-7-one or the purine base 
N6-methoxy-2,6-iaminopurine (see, e.g., Hill, Proc. Natl. 
Acad. Sci. USA 95:4258-4263 (1998)). Exemplary degener 
ate primers of the invention incorporate the nucleobase 
analog 5'-Dimethoxytrityl-N-benzoyl-2'-deoxy-Cytidine.3'- 
(2-cyanoethyl)-(N,N-diisopropyl)-phosphoramidite (the 
term “P” in the sequences, see above). This pynmidine 
analog hydrogen bonds with purines, including A and G 
residues. 

0235 Polymorphic variants, alleles, and interspecies 
homologs that are Substantially identical to a taste receptor 
disclosed herein can be isolated using the nucleic acid 
probes described above. Alternatively, expression libraries 
can be used to clone T1R polypeptides and polymorphic 
variants, alleles, and interspecies homologs thereof, by 
detecting expressed homologs immunologically with antis 
era or purified antibodies made against a T1R polypeptide, 
which also recognize and selectively bind to the T1R 
homolog. 
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0236. Nucleic acids that encode ligand-binding regions 
of taste receptors may be generated by amplification (e.g., 
PCR) of appropriate nucleic acid sequences using degener 
ate primer pairs. The amplified nucleic acid can be genomic 
DNA from any cell or tissue or MRNA or cDNA derived 
from taste receptor-expressing cells. 

0237. In one embodiment, hybrid protein-coding 
sequences comprising nucleic acids encoding T1RS fused to 
translocation sequences may be constructed. Also provided 
are hybrid T1Rs comprising the translocation motifs and 
tastant-binding domains of other families of chemosensory 
receptors, particularly taste receptors. These nucleic acid 
sequences can be operably linked to transcriptional or trans 
lational control elements, e.g., transcription and translation 
initiation sequences, promoters and enhancers, transcription 
and translation terminators, polyadenylation sequences, and 
other sequences useful for transcribing DNA into RNA. In 
constitutive of recombinant expression cassettes, vectors, 
and transgenics, a promoter fragment can be employed to 
direct expression of the desired nucleic acid in all desired 
cells or tissues. 

0238. In another embodiment, fusion proteins may 
include C-terminal or N-terminal translocation sequences. 
Further, fusion proteins can comprise additional elements, 
e.g., for protein detection, purification, or other applications. 
Detection and purification facilitating domains include, e.g., 
metal chelating peptides such as polyhistidine tracts, histi 
dine-tryptophan modules, or other domains that allow puri 
fication on immobilized metals; maltose binding protein; 
protein A domains that allow purification on immobilized 
immunoglobulin; or the domain utilized in the FLAGS 
extension/affinity purification system (Immunex Corp., 
Seattle, Wash.). 
0239). The inclusion of a cleavable linker sequences such 
as Factor Xa (see, e.g., Ottavi, Biochimie 80:289-293 
(1998)). Subtilisin protease recognition motif (see, e.g., 
Polyak, Protein Eng. 10:615-619 (1997)); enterokinase 
(Invitrogen, San Diego, Calif.), and the like, between the 
translocation domain (for efficient plasma membrane 
expression) and the rest of the newly translated polypeptide 
may be useful to facilitate purification. For example, one 
construct can include a polypeptide encoding a nucleic acid 
sequence linked to six histidine residues followed by a 
thioredoxin, an enterokinase cleavage site (see, e.g., Will 
iams, Biochemistry 34:1787-1797 (1995)), and an C-termi 
nal translocation domain. The histidine residues facilitate 
detection and purification while the enterokinase cleavage 
site provides a means for purifying the desired protein(s) 
from the remainder of the fusion protein. Technology per 
taining to vectors encoding fusion proteins and application 
of fusion proteins are well described in the scientific and 
patent literature, see, e.g., Kroll, DNA Cell. Biol. 12:441-53 
(1993). 
0240 Expression vectors, either as individual expression 
vectors or as libraries of expression vectors, comprising the 
ligand-binding domain encoding sequences may be intro 
duced into a genome or into the cytoplasm or a nucleus of 
a cell and expressed by a variety of conventional techniques, 
well described in the scientific and patent literature. See, 
e.g., Roberts, Nature 328:731 (1987); Berger supra; 
Schneider, Protein Expr: Purif. 6435:10 (1995); Sambrook: 
Tijssen; Ausubel. Product information from manufacturers 
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of biological reagents and experimental equipment also 
provide information regarding known biological methods. 
The vectors can be isolated from natural sources, obtained 
from such sources as ATCC or GenBank libraries, or pre 
pared by synthetic or recombinant methods. 
0241 The nucleic acids can be expressed using expres 
sion cassettes, vectors or viruses which are stably or tran 
siently expressed in cells (e.g., episomal expression sys 
tems). Selection markers can be incorporated into 
expression cassettes and vectors to confer a selectable 
phenotype on transformed cells and sequences. For example, 
selection markers can code for episomal maintenance and 
replication such that integration into the host genome is not 
required. For example, the marker may encode antibiotic 
resistance (e.g., chloramphenicol, kanamycin, G418, blasti 
cidin, hygromycin) or herbicide resistance (e.g., chlorosul 
furon or Basta) to permit selection of those cells transformed 
with the desired DNA sequences (see, e.g., Blondelet 
Rouault, Gene 190:315-317 (1997); Aubrecht, J. Pharma 
col. Exp. Ther. 281:992-997 (1997)). Because selectable 
marker genes conferring resistance to Substrates like neo 
mycin or hygromycin can only be utilized in tissue culture, 
chemoresistance genes are also used as selectable markers in 
vitro and in vivo. 

0242 A chimeric nucleic acid sequence may encode a 
T1R ligand-binding domain within any 7-transmembrane 
polypeptide. Because 7-transmembrane receptor polypep 
tides have similar primary sequences and Secondary and 
tertiary structures, structural domains (e.g., extracellular 
domain, TM domains, cytoplasmic domain, etc.) can be 
readily identified by sequence analysis. For example, homol 
ogy modeling. Fourier analysis and helical periodicity detec 
tion can identify and characterize the seven domains with a 
7-transmembrane receptor sequence. Fast Fourier Transform 
(FFT) algorithms can be used to assess the dominant periods 
that characterize profiles of the hydrophobicity and variabil 
ity of analyzed sequences. Periodicity detection enhance 
ment and alpha helical periodicity index can be done as by, 
e.g., Donnelly, Protein Sci. 2:55-70 (1993). Other alignment 
and modeling algorithms are well known in the art, see, e.g., 
Peitsch, Receptors Channels 4:161-164 (1996); Kyte & 
Doolittle, J. Med. Bio., 157:105-132 (1982); Cronet, Protein 
Eng. 6:59-64 (1993). 

0243 The present invention also includes not only the 
DNA and proteins having the specified nucleic and anino 
acid sequences, but also DNA fragments, particularly frag 
ments of, e.g., 40, 60, 80, 100, 150, 200, or 250 nucleotides, 
or more, as well as protein fragments of, e.g., 10, 20, 30, 50. 
70, 100, or 150 arnino acids, or more. Optionally, the nucleic 
acid fragments can encode an antigenic polypeptide, which 
is capable of binding to an antibody raised against a T1R 
family member. Further, a protein fragment of the invention 
can optionally be an antigenic fragment, which is capable of 
binding to an antibody raised against a T1R family member. 

0244 Also contemplated are chimeric proteins, compris 
ing at least 10, 20, 30, 50, 70, 100, or 150 amino acids, or 
more, of one of at least one of the T1R polypeptides 
described herein, coupled to additional amino acids repre 
senting all or part of another GPCR, preferably a member of 
the 7 transmembrane superfamily. These chimeras can be 
made from the instant receptors and another GPCR, or they 
can be made by combining two or more of the present T1R 
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receptors. In one embodiment, one portion of the chimera 
corresponds to or is derived from the extracellular domain of 
a T1R polypeptide of the invention. In another embodiment, 
one portion of the chimera corresponds to, or is derived from 
the extracellular domain and one or more of the transmem 
brane domains of a T1R polypeptide described herein, and 
the remaining portion or portions can come from another 
GPCR. Chimeric receptors are well known in the art, and the 
techniques for creating them and the selection and bound 
aries of domains or fragments of G protein-coupled recep 
tors for incorporation therein are also well known. Thus, this 
knowledge of those skilled in the art can readily be used to 
create such chimeric receptors. The use of Such chimeric 
receptors can provide, for example, a taste selectivity char 
acteristic of one of the receptors specifically disclosed 
herein, coupled with the signal transduction characteristics 
of another receptor, such as a well known receptor used in 
prior art assay systems. 

0245. As noted above, such chimeras, analogous to the 
native T1R receptor, or native T1R receptor combination or 
association will bind to and/or be activated by molecules 
that normally affect Sweet taste or umami taste. Functional 
chimeric T1R receptors or receptor combinations are mol 
ecules which when expressed alone or in combination with 
other T1Rs or other GPCRs (which may themselves be 
chimeric) bind to or which are activated by taste stimuli, 
particularly sweet (T1R2/3) or umami taste stimuli (T1R1/ 
3). Molecules that elicit sweet taste include natural and 
artificial Sweeteners such as sucrose, aspartame, xylitol, 
cyclamate, et al., Molecules that elicit umami taste include 
glutamate and glutamate analogs and other compounds that 
bind to native T1R1 and/or T1R3, such as 5'-nucleotides. 
0246 For example, a domain such as a ligand-binding 
domain, an extracellular domain, a transmembrane domain, 
a transmembrane domain, a cytoplasmic domain, an N-ter 
minal domain, a C-terminal domain, or any combination 
thereof, can be covalently linked to a heterologous protein. 
For instance, an T1R extracellular domain an be linked to a 
heterologous GPCR transmembrane domain, or a heterolo 
gous 

0247 GPCR extracellular domain can be linked to a T1R 
transmembrane domain. Other heterologous proteins of 
choice can be used; e.g., green fluorescent protein. 
0248 Also within the scope of the invention are host cells 
for expressing the T1RS, fragments, chimeras or variants of 
the invention. To obtain high levels of expression of a cloned 
gene or nucleic acid, such as cDNAS encoding the T1RS, 
fragments, or variants of the invention, one of skill typically 
Subdlones the nucleic acid sequence of interest into an 
expression vector that contains a strong promoter to direct 
transcription, a transcription/translation terminator, and if 
for a nucleic acid encoding a protein, a ribosome binding site 
for translational initiation. Suitable bacterial promoters are 
well known in the art and described, e.g. in Sambrook et al. 
However, bacterial or eukaryotic expression systems can be 
used. 

0249 Any of the well-known procedures for introducing 
foreign 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 cloned genomic 
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DNA, cDNA, synthetic DNA or other foreign genetic mate 
rial into a host cell (see, e.g., Sambrook et al.) It is only 
necessary that the particular genetic engineering procedure 
used be capable of Successfully introducing at lest one 
nucleic acid molecule into the host cell capable of express 
ing the T1R, fragment, or variant of interest. 
0250) After the expression vector is introduced into the 
cells, the transfected cells are cultured under conditions 
favoring expression of the receptor, fragment, or variant of 
interest, which is then recovered from the culture using 
standard techniques. Examples of Such techniques are well 
known in the art. See, e.g., WO 00/06593, which is incor 
porated by reference in a manner consistent with this dis 
closure. 

Detection of T1R Polypeptides 
0251. In addition to the detection of T1R genes and gene 
expression using nucleic acid hybridization technology, one 
can also use immunoassays to detect T1Rs, e.g. to identify 
taste receptor cells,- and variants of T1R family members. 
bmmunoassays can be used to qualitatively or quantitatively 
analyze the T1RS. A general overview of the applicable 
technology can be found in Harlow & Lane, Antibodies. A 
Laboratory Manual (1988). 
0252) 1. Antibodies to T1R Family Members 
0253 Methods of producing polyclonal and monoclonal 
antibodies that react specifically with a T1R family member 
are known to those of skill in the art (see, e.g., Coligan, 
Current Protocols in Immunology (1991); Harlow & Lane, 
Supra; Goding, Monoclonal Antibodies. Principles and 
Practice (2d ed. 1986); and Kohler & Milstein, Nature, 
256:495-497 (1975)). Such techniques include antibody 
preparation by selection of antibodies from libraries of 
recombinant antibodies in phage or similar vectors, as well 
as preparation of polyclonal and monoclonal antibodies by 
immunizing rabbits or mice (see; e.g., Huse et al., Science, 
246:1275-1281 (1989); Ward et al., Nature, 341:544-546 
(1989)). 
0254. A number of T1R-comprising immunogens may be 
used to produce antibodies specifically reactive with a T1R 
family member. For example, a recombinant T1R polypep 
tide, or an antigenic fragment thereof, can be isolated as 
described herein. Suitable antigenic regions include, e.g., the 
consensus sequences that are used to identify members of 
the T1R family. Recombinant proteins can be expressed in 
eukaryotic or prokaryotic cells as described above, and 
purified as generally described above. Recombinant protein 
is the preferred immunogen for the production of mono 
clonal or polyclonal antibodies. Alternatively, a synthetic 
peptide derived from the sequences disclosed herein and 
conjugated to a carrier protein can be used an immunogen. 
Naturally occurring protein may also be used either in pure 
or impure form. The product is then injected into an animal 
capable of producing antibodies. Either monoclonal or poly 
clonal antibodies may be generated, for Subsequent use in 
immunoassays to measure the protein. 
0255 Methods of production of polyclonal antibodies are 
known to those of skill in the art. For example, an inbred 
strain of mice (e.g. BALB/C mice) or rabbits is immunized 
with the protein using a standard adjuvant, Such as Freund's 
adjuvant, and a standard immunization protocol. The ani 
mal's immune response to the immunogen preparation is 
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monitored by taking test bleeds and determining the titer of 
reactivity to the T1R. When appropriately high titers of 
antibody to the immunogen are obtained, blood is collected 
from the animal and antisera are prepared. Further fraction 
ation of the antisera to enrich for antibodies reactive to the 
protein can be done if desired (see Harlow & Lane, Supra). 
0256 Monoclonal antibodies may be obtained by various 
techniques familiar to those skilled in the art. Briefly, spleen 
cells from an animal immunized with a desired antigen may 
be immortalized, commonly by fusion with a myeloma cell 
(see Kohler & Milstein, Eur: J. Immunol, 6:511-519 (1976)). 
Alternative methods of immortalization include transforma 
tion with Epstein Barr Virus, oncogenes, or retroviruses, or 
other methods well known in the art. Colonies arising from 
single immortalized cells are screened for production of 
antibodies of the desired specificity and affinity for the 
antigen, and yield of the monoclonal antibodies produced by 
Such cells may be enhanced by various techniques, including 
injection into the peritoneal cavity of a vertebrate host. 
Alternatively, one may isolate DNA sequences which 
encode a monoclonal antibody or a binding fragment thereof 
by screening a DNA library from human B cells according 
to the general protocol outlined by Huse et al., Science, 
246:1275-1281 (1989). 
0257 Monoclonal antibodies and polyclonal sera are 
collected and titered against the immunogen protein in an 
immunoassay, for example, a Solid phase immunoassay with 
the immunogen immobilized on a solid Support. Typically, 
polyclonal antisera with a titer of 104 or greater are selected 
and tested for their cross reactivity against non-T1R 
polypeptides, or even other T1R family members or other 
related proteins from other organisms, using a competitive 
binding immunoassay. Specific polyclonal antisera and 
monoclonal antibodies will usually bind with a Kd of at least 
about 0.1 mM, more usually at least about 1 pM, optionally 
at least about 0.1 pM or better, and optionally 0.01 pM or 
better. 

0258. Once T1R family member specific antibodies are 
available, individualT1R proteins and protein fragments can 
be detected by a variety of immunoassay methods. For a 
review of immunological and immunoassay procedures, see 
Basic and Clinical Immunology (Stites & Terr eds., 7th ed. 
1991). Moreover, the immunoassays of the present invention 
can be performed in any of several configurations, which are 
reviewed extensively in Enzyme Immunoassay (Maggio, 
ed., 1980); and Harlow & Lane, supra. 
0259 2. Immunological Binding Assays 
0260 T1R proteins, fragments, and variants can be 
detected and/or quantified using any of a number of well 
recognized immunological binding assays (see, e.g., U.S. 
Pat. Nos. 4.366,241; 4,376,110; 4,517,288; and 4,837,168). 
For a review of the general immunoassays, see also Methods 
in Cell Biology. Antibodies in Cell Biology, volume 37 
(Asai, ed. 1993); Basic and Clinical Immunology (Stites & 
Terr, eds., 7th ed. 1991). Immunological binding assays (or 
immunoassays) typically use an antibody that specifically 
binds to a protein or antigen of choice (in this case a T1R 
family member or an antigenic Subsequence thereof). The 
antibody (e.g. anti-T1R) may be produced by any of a 
number of means well known to those of skill in the art and 
as described above. 

0261) Inumunoassays also often use a labeling agent to 
specifically bind to and label the complex formed by the 
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antibody and antigen. The labeling agent may itself be one 
of the moieties comprising the antibody/antigen complex. 
Thus, the labeling agent may be a labeled T1R polypeptide 
or a labeled anti-T1R antibody. Alternatively, the labeling 
agent may be a third moiety, such a secondary antibody that 
specifically binds to the antibody/T1R complex (a secondary 
antibody is typically specific to antibodies of the species 
from which the first antibody is derived). Other proteins 
capable of specifically binding immunoglobulin constant 
regions, such as protein A or protein G may also be used as 
the label agent. These proteins exhibit a strong non-immu 
nogenic reactivity with immunoglobulin constant regions 
from a variety of species (see, e.g., Kronval et al., J. 
Immunol., 111: 1401-1406 (1973); Akerstrom et al., J. Immu 
mol., 135:2589-2542 (1985)). The labeling agent can be 
modified with a detectable moiety, such as biotin, to which 
another molecule can specifically bind, Such as streptavidin. 
A variety of detectable moieties are well known to those 
skilled in the art. 

0262 Throughout the assays, incubation and/or washing 
steps may be required after each combination of reagents. 
Incubation steps can vary from about 5 seconds to several 
hours, optionally from about 5 minutes to about 24 hours. 
However, the incubation time will depend upon the assay 
format, antigen, Volume of solution, concentrations, and the 
like. Usually, the assays will be carried out at ambient 
temperature, although they can be conducted over a range of 
temperatures, such as 10° C. to 40° C. 
0263. A. Non-Competitive Assay Formats 
0264. Immunoassays for detecting a T1R polypeptide in 
a sample may be either competitive or noncompetitive. 
Noncompetitive immunoassays are assays in which the 
amount of antigen is directly measured. In one preferred 
“sandwich' assay, for example, the anti-T1R antibodies can 
be bound directly to a solid substrate on which they are 
immobilized. These immobilized antibodies then capture the 
T1R polypeptide present in the test sample. The T1R 
polypeptide is thus immobilized is then bound by a labeling 
agent, such as a second T1R antibody bearing a label. 
Alternatively, the second antibody may lack a label, but it 
may, in turn, be bound by a labeled third antibody specific 
to antibodies of the species from which the second antibody 
is derived. The second or third antibody is typically modified 
with a detectable moiety, such as biotin, to which another 
molecule specifically binds, e.g., Streptavidin, to provide a 
detectable moiety. 
0265 B. Competitive Assay Formats 
0266. In competitive assays, the amount of T1R polypep 
tide present in the sample is measured indirectly by mea 
Suring the amount of a known, added (exogenous) T1R 
polypeptide displaced (competed away) from an anti-T1R 
antibody by the unknown T1R polypeptide present in a 
sample. In one competitive assay, a known amount of T1R 
polypeptide is added to a sample and the sample is then 
contacted with an antibody that specifically binds to the 
T1R. The amount of exogenous T1R polypeptide bound to 
the antibody is inversely proportional to the concentration of 
T1R polypeptide present in the sample. In a particularly 
preferred embodiment, the antibody is immobilized on a 
solid substrate. The amount of T1R polypeptide bound to the 
antibody may be determined either by measuring the amount 
of T1R polypeptide present in a T1R/antibody complex, or 



US 2007/01 04709 A1 

alternatively by measuring the amount of remaining uncom 
plexed protein. The amount of T1R polypeptide may be 
detected by providing a labeled T1R molecule. 
0267 Ahapten inhibition assay is another preferred com 
petitive assay. In this assay the known T1R polypeptide is 
immobilized on a Solid Substrate. A known amount of 
anti-T1R antibody is added to the sample, and the sample is 
then contacted with the immobilized T1R. The amount of 
anti-T1R antibody bound to the known immobilized T1R 
polypeptide is inversely proportional to the amount of T1R 
polypeptide present in the sample. Again, the amount of 
immobilized antibody may be detected by detecting either 
the immobilized fraction of antibody or the fraction of the 
antibody that remains in solution. Detection may be direct 
where the antibody is labeled or indirect by the subsequent 
addition of a labeled moiety that specifically binds to the 
antibody as described above. 
0268 C. Cross-Reactivity Determinations 
0269. Immunoassays in the competitive binding format 
can also be used for cross-reactivity determinations. For 
example, a protein at least partially encoded by the nucleic 
acid sequences disclosed herein can be immobilized to a 
Solid Support. Proteins (e.g., T1R polypeptides and 
homologs) are added to the assay that compete for binding 
of the antisera to the immobilized antigen. The ability of the 
added proteins to compete for binding of the antisera to the 
immobilized protein is compared to the ability of the T1R 
polypeptide encoded by the nucleic acid sequences disclosed 
herein to compete with itself. The percent cross-reactivity 
for the above proteins is calculated, using standard calcula 
tions. Those antisera with less than 10% cross-reactivity 
with each of the added proteins listed above are selected and 
pooled. The cross-reacting antibodies are optionally 
removed from the pooled antisera by immunoabsorption 
with the added considered proteins, e.g., distantly related 
homologs. In addition, peptides comprising amino acid 
sequences representing conserved motifs that are used to 
identify members of the T1R family can be used in cross 
reactivity determinations. 

0270. The immunoabsorbed and pooled antisera are then 
used in a competitive binding immunoassay as described 
above to compare a second protein, thought to be perhaps an 
allele or polymorphic variant of a T1R family member, to 
the immunogen protein (ie., T1R polypeptide encoded by 
the nucleic acid sequences disclosed herein). In order to 
make this comparison, the two proteins are each assayed at 
a wide range of concentrations and the amount of each 
protein required to inhibit 50% of the binding of the antisera 
to the immobilized protein is determined. If the amount of 
the second protein required to inhibit 50% of binding is less 
than 10 times the amount of the protein encoded by nucleic 
acid sequences disclosed herein required to inhibit 50% of 
binding, then the second protein is said to specifically bind 
to the polyclonal antibodies generated to a T1R immunogen. 

0271 Antibodies raised against T1R conserved motifs 
can also be used to prepare antibodies that specifically bind 
only to GPCRs of the T1R family, but not to GPCRs from 
other families. 

0272 Polyclonal antibodies that specifically bind to a 
particular member of the T1R family can be made by 
Subtracting out cross-reactive antibodies using other T1R 
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family members. Species-specific polyclonal antibodies can 
be made in a similar way. For example, antibodies specific 
to human T1R1 can be made by, subtracting out antibodies 
that are cross-reactive with orthologous sequences, e.g., rat 
T1R1 or mouse T1R1. 

0273 D. Other Assay Formats 
0274 Western blot (immunoblot) analysis is used to 
detect and quantify the presence of T1R polypeptide in the 
sample. The technique generally comprises separating 
sample proteins by gel electrophoresis on the basis of 
molecular weight, transferring the separated proteins to a 
Suitable Solid Support, (such as a nitrocellulose filter, a nylon 
filter, or derivatized nylon filter), and incubating the sample 
with the antibodies that specifically bind the T1R polypep 
tide. The anti-T1R polypeptide antibodies specifically bind 
to the T1R polypeptide on the solid support. These antibod 
ies may be directly labeled or alternatively may be subse 
quently detected using labeled antibodies (e.g., labeled 
sheep anti-mouse antibodies) that specifically bind to the 
anti-T1R antibodies. 

0275 Other, assay formats include liposome immimoas 
says (LIA), which use liposomes designed to bind specific 
molecules (e.g., antibodies) and release encapsulated 
reagents or markers. The released chemicals are then 
detected according to standard techniques (see Monroe et 
al., Amer: Clin. Prod. Rev., 5:34-41 (1986)). 
0276 E. Reduction of Non-Specific Binding 
0277 One of skill in the art will appreciate that it is often 
desirable to minimize non-specific binding in immunoas 
says. Particularly, where the assay involves an antigen or 
antibody immobilized on a solid substrate it is desirable to 
minimize the amount of non-specific binding to the Sub 
strate. Means of reducing such non-specific binding are well 
known to those of skill in the art. Typically, this technique 
involves coating the Substrate with a proteinaceous compo 
sition. In particular, protein compositions such as bovine 
serum albumin (BSA), nonfat powdered milk, and gelatin 
are widely used with powdered milk being most preferred. 

0278 F. Labels 
0279 The particular label or detectable group used in the 
assay is not a critical aspect of the invention, as long as it 
does not significantly interfere with the specific binding of 
the antibody used in the assay. The detectable group can be 
any material having a detectable physical or chemical prop 
erty. Such detectable labels have been well developed in the 
field of immunoassays and, in general, most any label useful 
in Such methods can be applied to the present invention. 
Thus, a label is any composition detectable by spectro 
scopic, photochemical, biochemical, immunochemical, 
electrical, optical, or chemical means. Useful labels in the 
present invention include magnetic beads (e.g., DYNA 
BEADSTM), fluorescent dyes (e.g., fluorescein isothiocy 
anate, Texas red, rhodamine, and the like), radiolabels (e.g., 
H. 125I, C, S), enzymes (e.g., horseradish peroxidase, 
alkaline phosphates and others commonly used in an 
ELISA), and calorimetric labels such as colloidal gold or 
colored glass or plastic beads (e.g., polystyrene, polypropy 
lene, latex, etc.). 
0280 The label may be coupled directly or indirectly to 
the desired component of the assay according to methods 
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well known in the art. As indicated above, a wide variety of 
labels may be used, with the choice of label depending on 
sensitivity required, ease of conjugation with the compound, 
stability requirements, available instrumentation, and dis 
posal provisions. 
0281. Non-radioactive labels are often attached by indi 
rect means. Generally, a ligand molecule (e.g., biotin) is 
covalently bound to the molecule. The ligand then binds to 
another molecules (e.g., Streptavidin) molecule, which is 
either inherently detectable or covalently bound to a signal 
system, such as a detectable enzyme, a fluorescent com 
pound, or a chemiluminescent compound. The ligands and 
their targets can be used in any suitable combination with 
antibodies that recognize a T1R polypeptide, or secondary 
antibodies that recognize anti-T1R. 
0282. The molecules can also be conjugated directly to 
signal generating compounds, e.g., by conjugation with an 
enzyme or fluorophore. Enzymes of interest as labels will 
primarily be hydrolases, particularly phosphatases, esterases 
and glycosidases, or oxidotases, particularly peroxidases. 
Fluorescent compounds include fluorescein and its deriva 
tives, rhodamine and its derivatives, dansyl, umbelliferone, 
etc. Chemiluminescent compounds include luciferin, and 
2,3-dihydrophthalazinediones, e.g., luminol. For a review of 
various labeling or signal producing systems that may be 
used, see U.S. Pat. No. 4,391,904. 
0283 Means of detecting labels are well known to those 
of skill in the art. Thus, for example, where the label is a 
radioactive label, means for detection include a scintillation 
counter or photographic film as in autoradiography. Where 
the label is a fluorescent label, it may be detected by exciting 
the fluorochrome with the appropriate wavelength of light 
and detecting the resulting fluorescence. The fluorescence 
may be detected visually, by means of photographic film, by 
the use of electronic detectors such as charge-coupled 
devices (CCDs) or photomultipliers and the like. Similarly, 
enzymatic labels may be detected by providing the appro 
priate Substrates for the enzyme and detecting the resulting 
reaction product. Finally simple colorimetric labels may be 
detected simply by observing the color associated with the 
label. Thus, in various dipstickassays, conjugated gold often 
appears pink, while various conjugated beads appear the 
color of the bead. 

0284. Some assay formats do not require the use of 
labeled components. For instance, agglutination assays can 
be used to detect the presence of the target antibodies. In this 
case, antigen-coated particles are agglutinated by Samples 
comprising the target antibodies. In this format, none of the 
components need be labeled and the presence of the target 
antibody is detected by simple visual inspection. 
0285) Detection of Modulators 
0286 Compositions and methods for determining 
whether a test compound specifically binds to a T1R recep 
tor of the invention, both in vitro and in viva, are described 
below. Many aspects of cell physiology can be monitored to 
assess the effect of ligand binding to a T1R polypeptide of 
the invention. These assays may be performed on intact cells 
expressing a chemosensory receptor, on permeabilized cells, 
or on membrane fractions produced by standard methods or 
in vitro de novo synthesized proteins. 
0287. In vivo, taste receptors bind tastants and initiate the 
transduction of chemical stimuli into electrical signals. An 
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activated or inhibited G protein will in turn alter the prop 
erties of target enzymes, channels, and other effector pro 
teins. Some examples are the activation of c(GNP phosphodi 
esterase by transducin in the visual system, adenylate 
cyclase by the stimulatory G protein, phospholipase C by Gq 
and other cognate G proteins, and modulation of diverse 
channels by Gi and other G proteins. Downstream conse 
quences can also be examined such as generation of diacyl 
glycerol and IP3 by phospholipase C, and in turn, for 
calcium mobilization by IP3. 
0288 The T1R proteins or polypeptides of the assay will 
preferably be selected from a polypeptide having the T1R 
polypeptide sequence selected from those disclosed in 
Example 1, or fragments or conservatively modified variants 
thereof Optionally, the fragments and variants can be anti 
genic fragments and variants which bind to an anti-T1R 
antibody. Optionally, the fragments and variants can bind to 
or are activated by Sweeteners or umami tastants. 
0289 Alternatively, the T1R proteins or polypeptides of 
the assay can be derived from a eukaryotic host cell and can 
include an amino acid Subsequence having amino acid 
sequence identity to the T1R polypeptides disclosed in 
Example 1, or fragments or conservatively modified variants 
thereof. Generally, the amino acid sequence identity will be 
at least 35 to 50%, or optionally 75%, 85%, 90%. 95%, 96%, 
97%, 98%, or 99%. Optionally, the T1R proteins or polypep 
tides of the assays can comprise a domain of a T1R protein, 
Such as an extracellular domain, transmembrane region, 
transmembrane domain, cytoplasmic domain, ligand-bind 
ing domain, and the like. Further, as described above, the 
T1R protein or a domain thereof can be covalently linked to 
a heterologous protein to create a chimeric protein used in 
the assays described herein. 
0290 Modulators of T1R receptor activity are tested 
using T1R proteins or polypeptides as described above, 
either recombinant or naturally occurring. The T1R proteins 
or polypeptides can be isolated, co-expressed in a cell, 
co-expressed in a membrane derived from a cell, co-ex 
pressed in tissue or in an animal, either recombinant or 
naturally occurring. For example, tongue slices, dissociated 
cells from a tongue, transformed cells, or membranes can be 
used. Modulation can be tested using one of the in vitb-o or 
in vivo assays described herein. 
0291 For example, as disclosed in the experiment 
examples infra, it has been discovered that certain 5' nucle 
otides, e.g., 5' IMP or 5' GMP, enhance the activity of 
L-glutamate to activate the umami taste receptor, or block 
the activation of the umami taste receptor by umami taste 
stimuli such as L-glutamate and L-aspartate. 
0292 1. In Vitro Binding Assays 
0293 Taste transduction can also be examined in vitro 
with soluble or solid state reactions, using the T1R polypep 
tides of the invention. In a particular embodiment, T1R 
ligand-binding domains can be used in vitro in Soluble or 
Solid state reactions to assay for ligand binding. 

0294 For instance, the T1R N-terminal domain is pre 
dicted to be involved in ligand binding. More particularly, 
the T1Rs belong to a GPCR sub-family that is characterized 
by large, approximately 600 amino acid, extracellular N-ter 
minal segments. These N-terminal segments are thought to 
form the ligand-binding domains, and are therefore useful in 
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biochemical assays to identify T1 Ragonists and antagonists. 
It is possible that the ligand-binding domain may be formed 
by additional portions of the extracellular domain, Such as 
the extracellular loops of the transmembrane domain. 
0295). In vitro binding assays have been used with other 
GPCRs that are related to the T1Rs, such as the metabotropic 
glutamate receptors (see, e.g. Han and Hampson, J. Biol. 
Chem. 274:10008-10013 (1999)). These assays might 
involve displacing a radioactively or fluorescently labeled 
ligand, measuring changes in intrinsic fluorescence or 
changes in proteolytic susceptibility, etc. 

0296 Ligand binding to a hetero-multimeric complex of 
T1R polypeptides of the invention can be tested in solution, 
in a bilayer membrane, optionally attached to a solid phase, 
in a lipid monolayer, or in vesicles. Binding of a modulator 
can be tested using, e.g., changes in spectroscopic charac 
teristics (e.g., fluorescence, absorbence, refractive index) 
hydrodynamic (e.g., shape), chromatographic, or Solubility 
properties. 

0297. In another embodiment of the invention, a 
GTPYS assay may be used. As described above, upon 
activation of a GPCR, the Gcc subunit of the G protein 
complex is stimulated to exchange bound GDP for GTP. 
Ligand-mediated Stimulation of G protein exchange activity 
can be measured in a biochemical assay measuring the 
binding of added radioactively labeled GTPYS to the G 
protein in the presence of a putative ligand. Typically, 
membranes containing the chemosensory receptor of inter 
est are mixed with a complex of G proteins. Potential 
inhibitors and/or activators and GTPYS are added to the 
assay, and binding of GTPYS to the G protein is measured. 
Binding can be measured by liquid Scintilation counting or 
by any other means known in the art, including Scintillation 
proximity assays (SPA). In other assays formats, fluores 
cently labeled GTPYS can be utilized. 
0298 2. Fluorescence Polarization Assays 
0299. In another embodiment, Fluorescence Polarization 
(“CTP) based assays may be used to detect and monitor 
ligand binding. Fluorescence polarization is a versatile labo 
ratory technique for measuring equilibrium binding, nucleic 
acid hybridization, and enzymatic activity. Fluorescence 
polarization assays are homogeneous in that they do not 
require a separation step such as centrifugation, filtration, 
chromatography, precipitation, or electrophoresis. These 
assays are done in real time, directly in Solution and do not 
require an immobilized phase. Polarization values can be 
measured repeatedly and after the addition of reagents since 
measuring the polarization is rapid and does not destroy the 
sample. Generally, this technique can be used to measure 
polarization values of fluorophores from low picomolar to 
micromolar levels. This section describes how fluorescence 
polarization can be used in a simple and quantitative way to 
measure the binding of ligands to the T1R polypeptides of 
the invention. 

0300 When a fluorescently labeled molecule is excited 
with plane-polarized light, it emits light that has a degree of 
polarization that is inversely proportional to its molecular 
rotation. Large fluorescently labeled molecules remain rela 
tively stationary during the excited State (4 nanoseconds in 
the case of fluorescein) and the polarization of the light 
remains relatively constant between excitation and emission. 
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Small fluorescently labeled molecules rotate rapidly during 
the excited State and the polarization changes significantly 
between excitation and emission. Therefore, small mol 
ecules have low polarization values and large molecules 
have high polarization values. For example, a single 
stranded fluorescein-labeled oligonucleotide has a relatively 
low polarization value but when it is hybridized to a comple 
mentary Strand, it has a higher polarization value. When 
using FP to detect and monitor tastant-binding which may 
activate or inhibit the chemosensory receptors of the inven 
tion, fluorescence-labeled tastants or auto-fluorescent 
tastants may be used. 
0301 Fluorescence polarization (P) is defined as: 

int - ini, 
T Inti + Int, 

Where II is the intensity of the emission light parallel to the 
excitation light plane and Int L is the intensity of the 
emission light perpendicular to the excitation light plane. P. 
being a ratio of light intensities, is a dimensionless number. 
For example, the Beacon R and Beacon 2000TM System may 
be used in connection with these assays. Such systems 
typically express polarization in millipolarization units (1 
Polarization Unit=1000 mP Units). 
0302) The relationship between molecular rotation and 
size is described by the Perrin equation and the reader is 
referred to Jolley, M. E. (1991) in Journal of Analytical 
Toxicology, pp. 236-240, which gives a thorough explana 
tion of this equation. Summarily, the Perrin equation states 
that polarization is directly proportional to the rotational 
relaxation time, the time that it takes a molecule to rotate 
through an angle of approximately 68.5° Rotational relax 
ation time is related to viscosity (m), absolute temperature 
(T), molecular volume (V), and the gas constant (R) by the 
following equation: 

. . 37 V Rotational Relaxation Time = RT 

0303. The rotational relaxation time is small (s.1 nano 
second) for Small molecules (e.g. fluorescein) and large 
(s.100 nanoseconds) for large molecules (e.g. immunoglo 
bulins). If viscosity and temperature are held constant, 
rotational relaxation time, and therefore polarization, is 
directly related to the molecular volume. Changes in 
molecular volume may be due to interactions with other 
molecules, dissociation, polymerization, degradation, 
hybridization, or conformational changes of the fluores 
cently labeled molecule. For example, fluorescence polar 
ization has been used to measure enzymatic cleavage of 
large fluorescein labeled polymers by proteases, DNases, 
and RNases. It also has been used to measure equilibrium 
binding for protein/protein interactions, antibody/antigen 
binding, and protein/DNA binding. 
0304 A. Solid State and Soluble High Throughput 
Assays 
0305. In yet another embodiment, the invention provides 
soluble assays using a hetero-oligomeric T1R polypeptide 


























































































































































