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(57) ABSTRACT 

The present invention provides isolated nucleic acid and 
amino acid Sequences of Sweet taste receptors, the receptors 
comprising consisting of a monomer or homodimer of a 
T1R3 G-protein coupled receptor polypeptide, antibodies to 
Such receptors, methods of detecting Such nucleic acids and 
receptors, and methods of Screening for modulators of Sweet 
and amino acid taste receptors. 
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MAMMALLANT1R3 SWEET TASTE RECEPTORS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. Not applicable. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

0002) Not applicable. 

FIELD OF THE INVENTION 

0003. The present invention provides isolated nucleic 
acid and amino acid Sequences of Sweet taste receptors, the 
receptors comprising consisting of a monomer or 
homodimer of a T1R3 G-protein coupled receptor polypep 
tide, antibodies to Such receptors, methods of detecting Such 
nucleic acids and receptors, and methods of Screening for 
modulators of Sweet taste receptors. 

BACKGROUND OF THE INVENTION 

0004. The sense of taste is responsible for detecting and 
responding to Sweet, bitter, Sour, Salty and umami (amino 
acid) stimuli. It is also capable of distinguishing between 
these various taste modalities to generate innate behavioral 
responses. For instance, animals are vigorously averse to 
bitter-tasting compounds, but are attracted to Sweet and 
umami stimuli. To examine taste signal detection and infor 
mation processing, we have focused on the isolation and 
characterization of Sweet, umami and bitter taste receptors. 
These receptorS provide powerful molecular tools to delin 
eate the organization of the taste System, and to help define 
the logic of taste coding. 
0005 Two families of candidate mammalian taste recep 
tors, the T1Rs and T2Rs, have been implicated in Sweet, 
umami and bitter detection. The T2Rs are a family of ~30 
taste-specific GPCRs distantly related to opsins, and clus 
tered in regions of the genome genetically linked to bitter 
taste in humans and mice (Adler et al., Cell 100, 693-702 
(2000); Matsunami et al., Nature, 404, 601-604 (2000)). 
Several T2RS have been shown to function as bitter taste 
receptors in heterologous expression assays, Substantiating 
their role as bitter sensors (Chandrashekar et al., Cell, 100, 
703-711 (2000); Bufe et al., Nat Genet, 32,397-401 (2002)). 
Most T2Rs are co-expressed in the same Subset of taste 
receptor cells (Adler, E. et al., Cell 100, 693-702 (2000)), 
Suggesting that these cells function as generalized bitter 
detectors. 

0006. The T1Rs are a small family of 3 GPCRs expressed 
in taste cells of the tongue and palate epithelium, distantly 
related to metabotropic glutamate receptors, the calcium 
Sensing receptor and Vomeronasal receptors (Hoon et al., 
Cell, 96, 541-551 (1999); Kitagawa et al., Biochem Biophys 
Res Commun, 283, 236-242 (2001); Max et al., Sac. Nat 
Genet, 28, 58-63 (2001); Montmayeur et al. Nat Neurosci, 4, 
492-498 (2001); Nelson et al., Cell, 106, 381-390 (2001); 
Sainz et al., J Neurochem, 77, 896-903 (2001)). T1Rs 
combine to generate at least two heteromeric receptors: 
T1R1 and T1R3 form an L-amino acid sensor, which in 
rodents recognizes most amino acids, and T1R2 and T1R3 
asSociate to function as a broadly tuned Sweet receptor 
(Nelson, G. et al., Cell, 106,381-390 (2001); Nelson, G. et 
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al., Nature, 416, 199-202 (2002); Li, X. et al., Proc Natl 
Acad Sci U S A, 99, 4692-4696 (2002); see also WO 
00/06592, WO 00/06593, and WO 03/004992). 
0007 Animals can detect a wide range of chemically 
distinct Sweet tasting molecules, including natural Sugars, 
artificial Sweeteners, D-amino acids and intensely Sweet 
proteins. How many different receptorS does it take to taste 
the Sweet universe? The human and rodent T1R2+3 hetero 
meric Sweet receptorS respond in cell-based assays to all 
classes of Sweet compounds, and do So with affinities that 
approximate their respective in Vivo psychophysical and/or 
behavioral thresholds (Nelson et al., Cell, 106, 381-390 
(2001); Li et al., Proc Natl AcadSci USA, 99, 4692-4696 
(2002)). At a fundamental level, the evolution of Sweet taste 
most likely reflects the need to detect and measure Sugar 
content in potential food Sources. Therefore, a Single broadly 
tuned receptor for natural Sugars might be all that is 
required. On the other hand, a number of studies with 
various Sugars and artificial Sweeteners insinuate the possi 
bility of more than one Sweet taste receptor (Schiffman et al., 
Pharmacol Biochem Behav, 15,377-388 (1981); Ninomiya 
et al., J Neurophysiol, 81,3087-3091 (1999)). 
0008. In humans, monosodium L-glutamate (MSG) and 
L-aspartate, but not other amino acids, elicit a distinctive 
savory taste sensation called umami (Maga, 1983). Notably, 
unlike the rodent T1R1+3, the human T1R1+3 amino acid 
taste receptor is Substantially more Sensitive to L-glutamate 
and L-aspartate than to other L-amino acids (Liet al., Proc 
Natl AcadSci USA, 99, 4692-4696 (2002)). These findings 
led to the proposal that T1R-3 may be the mammalian 
umami receptor (Nelson. et al., Nature, 416, 199-202 
(2002); Li. et al., Proc Natl AcadSci USA, 99, 4692-4696 
(2002)). However, a number of studies, including the recent 
analysis of T1R3 KO mice (Damak et al., Science, 301, 
850-853 (2003)) have suggested that umami taste is medi 
ated by mGluR4t, a truncated variant of the metabotropic 
glutamate receptor (Chaudhari et al., Neurosci, 16, 3817 
3826 (1996); Chaudhari. et al., Nat Neurosci, 3, 113-119 
(2000)). 
0009. How are the different taste qualities encoded at the 
taste cell level? In mammals, taste receptor cells are 
assembled into taste buds that are distributed in different 
papillae in the tongue epithelium. Each taste bud contains 
50-150 cells, including precursor cells, Support cells, and 
taste receptor cells (Lindemann, Physiol Rev. 76, 718-766 
(1996)). The receptor cells are innervated by afferent fibers 
that transmit information to the taste centers of the cortex 
through Synapses in the brain Stem and thalamus. In the 
Simplest model of taste coding at the periphery, each taste 
modality would be encoded by a unique population of cells 
expressing specific receptors (e.g. Sweet cells, bitter cells, 
Salt-sensing cells, etc.). In this Scenario, our perception of 
any one taste quality would result from the activation of 
distinct cell types in the tongue (labeled line model). Alter 
natively, individual taste cells could recognize multiple taste 
modalities, and the ensemble firing pattern of many Such 
broadly tuned receptor cells would encode taste quality 
(across fiber model). 
0010 Recently, we showed that T1Rs and T2Rs are 
expressed in completely non-overlapping populations of 
receptor cells in the lingual epithelium (Nelson et al., Cell, 
106,381-390 (2001)), and demonstrated that bitter-receptor 
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expressing cells mediate responses to bitter but not to Sweet 
or amino acid tastants (Zhang et al., Cell, 112, 293-301 
(2003)). Together, these results argued that taste receptor 
cells are not broadly tuned acroSS all modalities, and 
Strongly Supported a labeled line model of taste coding at the 
periphery. A fundamental question we address now is how 
many types of cells and receptors are necessary to mediate 
Sweet and umami, the two principal attractive taste modali 
ties. We now show that Sweet and umami tastes are exclu 
Sively mediated by T1RS, and demonstrate that genetic 
ablation of individual T1R subunits selectively affects these 
two attractive taste modalities. The identification of cells and 
receptors for Sweet and umami Sensing also allowed us to 
devise a Strategy to Separate the role of receptor activation 
from cell Stimulation in encoding taste responses. We Show 
that animals engineered to express a modified k-opioid 
receptor in T1R2+3-expressing cells become specifically 
attracted to a k-opioid agonist, and prove that activation of 
Sweet-receptor expressing cells, rather than the T1R recep 
tors themselves, is the key determinant of behavioral attrac 
tion to Sweet tastants. Finally, we now demonstrate that 
T1R1 alone, either as a monomer or as a homodimer, acts as 
a receptor for naturally occurring SugarS. 

BRIEF SUMMARY OF THE INVENTION 

0.011 The present invention thus provides for the first 
time a homodimeric Sweet taste receptor, the receptor com 
prising or consisting of two T1R3 polypeptides. The present 
invention also provides a monomeric Sweet taste receptor 
comprising or consisting of one T1R3 polypeptide. The 
receptors transduce a signal in response to Sweet taste 
ligands when T1R3 is expressed in a cell. In one embodi 
ment, the Sweet taste ligands are naturally occurring Sweet 
tasting molecules. In another embodiment, the Sweet taste 
ligands and artificial and mimic naturally occurring Sweet 
tasting molecules. In one embodiment, the T1R3 polypep 
tides of the homodimer are non-covalently linked. 
0012. In one aspect, the present invention provides a 
Sweet taste receptor comprising a T1R3 polypeptide, the 
T1R3 polypeptide comprising greater than about 80% amino 
acid Sequence identity to an amino acid Sequence of SEQ ID 
NO:15, SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:25, or 
SEQ ID NO:31 or encoded by a nucleotide sequence hybrid 
izing under moderately or highly Stringent hybridization 
conditions to a nucleotide Sequence encoding an amino acid 
sequence of SEQ ID NO:15, SEQ ID NO:20, SEQ ID 
NO:23, SEQ ID NO:25, or SEQ ID NO:31. 
0013 In one embodiment, the T1R3-comprising receptor 
Specifically binds to polyclonal antibodies generated against 
SEQ ID NO:15, SEQ ID NO:20, SEQ ID NO:23, SEQ ID 
NO:25, or SEQ ID NO:31. In another embodiment, the 
receptor has G-protein coupled receptor activity. In another 
embodiment, the T1R3 polypeptide has an amino acid 
sequence of SEQ ID NO:15, SEQ ID NO:20, SEQ ID 
NO:23, SEQ ID NO:25, or SEO ID NO:31. In another 
embodiment, the receptor is from a human, a rat, or a mouse. 
0.014. In another embodiment, the Sweet receptor com 
prises a T1R3 polypeptide and recognizes natural Sugars, 
e.g., glucose, galactose, fructose, maltose, lactose, and 
SUCOSC. 

0.015. In one aspect, the present invention provides an 
isolated polypeptide comprising an extracellular, a trans 
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membrane domain, or a cytoplasmic domain of a Sweet 
T1R3-comprising homodimeric or monomeric taste recep 
tor, the extracellular, a transmembrane domain, or a cyto 
plasmic domain comprising greater than about 80% amino 
acid Sequence identity to the extracellular, a transmembrane 
domain, or a cytoplasmic domain of SEQ ID NO:15, SEQ 
ID NO:20, SEQ ID NO:23, SEQ ID NO:25, or SEQ ID 
NO:31. In another embodiment, the extracellular, transmem 
brane, or cytoplasmic domain hybridize under highly Strin 
gent conditions to an extracellular, transmembrane, or cyto 
plasmic domain of an amino acid Sequence of SEQ ID 
NO:15, 20, 23, 25, or 31. 
0016. In one embodiment, the polypeptide encodes the 
extracellular, a transmembrane domain, or a cytoplasmic 
domain of SEQ ID NO:15, SEQ ID NO:20, SEQ ID NO:23, 
SEQ ID NO:25, or SEQ ID NO:31. In another embodiment, 
the extracellular, a transmembrane domain, or a cytoplasmic 
domain is covalently linked to a heterologous polypeptide, 
forming a chimeric polypeptide. In another embodiment, the 
chimeric polypeptide has G-protein coupled receptor activ 
ity. 

0017. In one aspect, the present invention provides an 
antibody that selectively binds to a homodimeric or mono 
meric Sweet taste receptor, the receptor comprising one or 
two T1R3 polypeptides but no T1R1 or T1R2 polypeptides, 
the antibody raised against a receptor comprising a T1R3 
polypeptide comprising greater than about 80% amino acid 
Sequence identity to an amino acid Sequence of SEQ ID 
NO:15, SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:25, 
SEQ ID NO:31 or encoded by a nucleotide sequence hybrid 
izing under highly Stringent hybridization conditions to a 
nucleotide Sequence encoding an amino acid Sequence of 
SEQ ID NO:15, SEQ ID NO:20, SEQ ID NO:23, SEQ ID 
NO:25, or SEQ ID NO:31. 
0018. In another aspect, the present invention provides a 
method for identifying a compound that modulates Sweet 
taste Signaling in taste cells, the method comprising the Steps 
of: (i) contacting the compound with a homodimeric or 
monomeric receptor comprising a T1R3 polypeptide but not 
a T1R1 or a T1R2 polypeptide, the polypeptide comprising 
greater than about 80% amino acid sequence identity to SEQ 
ID NO:15, SEQID NO:20, SEQID NO:23, SEQID NO:25, 
or SEQ ID NO:31; or encoded by a nucleotide sequence 
hybridizing under highly Stringent hybridization conditions 
to a nucleotide Sequence encoding an amino acid Sequence 
of SEQ ID NO:15, SEQID NO:20, SEQID NO:23, SEQ ID 
NO:25, or SEQ ID NO:31; and (ii) determining the func 
tional effect of the compound upon the receptor. 

0019. In one embodiment, the functional effect is deter 
mined in Vitro. In one embodiment, the polypeptide is 
expressed in a cell or cell membrane. In another embodi 
ment, the receptor is linked to a Solid phase, either 
covalently or non-covalently. 

0020. In another aspect, the present invention provides a 
method for identifying a compound that modulates Sweet 
taste Signaling in taste cells, the method comprising the Steps 
of: (i) contacting a cell with the compound, the cell express 
ing a homodimeric or monomeric receptor comprising a 
T1R3 polypeptide but not expressing a T1R1 or a T1R2 
polypeptide, the T1R3 polypeptide comprising greater than 
about 80% amino acid sequence identity to SEQ ID NO:15, 
SEQID NO:20, SEQ ID NO:23, SEQ ID NO:25, or SEQ ID 



US 2005/0106571 A1 

NO:31; or encoded by a nucleotide sequence hybridizing 
under highly Stringent hybridization conditions to a nucle 
otide Sequence encoding an amino acid Sequence of SEQID 
NO:15, SEQ ID NO:20, SEQ ID NO:23, SEQ ID NO:25, or 
SEQ ID NO:31; and (ii) determining the functional effect of 
the compound upon the receptor. 

0021. In one embodiment, the functional effect is deter 
mined by measuring changes in intracellular cAMP, IP3, or 
Ca2+. In another embodiment, the functional effect is a 
chemical or phenotypic effect. In another embodiment, the 
functional effect is a physical effect. In another embodiment, 
the functional effect is determined by measuring binding of 
the compound to the extracellular domain of the receptor. In 
another embodiment, the polypeptide is recombinant. In 
another embodiment, the cell is a eukaryotic cell, e.g., a 
mammalian cell, e.g., a human cell. In another embodiment, 
the cell expresses G protein GC 15. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1: Targeted KO of T1R1, T1R2 and T1R3. 
0023 (a) Schematic drawing showing the structure of the 
three T1R genes and the Strategy for generating knockout 
animals. The targeting constructs deleted all Seven predicted 
transmembrane helices of T1R1 and T R2, and the entire 
extracellular ligand binding domain of T1R3. (b) In situ 
hybridization labeling demonstrating robust expression of 
T1Rs in taste buds of wild-type animals, but complete 
absence in the corresponding knock-out mice. 
0024 FIG. 2: T1R mutants respond normally to sour, 
salty and bitter stimuli 
0025 (a) Wild-type (WT), T1R1, T1R2 and T1R3 knock 
out mice (1-KO, 2-KO, 3-KO) show robust neural responses 
to sour (100 mM citric acid), salty (100 mM NaCl) and bitter 
(10 mM PROP) tastants. (b) Integrated neural responses, 
Such as those shown in (a), were normalized to the response 
elicited by 100 mM citric acid; control and KO animals are 
indistinguishable from each other. The values are 
means-ES.e.m. (n=4). The data represent chorda tympani 
responses (see Experimental Procedures for details). (c), 
Taste preferences of wild-type and T1R knockout animals 
were measured relative to water using a brief access taste 
test (Zhang, Y. et al., Cell, 112, 293-301 (2003)). All four 
lines showed normal responses to Sour, Salty and bitter 
Stimuli. The values are meansits.e.m. (n=7). Similar results 
were obtained using a Standard two bottle preference assay 
(data not shown). Cyx, cycloheximide, Den, denatonium 
benzoate; PROP, 6-n-propyl-thiouracil; Qui, quinine. 

0026 FIG. 3: T1R1+3 functions as the mammalian 
umami receptor (a-d) Taste preferences of wild-type (open 
circles, dashed lines), T1R1 KO (blue circles and bars), 
T1R2 KO (gray circles and bars) and T1R3 KO mice (brown 
circles and bars) were measured relative to water using a 
brief access taste test. T1R2 KO mice are equivalent to wild 
type controls. In contrast, T1R1 and T1R3 knockout animals 
exhibit a complete loss in preference for umami tastants (a) 
MSG+1 mM IMP, (b) MSG, (c) IMP, and (d) L-Asp (100 
mM), and AP4 (30 mM). In addition, both knockout have 
marked impairments in other amino acid responses. L-ASn 
(100 mM) and L-Arg were used at 100 mM each. (e-f) 
Integrated chorda tympani responses to umami tastants and 
amino acids. T1R1 and T1R3 knockouts have a complete 
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loss of responses to (e) umami agonists and L-amino acids 
if salt effects are avoided by using either amiloride or the 
potassium salt of MSG (MPG). In contrast, (f) if high 
concentrations of salt are used (e.g. 100 mM MSG), residual 
responses are detected. 
0027 FIG. 4: T1R2 and T1R3 are essential for Sweet 
taste perception 
0028 (a) Taste preferences of wild-type (open circles, 
dashed lines), T1R1 KO (gray circles and bars), T1R2 KO 
(green circles and bars) and T1R3 KO mice (brown circles 
and bars) were measured relative to water using a brief 
access taste test. T1R1 KO mice are equivalent to wild type 
controls. In contrast, T1R2 and T1R3 knockout animals 
exhibit a complete loSS in preference for artificial Sweeteners 
and D-amino acids, but retain residual responses to high 
concentration of natural Sugars. These are highlighted in (b) 
as dose responses in expanded Scale for maltose, Sucrose and 
glucose. However, T1R2/T1R3 double KO animals (red 
circles) have a complete loss of all Sweet responses. The 
values are means ts.e.m. (n=7). D-ASn and D-Phe were 100 
mM each, and D-Trp was used at 30 mM. 
0029 FIG. 5: T1R2 and T1R3 encode the mammalian 
Sweet taste receptors 

0030 Panel (a) shows integrated chorda tympani 
responses to natural Sugars, artificial Sweeteners and 
D-amino acids in wild type (WT) and T1R knockout animals 
(1-KO, 2-KO, 3-KO). T1R2 and T1R3 knockouts have a 
complete loSS of responses to artificial Sweeteners and 
D-amino acid (red traces), but show Small neural responses 
to high concentrations of natural Sugars. These, however, are 
completely abolished in T1R2/T1R3 double KO mice (bot 
tom red traces). Panel (b) shows average neural responses to 
an expanded panel of tastants, wild type, white bars, T1R2 
KO, green bars; T1R3 KO, brown bars; T1R2/T1R3 double 
KO, red bars. The values are meansits.e.m. (n=4) of nor 
malized chorda tympani responses. 

0031 FIG. 6. T1R3 responds to high concentrations of 
natural Sugars 
0032 HEK-293 cells co-expressing the promiscuous G 
protein Gas (see Experimental Procedures) and the 
mouse T1R3 GPCR, or co-transfected with both T1R2 plus 
T1R3, were stimulated with various Sweet compounds. 
Upper panels show increases in Cali upon stimulation of 
T1R3-expressing cells with 500 mM, but not 300 mM 
Sucrose. No responses were detected with artificial Sweet 
eners (300 mM saccharin, right panel), or in cells without 
receptors or Gas; scale indicates Cali (nM) deter 
mined from FURA-2 Fo/Fso ratioS. AS expected, control 
cells expressing T1R2+3 (lower panels) respond robustly to 
lower concentrations of natural (300 mM sucrose) and 
artificial Sweeteners (30 mM saccharin). 
0033 FIG. 7. Activation of T1R2-expressing cells trig 
gers behavioral attraction 
0034 (a) Wild type and T1R2 KO mice expressing a 
human T1R2 gene under the control of the rodent T1R2 
promoter were (b-d) tested for behavioral responses to a 
variety of human Sweet tastants: (b) Ace-K, acesulfame-K, 
(c) aspartame, and (d) MON, monellin (~10 uM); THAU, 
thaumatin (-5uM); ASP, aspartame (10 mM); GA, glycyr 
rhizic acid (500 uM); NH, neohesperidin dihydrochalcone 
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(400 uM). The human T1R2 taste receptor is (a) selectively 
expressed in T1R2-cells, and (b) effectively rescues sweet 
taste responses of T1R2 KO mice. Importantly, the presence 
of the transgene (c-d) humanizes the Sweet taste preferences 
of the transgenic animals. See text for details. (e) Expression 
of RASSL (Redfem, C. H. et al., Nat Biotechnol, 17, 
165-169 (1999)) in T1R2-cells generates animals that 
exhibit specific behavioral attraction to spiradoline. Note 
that no responses are seen in uninduced animals, or control 
mice, even at 100x the concentration needed to elicit Strong 
responses in RASSL-expressing animals. The values are 
means-ES.e.m. (n=7) 
0035 FIG. 8 
0036 FIG. 8 provides a nucleotide sequence of hT1R1 
(SEQ ID NO:26). 
0037 FIG. 9 
0038 FIG. 9 provides an amino acid sequence of hT1R1 
(SEQ ID NO:27). 
0039 FIG. 10 
0040 FIG. 10 provides a nucleotide sequence of hT1R2 
(SEQ ID NO:28). 
0041 FIG. 11 
0.042 FIG. 11 provides a amino acid sequence of hT1R2 
(SEQ ID NO:29). 
0043 FIG. 12 
0044 FIG. 12 provides a nucleotide sequence of hT1R3 
(SEQ ID NO:30). 
0045 FIG. 13 
0.046 FIG. 13 provides an amino acid sequence of 
hT1R3 (SEQ ID NO:31). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0047 
0048 T1Rs and T2Rs are two families of G-protein 
coupled receptors (GPCRs) selectively expressed in subsets 
of taste receptor cells (Hoon et al., Cell 96:541-551 (1999); 
Adler et al., Cell 100:693-702 (2000); Chandrashekar et al., 
Cell 100:703-711 (2000); Matsunami et al., Nature 404:601 
604 (2000); Nelson et al., Cell 106:381-390 (2001); Kita 
gawa et al., Biochem. BiophyS. Res. Cummun. 283:236-242 
(2001); Montmayeur et al., Nature Neurosci. 4:492-498 
(2001); Max et al., Nature Genet. 28:58-63 (2001); Sainz et 
al., J. Neurochem. 77:896-903 (2001)). T2Rs are involved in 
bitter taste detection (Adler et al., Cell 100:693-702 (2000); 
Chandrashekar et al. Cell, 100:703-711 (2000)); T1R2 and 
T1R3 combine to function as a Sweet taste receptor (See also 
Nelson et al., Cell 106:381-390 (2001); and T1R1 and T1R3 
combine to function as an amino acid taste receptors, as 
described herein (see also Nelson et al., Nature 24 Feb. 2002 
and WO 03/004992))). We have now identified a 
homodimeric taste receptor, in which two T1R3 polypep 
tides combine to function as a Sweet taste receptor. The 
monomeric form of T1R3 also acts as a Sweet receptor. 

Introduction 

0049. Using a heterologous expression system, we dem 
onstrate that T1R3 combines with itself and also acts as a 
monomer to function as a Sweet receptor, recognizing Sweet 
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tasting molecules Such as Sucrose, galactose, fructose, glu 
cose, maltose, and lactose. Candidate receptors are 
expressed in human embryonic kidney (HEK) cells contain 
ing the GO-GO and GCs promiscuous G proteins (Offer 
manns et al., J. Biol. Chem. 270:15175-15180 (1995); Mody 
et al., Mol. Pharmacol. 57:13–23 (2000)), and assayed for 
Stimulus-evoked changes in intracellular calcium. In this 
System, receptor activation leads to activation of phospho 
lipase CB (PLC-B and release of calcium from internal 
Stores, which can be monitored at the Single-cell level using 
calcium-indicator dyes (Chandrashekar et al., Cell 100:703 
711 (2000); Nelson et al., Cell 106:381-390 (2001); Tsien et 
al., Cell Calcium 6:145-157 (1985)). 
0050. These nucleic acids and proteins encoding the 
receptors provide valuable probes for the identification of 
taste cells, as the nucleic acids are specifically expressed in 
taste cells. The receptors are useful for assaying for novel 
tastants, Such as artificial Sweetener molecules. For example, 
probes for GPCR polypeptides and proteins can be used to 
identity Subsets of taste cells Such as foliate cells, palate 
cells, and circumvallate cells, or specific taste receptor cells, 
e.g., Sweet taste receptor cells. They also serve as tools for 
the generation of taste topographic maps that elucidate the 
relationship between the taste cells of the tongue and taste 
Sensory neurons leading to taste centers in the brain. Fur 
thermore, the nucleic acids and the proteins they encode can 
be used as probes to dissect taste-induced behaviors. 
0051. The invention also provides methods of screening 
for modulators, e.g., activators, inhibitors, stimulators, 
enhancers, agonists, and antagonists, of these novel mono 
meric or homodimeric Sweet taste receptors comprising 
T1R3. In one embodiment, the monomeric or homodimeric 
T1R3-comprising receptors of the invention can be used to 
Screen for naturally occurring or artificial Sweet tasting 
molecules or modulators of Sweet taste transduction, e.g., 
Small organic molecules, amino acids, peptides, carbohy 
drates, lipids, polysaccharides, etc. For example, 
homodimeric or monomeric T1R3-comprising receptors of 
the invention recognize naturally occurring Sweet tastants, 
as described below in the example Section. Such receptors 
can be used to Screen for artificial Sweeteners, or altered 
naturally occurring Sweeteners, that mimic the naturally 
occurring Sugar ligands of the homodimeric or monomeric 
T1R3-comprising receptor. Such modulators of Sweet taste 
transduction are useful for pharmacological and genetic 
modulation of Sweet taste Signaling pathways, and for the 
discovery of novel Sweet taste ligands. These methods of 
Screening can be used to identify agonists and antagonists of 
Sweet taste cell activity. These modulatory compounds can 
then be used in the food and pharmaceutical industries to 
customize taste. Thus, the invention provides assays for taste 
modulation, where the T1R3-comprising receptor acts as an 
direct or indirect reporter molecule for the effect of modu 
lators on Sweet taste transduction. GPCRs can be used in 
assays, e.g., to measure changes in ligand binding, G-protein 
binding, regulatory molecule binding, ion concentration, 
membrane potential, current flow, ion flux, transcription, 
Signal transduction, receptor-ligand interactions, neurotrans 
mitter and hormone release; and Second messenger concen 
trations, in vitro, in Vivo, and eX Vivo. In one embodiment, 
a receptor comprising T1R3 can be used as an indirect 
reporter via attachment to a Second reporter molecule Such 
as green fluorescent protein (See, e.g., Mistili & Spector, 
Nature Biotechnology 15:961-964 (1997)). In another 
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embodiment, a receptor comprising T1R3 is recombinantly 
expressed in cells that do not express either T1R1 or T1R2, 
and modulation of taste transduction via GPCR activity is 
assayed by measuring changes in Ca2+ levels. 

0.052 Methods of assaying for modulators of taste trans 
duction include in Vitro ligand binding assays using recep 
tors comprising T1R3, portions thereof Such as the extra 
cellular domain, or chimeric proteins comprising one or 
more domains of T1R3, and in in vivo (cell-based and 
animal) assays Such as oocyte T1R3 receptor expression; 
tissue culture cell T1R3 receptor expression; transcriptional 
activation of T1R3; phosphorylation and dephosphorylation 
of GPCRs; G-protein binding to GPCRs, ligand binding 
assays, Voltage, membrane potential and conductance 
changes, ion flux assays, changes in intracellular Second 
messengerS Such as cAMP and inositol triphosphate; 
changes in intracellular calcium levels, and neurotransmitter 
release. 

0053) Definitions 
0.054 A“T1R family taste receptor” refers to a receptor 
comprising a member of the T1R family of G-protein 
coupled receptors, e.g., T1R1, T1R2, and T1R3, or any 
combination thereofas a homodimer receptor, a heterodimer 
receptor, or a monomer receptor. In one embodiment, the 
T1R family receptor comprises T1R3 (a “T1R3-comprising 
taste receptor' or a “T1R3-comprising Sweet taste recep 
tor”). In one embodiment, the T1R family receptor com 
prises a first T1R3 polypeptide and a second T1R3 polypep 
tide, which form a homodimeric receptor, either covalently 
or non-covalently linked. In another embodiment, the T1R 
family receptor comprises a single T1R3 polypeptide and no 
other T1R polypeptide, and forms a monomeric receptor. In 
another embodiment, the T1R family receptor comprises 
T1R3 and a heterologous polypeptide of the T1R family. In 
one embodiment, the receptor comprises T1R1 and T1R3. In 
another embodiment, the receptor comprises T1R2 and 
T1R3. In one embodiment the T1R3-comprising receptor is 
active when the two members of the receptor are co 
expressed in the same cell, e.g., T1R3 and T1R3, or T1R1 
and T1R3 or T1R2 and T1R3. In another embodiment, the 
T1R polypeptides are co-expressed in the same cell and 
form a heterodimeric or homodimeric receptor, in which the 
T1R polypeptides of the receptor are non-covalently linked 
or covalently linked. The receptor has the ability to recog 
nize, e.g., naturally occurring and/or artificial Sweet tasting 
molecule Such as Sucrose, fructose, galactose, mannose, 
glucose, lactose, Saccharin, dulcin, aceSulfame-K, as well as 
other molecules, Sweet and non-Sweet. These molecules are 
examples of compounds that "modulate Sweet taste Signal 
transduction” by acting as ligands for the taste-transducing 
G protein coupled receptor comprising T1R3. 

0055) The terms “GPCR-B3 or T1R1,”“GPCR-B4 or 
T1R2,” and “T1R3” or a nucleic acid encoding “GPCR-B3 
or T1R1,”“GPCR-B4 or T1R2, and “T1R3” refer to nucleic 
acid and polypeptide polymorphic variants, alleles, mutants, 
and interspecies homologs that are members of the T1R 
family of G protein coupled receptors and: (1) have an 
amino acid Sequence that has greater than about 60% amino 
acid sequence identity, 65%, 70%, 75%, 80%, 85%, 90%, 
preferably 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 
99% or greater amino acid Sequence identity, preferably over 
a region of over a region of at least about 25, 50, 100, 200, 
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500, 1000, or more amino acids, to an amino acid Sequence 
encoded by SEQ ID NO:1, 2, 3, 7, 8, 9, 15, 18, 20, 23, 25, 
27, or 31; (2) bind to antibodies, e.g., polyclonal antibodies, 
raised against an immunogen comprising an amino acid 
sequence encoded by SEQID NO:1, 2, 3, 7, 8, 9, 15, 18, 20, 
23, 25, 27, or 31, and conservatively modified variants 
thereof; (3) specifically hybridize under stringent hybridiza 
tion conditions to an anti-Sense Strand corresponding to a 
nucleic acid Sequence encoding a T1R protein, e.g., SEQ ID 
NO:4, 5, 6, 10, 11, 12, 13, 14, 16, 17, 19, 21, 22, 24, 26, 28, 
or 30, and conservatively modified variants thereof; (4) have 
a nucleic acid Sequence that has greater than about 60% 
sequence identity, 65%, 70%, 75%, 80%, 85%, 90%, pref 
erably 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%, 
or higher nucleotide Sequence identity, preferably over a 
region of at least about 25, 50, 100, 200, 500, 1000, or more 
nucleotides, to SEQID NO:4, 5, 6, 10, 11, 12, 13, 14, 16, 17, 
19, 21, 22, 24, 26, or 28, or 30. The T1R family polypeptide 
of the invention (e.g., T1R1, T1R2, or T1R3) or T1R3 
comprising receptor (e.g., T1R3, T1R3+T1R3, T1R1+3 or 
T1R2+3) further has G protein coupled receptor activity, 
either alone or when co-expressed in the Same cell, or when 
co-expressed as a monomer, homodimer, or heterodimer 
with another T1R family member. Accession numbers for 
amino acid Sequences and nucleotide Sequences of human, 
rat, and mouse T1R1, T1R2, and T1R3 can be found in 
GenBank (for human T1R1 amino acid sequences, See, e.g., 
Accession No. DAAO0012 and NP 619642; for human 
T1R1 nucleotide Sequences, See, e.g., Accession No. 
BK000153; for human T1R2 amino acid sequences, see, 
e.g., Accession No. DAAC)0019, AAM12239, and 
NP 619642.1, for human T1R2 nucleotide sequences, see, 
e.g., Accession No. BK000151, NM 138697.1, 
AF458149S1-6; for human T1R3 amino acid sequences, see, 
e.g., Accession No. DAAC)0013, for human T1R3 nucleotide 
sequences, see, e.g., Accession NO. BK000152). See also 
WO 00/06592, WO 00/06593, WO 01/66563, WO 
03/001876, WO 02/064631, WO 03/004992, WO 
03/025137, WO 02/086079 and WO 01/83749 for amino 
acid and nucleotide sequences of T1R1, T1R2, and T1R3, 
each herein incorporated by reference in its entirety. 
0056 T1R proteins have “G-protein coupled receptor 
activity, e.g., they bind to G-proteins in response to extra 
cellular Stimuli, Such as ligand binding (e.g., Sweet ligands), 
and promote production of Second messengerS Such as IP3, 
cAMP, and Ca2+ via Stimulation of enzymes Such as phos 
pholipase C and adenylate cyclase. Such activity can be 
measured in a heterologous cell, by coupling a GPCR (or a 
chimeric GPCR) to either a G-protein or promiscuous 
G-protein Such as GCs or GO-GO and an enzyme Such as 
PLC, and measuring increases in intracellular calcium using 
(Offermans & Simon, J. Biol. Chem. 270: 15175-15180 
(1995)). Receptor activity can be effectively measured, e.g., 
by recording ligand-induced changes in Cal, using fluo 
rescent Ca"-indicator dyes and fluorometric imaging. 
0057 Such GPCRs have transmembrane, extracellular 
and cytoplasmic domains that can be Structurally identified 
using methods known to those of skill in the art, Such as 
Sequence analysis programs that identify hydrophobic and 
hydrophilic domains (see, e.g., Kyte & Doolittle, J. Mol. 
Biol. 157:105-132 (1982)). Such domains are useful for 
making chimeric proteins and for in vitro assays of the 
invention (see, e.g., WO 94/05695 and U.S. Pat. No. 5,508, 
384). 
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0058. The phrase “functional effects” in the context of 
assays for testing compounds that modulate activity (e.g., 
Signal transduction) of a Sweet taste receptor or protein of 
the invention includes the determination of a parameter that 
is indirectly or directly under the influence of a GPCR or 
Sweet taste receptor, e.g., a physical, phenotypic, or chemi 
cal effect, Such as the ability to transduce a cellular Signal in 
response to external Stimuli Such as ligand binding, or the 
ability to bind a ligand. It includes binding activity and 
Signal transduction. "Functional effects include in vitro, in 
Vivo, and eX Vivo activities. 
0059 By “determining the functional effect” is meant 
assaying for a compound that increases or decreases a 
parameter that is indirectly or directly under the influence of 
a T1R GPCR protein or a Sweet taste receptor comprising 
one or more T1R GPCR proteins, e.g., physical and chemi 
cal or phenotypic effect. 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, absorbance, refractive index); hydrodynamic (e.g., 
shape); chromatographic, or Solubility properties for the 
protein; measuring inducible markers or transcriptional acti 
Vation of the protein; measuring binding activity or binding 
assays, e.g., binding to antibodies, measuring changes in 
ligand binding activity or analogs thereof, either naturally 
occurring or Synthetic, measuring cellular proliferation; 
measuring cell Surface marker expression, measurement of 
changes in protein levels for T1R-associated Sequences, 
measurement of RNA stability; G-protein binding; GPCR 
phosphorylation or dephosphorylation; Signal transduction, 
e.g., receptor-ligand interactions, Second messenger concen 
trations (e.g., cAMP, c0 MP, IP3, PI, or intracellular Cat"); 
neurotransmitter release, hormone release, Voltage, mem 
brane potential and conductance changes, ion flux, regula 
tory molecule binding; identification of downstream or 
reporter gene expression (CAT, luciferase, f-gal, GFP and 
the like), e.g., via chemiluminescence, fluorescence, colori 
metric reactions, antibody binding, and inducible markers. 
0060 “Inhibitors,”“activators,” and “modulators” of T1R 
family polynucleotide and polypeptide Sequences and T1R 
family taste receptors are used to refer to activating, inhibi 
tory, or modulating molecules identified using in vitro and in 
Vivo assays of T1R polynucleotide and polypeptide 
Sequences and T1R family taste receptors, including mono 
meric, homodimeric and heterodimeric receptors. Inhibitors 
are compounds that, e.g., bind to, partially or totally block 
activity, decrease, prevent, delay activation, inactivate, 
deSensitize, or down regulate the activity or expression of 
the T1R family of taste receptorS Such as a receptor com 
prising a T1R3 polypeptide, e.g., antagonists. “Activators' 
are compounds that increase, open, activate, facilitate, 
enhance activation, Sensitize, agonize, or up regulate a T1R 
family taste receptor, Such as a receptor comprising a T1R3 
polypeptide, e.g., agonists. Inhibitors, activators, or modu 
lators also include genetically modified versions of T1R 
family taste receptors, e.g., versions with altered activity, as 
well as naturally occurring and Synthetic ligands, antago 
nists, agonists, antibodies, antisense molecules, ribozymes, 
Small chemical molecules and the like. Such assays for 
inhibitors and activators include, e.g., expressing T1R fam 
ily taste receptors in vitro, in cells, or cell membranes, 
applying putative modulator compounds, and then determin 
ing the functional effects on activity, as described above. In 
one embodiment, taste receptor comprising a T1R3 polypep 
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tide has the ability to recognize a Sweet tasting molecule 
Such as Sucrose, glucose, fructose, lactose, mannose, galac 
tose, Saccharin, dulcin, aceSulfame-K. In another embodi 
ment, a taste receptor comprising a T1R3 polypeptide has 
the ability to recognize other molecules, Such as potential 
artificial Sweeteners. These molecules are examples of com 
pounds that modulate taste Signal transduction by acting as 
extracellular ligands for the G protein coupled receptor and 
activating the receptor. In other embodiments, compounds 
that modulate taste Signal transduction are molecules that act 
as intracellular ligands of the receptor, or inhibit or activate 
binding of an extracellular ligand, or inhibit or activate 
binding of intracellular ligands of the receptor. 

0061 Samples or assays comprising the T1R family of 
taste receptors are treated with a potential activator, inhibi 
tor, or modulator are compared to control Samples without 
the inhibitor, activator, or modulator to examine the extent 
of inhibition. Control samples (untreated with inhibitors) are 
assigned a relative protein activity value of 100%. Inhibition 
of a T1R family receptor is achieved when the activity value 
relative to the control is about 80%, preferably 50%, more 
preferably 25-0%. Activation of a T1R family receptor is 
achieved when the activity value relative to the control 
(untreated with activators) is 110%, more preferably 150%, 
more preferably 200-500% (i.e., two to five fold higher 
relative to the control), more preferably 1000-3000% higher. 
0062) The term “test compound” or “drug candidate' or 
"modulator” or grammatical equivalents as used herein 
describes any molecule, Such as an artificial Sweetener or 
naturally occurring Sugar, either naturally occurring or Syn 
thetic, e.g., protein, oligopeptide (e.g., from about 5 to about 
25 amino acids in length, preferably from about 10 to 20 or 
12 to 18 amino acids in length, preferably 12, 15, or 18 
amino acids in length), Small organic molecule, polysaccha 
ride, lipid, fatty acid, polynucleotide, oligonucleotide, etc., 
to be tested for the capacity to directly or indirectly modu 
lation taste. The test compound can be in the form of a 
library of test compounds, Such as a combinatorial or 
randomized library that provides a Sufficient range of diver 
sity. Test compounds are optionally linked to a fusion 
partner, e.g., targeting compounds, rescue compounds, 
dimerization compounds, Stabilizing compounds, address 
able compounds, and other functional moieties. Convention 
ally, new chemical entities with useful properties are gen 
erated by identifying a test compound (called a “lead 
compound') with Some desirable property or activity, e.g., 
inhibiting activity, creating variants of the lead compound, 
and evaluating the property and activity of those variant 
compounds. Often, high throughput Screening (HTS) meth 
ods are employed for Such an analysis. 

0063 A “small organic molecule” refers to an organic 
molecule, either naturally occurring or Synthetic, that has a 
molecular weight of more than about 50 daltons and less 
than about 2500 daltons, preferably less than about 2000 
daltons, preferably between about 100 to about 1000 dal 
tons, more preferably between about 200 to about 500 
daltons. 

0064 “Biological sample” include sections of tissues 
Such as biopsy and autopsy Samples, and frozen Sections 
taken for histologic purposes. Such Samples include blood, 
Sputum, tissue, cultured cells, e.g., primary cultures, 
explants, and transformed cells, Stool, urine, etc. A biologi 
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cal Sample is typically obtained from a eukaryotic organism, 
most preferably a mammal Such as a primate e.g., chimpan 
Zee or human; cow, dog, cat, a rodent, e.g., guinea pig, rat, 
mouse; rabbit, or a bird; reptile, or fish. 
0065. A "heterodimer' is a dimer receptor comprising 
two different polypeptide Subunits, e.g., two different 
polypeptides, where the molecules are associated via either 
covalent, e.g., through a linker or a chemical bond, or 
non-covalent, e.g., ionic, Van der Waals, electrostatic, or 
hydrogen bonds linkages. The T1R3-comprising receptors 
of the invention function when co-expressed in the same 
cell, preferably when co-expressed So that they form a 
heterodimer, either covalently or non-covalently linked. For 
example, T1R1 and T1R3 form a heteromeric receptor, and 
T1R2 and T1R3 form a heteromeric receptor. 
0.066 A“homodimer' is a dimer receptor comprising two 
of the same polypeptide Subunits, e.g., two T1R3 polypep 
tides, where the molecules are associated via either covalent, 
e.g., through a linker or a chemical bond, or non-covalent, 
e.g., ionic, Van der Waals, electroStatic, or hydrogen bonds 
linkages. The T1R3-comprising receptors of the invention 
function when co-expressed in the same cell, preferably 
when co-expressed So that they form a homodimer, either 
covalently or non-covalently linked. 
0067. A “monomer' is a receptor comprising one 
polypeptide Subunit, e.g., one T1R3 polypeptide. 
0068. The terms “identical” or percent “identity,” in the 
context of two or more nucleic acids or polypeptide 
Sequences, refer to two or more Sequences or Subsequences 
that are the same or have a specified percentage of amino 
acid residues or nucleotides that are the same (i.e., about 
60% identity, preferably 65%, 70%, 75%, 80%, 85%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
higher identity over a specified region (e.g., nucleotide 
sequences SEQ ID NO:1-25), when compared and aligned 
for maximum correspondence over a comparison window or 
designated region) as measured using a BLAST or BLAST 
2.0 Sequence comparison algorithms with default parameters 
described below, or by manual alignment and Visual inspec 
tion (see, e.g., NCBI web site or the like). Such sequences 
are then said to be “substantially identical.” This definition 
also refers to, or may be applied to, the compliment of a test 
Sequence. The definition also includes Sequences that have 
deletions and/or additions, as well as those that have Sub 
Stitutions. AS described below, the preferred algorithms can 
account for gaps and the like. Preferably, identity exists over 
a region that is at least about 25 amino acids or nucleotides 
in length, or more preferably over a region that is 50-100 
amino acids or nucleotides in length. 
0069. For Sequence comparison, typically one sequence 
acts as a reference Sequence, to which test Sequences are 
compared. When using a sequence comparison algorithm, 
test and reference Sequences are entered into a computer, 
Subsequence coordinates are designated, if necessary, and 
Sequence algorithm program parameters are designated. 
Preferably, default program parameters can be used, or 
alternative parameters can be designated. The Sequence 
comparison algorithm then calculates the percent Sequence 
identities for the test Sequences relative to the reference 
Sequence, based on the program parameters. 
0070 A “comparison window', as used herein, includes 
reference to a Segment of any one of the number of con 
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tiguous positions Selected from the group consisting of from 
20 to 600, usually about 50 to about 200, more usually about 
100 to about 150 in which a sequence may be compared to 
a reference Sequence of the same number of contiguous 
positions after the two Sequences are optimally aligned. 
Methods of alignment of Sequences for comparison are 
well-known in the art. Optimal alignment of Sequences for 
comparison can be conducted, e.g., by the local homology 
algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 
(1981), by the homology alignment algorithm of Needleman 
& Wunsch, J. Mol. Biol. 48:443 (1970), by the search for 
similarity method of Pearson & Lipman, Proc. Natl. Acad. 
Sci. USA 85:2444 (1988), by computerized implementations 
of these algorithms (GAP, BESTFIT, FASTA, and TFASTA 
in the Wisconsin Genetics Software Package, Genetics 
Computer Group, 575 Science Dr., Madison, Wis.), or by 
manual alignment and Visual inspection (See, e.g., Current 
Protocols in Molecular Biology (Ausubel et al., eds. 1995 
Supplement)). 
0071 A preferred example of algorithm that is suitable 
for determining percent Sequence identity and Sequence 
similarity are the BLAST and BLAST 2.0 algorithms, which 
are described in Altschul et al., Nuc. Acids Res. 25:3389 
3402 (1977) and Altschul et al., J. Mol. Biol. 215:403-410 
(1990), respectively. BLAST and BLAST 2.0 are used, with 
the parameters described herein, to determine percent 
Sequence identity for the nucleic acids and proteins of the 
invention. Software for performing BLAST analyses is 
publicly available through the National Center for Biotech 
nology Information (http://www.ncbi.nlm.nih.gov/). This 
algorithm involves first identifying high Scoring Sequence 
pairs (HSPs) by identifying short words of length W in the 
query Sequence, which either match or Satisfy Some posi 
tive-valued threshold score T when aligned with a word of 
the same length in a database Sequence. T is referred to as 
the neighborhood word score threshold (Altschul et al., 
Supra). These initial neighborhood word hits act as Seeds for 
initiating Searches to find longer HSPS containing them. The 
word hits are extended in both directions along each 
Sequence for as far as the cumulative alignment Score can be 
increased. Cumulative Scores are calculated using, for nucle 
otide sequences, the parameters M (reward Score for a pair 
of matching residues; always >0) and N (penalty Score for 
mismatching residues; always <0). For amino acid 
Sequences, a Scoring matrix is used to calculate the cumu 
lative Score. Extension of the word hits in each direction are 
halted when: the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; the cumula 
tive Score goes to Zero or below, due to the accumulation of 
one or more negative-Scoring residue alignments, or the end 
of either Sequence is reached. The BLAST algorithm param 
eters W, T, and X determine the sensitivity and speed of the 
alignment. The BLASTN program (for nucleotide 
Sequences) uses as defaults a wordlength (W) of 11, an 
expectation (E) of 10, M=5, N=-4 and a comparison of both 
Strands. For amino acid Sequences, the BLASTP program 
uses as defaults a wordlength of 3, and expectation (E) of 10, 
and the BLOSUM62 scoring matrix (see Henikoff & Heni 
koff, Proc. Natl. Acad. Sci. USA 89:10915 (1989)) align 
ments (B) of 50, expectation (E) of 10, M=5, N=-4, and a 
comparison of both Strands. 
0072 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 
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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. 

0073. The term “amino acid” refers to naturally occurring 
and Synthetic amino acids, enantiomers (D- and L-forms), 
and achiral amino acids, as well as amino acid analogs and 
amino acid mimetics that function in a manner Similar to the 
naturally occurring amino acids. Naturally occurring amino 
acids are those encoded by the genetic code, as well as those 
amino acids that are later modified, e.g., hydroxyproline, 
Y-carboxyglutamate, and O-phosphoSerine. Amino acid ana 
logs refers to compounds that have the same basic chemical 
Structure as a naturally occurring amino acid, i.e., an a 
carbon that is bound to a hydrogen, a carboxyl group, an 
amino group, and an R group, e.g., homoserine, norleucine, 
methionine sulfoxide, methionine methyl sulfonium. Such 
analogs have modified R groups (e.g., norleucine) or modi 
fied peptide backbones, but retain the same basic chemical 
Structure as a naturally occurring amino acid. Amino acid 
mimetics refers to chemical compounds that have a structure 
that is different from the general chemical Structure of an 
amino acid, but that functions in a manner Similar to a 
naturally occurring amino acid. 

0.074 Amino acids may be referred to herein by either 
their commonly known three letter symbols or by the 
one-letter symbols recommended by the IUPAC-IUB Bio 
chemical Nomenclature Commission. Nucleotides, likewise, 
may be referred to by their commonly accepted Single-letter 
codes. 

0075) “Conservatively modified variants” applies to both 
amino acid and nucleic acid Sequences. With respect to 
particular nucleic acid Sequences, conservatively 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. 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. 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 recog 
nize 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 functionally identical molecule. Accordingly, each 
Silent variation of a nucleic acid which encodes a polypep 
tide is implicit in each described Sequence with respect to the 
expression product, but not with respect to actual probe 
Sequences. 

0.076 AS to amino acid sequences, one of skill will 
recognize that individual Substitutions, deletions or addi 
tions to a nucleic acid, peptide, polypeptide, or protein 
Sequence which alters, adds or deletes a single amino acid or 
a Small percentage of amino acids in the encoded Sequence 
is a “conservatively modified variant” where the alteration 
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results in the Substitution of an amino acid with a chemically 
Similar amino acid. Conservative Substitution tables provid 
ing functionally similar amino acids are well known in the 
art. Such conservatively modified variants are in addition to 
and do not exclude polymorphic variants, interspecies 
homologs, and alleles of the invention. 

0077. The following eight groups each contain amino 
acids that are conservative Substitutions for one another: 1) 
Alanine (A), Glycine (G); 2) Aspartic acid (D), Glutamic 
acid (E); 3) Asparagine (N), Glutamine (Q); 4) Arginine (R), 
Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine (M), 
Valine (V); 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 
(W); 7) Serine (S), Threonine (T); and 8) Cysteine (C), 
Methionine (M) (see, e.g., Creighton, Proteins (1984)). 

0078 Macromolecular structures such as polypeptide 
structures can be described in terms of various levels of 
organization. For a general discussion of this organization, 
see, e.g., Alberts et al., Molecular Biology of the Cell (3" 
ed., 1994) and Cantor and Schimmel, Biophysical Chemistry 
Part I: The Conformation of Biological Macromolecules 
(1980). “Primary structure” refers to the amino acid 
Sequence of a particular peptide. "Secondary Structure' 
refers to locally ordered, three dimensional Structures within 
a polypeptide. These Structures are commonly known as 
domains, e.g., extracellular domains, transmembrane 
domains, and cytoplasmic domains. Domains are portions of 
a polypeptide that form a compact unit of the polypeptide 
and are typically 15 to 350 amino acids long. Typical 
domains are made up of Sections of lesser organization Such 
as stretches of B-sheet and C.-helices. “Tertiary structure” 
refers to the complete three dimensional Structure of a 
polypeptide monomer. “Ouaternary Structure” refers to the 
three dimensional Structure formed by the noncovalent asso 
ciation of independent tertiary units. Anisotropic terms are 
also known as energy terms. 

0079) “Nucleic acid” refers to deoxyribonucleotides or 
ribonucleotides and polymers thereof in either Single- or 
double-Stranded form, as well as the complements of any 
such sequence. Also included are DNA, cDNA, RNA, 
polynucleotides, nucleotides, and the like. The term encom 
passes nucleic acids containing known nucleotide analogs or 
modified backbone residues or linkages, which are Synthetic, 
naturally occurring, and non-naturally occurring, which 
have similar binding properties as the reference nucleic acid, 
and which are metabolized in a manner Similar to the 
reference nucleotides. Examples of Such analogs include, 
without limitation, phosphorothioates, phosphoramidates, 
methyl phosphonates, chiral-methyl phosphonates, 2-O-me 
thyl ribonucleotides, peptide-nucleic acids (PNAS). 
0080 A particular nucleic acid sequence also implicitly 
encompasses “splice variants.” Similarly, a particular pro 
tein encoded by a nucleic acid implicitly encompasses any 
protein encoded by a splice variant of that nucleic acid. 
“Splice variants, as the name Suggests, are products of 
alternative Splicing of a gene. After transcription, an initial 
nucleic acid transcript may be spliced Such that different 
(alternate) nucleic acid splice products encode different 
polypeptides. Mechanisms for the production of Splice vari 
ants vary, but include alternate Splicing of exons. Alternate 
polypeptides derived from the same nucleic acid by read 
through transcription are also encompassed by this defini 
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tion. Any products of a splicing reaction, including recom 
binant forms of the Splice products, are included in this 
definition. 

0.081 A“label” or a “detectable moiety” is a composition 
detectable by Spectroscopic, photochemical, biochemical, 
immunochemical, chemical, or other physical means. For 
example, useful labels include P, fluorescent dyes, elec 
tron-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 peptide or used to detect antibodies Specifically 
reactive with the peptide. 
0082 The term “recombinant” when used with reference, 
e.g., to a cell, or nucleic acid, protein, or Vector, indicates 
that the cell, nucleic acid, protein or vector, has been 
modified by the introduction of a heterologous nucleic acid 
or protein or the alteration of a native nucleic acid or protein, 
or that the cell is derived from a cell so modified. Thus, for 
example, recombinant cells express genes that are not found 
within the native (non-recombinant) form of the cell or 
express native genes that are otherwise abnormally 
expressed, under expressed or not expressed at all. 
0.083. 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). 
0084. 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 acids, but to no other Sequences. Stringent condi 
tions are Sequence-dependent and will be different in dif 
ferent circumstances. Longer Sequences hybridize Specifi 
cally at higher temperatures. An extensive guide to the 
hybridization of nucleic acids is found in Tijssen, Tech 
niques in Biochemistry and Molecular Biology- Hybridiza 
tion with Nucleic Probes, “Overview of principles of hybrid 
ization 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 (T) for the 
Specific Sequence at a defined ionic Strength pH. The T is 
the temperature (under defined ionic strength, pH, and 
nucleic concentration) at which 50% of the probes comple 
mentary to the target hybridize to the target Sequence at 
equilibrium (as the target sequences are present in excess, at 
T, 50% of the probes are occupied at equilibrium). Strin 
gent 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, preferably 10 times background hybridization. 
Exemplary Stringent hybridization conditions can be as 
following: 50% formamide, 5xSSC, and 1% SDS, incubat 
ing at 42°C., or, 5xSSC, 1% SDS, incubating at 65° C., with 
wash in 0.2xSSC, and 0.1% SDS at 65° C. 
0085 Nucleic acids that do not hybridize to each other 
under Stringent conditions are Still Substantially identical if 
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the polypeptides which they encode are Substantially iden 
tical. 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. A positive hybridization is at least twice back 
ground. Those of ordinary skill will readily recognize that 
alternative hybridization and wash conditions can be utilized 
to provide conditions of Similar Stringency. Additional 
guidelines for determining hybridization parameters are 
provided in numerous reference, e.g., and Current Protocols 
in Molecular Biology, ed. Ausubel, et al. 
0086) For PCR, a temperature of about 36° C. is typical 
for low Stringency amplification, although annealing tem 
peratures may vary between about 32° C. and 48 C. 
depending on primer length. For high Stringency PCR 
amplification, a temperature of about 62 C. is typical, 
although high Stringency annealing temperatures can range 
from about 50 C. to about 65 C., depending on the primer 
length and Specificity. Typical cycle conditions for both high 
and low Stringency amplifications include 30-40 cycles of 
the following conditions: a denaturation phase of 90° C.-95 
C. for 30 Sec-2 min., an annealing phase lasting 30 Sec.-2 
min., and an extension phase of about 72 C. for 1-2 min. 
Protocols and guidelines for low and high Stringency ampli 
fication reactions are provided, e.g., in Innis et al., PCR 
Protocols, A Guide to Methods and Applications (1990). 
0087 “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) and IgE, respectively. 
Typically, the antigen-binding region of an antibody will be 
most critical in Specificity and affinity of binding. 

0088 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 kD) and one “heavy” chain (about 
50-70 kD). 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 (V) and variable heavy chain (V) refer to these light 
and heavy chains respectively. 

0089 Antibodies exist, e.g., as intact immunoglobulins 
or as a number of well-characterized fragments produced by 
digestion with various peptidases. Thus, for example, pepsin 
digests an antibody below the disulfide linkages in the hinge 
region to produce F(ab)', a dimer of Fab which itself is a 
light chain joined to V-C1 by a disulfide bond. The 
F(ab), may be reduced under mild conditions to break the 
disulfide linkage in the hinge region, thereby converting the 
F(ab) dimer into an Fab' monomer. The Fab' monomer is 
essentially Fab with part of the hinge region (see Funda 
mental Immunology (Paul ed., 3d ed. 1993). While various 
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antibody fragments are defined in terms of the digestion of 
an intact antibody, one of skill will appreciate that Such 
fragments may be Synthesized de novo either chemically or 
by using recombinant DNA methodology. Thus, the term 
antibody, as used herein, also includes antibody fragments 
either produced by the modification of whole antibodies, or 
those synthesized de novo using recombinant DNA meth 
odologies (e.g., Single chain Fv) or those identified using 
phage display libraries (see, e.g., McCafferty et al., Nature 
348:552-554 (1990)). 
0090 For preparation of antibodies, e.g., recombinant, 
monoclonal, or polyclonal antibodies, many technique 
known in the art can be used (see, e.g., Kohler & Milstein, 
Nature 256:495-497 (1975); Kozbor et al., Immunology 
Today 4: 72 (1983); Cole et al., pp. 77-96 in Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc. (1985); 
Coligan, Current Protocols in Immunology (1991); Harlow 
& Lane, Antibodies, A Laboratory Manual (1988); and 
Goding, Monoclonal Antibodies. Principles and Practice 
(2d ed. 1986)). Techniques for the production of single chain 
antibodies (U.S. Pat. No. 4.946,778) can be adapted to 
produce antibodies to polypeptides of this invention. Also, 
transgenic mice, or other organisms Such as other mammals, 
may be used to express humanized antibodies. Alternatively, 
phage display technology can be used to identify antibodies 
and heteromeric Fab fragments that Specifically bind to 
Selected antigens (see, e.g., McCafferty et al., Nature 
348:552-554 (1990); Marks et al., Biotechnology 10:779 
783 (1992)). 
0.091 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. 

0092. In one embodiment, the antibody is conjugated to 
an “effector” moiety. The effector moiety can be any number 
of molecules, including labeling moieties Such as radioac 
tive labels or fluorescent labels, or can be a therapeutic 
moiety. In one aspect the antibody modulates the activity of 
the protein. 

0093. The phrase “specifically (or selectively) binds” to 
an antibody or “specifically (or Selectively) immunoreactive 
with,” when referring to a protein or peptide, refers to a 
binding reaction that is determinative of the presence of the 
protein, often in a heterogeneous population of proteins and 
other biologics. Thus, under designated immunoassay con 
ditions, the Specified antibodies bind to a particular protein 
at least two times the background and more typically more 
than 10 to 100 times background. Specific binding to an 
antibody under Such conditions requires an antibody that is 
Selected for its Specificity for a particular protein. For 
example, polyclonal antibodies raised to a T1R protein or a 
homodimeric or heterodimeric T1R3-comprising taste 
receptor comprising a Sequence of or encoded by SEQ ID 
NO:1-25, polymorphic variants, alleles, orthologs, and con 
Servatively modified variants, or Splice variants, or portions 
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thereof, can be Selected to obtain only those polyclonal 
antibodies that are specifically immunoreactive with T1R 
proteins and/or homodimeric or heterodimeric T1R3-com 
prising taste receptors and not with other proteins. In one 
embodiment, the antibodies react with a homodimeric 
T1R3-comprising taste receptor, but not with individual 
protein members of the T1R family. This selection may be 
achieved by Subtracting out antibodies that croSS-react with 
other molecules. A variety of immunoassay formats may be 
used to Select antibodies Specifically immunoreactive with a 
particular protein. For example, Solid-phase ELISA immu 
noassays 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 conditions that can be used to 
determine specific immunoreactivity). 
0094) Isolation of Nucleic Acids Encoding T1R Family 
Members 

0095. This invention relies on routine techniques in the 
field of recombinant genetics. Basic texts disclosing the 
general methods of use in this invention include Sambrook 
et al., Molecular Cloning, A Laboratory Manual (2nd ed. 
1989); Kriegler, Gene Transfer and Expression: A Labora 
tory Manual (1990); and Current Protocols in Molecular 
Biology (Ausubel et al., eds., 1994)). 
0096 T1R nucleic acids, polymorphic variants, 
orthologs, and alleles that are Substantially identical to an 
amino acid sequences disclosed herein can be isolated using 
T1R nucleic acid probes and oligonucleotides under Strin 
gent hybridization conditions, by Screening libraries. Alter 
natively, expression libraries can be used to clone T1R 
protein, polymorphic variants, orthologs, and alleles by 
detecting expressed homologs immunologically with antis 
era or purified antibodies made against human T1R or 
portions thereof. 

0097. To make a cDNA library, one should choose a 
Source that is rich in T1R RNA, e.g., taste buds such as 
circumvallate, foliate, fungiform, and palate. The mRNA is 
then made into cDNA using reverse transcriptase, ligated 
into a recombinant vector, and transfected into a recombi 
nant host for propagation, Screening and cloning. Methods 
for making and Screening cDNA libraries are well known 
(see, e.g., Gubler & Hoffman, Gene 25:263-269 (1983); 
Sambrook et al., Supra; Ausubel et al., Supra). 
0098. For a genomic library, the DNA is extracted from 
the tissue and either mechanically Sheared or enzymatically 
digested to yield fragments of about 12-20 kb. The frag 
ments are then Separated by gradient centrifugation from 
undesired sizes and are constructed in bacteriophage lambda 
vectors. These vectors and phage are packaged in vitro. 
Recombinant phage are analyzed by plaque hybridization as 
described in Benton & Davis, Science 196:180-182 (1977). 
Colony hybridization is carried out as generally described in 
Grunstein et al., Proc. Natl. Acad. Sci. USA., 72:3961-3965 
(1975). 
0099. An alternative method of isolating T1R nucleic 
acid and its orthologs, alleles, mutants, polymorphic vari 
ants, and conservatively modified variants combines the use 
of Synthetic oligonucleotide primers and amplification of an 
RNA or DNA template (see U.S. Pat. Nos. 4,683,195 and 
4,683,202, PCR Protocols: A Guide to Methods and Appli 
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cations (Innis et al., eds, 1990)). Methods such as poly 
merase chain reaction (PCR) and ligase chain reaction 
(LCR) can be used to amplify nucleic acid Sequences of 
human T1R directly from mRNA, from cDNA, from 
genomic libraries or cDNA libraries. Degenerate oligonucle 
otides can be designed to amplify T1R homologs using the 
Sequences provided herein. Restriction endonuclease Sites 
can be incorporated into the primerS. Polymerase chain 
reaction or other in vitro amplification methods may also be 
useful, for example, to clone nucleic acid Sequences that 
code for proteins to be expressed, to make nucleic acids to 
use as probes for detecting the presence of T1R encoding 
mRNA in physiological Samples, for nucleic acid Sequenc 
ing, or for other purposes. Genes amplified by the PCR 
reaction can be purified from agarose gels and cloned into an 
appropriate vector. 

0100 Gene expression of T1R can also be analyzed by 
techniques known in the art, e.g., reverse transcription and 
amplification of mRNA, isolation of total RNA or poly A 
RNA, northern blotting, dot blotting, in situ hybridization, 
RNase protection, high density polynucleotide array tech 
nology, e.g., and the like. 
0101) Nucleic acids encoding T1R protein can be used 
with high density oligonucleotide array technology (e.g., 
GeneChipTM) to identify T1R protein, orthologs, alleles, 
conservatively modified variants, and polymorphic variants 
in this invention (see, e.g., Gunthand et al., AIDS Res. Hum. 
Retroviruses 14: 869-876 (1998); Kozal et al., Nat. Med. 
2:753-759 (1996); Matson et al., Anal. Biochem. 224:110 
106 (1995); Lockhart et al., Nat. Biotechnol. 14:1675-1680 
(1996); Gingeras et al., Genome Res. 8:435-448 (1998); 
Hacia et al., Nucleic Acids Res. 26:3865-3866 (1998)). 
0102) The gene for T1R is typically cloned into interme 
diate vectors before transformation into prokaryotic or 
eukaryotic cells for replication and/or expression. These 
intermediate vectors are typically prokaryote vectors, e.g., 
plasmids, or shuttle vectors. 
0103 Expression in Prokaryotes and Eukaryotes 
0.104) To obtain high level expression of a cloned gene, 
Such as those cDNAS encoding a T1R protein, one typically 
Subclones T1R into an expression vector that contains a 
Strong promoter to direct transcription, a transcription/trans 
lation terminator, and if for a nucleic acid encoding a 
protein, a ribosome binding Site for translational initiation. 
The T1R nucleic acids can be co-expressed or Separately 
expressed, preferably co-expressed on the same or a differ 
ent vector. Suitable bacterial promoters are well known in 
the art and described, e.g., in Sambrook et al., and Ausubel 
et al, Supra. Bacterial expression Systems for expressing the 
T1R protein are available in, e.g., E. coli, Bacillus sp., and 
Salmonella (Palva et al., Gene 22:229-235 (1983); Mosbach 
et al., Nature 302:543-545 (1983). Kits for such expression 
Systems are commercially available. Eukaryotic expression 
Systems for mammalian cells, yeast, and insect cells are well 
known in the art and are also commercially available. In one 
preferred embodiment, retroviral expression Systems are 
used in the present invention. 
0105. Selection of the promoter used to direct expression 
of a heterologous nucleic acid depends on the particular 
application. The promoter is preferably positioned about the 
Same distance from the heterologous transcription start Site 
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as it is from the transcription Start site in its natural Setting. 
AS is known in the art, however, Some variation in this 
distance can be accommodated without loSS of promoter 
function. 

0106. In addition to the promoter, the expression vector 
typically contains a transcription unit or expression cassette 
that contains all the additional elements required for the 
expression of the T1R encoding nucleic acid in host cells. A 
typical expression cassette thus contains a promoter oper 
ably linked to the nucleic acid Sequence encoding T1R and 
Signals required for efficient polyadenylation of the tran 
Script, ribosome binding sites, and translation termination. 
Additional elements of the cassette may include enhancers 
and, if genomic DNA is used as the Structural gene, introns 
with functional Splice donor and acceptor Sites. 
0107. In addition to a promoter sequence, the expression 
cassette should also contain a transcription termination 
region downstream of the Structural gene to provide for 
efficient termination. The termination region may be 
obtained from the same gene as the promoter Sequence or 
may be obtained from different genes. 
0108. The particular expression vector used to transport 
the genetic information into the cell is not particularly 
critical. Any of the conventional vectors used for expression 
in eukaryotic or prokaryotic cells may be used. Standard 
bacterial expression vectors include plasmids Such as 
pBR322 based plasmids, pSKF, pFT23D, and fusion expres 
sion systems such as MBP, GST, and LacZ. Epitope tags can 
also be added to recombinant proteins to provide convenient 
methods of isolation, e.g., c-myc, Sequence tags may be 
included in an expression cassette for nucleic acid rescue. 
MarkerS Such as fluorescent proteins, green or red fluores 
cent protein, B-gal, CAT, and the like can be included in the 
vectors as markers for vector transduction. 

0109 Expression vectors containing regulatory elements 
from eukaryotic viruses are typically used in eukaryotic 
expression vectors, e.g., SV40 vectors, papilloma virus 
vectors, retroviral vectors, and vectors derived from Epstein 
Barr virus. Other exemplary eukaryotic vectors include 
pMSG, pAV009/A", pMTO10/A", pMAMneo-5, baculovi 
rus p)SVE, and any other vector allowing expression of 
proteins under the direction of the CMV promoter, SV40 
early promoter, SV40 later promoter, metallothionein pro 
moter, murine mammary tumor virus promoter, Rous Sar 
coma virus promoter, polyhedrin promoter, or other promot 
erS shown effective for expression in eukaryotic cells. 
0110 Expression of proteins from eukaryotic vectors can 
be also be regulated using inducible promoters. With induc 
ible promoters, expression levels are tied to the concentra 
tion of inducing agents, Such as tetracycline or ecdysone, by 
the incorporation of response elements for these agents into 
the promoter. Generally, high level expression is obtained 
from inducible promoters only in the presence of the induc 
ing agent, basal expression levels are minimal. 

0111. In one embodiment, the vectors of the invention 
have a regulatable promoter, e.g., tet-regulated Systems and 
the RU-486 system (see, e.g., Gossen & Bujard, Proc. Natl 
Acad. Sci. USA 89:5547 (1992); Oligino et al., Gene Ther. 
5:491-496 (1998); Wang et al., Gene Ther. 4:432-441 
(1997); Neering et al., Blood 88:1147-1155 (1996); and 
Rendahl et al., Nat. Biotechnol. 16:757-761 (1998)). These 
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impart Small molecule control on the expression of the 
candidate target nucleic acids. This beneficial feature can be 
used to determine that a desired phenotype is caused by a 
transfected cDNA rather than a Somatic mutation. 

0112 Some expression systems have markers that pro 
vide gene amplification Such as thymidine kinase and dihy 
drofolate reductase. Alternatively, high yield expression 
Systems not involving gene amplification are also Suitable, 
Such as using a baculovirus vector in insect cells, with a T1R 
encoding Sequence under the direction of the polyhedrin 
promoter or other Strong baculovirus promoters. 
0113. The elements that are typically included in expres 
Sion vectors also include a replicon that functions in E. coli, 
a gene encoding antibiotic resistance to permit Selection of 
bacteria that harbor recombinant plasmids, and unique 
restriction Sites in noneSSential regions of the plasmid to 
allow insertion of eukaryotic Sequences. The particular 
antibiotic resistance gene chosen is not critical, any of the 
many resistance genes known in the art are Suitable. The 
prokaryotic Sequences are preferably chosen Such that they 
do not interfere with the replication of the DNA in eukary 
otic cells, if necessary. 
0114 Standard transfection methods are used to produce 
bacterial, mammalian, yeast or insect cell lines that express 
large quantities of T1R protein, which are then purified using 
Standard techniques (see, e.g., Colley et al., J. Biol. Chem. 
264:17619-17622 (1989); Guide to Protein Purification, in 
Methods in Enzymology, vol. 182 (Deutscher, ed., 1990)). 
Transformation of eukaryotic and prokaryotic cells are per 
formed according to Standard techniques (see, e.g., Morri 
son, J Bact. 132:349-351 (1977); Clark-Curtiss & Curtiss, 
Methods in Enzymology 101:347-362 (Wu et al., eds, 1983). 
0115) 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, biolistics, 
liposomes, microinjection, plasma vectors, Viral vectors and 
any of the other well known methods for introducing cloned 
genomic DNA, cDNA, synthetic DNA or other foreign 
genetic material into a host cell (see, e.g., Sambrook et al., 
Supra). It is only necessary that the particular genetic engi 
neering procedure used be capable of Successfully introduc 
ing at least one gene into the host cell capable of expressing 
T1R. 

0116. After the expression vector is introduced into the 
cells, the transfected cells are cultured under conditions 
favoring expression of T1R, which is recovered from the 
culture using Standard techniques identified below. 

Purification of T1R Polypeptides 
0117. Either naturally occurring or recombinant T1R 
polypeptides or T1R3-comprising receptors can be purified 
for use in functional assayS. Naturally occurring T1R pro 
teins or T1R3-comprising receptors can be purified, e.g., 
from human tissue. Recombinant T1R proteins or T1R3 
comprising receptors can be purified from any Suitable 
expression System. T1R polypeptides are typically co-ex 
pressed in the same cell to form T1R3-comprising receptors. 
0118. The T1R protein or T1R3-comprising receptor may 
be purified to Substantial purity by Standard techniques, 
including Selective precipitation with Such Substances as 

May 19, 2005 

ammonium Sulfate; column chromatography, immunopuri 
fication methods, and others (see, e.g., Scopes, Protein 
Purification: Principles and Practice (1982); U.S. Pat. No. 
4,673,641, Ausubel et al., Supra; and Sambrook et al., Supra). 
0119) A number of procedures can be employed when 
recombinant T1R protein or T1R3-comprising receptor is 
being purified. For example, proteins having established 
molecular adhesion properties can be reversible fused to the 
T1R protein or T1R3-comprising receptor. With the appro 
priate ligand, T1R protein or T1R3-comprising receptor can 
be selectively adsorbed to a purification column and then 
freed from the column in a relatively pure form. The fused 
protein is then removed by enzymatic activity. Finally, T1R 
protein or T1R3-comprising receptor could be purified using 
immunoaffinity columns. 

0120 A. Purification of T1R from Recombinant Bacteria 
0121 Recombinant proteins are expressed by trans 
formed bacteria in large amounts, typically after promoter 
induction, but expression can be constitutive. Promoter 
induction with IPTG is one example of an inducible pro 
moter System. Bacteria are grown according to Standard 
procedures in the art. Fresh or frozen bacteria cells are used 
for isolation of protein. 
0122) Proteins expressed in bacteria may form insoluble 
aggregates (“inclusion bodies'). Several protocols are Suit 
able for purification of T1R protein or T1R3-comprising 
receptor inclusion bodies. For example, purification of inclu 
Sion bodies typically involves the extraction, Separation 
and/or purification of inclusion bodies by disruption of 
bacterial cells, e.g., by incubation in a buffer of 50 mM 
TRIS/HCL pH 7.5, 50 mM NaCl, 5 mM MgCl, 1 mM DTT, 
0.1 mM ATP, and 1 mM PMSF. The cell suspension can be 
lysed using 2-3 passages through a French Press, homog 
enized using a Polytron (Brinkman Instruments) or Soni 
cated on ice. Alternate methods of lysing bacteria are 
apparent to those of skill in the art (See, e.g., Sambrook et al., 
Supra; Ausubel et al., Supra). 
0123. If necessary, the inclusion bodies are solubilized, 
and the lysed cell Suspension is typically centrifuged to 
remove unwanted insoluble matter. Proteins that formed the 
inclusion bodies may be renatured by dilution or dialysis 
with a compatible buffer. Suitable solvents include, but are 
not limited to urea (from about 4 M to about 8 M), 
formamide (at least about 80%, volume/volume basis), and 
guanidine hydrochloride (from about 4 M to about 8 M). 
Some Solvents which are capable of Solubilizing aggregate 
forming proteins, for example SDS (Sodium dodecyl Sul 
fate), 70% formic acid, are inappropriate for use in this 
procedure due to the possibility of irreversible denaturation 
of the proteins, accompanied by a lack of immunogenicity 
and/or activity. Although guanidine hydrochloride and Simi 
lar agents are denaturants, this denaturation is not irrevers 
ible and renaturation may occur upon removal (by dialysis, 
for example) or dilution of the denaturant, allowing re 
formation of immunologically and/or biologically active 
protein. Other suitable buffers are known to those skilled in 
the art. Human T1R proteins or T1R3-comprising receptors 
are Separated from other bacterial proteins by Standard 
Separation techniques, e.g., with Ni-NTA agarose resin. 
0.124. Alternatively, it is possible to purify T1R protein or 
T1R3-comprising receptor from bacteria periplasm. After 
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lysis of the bacteria, when the T1R protein or T1R3 
comprising receptor is exported into the periplasm of the 
bacteria, the periplasmic fraction of the bacteria can be 
isolated by cold osmotic shock in addition to other methods 
known to skill in the art. To isolate recombinant proteins 
from the periplasm, the bacterial cells are centrifuged to 
form a pellet. The pellet is resuspended in a buffer contain 
ing 20%. Sucrose. To lyse the cells, the bacteria are centri 
fuged and the pellet is resuspended in ice-cold 5 mM MgSO 
and kept in an ice bath for approximately 10 minutes. The 
cell Suspension is centrifuged and the Supernatant decanted 
and Saved. The recombinant proteins present in the Super 
natant can be separated from the host proteins by Standard 
Separation techniques well known to those of skill in the art. 
0.125 B. Standard Protein Separation Techniques for 
Purifying T1R Proteins 
0126 Solubility Fractionation 
0127. Often as an initial step, particularly if the protein 
mixture is complex, an initial Salt fractionation can Separate 
many of the unwanted host cell proteins (or proteins derived 
from the cell culture media) from the recombinant protein of 
interest. The preferred Salt is ammonium Sulfate. Ammo 
nium Sulfate precipitates proteins by effectively reducing the 
amount of water in the protein mixture. Proteins then 
precipitate on the basis of their solubility. The more hydro 
phobic a protein is, the more likely it is to precipitate at 
lower ammonium Sulfate concentrations. A typical protocol 
includes adding Saturated ammonium Sulfate to a protein 
Solution So that the resultant ammonium Sulfate concentra 
tion is between 20-30%. This concentration will precipitate 
the most hydrophobic of proteins. The precipitate is then 
discarded (unless the protein of interest is hydrophobic) and 
ammonium Sulfate is added to the Supernatant to a concen 
tration known to precipitate the protein of interest. The 
precipitate is then Solubilized in buffer and the exceSS Salt 
removed if necessary, either through dialysis or diafiltration. 
Other methods that rely on solubility of proteins, such as 
cold ethanol precipitation, are well known to those of Skill 
in the art and can be used to fractionate complex protein 
mixtures. 

0128) Size Differential Filtration 
0129. The molecular weight of the T1R proteins or T1R3 
comprising receptors can be used to isolate it from proteins 
of greater and lesser Size using ultrafiltration through mem 
branes of different pore size (for example, Amicon or 
Millipore membranes). As a first step, the protein mixture is 
ultrafiltered through a membrane with a pore size that has a 
lower molecular weight cut-off than the molecular weight of 
the protein of interest. The retentate of the ultrafiltration is 
then ultrafiltered against a membrane with a molecular cut 
off greater than the molecular weight of the protein of 
interest. The recombinant protein will pass through the 
membrane into the filtrate. The filtrate can then be chro 
matographed as described below. 
0130 Column Chromatography 
0131 The T1R proteins or T1R3-comprising receptors 
can also be separated from other proteins on the basis of its 
size, net Surface charge, hydrophobicity, and affinity for 
ligands. In addition, antibodies raised against proteins can be 
conjugated to column matrices and the proteins immunopu 
rified. All of these methods are well known in the art. It will 
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be apparent to one of skill that chromatographic techniques 
can be performed at any Scale and using equipment from 
many different manufacturers (e.g., Pharmacia Biotech). 
0132) Assays for Modulators of T1R Protein 
0133 A. Assays 
0134) Modulation of a T1R3-comprising taste receptor, 
and corresponding modulation of taste, can be assessed 
using a variety of in vitro and in Vivo assayS. Such assays 
can be used to test for inhibitors and activators of T1R3 
comprising taste receptors, and, consequently, inhibitors and 
activators of taste. Such modulators of T1R3-comprising 
Sweet taste receptors, which are involved in taste Signal 
transduction. Modulators of T1R3-comprising taste recep 
tors are tested using either recombinant or naturally occur 
ring T1R3-comprising taste receptors, preferably human 
receptors. 

0135) In one embodiment, the monomeric or 
homodimeric T1R3-comprising receptors of the invention 
can be used to Screen for naturally occurring or artificial 
Sweet tasting molecules, e.g., Small organic molecules, 
amino acids, peptides, carbohydrates, lipids, polysaccha 
rides, etc. For example, homodimeric or monomeric T1R3 
comprising receptors of the invention recognize naturally 
occurring Sweet tastants, as described below in the example 
Section. Such receptors can be used to Screen for artificial 
Sweeteners, or altered naturally occurring Sweeteners, that 
mimic the naturally occurring Sugar ligands of the 
homodimeric or monomeric T1R3-comprising receptor. 
0.136 Preferably, the T1R3-comprising taste receptor will 
have a sequence as encoded by a Sequence provided herein 
or a conservatively modified variant thereof. Alternatively, 
the T1R3-comprising taste receptor of the assay will be 
derived from a eukaryote and include an amino acid Subse 
quence having Substantial amino acid Sequence identity to 
the Sequences provided herein or is encoded by a nucleotide 
Sequence that hybridizes under Stringent conditions (mod 
erate or high) to a nucleotide sequence as described herein. 
Generally, the amino acid Sequence identity will be at least 
60%, preferably at least 65%, 70%, 75%, 80%, 85%, or 
90%, most preferably at least 95%. 

0.137 Measurement of Sweet taste signal transduction or 
loSS-of-Sweet taste Signal transduction phenotype on T1R3 
comprising taste receptor or cell expressing the T1R3 
comprising taste receptor, either recombinant or naturally 
occurring, can be performed using a variety of assays, in 
Vitro, in Vivo, and eX Vivo, as described herein. A Suitable 
physical, chemical or phenotypic change that affects activity 
or binding can be used to assess the influence of a test 
compound on the polypeptide of this invention. When the 
functional effects are determined using intact cells or ani 
mals, one can also measure a variety of effects Such as, in the 
case of Signal transduction, e.g., ligand binding, hormone 
release, transcriptional changes to both known and unchar 
acterized genetic markers (e.g., northern blots), changes in 
cell metabolism Such as pH changes, and changes in intra 
cellular second messengers such as Ca2+, IP3, c0MP, or 
cAMP 

0138. In Vitro Assays 
0.139 Assays to identify compounds with T1R3-compris 
ing taste receptor modulating activity can be performed in 
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Vitro. Such assays can use a full length T1R3-comprising 
taste receptor or a variant thereof, or a fragment of a 
T1R3-comprising taste receptor, Such as an extracellular 
domain, fused to a heterologous protein to form a chimera 
(see, e.g., WO 01/66563, WO 03/001876, WO 02/064631, 
and WO 03/004992). Purified recombinant or naturally 
occurring T1R3-comprising taste receptor can be used in the 
in vitro methods of the invention. In addition to purified 
T1R3-comprising taste receptor, the recombinant or natu 
rally occurring T1R3-comprising taste receptor can be part 
of a cellular lysate or a cell membrane. AS described below, 
the binding assay can be either Solid State or Soluble. 
Preferably, the protein or membrane is bound to a solid 
Support, either covalently or non-covalently. Often, the in 
Vitro assays of the invention are ligand binding or ligand 
affinity assays, either non-competitive or competitive (with 
known extracellular ligands as described herein, or with a 
known intracellular ligand GTP). Other in vitro assays 
include measuring changes in Spectroscopic (e.g., fluores 
cence, absorbance, refractive index), hydrodynamic (e.g., 
shape), chromatographic, or Solubility properties for the 
protein. 
0140. In one embodiment, a high throughput binding 
assay is performed in which the T1R3-comprising taste 
receptor or chimera comprising a fragment thereof is con 
tacted with a potential modulator and incubated for a Suit 
able amount of time. In one embodiment, the potential 
modulator is bound to a solid support, and the T1R3 
comprising taste receptor is added. In another embodiment, 
the T1R3-comprising taste receptor is bound to a Solid 
Support. A wide variety of modulators can be used, as 
described below, including Small-organic molecules, pep 
tides, antibodies, and T1R3-comprising taste receptor ligand 
analogs. A wide variety of assays can be used to identify 
T1R3-comprising taste receptor-modulator binding, includ 
ing labeled protein-protein binding assays, electrophoretic 
mobility shifts, immunoassays, enzymatic assayS Such as 
phosphorylation assays, and the like. In Some cases, the 
binding of the candidate modulator is determined through 
the use of competitive binding assays, where interference 
with binding of a known ligand is measured in the presence 
of a potential modulator. Ligands for T1R3-comprising taste 
receptors are provided herein. Either the modulator or the 
known ligand is bound first, and then the competitor is 
added. After the T1R3-comprising taste receptor is washed, 
interference with binding, either of the potential modulator 
or of the known ligand, is determined. Often, either the 
potential modulator or the known ligand is labeled. 
0141 Cell-Based In Vivo Assays 
0142. In another embodiment, a T1R3-comprising taste 
receptor is expressed in a cell (e.g., by expression or 
co-expression one or two members of the T1R family such 
as T1R1 and T1R3 or T1R2 and T1R3, preferably by 
expression of T1R3 alone without expression of any other 
T1R family members), and functional, e.g., physical and 
chemical or phenotypic, changes are assayed to identify 
T1R3-comprising taste receptor taste modulators. Cells 
expressing T1R3-comprising taste receptor can also be used 
in binding assayS. Any Suitable functional effect can be 
measured, as described herein. For example, ligand binding, 
G-protein binding, and GPCR signal transduction, e.g., 
changes in intracellular Ca" levels, are all Suitable assays to 
identify potential modulators using a cell based System. 
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Suitable cells for such cell based assays include both pri 
mary cells and cell lines, as described herein. The T1R3 
comprising taste receptor can be naturally occurring or 
recombinant. Also, as described above, chimeric T1R3 
comprising taste receptors with GPCR activity can be used 
in cell based assayS. For example, the extracellular domain 
of an T1R protein can be fused to the transmembrane and/or 
cytoplasmic domain of a heterologous protein, preferably a 
heterologous GPCR. Such a chimeric GPCR would have 
GPCR activity and could be used in cell based assays of the 
invention. 

0143. In another embodiment, cellular T1R polypeptide 
levels are determined by measuring the level of protein or 
mRNA. The level of T1R protein or proteins related to T1R 
Signal transduction are measured using immunoassayS Such 
as western blotting, ELISA and the like with an antibody that 
Selectively binds to the T1R3-comprising taste receptor or a 
fragment thereof. For measurement of mRNA, amplifica 
tion, e.g., using PCR, LCR, or hybridization assays, e.g., 
northern hybridization, RNASe protection, dot blotting, are 
preferred. The level of protein or mRNA is detected using 
directly or indirectly labeled detection agents, e.g., fluores 
cently or radioactively labeled nucleic acids, radioactively 
or enzymatically labeled antibodies, and the like, as 
described herein. 

0144. Alternatively, T1R3-comprising receptor expres 
Sion can be measured using a reporter gene System. Such a 
System can be devised using an T1R protein promoter 
operably linked to a reporter gene Such as chloramphenicol 
acetyltransferase, firefly luciferase, bacterial luciferase, 
B-galactosidase and alkaline phosphatase. Furthermore, the 
protein of interest can be used as an indirect reporter via 
attachment to a Second reporter Such as red or green fluo 
rescent protein (See, e.g., Mistili & Spector, Nature Biotech 
nology 15:961-964 (1997)). The reporter construct is typi 
cally transfected into a cell. After treatment with a potential 
modulator, the amount of reporter gene transcription, trans 
lation, or activity is measured according to Standard tech 
niques known to those of Skill in the art. 
0145. In another embodiment, a functional effect related 
to GPCR signal transduction can be measured. An activated 
or inhibited T1R3-comprising G-coupled protein receptor 
will alter the properties of target enzymes, Second messen 
gers, channels, and other effector proteins. The examples 
include the activation of c(GMP phosphodiesterase, adeny 
late cyclase, phospholipase C, IP3, and modulation of 
diverse channels by G proteins. Downstream consequences 
can also be examined Such as generation of diacyl glycerol 
and IP3 by phospholipase C, and in turn, for calcium 
mobilization by IP3. Activated GPCR receptors become 
Substrates for kinases that phosphorylate the C-terminal tail 
of the receptor (and possibly other sites as well). Thus, 
activators will promote the transfer of P from gamma 
labeled GTP to the receptor, which can be assayed with a 
Scintillation counter. The phosphorylation of the C-terminal 
tail will promote the binding of arrestin-like proteins and 
will interfere with the binding of G-proteins. For a general 
review of GPCR signal transduction and methods of assay 
ing Signal transduction, See, e.g., Methods in Enzymology, 
vols. 237 and 238 (1994) and volume 96 (1983); Bourne et 
al., Nature 10:349:117-27 (1991); Bourne et al., Nature 
348:125-32 (1990); Pitcher et al., Annu. Rev. Biochem. 
67:653-92 (1998). 
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0146 AS described above, activation of some G-protein 
coupled receptorS Stimulates the formation of inositol triph 
osphate (IP3) through phospholipase C-mediated hydrolysis 
of phosphatidylinositol (Berridge & Irvine, Nature 312:315 
21 (1984)). IP3 in turn stimulates the release of intracellular 
calcium ion Stores. Thus, a change in cytoplasmic calcium 
ion levels, or a change in Second messenger levels Such as 
IP3 can be used to assess G-protein coupled receptor func 
tion. Cells expressing Such G-protein coupled receptors may 
exhibit increased cytoplasmic calcium levels as a result of 
contribution from both intracellular stores and via activation 
of ion channels, in which case it may be desirable although 
not necessary to conduct Such assays in calcium-free buffer, 
optionally Supplemented with a chelating agent Such as 
EGTA, to distinguish fluorescence response resulting from 
calcium release from internal Stores. 

0147 In one example, T1R3-comprising taste receptor 
GPCR activity is measured by expressing a T1R3-compris 
ing taste receptor in a heterologous cell with a promiscuous 
G-protein that links the receptor to a phospholipase C signal 
transduction pathway (see Offermanns & Simon, J. Biol. 
Chem. 270:15175-15180 (1995)). Modulation of signal 
transduction is assayed by measuring changes in intracellu 
lar Ca" levels, which change in response to modulation of 
the GPCR signal transduction pathway via administration of 
a molecule that associates with an T1R3-comprising taste 
receptor. Changes in Ca2+ levels are optionally measured 
using fluorescent Ca" indicator dyes and fluorometric imag 
Ing. 

0148. In another example, phosphatidyl inositol (PI) 
hydrolysis can be analyzed according to U.S. Pat. No. 
5,436,128, herein incorporated by reference. Briefly, the 
assay involves labeling of cells with H-myoinositol for 48 
or more hrs. The labeled cells are treated with a test 
compound for one hour. The treated cells are lysed and 
extracted in chloroform-methanol-water after which the 
inositol phosphates were separated by ion eXchange chro 
matography and quantified by Scintillation counting. Fold 
Stimulation is determined by calculating the ratio of cpm in 
the presence of agonist to cpm in the presence of buffer 
control. Likewise, fold inhibition is determined by calculat 
ing the ratio of cpm in the presence of antagonist to cpm in 
the presence of buffer control (which may or may not 
contain an agonist). 
0149 Other assays can involve determining the activity 
of receptors which, when activated, result in a change in the 
level of intracellular cyclic nucleotides, e.g., cAMP or 
cGMP, by activating or inhibiting enzymes Such as adeny 
late cyclase. In cases where activation of the receptor results 
in a decrease in cyclic nucleotide levels, it may be preferable 
to expose the cells to agents that increase intracellular cyclic 
nucleotide levels, e.g., forskolin, prior to adding a receptor 
activating compound to the cells in the assay. 

0150. In one example, the changes in intracellular cAMP 
or cGMP can be measured using immunoassayS. The 
method described in Offermanns & Simon, J. Biol. Chem. 
270: 15175-15180 (1995) may be used to determine the level 
of cAMP. Also, the method described in Felley-Bosco et al., 
Am. J. Resp. Cell and Mol. Biol. 11:159-164 (1994) may be 
used to determine the level of c(GMP. Further, an assay kit 
for measuring cAMP and/or cGMP is described in U.S. Pat. 
No. 4,115,538, herein incorporated by reference. 
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0151. In one example, assays for G-protein coupled 
receptor activity include cells that are loaded with ion or 
Voltage Sensitive dyes to report receptor activity. ASSays for 
determining activity of Such receptors can also use known 
agonists and antagonists for other G-protein coupled recep 
tors as negative or positive controls to assess activity of 
tested compounds. In assays for identifying modulatory 
compounds (e.g., agonists, antagonists), changes in the level 
of ions in the cytoplasm or membrane Voltage will be 
monitored using an ion Sensitive or membrane Voltage 
fluorescent indicator, respectively. Among the ion-Sensitive 
indicators and Voltage probes that may be employed are 
those disclosed in the Molecular Probes 1997 Catalog. For 
G-protein coupled receptors, promiscuous G-proteins Such 
as GC.15 and GC 16 can be used in the assay of choice 
(Wilkie et al., Proc. Nat'l Acad. Sci. USA 88:10049-10053 
(1991)). Such promiscuous G-proteins allow coupling of a 
wide range of receptors. 

0152 Animal Models 
0153. Animal models of taste also find use in screening 
for modulators of taste, Such as the T1R knockout mouse 
Strains as described herein. Transgenic animal technology 
including gene knockout technology, for example as a result 
of homologous recombination with an appropriate gene 
targeting vector, or gene overexpression, will result in the 
absence or increased expression of the T1R3-comprising 
receptor or components thereof. When desired, tissue-spe 
cific expression or knockout of the T1R3-comprising recep 
tors or components thereof may be necessary. Transgenic 
animals generated by Such methods find use as animal 
models of taste modulation and are additionally useful in 
Screening for modulators of taste modulation. 

0154 B. Modulators 
O155 The compounds tested as modulators of T1R3 
comprising taste receptors can be any Small organic mol 
ecule, or a biological entity, Such as a protein, e.g., an 
antibody or peptide, an amino acid, a lipid, a fat, a Sugar, 
e.g., a mono-, di-, or polysaccharide, a nucleic acid, e.g., an 
antisense oligonucleotide or a ribozyme, or a Small organic 
molecule. Alternatively, modulators can be genetically 
altered versions of a T1R3-comprising taste receptor. Typi 
cally, test compounds will be Small organic molecules, 
amino acids, peptides, lipids, and mono-, di- and polysac 
charides. 

0156 Essentially any chemical compound can be used as 
a potential modulator or ligand in the assays of the inven 
tion, although most often compounds can be dissolved in 
aqueous or organic (especially DMSO-based) Solutions are 
used. The assays are designed to Screen large chemical 
libraries by automating the assay StepS and providing com 
pounds from any convenient Source to assays, which are 
typically run in parallel (e.g., in microtiter formats on 
microtiter plates in robotic assays). It will be appreciated 
that there are many Suppliers of chemical compounds, 
including Sigma (St. Louis, Mo.), Aldrich (St. Louis, Mo.), 
Sigma-Aldrich (St. Louis, Mo.), Fluka Chemika-Bio 
chemica Analytika (Buchs Switzerland) and the like. 
O157. In one preferred embodiment, high throughput 
Screening methods involve providing a combinatorial Small 
organic molecule or peptide library containing a large num 
ber of potential therapeutic compounds (potential modulator 



US 2005/0106571 A1 

or ligand compounds). Such “combinatorial chemical librar 
ies' or “ligand libraries' are then Screened in one or more 
assays, as described herein, to identify those library mem 
bers (particular chemical species or Subclasses) that display 
a desired characteristic activity. The compounds thus iden 
tified can Serve as conventional "lead compounds” or can 
themselves be used as potential or actual therapeutics. 
0158. A combinatorial chemical library is a collection of 
diverse chemical compounds generated by either chemical 
Synthesis or biological Synthesis, by combining a number of 
chemical “building blocks” Such as reagents. For example, 
a linear combinatorial chemical library Such as a polypeptide 
library is formed by combining a set of chemical building 
blocks (amino acids) in every possible way for a given 
compound length (i.e., the number of amino acids in a 
polypeptide compound). Millions of chemical compounds 
can be Synthesized through Such combinatorial mixing of 
chemical building blockS. 
0159 Preparation and screening of combinatorial chemi 
cal libraries is well known to those of skill in the art. Such 
combinatorial chemical libraries include, but are not limited 
to, peptide libraries (see, e.g., U.S. Pat. No. 5,010, 175, 
Furka, Int. J. Pept. Prot. Res. 37:487-493 (1991) and Hough 
ton et al., Nature 354:84-88 (1991)). Other chemistries for 
generating chemical diversity libraries can also be used. 
Such chemistries include, but are not limited to: peptoids 
(e.g., PCT Publication No. WO 91/19735), encoded peptides 
(e.g., PCT Publication No. WO 93/20242), random bio 
oligomers (e.g., PCT Publication No. WO92/00091), ben 
Zodiazepines (e.g., U.S. Pat. No. 5,288,514), diversomers 
Such as hydantoins, benzodiazepines and dipeptides (Hobbs 
et al., Proc. Nat. Acad. Sci. USA 90:6909-6913 (1993)), 
vinylogous polypeptides (Hagihara et al., J. Amer: Chem. 
Soc. 114:6568 (1992)), nonpeptidal peptidomimetics with 
glucose scaffolding (Hirschmann et al., J. Amer: Chem. SOC. 
114:9217-9218 (1992)), analogous organic syntheses of 
Small compound libraries (Chen et al., J. Amer: Chem. Soc. 
116:2661 (1994)), oligocarbamates (Cho et al., Science 
261: 1303 (1993)), and/or peptidyl phosphonates (Campbell 
et al., J. Org. Chem. 59:658 (1994)), nucleic acid libraries 
(see Ausubel, Berger and Sambrook, all Supra), peptide 
nucleic acid libraries (see, e.g., U.S. Pat. No. 5,539,083), 
antibody libraries (see, e.g., Vaughn et al., Nature Biotech 
nology, 14(3):309-314 (1996) and PCT/US96/10287), car 
bohydrate libraries (see, e.g., Liang et al., Science, 
274:1520-1522 (1996) and U.S. Pat. No. 5,593.853), small 
organic molecule libraries (see, e.g., benzodiazepines, Baum 
C&EN, Jan. 18, page 33 (1993); isoprenoids, U.S. Pat. No. 
5,569,588; thiazolidinones and metathiazanones, U.S. Pat. 
No. 5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735 and 
5,519,134; morpholino compounds, U.S. Pat. No. 5,506, 
337; benzodiazepines, U.S. Pat. No. 5,288,514, and the 
like). 
0160 Devices for the preparation of combinatorial librar 
ies are commercially available (see, e.g., 357 MPS, 390 
MPS, Advanced Chem Tech, Louisville Ky., Symphony, 
Rainin, Woburn, Mass., 433A Applied Biosystems, Foster 
City, Calif., 9050 Plus, Millipore, Bedford, Mass.). In addi 
tion, numerous combinatorial libraries are themselves com 
mercially available (See, e.g., ComGenex, Princeton, N.J., 
ASineX, Moscow, Ru, Tripos, Inc., St. Louis, Mo., Chem 
Star, Ltd, Moscow, RU, 3D Pharmaceuticals, Exton, Pa., 
Martek Biosciences, Columbia, Md., etc.). 
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0161 C. Solid State and Soluble High Throughput 
ASSayS 

0162. In one embodiment the invention provides soluble 
assays using a T1R3-comprising taste receptor, or a cell or 
tissue expressing a T1R3-comprising taste receptor, either 
naturally occurring or recombinant. In another embodiment, 
the invention provides Solid phase based in vitro assays in a 
high throughput format, where the T1R3-comprising taste 
receptor is attached to a Solid phase Substrate. Any one of the 
assays described herein can be adapted for high throughput 
Screening, e.g., ligand binding, cellular proliferation, cell 
Surface marker flux, e.g., Screening, radiolabeled GTP bind 
ing, second messenger flux, e.g., Ca", IP3, c0MP, or cAMP, 
cytokine production, etc. 
0163. In the high throughput assays of the invention, 
either Soluble or Solid State, it is possible to Screen up to 
Several thousand different modulators or ligands in a Single 
day. This methodology can be used for T1R3-comprising 
taste receptors in Vitro, or for cell-based or membrane-based 
assays comprising T1R3-comprising taste receptors. In par 
ticular, each well of a microtiter plate can be used to run a 
Separate assay against a Selected potential modulator, or, if 
concentration or incubation time effects are to be observed, 
every 5-10 wells can test a single modulator. Thus, a Single 
Standard microtiter plate can assay about 100 (e.g., 96) 
modulators. If 1536 well plates are used, then a Single plate 
can easily assay from about 100-about 1500 different com 
pounds. It is possible to assay many plates per day; assay 
screens for up to about 6,000, 20,000, 50,000, or more than 
100,000 different compounds are possible using the inte 
grated Systems of the invention. 
0164. For a solid state reaction, the protein of interest or 
a fragment thereof, e.g., an extracellular domain, or a cell or 
membrane comprising the protein of interest or a fragment 
thereof as part of a fusion protein can be bound to the Solid 
State component, directly or indirectly, via covalent or non 
covalent linkage e.g., Via a tag. The tag can be any of a 
variety of components. In general, a molecule which binds 
the tag (a tag binder) is fixed to a Solid Support, and the 
tagged molecule of interest is attached to the Solid Support 
by interaction of the tag and the tag binder. 
0.165 A number of tags and tag binders can be used, 
based upon known molecular interactions well described in 
the literature. For example, where a tag has a natural binder, 
for example, biotin, protein A, or protein G, it can be used 
in conjunction with appropriate tag binders (avidin, Strepta 
vidin, neutravidin, the Fc region of an immunoglobulin, etc.) 
Antibodies to molecules with natural binderS Such as biotin 
are also widely available and appropriate tag binders, See, 
SIGMA Immunochemicals 1998 catalogue SIGMA, St. 
Louis Mo.). 
0166 Similarly, any haptenic or antigenic compound can 
be used in combination with an appropriate antibody to form 
a tag/tag binder pair. Thousands of Specific antibodies are 
commercially available and many additional antibodies are 
described in the literature. For example, in one common 
configuration, the tag is a first antibody and the tag binder is 
a Second antibody which recognizes the first antibody. In 
addition to antibody-antigen interactions, receptor-ligand 
interactions are also appropriate as tag and tag-binder pairs. 
For example, agonists and antagonists of cell membrane 
receptors (e.g., cell receptor-ligand interactions Such as 
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transferrin, c-kit, Viral receptor ligands, cytokine receptors, 
chemokine receptors, interleukin receptors, immunoglobu 
lin receptors and antibodies, the cadherein family, the inte 
grin family, the Selectin family, and the like, See, e.g., Pigott 
& Power, The Adhesion Molecule Facts Book I (1993). 
Similarly, toxins and Venoms, viral epitopes, hormones (e.g., 
opiates, Steroids, etc.), intracellular receptors (e.g. which 
mediate the effects of various Small ligands, including 
Steroids, thyroid hormone, retinoids and Vitamin D; pep 
tides), drugs, lectins, Sugars, nucleic acids (both linear and 
cyclic polymer configurations), oligosaccharides, proteins, 
phospholipids and antibodies can all interact with various 
cell receptors. 
0167 Synthetic polymers, such as polyurethanes, poly 
esters, polycarbonates, polyureas, polyamides, polyethyl 
eneimines, polyarylene Sulfides, polysiloxanes, polyimides, 
and polyacetates can also form an appropriate tag or tag 
binder. Many other tag/tag binder pairs are also useful in 
assay Systems described herein, as would be apparent to one 
of skill upon review of this disclosure. 
0168 Common linkers such as peptides, polyethers, and 
the like can also serve as tags, and include polypeptide 
Sequences, Such as poly gly Sequences of between about 5 
and 200 amino acids. Such flexible linkers are known to 
persons of skill in the art. For example, poly(ethelyne 
glycol) linkers are available from Shearwater Polymers, Inc. 
Huntsville, Ala. These linkers optionally have amide link 
ages, Sulfhydryl linkages, or heterofunctional linkages. 

0169 Tag binders are fixed to solid substrates using any 
of a variety of methods currently available. Solid substrates 
are commonly derivatized or functionalized by exposing all 
or a portion of the Substrate to a chemical reagent which 
fixes a chemical group to the Surface which is reactive with 
a portion of the tag binder. For example, groups which are 
Suitable for attachment to a longer chain portion would 
include amines, hydroxyl, thiol, and carboxyl groups. Ami 
noalkylsilanes and hydroxyalkylsilanes can be used to func 
tionalize a variety of Surfaces, Such as glass Surfaces. The 
construction of Such Solid phase biopolymer arrays is well 
described in the literature. See, e.g., Merrifield, J. Am. 
Chem. Soc. 85:2149-2154 (1963) (describing solid phase 
Synthesis of, e.g., peptides); Geysen et al., J. Immun. Meth. 
102:259-274 (1987) (describing synthesis of solid phase 
components on pins); Frank & Doring, Tetrahedron 
44:60316040 (1988) (describing synthesis of various pep 
tide sequences on cellulose disks); Fodor et al., Science, 
251:767-777 (1991); Sheldon et al., Clinical Chemistry 
39(4):718–719 (1993); and Kozal et al., Nature Medicine 
2(7):753759 (1996) (all describing arrays of biopolymers 
fixed to Solid Substrates). Non-chemical approaches for 
fixing tag binders to Substrates include other common meth 
ods, Such as heat, cross-linking by UV radiation, and the 
like. 

Immunological Detection of T1R3-Comprising 
Receptors 

0170 In addition to the detection of T1R genes and gene 
expression using nucleic acid hybridization technology, one 
can also use immunoassays to detect T1R3-comprising taste 
receptors of the invention. Such assays are useful for Screen 
ing for modulators of T1R3-comprising taste receptors, as 
well as for therapeutic and diagnostic applications. Immu 
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noassays can be used to qualitatively or quantitatively 
analyze T1R3-comprising taste receptors. A general over 
view of the applicable technology can be found in Harlow & 
Lane, Antibodies: A Laboratory Manual (1988). 
0171 A. Production of Antibodies 
0172 Methods of producing polyclonal and monoclonal 
antibodies that react specifically with the T1R proteins and 
T1R3-comprising taste receptors are known to those of Skill 
in the art (See, e.g., Coligan, Current Protocols in Immu 
nology (1991); Harlow & Lane, supra; Goding, Monoclonal 
Antibodies. Principles and Practice (2d ed. 1986); and 
Kohler & Milstein, Nature 256:495-497 (1975). Such tech 
niques include antibody preparation by Selection of antibod 
ies 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)). 
0173 A number of immunogens comprising portions of 
T1R protein or T1R3-comprising taste receptor may be used 
to produce antibodies specifically reactive with T1R protein. 
For example, recombinant T1R protein or an antigenic 
fragment thereof, can be isolated as described herein. 
Recombinant protein can be expressed in eukaryotic or 
prokaryotic cells as described above, and purified as gener 
ally described above. Recombinant protein is the preferred 
immunogen for the production of monoclonal 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 polyclonal antibodies may 
be generated, for Subsequent use in immunoassays to mea 
Sure the protein. 
0.174 Methods of production of polyclonal antibodies are 
known to those of skill in the art. 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 adju 
Vant, and a Standard immunization protocol. The animals 
immune response to the immunogen preparation is moni 
tored by taking test bleeds and determining the titer of 
reactivity to the beta subunits. When appropriately high 
titers of antibody to the immunogen are obtained, blood is 
collected from the animal and antisera are prepared. Further 
fractionation of the antisera to enrich for antibodies reactive 
to the protein can be done if desired (see, Harlow & Lane, 
Supra). 
0.175 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 are 
immortalized, commonly by fusion with a myeloma cell 
(see, Kohler & Milstein, Eur: J. Immunol. 6:511-519 
(1976)). Alternative methods of immortalization include 
transformation with Epstein Barr Virus, oncogenes, or ret 
roviruses, 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 affin 
ity for the antigen, and yield of the monoclonal antibodies 
produced by Such cells may be enhanced by various tech 
niques, including injection into the peritoneal cavity of a 
vertebrate host. Alternatively, one may isolate DNA 
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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). 
0176 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 10" or greater are selected 
and tested for their croSS reactivity against non-T1R or 
T1R3-comprising taste receptor proteins, using a competi 
tive binding immunoassay. Specific polyclonal antisera and 
monoclonal antibodies will usually bind with a K of at least 
about 0.1 mM, more usually at least about 1 uM, preferably 
at least about 0.1 uM or better, and most preferably, 0.01 uM 
or better. Antibodies specific only for a particular T1R3 
comprising taste receptor ortholog, Such as human T1R3 
comprising taste receptor, can also be made, by Subtracting 
out other croSS-reacting orthologs from a species Such as a 
non-human mammal. In addition, individual T1R proteins 
can be used to Subtract out antibodies that bind both to the 
receptor and the individual T1R proteins. In this manner, 
antibodies that bind only to a particular receptor may be 
obtained. 

0177. Once the specific antibodies against T1R3-com 
prising taste receptors are available, the protein can be 
detected by a variety of immunoassay methods. In addition, 
the antibody can be used therapeutically as a T1R3-com 
prising taste receptor modulators. For a review of immuno 
logical and immunoassay procedures, See Basic and Clinical 
Immunology (Stites & Terreds., 7" ed. 1991). Moreover, the 
immunoassays of the present invention can be performed in 
any of Several configurations, which are reviewed exten 
Sively in Enzyme Immunoassay (Maggio, ed., 1980); and 
Harlow & Lane, Supra. 
0.178 B. Immunological Binding Assays 
0179 T1R3-comprising taste receptors 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 the 
T1R3-comprising taste receptor or antigenic Subsequence 
thereof). The antibody (e.g., anti-T1R3-comprising taste 
receptor) may be produced by any of a number of means 
well known to those of skill in the art and as described 
above. 

0180. Immunoassays also often use a labeling agent to 
specifically bind to and label the complex formed by the 
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 T1R3-comprising 
taste receptor or a labeled anti-T1R3-comprising taste recep 
tor antibody. Alternatively, the labeling agent may be a third 
moiety, Such a Secondary antibody, that specifically binds to 
the antibody/T1R3-comprising taste receptor complex (a 
Secondary antibody is typically Specific to antibodies of the 
species from which the first antibody is derived). Other 
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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-immunogenic 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 
nol. 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. 

0181. 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. 
0182 Non-Competitive Assay Formats 
0183 Immunoassays for detecting T1R3-comprising 
taste receptors in Samples 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-T1R3 
comprising taste receptor antibodies can be bound directly to 
a solid substrate on which they are immobilized. These 
immobilized antibodies then capture T1R3-comprising taste 
receptors present in the test Sample. T1R3-comprising taste 
receptors thus immobilized are then bound by a labeling 
agent, Such as a Second T1R3-comprising taste receptor 
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. 
0.184 Competitive Assay Formats 
0185. In competitive assays, the amount of T1R3-com 
prising taste receptor present in the Sample is measured 
indirectly by measuring the amount of a known, added 
(exogenous) T1R3-comprising taste receptor displaced 
(competed away) from an anti-T1R3-comprising taste 
receptor antibody by the unknown T1R3-comprising taste 
receptor present in a Sample. In one competitive assay, a 
known amount of T1R3-comprising taste receptor is added 
to a Sample and the Sample is then contacted with an 
antibody that specifically binds to a T1R3-comprising taste 
receptor. The amount of exogenous T1R3-comprising taste 
receptor bound to the antibody is inversely proportional to 
the concentration of T1R3-comprising taste receptor present 
in the Sample. In a particularly preferred embodiment, the 
antibody is immobilized on a solid substrate. The amount of 
T1R3-comprising taste receptor bound to the antibody may 
be determined either by measuring the amount of T1R3 
comprising taste receptor present in a T1R3-comprising 
taste receptor/antibody complex, or alternatively by mea 
Suring the amount of remaining uncomplexed protein. The 
amount of T1R3-comprising taste receptor may be detected 
by providing a labeled T1R3-comprising taste receptor 
molecule. 
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0186 Ahapten inhibition assay is another preferred com 
petitive assay. In this assay the known T1R3-comprising 
taste receptor is immobilized on a Solid Substrate. A known 
amount of anti-T1R3-comprising taste receptor antibody is 
added to the Sample, and the Sample is then contacted with 
the immobilized T1R3-comprising taste receptor. The 
amount of anti-T1R3-comprising taste receptor antibody 
bound to the known immobilized T1R3-comprising taste 
receptor is inversely proportional to the amount of T1R3 
comprising taste receptor present in the Sample. Again, the 
amount of immobilized antibody may be detected by detect 
ing 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. 
0187 Cross-Reactivity Determinations 
0188 Immunoassays in the competitive binding format 
can also be used for croSSreactivity determinations. For 
example, a T1R3-comprising taste receptor can be immo 
bilized to a Solid Support. Proteins (e.g., T1R3-comprising 
taste receptors 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 com 
pared to the ability of the T1R3-comprising taste receptor to 
compete with itself. The percent crossreactivity for the 
above proteins is calculated, using Standard calculations. 
Those antisera with less than 10% crossreactivity 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. 
0189 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 T1R3-comprising taste 
receptor, to the immunogen protein. 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 T1R3-comprising taste receptor 
that is required to inhibit 50% of binding, then the second 
protein is said to specifically bind to the polyclonal anti 
bodies generated to a T1R3-comprising taste receptor immu 
nogen. 

0190. Other Assay Formats 
0191 Western blot (immunoblot) analysis is used to 
detect and quantify the presence of T1R3-comprising taste 
receptors in the Sample. The technique generally comprises 
Separating Sample proteins by gel electrophoresis on the 
basis of molecular weight, transferring the Separated pro 
teins to a Suitable Solid Support, (Such as a nitrocellulose 
filter, a nylon filter, or derivatized nylon filter), and incu 
bating the sample with the antibodies that specifically bind 
T1R3-comprising taste receptors. The anti-T1R3-compris 
ing taste receptor antibodies specifically bind to the T1R3 
comprising taste receptor on the Solid Support. These anti 
bodies may be directly labeled or alternatively may be 
Subsequently detected using labeled antibodies (e.g., labeled 
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sheep anti-mouse antibodies) that specifically bind to the 
anti-T1R3-comprising taste receptor antibodies. 

0.192 Other assay formats include liposome immunoas 
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)). 
0193 Reduction of Non-Specific Binding 
0194 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. 

0195 Labels 
0196. 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 isothiocyan 
ate, Texas red, rhodamine, and the like), radiolabels (e.g., 
H, 'I, S, 'C, or P), enzymes (e.g., horse radish 
peroxidase, alkaline phosphatase and others commonly used 
in an ELISA), and colorimetric labels Such as colloidal gold 
or colored glass or plastic beads (e.g., polystyrene, polypro 
pylene, latex, etc.). 
0197) The label may be coupled directly or indirectly to 
the desired component of the assay according to methods 
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. 

0198 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 T1R3-comprising taste receptors, 
or Secondary antibodies that recognize anti-T1R3-compris 
ing taste receptor. 

0199 The molecules can also be conjugated directly to 
Signal generating compounds, e.g., by conjugation with an 
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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. 

0200 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. 

0201 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. 
0202 Pharmaceutical Compositions and Administration 
0203 Pharmaceutically acceptable carriers are deter 
mined in part by the particular composition being adminis 
tered (e.g., nucleic acid, oligonucleotide, amino acid, pro 
tein, peptide, Small organic molecule, lipid, carbohydrate, 
mono-, di- or polysaccharide, particle, or transduced cell), as 
well as by the particular method used to administer the 
composition. Accordingly, there are a wide variety of Suit 
able formulations of pharmaceutical compositions of the 
present invention (see, e.g., Remington's Pharmaceutical 
Sciences, 17" ed., 1989). Administration can be in any 
convenient manner, e.g., by injection, oral administration, 
inhalation, transdermal application, or rectal administration. 
0204 Formulations suitable for oral administration can 
consist of (a) liquid Solutions, such as an effective amount of 
the packaged nucleic acid Suspended in diluents, Such as 
water, saline or PEG 400; (b) capsules, Sachets or tablets, 
each containing a predetermined amount of the active ingre 
dient, as liquids, Solids, granules or gelatin; (c) Suspensions 
in an appropriate liquid; and (d) Suitable emulsions. Tablet 
forms can include one or more of lactose, Sucrose, mannitol, 
Sorbitol, calcium phosphates, corn Starch, potato Starch, 
microcrystalline cellulose, gelatin, colloidal Silicon dioxide, 
talc, magnesium Stearate, Stearic acid, and other excipients, 
colorants, fillers, binders, diluents, buffering agents, moist 
ening agents, preservatives, flavoring agents, dyes, disinte 
grating agents, and pharmaceutically compatible carriers. 
Lozenge forms can comprise the active ingredient in a 
flavor, e.g., Sucrose, as well as pastilles comprising the 
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active ingredient in an inert base, Such as gelatin and 
glycerin or Sucrose and acacia emulsions, gels, and the like 
containing, in addition to the active ingredient, carriers 
known in the art. 

0205 The compound of choice, alone or in combination 
with other Suitable components, can be made into aeroSol 
formulations (i.e., they can be “nebulized”) to be adminis 
tered via inhalation. AeroSol formulations can be placed into 
preSSurized acceptable propellants, Such as dichlorodifluo 
romethane, propane, nitrogen, and the like. 

0206 Formulations suitable for parenteral administra 
tion, Such as, for example, by intraarticular (in the joints), 
intravenous, intramuscular, intradermal, intraperitoneal, and 
Subcutaneous routes, include aqueous and non-aqueous, 
isotonic Sterile injection Solutions, which can contain anti 
oxidants, buffers, bacterioStats, and Solutes that render the 
formulation isotonic with the blood of the intended recipi 
ent, and aqueous and non-aqueous Sterile Suspensions that 
can include Suspending agents, Solubilizers, thickening 
agents, Stabilizers, and preservatives. In the practice of this 
invention, compositions can be administered, for example, 
by intravenous infusion, orally, topically, intraperitoneally, 
intravesically or intrathecally. Parenteral administration and 
intravenous administration are the preferred methods of 
administration. The formulations of commends can be pre 
Sented in unit-dose or multi-dose Sealed containers, Such as 
ampules and vials. 

0207. Injection solutions and Suspensions can be pre 
pared from Sterile powders, granules, and tablets of the kind 
previously described. Cells transduced by nucleic acids for 
eX Vivo therapy can also be administered intravenously or 
parenterally as described above. 

0208. The dose administered to a patient, in the context 
of the present invention should be sufficient to effect a 
beneficial therapeutic response in the patient over time. The 
dose will be determined by the efficacy of the particular 
vector employed and the condition of the patient, as well as 
the body weight or Surface area of the patient to be treated. 
The size of the dose also will be determined by the existence, 
nature, and extent of any adverse Side-effects that accom 
pany the administration of a particular vector, or transduced 
cell type in a particular patient. 

0209. In determining the effective amount of the vector to 
be administered in the treatment or prophylaxis of condi 
tions owing to diminished or aberrant expression of a 
T1R3-comprising taste receptor, the physician evaluates 
circulating plasma levels of the vector, vector toxicities, 
progression of the disease, and the production of anti-vector 
antibodies. In general, the dose equivalent of a naked nucleic 
acid from a vector is from about 1 lug to 100 lug for a typical 
70 kilogram patient, and doses of vectors which include a 
retroviral particle are calculated to yield an equivalent 
amount of therapeutic nucleic acid. 

0210 For administration, compounds and transduced 
cells of the present invention can be administered at a rate 
determined by the LD-50 of the inhibitor, vector, or trans 
duced cell type, and the side-effects of the inhibitor, vector 
or cell type at various concentrations, as applied to the mass 
and overall health of the patient. Administration can be 
accomplished via Single or divided doses. 
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0211 Cellular Transfection and Gene Therapy 
0212. The present invention provides the nucleic acids of 
T1R3-comprising taste receptors for the transfection of cells 
in vitro and in Vivo. These nucleic acids can be inserted into 
any of a number of well-known vectors for the transfection 
of target cells and organisms as described below. The nucleic 
acids are transfected into cells, eX Vivo or in Vivo, through 
the interaction of the vector and the target cell. The nucleic 
acid, under the control of a promoter, then expresses a 
T1R3-comprising taste receptor of the present invention, by 
co-expressing two members of the T1R family, thereby 
mitigating the effects of absent, partial inactivation, or 
abnormal expression of a T1R3-comprising taste receptor. 
The compositions are administered to a patient in an amount 
Sufficient to elicit a therapeutic response in the patient. An 
amount adequate to accomplish this is defined as “therapeu 
tically effective dose or amount.” 
0213 Such gene therapy procedures have been used to 
correct acquired and inherited genetic defects and other 
diseases in a number of contexts. The ability to express 
artificial genes in humans facilitates the prevention and/or 
cure of many important human diseases, including many 
diseases which are not amenable to treatment by other 
therapies (for a review of gene therapy procedures, See 
Anderson, Science 256:808–813 (1992); Nabel & Felgner, 
TIBTECH 11:211-217 (1993); Mitani & Caskey, TIBTECH 
11:162-166 (1993); Mulligan, Science 926-932 (1993); Dil 
lon, TIBTECH 11:167-175 (1993); Miller, Nature 357:455 
460 (1992); Van Brunt, Biotechnology 6(10): 1149-1154 
(1998); Vigne, Restorative Neurology and Neuroscience 
8:35-36 (1995); Kremer & Perricaudet, British Medical 
Bulletin 51(1):31-44 (1995); Haddada et al., in Current 
Topics in Microbiology and Immunology (Doerfler & Böhm 
eds., 1995); and Yu et al., Gene Therapy 1: 13-26 (1994)). 
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EXAMPLES 

0253) The following examples are offered to illustrate, 
but not to limit the claimed invention. 

Example 1 

0254 Results 
0255 Generation of T1R1, T1R2 and T1R3 KO Mice 
0256 Expression of T1R receptors defines three largely 
non-overlapping populations of taste cells in the tongue and 
palate: cells co-expressing T1R1 and T1R3 (T1R1+3), cells 
co-expressing T1R2 and T1R3 (T1R2+3), and cells express 
ing T1R3 alone (Nelson, G. et al., Cell, 106, 38.1-390 
(2001)). Heterologous expression studies of T1Rs in HEK 
cells demonstrated that T1R1 and T1R3 combine to form a 
broadly tuned L-amino acid receptor, while co-expression of 
T1R2 and T1R3 generates a Sweet taste receptor that 
responds to all classes of Sweet-tasting compounds (Nelson, 
G. et al., Cell, 106, 38.1-390 (2001); Nelson, G. et al., 
Nature, 416, 199-202 (2002); Li, X. et al., Proc Natl Acad 
Sci USA, 99, 4692-4696 (2002)). If T1R3 functions in vivo 
as a common component of the Sweet and amino acid taste 
receptors, then a knockout of this GPCR should generate 
mice devoid of Sweet and amino acid taste reception. In 
contrast, knockout of T1R1 or T1R2 might be expected to 
Selectively affect a single taste modality. 
0257 To define the role of T1 Rs in vivo, we generated 
knockout mice that lack each of the T1RS by deleting exons 
encoding domains essential for receptor function. FIG. 1 
illustrates the KO strategies and shows in situ hybridization 
experiments demonstrating a complete lack of Specific T1R 
Staining in the corresponding homozygous KO animals. In 
order to ensure that loss of any one T1R did not affect the 
Viability or integrity of taste cells, we also compared the 
expression of other T1 RS, T2RS, PLCb2 (Rossler, P. et al., 
Eur J Cell Biol, 77, 253-261 (1998); Zhang, Y. et al., Cell, 
112, 293-301 (2003)) and TRPM5 (Perez, C. A. et al., Nat 
Neurosci, 5, 1169-1176 (2002); Zhang, Y. et al., Cell, 112, 
293-301 (2003)) in control and KO animals. No significant 
differences were observed in the number or distribution of 
T1Rs, T2R, PLCb2 and TRPM5-positive cells between wild 
type and KO taste tissue (FIG. 1 and data not shown). 
0258. Two complementary strategies were used to assay 
the taste responses of the genetically modified mice. First, 
we recorded tastant-induced action potentials from one of 
the major nerves innervating taste receptor cells of the 
tongue (chorda tympani). This physiological assay monitors 
the activity of the taste System at the periphery, and provides 
a measure of taste receptor cell function. Second, we exam 
ined taste behavior by measuring taste-choices in Standard 
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long-term two-bottle intake preference assays, or by direct 
counting of immediate licking responses in a multi-channel 
gustometer (Glendinning, J. I. et al., Chem Senses, 27, 
461-474 (2002); Zhang, Y. et al., Cell, 112, 293-301 (2003); 
see Experimental Procedures). This second method relies on 
very short exposures to tastants (5s events over a total of 30 
min versus 48 hrs for two-bottle preference assays), and 
therefore has the great advantage of minimizing the impact 
of other Sensory inputs, and post-ingestive and learning 
effects from the assay. 

0259 FIG. 2 shows that knockouts of T1Rs have no 
Significant effect either on physiological or behavioral 
responses to citric acid, Sodium chloride, and a variety of 
bitter tastants. These results demonstrate that bitter, Salty and 
Sour taste reception and perception operate through path 
ways independent of T1R receptors, and further Substantiate 
a model of coding at the periphery in which individual 
modalities operate independently of each other. 

0260 T1R1+3 is the Umami Receptor 
0261 Previously, Chaudhari et al described a truncated 
variant of the metabotropic glutamate receptor-4 (mGluR4t) 
and Suggested that it functions as the umami taste receptor 
(Chaudhari, N. et al., Nat Neurosci, 3, 113-119 (2000)). We 
find this proposal unsatisfactory for many reasons. (1) The 
mGluR4t variant is missing the mGluR4 Signal Sequence 
needed for Surface targeting. (2) This putative receptor also 
lacks large fractions of the domains essential for glutamate 
recognition as revealed by the crystal Structure of the 
glutamate binding domain of mGluR (Kunishima, N., et al., 
Nature, 407,971-977 (2000)). (3) moluR4t umami signal 
ing has been proposed to operate via a cAMP pathway 
(Abaffy, T. et al., Am J Physiol Cell Physiol, 284, C1420 
1428 (2003); Chaudhari, N. et al., Nat Neurosci, 3, 113-119 
(2000)). However, amino acid?umami taste is a PLCB2/ 
TRPM5-dependent process (Zhang, Y. et al., Cell, 112, 
293-301 (2003)). (4) Umami taste, but not mGluR4 activity, 
is strongly affected by the umami enhancers IMP and GMP. 
(5) Finally, mGluR4 KO animals retain responses to umami 
stimuli (Chaudhari, N., and Roper, S. D., Ann NYAcadSci, 
855, 398-406 (1998)). In contrast, recent evidence suggest 
that the T1R1+3 amino acid receptor may function as the 
mammalian umami (glutamate) taste Sensor: First, the 
human and rodent T1R1+3 receptors display selectivity and 
Sensitivity differences that mimic amino acid taste differ 
ences between rodents and humans (Nelson, G. et al., 
Nature, 416, 199-202 (2002); Yoshii et al., 1986). Second, 
T1R1+3 activity is reliably enhanced by IMP and GMP, the 
two best known potentiators of umami taste in Vivo (Nelson, 
G. et al., Nature, 416, 199-202 (2002); Li, X. et al., Proc 
Natl AcadSci USA, 99,4692-4696 (2002)). Thirdly, T1R1+3 
is activated by psychophysically relevant concentrations of 
the umami agonists L-Asp and L-AP4 (Nelson, G. et al., 
Nature, 416, 199-202 (2002); Li, X. et al., Proc Natl Acad 
Sci USA, 99, 4692-4696 (2002)). In order to rigorously 
assess the role of T1R1+3 in umami taste, we examined 
T1R1 and T1R3 KO animals (see FIG. 1). 
0262 Because of its Na+ content, monosodium 
glutamate (MSG) evokes both salty and umami taste. We 
therefore assayed umami responses using Several Strategies 
that allowed us to isolate Salt taste from that of glutamate in 
behavioral and electrophysiological Studies. These included 
testing MSG in the presence of the sodium channel blocker 
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amiloride, using MPG, the potassium Salt of glutamate, and 
testing the umami agonists AP4 and aspartic acid, all in the 
presence or absence of the umami enhancer IMP. FIG. 3 
shows that when salt effects are minimized, T1R3 KO mice 
have a dramatic loSS of behavioral attraction-and a pro 
found corresponding deficit in physiological responses to all 
umami tastants-including glutamate, aspartate, glutamate 
plus IMP, and IMP alone. Very recently, Damak et al 
independently generated T1R3 KO animals but concluded 
that multiple umami receptors must exist as Significant MSG 
responses remained in their studies of KO mice (Damak, S. 
et al., Science, 301, 850-853 (2003)). Notably, the MSG 
responses of the KO animals were strictly independent of 
IMP, a contradiction given that IMP enhancement is the 
hallmark of the umami modality. Since salt effects were not 
accounted for, we Suspect that much of their remaining 
responses reflect Na" content in MSG rather than umami 
taste (compare responses to MSG+IMP versus MPG+IMP or 
MSG+IMP+amiloride in FIG.3e-f). 
0263) If T1R1 combines with T1R3 (T1R1+3) to gener 
ate the mammalian umami receptor, then a knockout of 
T1R1 should also eliminate all umami responses. FIG. 3 
demonstrates that this is absolutely the case. In contrast, 
these very Same tastants elicit normal, robust responses in 
control and in T1R2 KO animals. Together, these results 
prove that T1R1+3 is the mammalian umami receptor. 

0264. Previously, we showed that in addition to typical 
umami tastants, the mouse T1R1+3 receptor is also activated 
by other L-amino amino acids, and in the presence of IMP 
functions as a broadly tuned L-amino acid sensor (Nelson, 
G. et al., Nature, 416, 199-202 (2002)). Therefore, we tested 
responses of T1R1 and T1R3 KO animals to L-amino acids 
in the presence or absence of IMP. Indeed, responses to 
amino acid tastants are Severely defective in T1R1 and 
T1R3, but not T1R2 KOstrains (FIG.3), firmly establishing 
the T1R1+3 heteromeric GPCR complex as the taste recep 
tor for a wide range of L-amino acids and IMP. Interestingly, 
when we assayed exceedingly high concentrations of 
L-amino acids that taste Sweet to humans (e.g. >300 mM 
Ala, Ser, and Thr), T1R1 KO animals, but not T1R3 KO 
mice retained a Small residual attraction (see panel d in FIG. 
3); these trace behavioral responses likely reflect the acti 
vation of the T1R2+3 Sweet taste receptor (Nelson, G. et al., 
Cell, 106, 381-390 (2001); see below). 
0265 T1R2+3 and T1R3 are Required for Sweet Recep 
tion and Perception 

0266 T1R2+3 functions in cell based assays as a hetero 
meric receptor for diverse chemical classes of Sweet com 
pounds including natural Sugars, artificial Sweeteners, 
Damino acids and Sweet-tasting proteins (Nelson, G. et al., 
Cell, 106,381-390 (2001); Li, X. et al., Proc Natl Acad Sci 
USA, 99,4692-4696 (2002)). However, a number of studies 
have Suggested that animals may express distinct types of 
Sweet receptors (Schiffman, S.S. et al., Pharmacol Biochem 
Behav, 15, 377-388 (1981); Ninomiya, Y. et al., J Neuro 
physiol, 81, 3087-3091 (1999)). To define the role of 
T1R2+3 in vivo, we examined Sweet responses of knockout 
mice that lack functional T1R2 and T1R3 proteins. FIGS. 4 
and 5 demonstrate that responses to all classes of Sweet 
tastants are dramatically impaired in T1R2 and T1R3 knock 
out Strains. We tested a broad panel of Sugars, artificial 
Sweeteners and D-amino acids, and in all cases responses 
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were severely defective: behavioral attraction is nearly abol 
ished and nerve responses are greatly diminished. These 
results confirm T1R2+3 as the principal Sweet taste Sensor in 
vivo. 

0267. Notably, very high concentrations (>300 mM) of 
natural Sugars, but not of artificial SweetenerS or D-amino 
acids, elicited modest but detectable attractive responses in 
both T1R2 and T1R3 knockout strains. Thus, either there are 
additional Sweet taste receptors (i.e. T1R-independent path 
ways), or T1R2 and T1R3 may also function on their own as 
low affinity receptors for natural Sugars in the absence of 
their heteromeric partners. If the remaining responses are in 
fact due to T1R2 or T1R3, then a double knockout of these 
GPCRs should eliminate all Sweet responses. Since T1R2 
and T1R3 loci are linked at the distal end of chromosome 4 
(Nelson, G. et al., Cell, 106, 38.1-390 (2001)), we first 
generated recombinant T1R2 KO, T1R3 KO mice and then 
tested them physiologically and behaviorally. FIGS. 4 and 
5 (red traces) show that T1R2, T1R3 double KO mice have 
lost all responses to high concentration of Sugars. Together, 
these results illustrate the in Vivo Significance of the com 
binatorial assembly of T1Rs, and demonstrate that all Sweet 
taste reception operates via the T1R2 and T1R3 GPCRs. 

0268 Do T1R2 or T1R3 homodimeric receptors play a 
Significant role in Sweet Sensing in wild type mice'? T1R2 is 
always expressed in cells containing T1R3 (T1R2+3 cells; 
Nelson, G. et al., Cell, 106, 38.1-390 (2001)). Therefore, 
even if Some T1R2 were not associated with T1R3 in these 
cells, the much higher affinity of the T R2+3 heteromeric 
receptor for Sweet tastants would likely dominate the cellu 
lar response. In contrast, we previously reported that T1R3 
is also found in a Significant fraction of cells of the tongue 
and palate epithelium independent of T1R1 and TR2 (T1R3 
alone cells; Nelson, G. et al., Cell, 106,381-390 (2001)). 
This class of cells may provide animals with additional 
means of detecting and responding to high concentrations of 
Sugars. To demonstrate that T1R3 alone can function as a 
low affinity receptor for natural Sugars, we generated HEK 
cells Stably expressing T1R3 and an optimized G protein 
chimera engineered to couple to T1RS (see Experimental 
Procedures). FIG. 6 shows that T1R3 alone in fact responds 
to very high concentrations of natural Sugars, but not to 
lower concentrations (<300 mM), or to artificial Sweeteners. 
These results confirm T1R3 as a low affinity Sugar receptor, 
and support the postulate that T1R3 alone cells function in 
vivo as additional Sweet sensors (Nelson, G. et al., Cell, 106, 
381-390 (2001)). This partial cellular segregation of sensing 
natural and artificial SweetenerS may help explain why 
artificial Sweeteners never attain the level of Sweetness 
afforded by high concentrations of natural Sugars (i.e. acti 
vation of T1R2+3 cells versus T1R2+3 and T1R3 alone 
cells). 
0269 T1R2 Delimits Species-Specific Sweet Taste Pref 
CCCS 

0270 Humans can taste a number of natural and artificial 
Sweeteners that rodents cannot. For example, monellin, 
thaumatin, aspartame and neohesperidin dihydrochalcone 
taste Sweet to humans at Sub-millimolar concentrations, 
whereas rodents show no preference even at 100 times 
higher concentrations (Danilova, V. et al., J Neurophysiol, 
80, 2102-2112 (1998)). Previously, we reported that rodent 
and human T1Rs are more than 30% dissimilar in their 
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amino acid Sequences, and hypothesized that Such differ 
ences underlie the Species-specific Selectivity in Sweet taste 
detection (Nelson, G. et al., Cell, 106, 381-390 (2001); 
Nelson, G. et al., Nature, 416, 199-202 (2002)). Because 
T1R2 participates exclusively in Sweet taste detection while 
T1R3 is involved in both Sweet and amino acid recognition, 
we reasoned that T1R2 would be a particularly critical 
determinant of Sweet taste selectivity in vivo. Therefore, we 
predicted that introducing the human T1R2 gene in T1R2 
KO mice should both rescue and “humanize” Sweet 
responses. 

0271 We generated mice that were homozygous for the 
T1R2 KO allele, but instead expressed a human TR2 trans 
gene in the native “T1R2-cells”. A 12 kb genomic clone 
containing the T1R2 regulatory Sequences was fused to a 
hT1R2 full length cDNA and introduced into T1R2 KO 
mice. Multiple independent lines were assayed for their 
Selectivity and Sensitivity to Sweet tastants. To examine 
expression of hT1R2, we performed two-color fluorescent in 
Situ hybridization experiments in transgenic animals carry 
ing the wild type mT1R2 allele. FIG. 7 (panel a-d) dem 
onstrate that human T1R2 is selectively expressed in T1R2 
expressing cells, and effectively restores Sweet taste 
function. More importantly, the human transgene now con 
fers these mice with the ability to detect and respond to 
Several compounds that taste Sweet to humans, but are not 
normally attractive to rodents, these include aspartame, 
glycyrrhizic acid and the Sweet proteins thaumatin and 
monellin. Interestingly, the humanized T1R2 mice still do 
not respond to the intensely Sweet compound neohesperidin 
dihydrochalcone, nor do HEK cells transfected with the 
human T1R2 and mouse T1R3 GPCRs. However, when 
cells are transfected with human T1R2 and human T1R3 
they robustly respond to neohesperidin dihydrochalcone. 
Taken together, these experiments validate T1 RS as key 
determinants of differences in Sweet taste Selectivity and 
Specificity between rodents and humans, and further Sub 
Stantiate T1R2+3, and T1R2-expressing cells, as an princi 
pal mediator of Sweet taste in Vivo. Finally, we propose that 
polymorphisms in both T1R2 and T1R3 are important 
determinants of human individual Sweet taste preferences. 
0272 T1R2-Expressing Cells Encode Behavioral Attrac 

tion. In Vivo 

0273 Activation of taste receptors trigger distinct behav 
ioral responses in animals. For example, excitation of the 
T1R2+3 receptor Stimulates behavioral attraction to Sugars 
and Sweet-tasting compounds in mice. Is this response a 
property of the receptorS or the cells in which they are 
expressed? One way to answer this question would be to 
express a novel receptor unrelated to the taste System in the 
T1R2+3 cells and examine whether its selective stimulation 
elicits attractive responses (Troemel, E. R. et al., Cell 91, 
161-169 (1997)). 
0274. Our approach was to target expression of a GPCR 
that could couple to the endogenous signaling pathways in 
T1R2+3 cells, but could only be activated by a nonnatural 
ligand. In order to examine taste responses in the very same 
animals before and after receptor expression we utilized an 
inducible System. To accomplish this, we used transgenic 
mice in which a modified k-opioid receptor activated Solely 
by a synthetic ligand (RASSL, Redfern, C. H. et al., Nat 
Biotechnol, 17, 165-169 (1999)) was targeted to the T1R2 
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expressing cells under the control of the Tet-on inducible 
System (see Experimental Procedures). 

0275 FIG. 7e shows that un-induced animals, or wild 
type controls treated with doxycycline, are completely 
insensitive to the k-opioid agonist Spiradoline. Remarkably, 
induction of RASSL expression in the T1R2-cells generates 
animals that are now Strongly attracted to nanomolar con 
centrations of spiradoline (FIG. 7, red trace). Thus, we 
conclude that activation of TR2-expressing cells, rather than 
the receptors they express, determines behavioral attraction 
in mice. Furthermore, these results unequivocally show that 
activating a single cell type is Sufficient to trigger Specific 
taste responses, therefore a model requiring a combinatorial 
pattern of activity, or temporal coding, is not needed to 
account for attraction mediated by T1R2-expressing cells. 
By extension we Suggest that activation of these taste 
Signaling pathways in human T1R2+3 cells, regardless of 
the nature of the receptor, would evoke Sweet taste. 
0276 Multiple receptors have been proposed to mediate 
Sweet and umami taste in mammals. Notably, even within 
each of these two modalities several GPCRs, ion channels, 
and models invoking intracellular targets directly activated 
by cell-permeable tastants have been postulated (Kinnamon, 
S. C. Neuron, 25, 507-510 (2000); Margolskee, R. F., J Biol 
Chem, 277, 1-4 (2002)). We have used a combination of 
cell-based assays, genetic, physiological and behavioral 
approaches to prove that the receptors for Sweet and umami 
taste in mammals are the T1RS: umami taste is mediated by 
the T1R1+3 heteromeric GPCR, and Sweet by the two 
T1R-based receptors, T1R2 and T1R3 (T1R2+3, and most 
likely, a homodimer of T1R3). Therefore, Sweet and amino 
acid taste (umami)-two chemosensory inputs that trigger 
behavioral attraction, share a common receptor repertoire 
and evolutionary origin. 

0277. The human T1R1+3 receptor is activated by 
glutamate and aspartate far more effectively than by other 
amino acids (Li, X. et al., Proc Natl Acad Sci USA, 99, 
4692-4696 (2002)). In contrast, the mouse T1R1+3 receptor 
recognizes a much broader range of L-amino acids, both in 
cell based assays (Nelson, G. et al., Nature, 416, 199-202 
(2002)) and in vivo (this paper). If the evolutionary role of 
the T1R1+3 receptor was to mediate attractive responses to 
protein-rich foods, one may question whether the tuning of 
receptor Selectivity in primates to just two amino acids 
substantially altered the ability to detect diets rich these 
nutrients. Since amino acids are usually found as complex 
mixtures, detecting any one should generally be adequate, 
and thus this “narrowing of tastant selectivity should not 
have had a significant dietary impact. Given that the same 
cells and receptorS recognize glutamate, other amino acids 
and IMP, we Suggest that in rodents the umami taste modal 
ity must be generalized to include most L-amino acids and 
the very concept of a distinct glutamate taste in rodents 
(Chaudhari, N. et al., Nat Neurosci, 3, 113-119 (2000); Lin, 
W. et al., J Neurophysiol, 89, 1434-1439 (2003)) needs to be 
re-evaluated. 

0278 A spoonful of Sugar or a few tablets of artificial 
Sweetener? Our day to day experiences tell us that natural 
and artificial Sweeteners do not taste the Same. In this 
manuscript we showed that T1R2 and T1R3 are responsible 
for all Sweet Sensing. How do they account for the perceived 
taste differences between Sweet tastants? Many Sweeteners 
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are likely to activate receptors for other taste modalities, like 
T2R bitter sensing cells accounting for the bitter aftertaste of 
saccharin (data not shown). Therefore, the “taste” of even a 
Single Sweet molecular Species may reflect the combined 
activity of cells tuned to different taste modalities, and not 
just the activity of Sweet Sensing cells. We have also shown 
that at higher, but Still physiologically relevant concentra 
tions of Sugars (>300 mM), natural and artificial Sweeteners 
activate partially overlapping, yet distinct Sweet receptor 
types (T1R2+3 and T1R3 alone). 
0279) We have shown that T1Rs are the mediators of the 
two principal attractive taste modalities, and demonstrated 
that mice expressing a RASSL opioid receptor became 
powerfully attracted to Spiradoline, a normally tasteleSS and 
nutrionally irrelevant compound, proving that to taste is to 
believe. The discovery and functional characterization of the 
cells and receptors for bitter, Sweet, and umami taste now 
provide a compelling view of how taste is encoded at the 
periphery: dedicated taste receptor cells mediate attractive 
and aversive behaviors (See, e.g., Zhang, Y. et al., Cell, 112, 
293-301 (2003)). 
0280 Experimental Procedures 
0281 Gene Targeting of T1R1, T1R2 and T1R3 
0282. The strategy used to create T1R knockout animals 
is shown in FIG. 1. For T1R1, exon 6 encoding the predicted 
Seven transmembrane domain of the receptor was replaced 
by the PGK-neo' cassette. Homologous recombination in R1 
ES cells was detected by diagnostic Southern hybridization 
with probes outside the targeting construct. Two targeted ES 
clones were injected into C57BL/6 blastocysts. Chimeric 
mice were bred with C57BL/6 mice and progeny back 
crossed to C57BL/6 mice for two generations prior to 
establishing a homozygous knockout colony. 

0283 For T1R2, a similar approach deleted exons 5 and 
6 (see FIG. 1). Chimeric animals were bred with C57BL/6 
mice and progeny backcrossed to C57BL/6 mice for four 
generations. The T1R3 taster(C57) and non-taster (129) 
alleles (Nelson, G. et al., Cell, 106,381-390 (2001)) were 
identified based on an EcoRI polymorphism ~12 kb 
upstream of the starting ATG of T1R3. All of the T1R2 
knockout animals used in this study carried a taster allele of 
T1R3. However, studies with T1R2 KO mice homozygous 
for the non-taster T1R3 allele produced qualitatively similar 
results (data not shown). To generate T1R3 KO knockout 
animals, we replaced exons 1 to 5 encoding the N-terminal 
extracellular domain with the PGK-neor cassette (see FIG. 
1). Chimeric mice were bred with C57BL/6 mice and 
progeny backcrossed to C57BL/6 mice for two generations. 
0284 T1R knockouts have normal viability, body weight, 
overall anatomy and general behavior. Similarly, taste recep 
tor cells appear normal morphologically and numerically in 
all knockout backgrounds. 
0285) In Situ Hybridization 

0286 Fresh frozen sections (16 um/section) were 
attached to Silanized slides and prepared for in Situ hybrid 
ization or immunohistochemistry as previously described 
(Hoon, M. A. et al., Cell, 96, 541-551 (1999)). Single label 
in Situ hybridization was carried out using digoxigenin 
labeled probes; T1R1 and T1R2 probes were to the predicted 
transmembrane domains, while T1R3 and RASSL (Redfem, 
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C. H. et al., Nat Biotechnol, 17, 165-169 (1999)) probes 
utilized the full coding Sequences. Double-label fluorescent 
detection used fluorescein (full-length hT1R2) and digoxi 
genin (full-length mT1R2) probes at high Stringency 
(hybridization, 5xSSC, 50% formamide, 65-72 C.; wash 
ing, 0.2xSSC, 72 C.). Hybridization was detected with 
distinct fluorescent Substrates (Adler, E. et al., Cell 100, 
693-702 (2000)) and specificity of labeling was checked 
using T1R2-knockout and non transgenic controls. 
0287 Generation of Transgenic Mice Expressing Human 
T1R2 and RASSL 

0288 An approx. 12 kb genomic fragment upstream of 
mouse T1R2 was fused to a human T R2 cDNA and to a 
reverse-tetracycline dependent transactivator (rtTA) con 
struct (Gossen, M. et al., Curr Opin Biotechnol, 5,516-520 
(1994)). Transgenic lines were produced by pronuclear 
injection of Zygotes from FVB/N mice. Three independent 
human T1R2 transgenic lines displayed behavioral attrac 
tion to aspartame (10 mM). One line was crossed into the 
T1R2 knockout background, and assayed for taste responses 
and transgene expression. No expression outside T1R2-cells 
was detected. T1R2-rtTA transgenic lines were crossed with 
tetO-Ro1/tetO-lacz transgenic animals (Redfern, C. H. et 
al., Nat Biotechnol, 17, 165-169 (1999)). Doubleheterozy 
gous progeny were induced by doxycycline treatment (6 
gm/kg) (Bio-Serv) for 3 days (Gogos, J. A. et al., Cell 103, 
609-620 (2000)) and examined for B-galactosidase activity 
(Zack, D. J. et al., Neuron 6, 187-199 (1991)) and RASSL 
expression in the tongue and palate. A line displaying 
appropriate B-galactosidase Staining and RASSL expression 
pattern was Selected for behavioral assayS. 
0289 Behavioral Assays 
0290 Taste behavior was assayed using a short term 
assay that directly measures taste preferences by counting 
immediate licking responses in a multi-channel gustometer 
(Davis MS 160-Mouse gustometer; DiLog Instruments, Tal 
lahassee, Fla.). Mice were trained and tested as described 
previously (Zhang, Y. et al., Cell, 112, 293-301 (2003)). 
Individual mice were placed in the gustometer for 30 
minutes, and Stimuli were presented in random order for 5S 
trials that were initiated by the mouse licking the Stimulus 
Spout. For Sodium Saccharin, glutamate and aspartate, 100 
AlM amiloride was added to all Solutions (including the 
control) to minimize effects of Salt taste. Data points repre 
Sent the mean rate that mice licked a tastant relative to their 
Sampling of an appropriate control tastant (ratio defined as 
lick rate relative to control); lick Suppression is defined as 1 
minus the lick rate relative to control. In most cases the 
control tastant was water but for amino acids +1 mM IMP, 
200 mM MSG and 10 mM IMP the controls were 1 mM 
IMP, 200 mM sodium gluconate and 10 mM CMP, respec 
tively. 
0291 Standard two-bottle preference assays were carried 
out as described previously (Nelson, G. et al., Cell, 106, 
381-390 (2001)). For mice carrying T1R2-rtTA and tetO 
Ro1/tetO-lacz transgenes, expression was induced by doxy 
cycline treatment 3 days prior to, and during the behavioral 
testing. Controls included testing the Same mice without 
induction as well as mice carrying just the T1R2-rtTA 
transgene treated with doxycycline. All three groups dis 
played normal responses to Sucrose. 
0292 We noted that in 2-bottle assays T1R-KO animals 
appear to “learn' to identify Solutions containing very high 
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concentrations of natural Sugars (>500 mM), Successive 
exposure resulted in decreased detection threshold and 
increased preference ratios. Because mice are repeatedly 
exposed to test compounds for 48 hrs in standard twobottle 
assays, they may use other Sensory inputs like texture or 
Smell to distinguish tastant from water. If not properly 
controlled, this could be easily misunderstood as behavioral 
attraction via taste pathways. To avoid this problem, we used 
either short term immediate lick response assays (See above) 
or two-bottle assays with naive knockout mice (i.e. never 
exposed to Such tastants during either training or testing). 
0293 Nerve Recordings 

0294 Lingual stimulation and recording procedures were 
performed as previously described (Dahl, M. et al., Brain 
Res, 756, 22-34 (1997); Nelson, G. et al., Nature, 416, 
199-202 (2002)). Neural signals were amplified (5,000x) 
with a Grass P511 AC amplifier (Astro-Med), digitized with 
a Digidata 1200B A/D converter (Axon Instruments), and 
integrated (r.m.S. Voltage) with a time constant of 0.5 S. Taste 
stimuli were presented at a constant flow rate of 4 milmin' 
for 20s intervals interspersed by 2 min rinses with artificial 
saliva (Danilova, V., and Hellekant, G., BMC Neurosci, 4, 5. 
(2003)) between presentations. All data analyses used the 
integrated response over a 25 S period immediately after the 
application of the Stimulus. Each experimental Series con 
Sisted of the application of 6 tastants bracketed by presen 
tations of 0.1 M citric acid to ensure the stability of the 
recording. The mean response to 0.1 M citric acid was used 
to normalize responses to each experimental Series. 

0295 Tastants used for nerve recordings (maximal con 
centrations) were: Sucrose, glucose, maltose (600 mM); 
sodium saccharin (40 mM); Acek (60 mM); Citric Acid 
(100 mM); NaCl (100 mM); NHCl (100 mM); 6-n-propyl 
thiouracil (10 mM), quinine (10 mM); cycloheximide (1 
mM); L-Ser, L-Ala, (30 mM with 0.5 mM IMP added) MSG 
and MPG (300 mM with or without 0.5 mM IMP); D-Ala., 
D-Phe, and D-Trp (100 mM). Amiloride (50 uM) was added 
to reduce Sodium responses as indicated in the figure leg 
ends. 

0296 Heterologous Expression of T1Rs and Calcium 
Imaging 

0297 Modified HEK-293 cells (PEAKP cells; Edge 
BioSystems, MD) were grown, transfected with T1Rs and 
promiscuous G-proteins and assayed for functional 
responses to tastants by Ca-imaging essentially as described 
previously (Nelson, G. et al., Cell, 106,381-390 (2001)). 
Minor differences in FURA-2 loading and Ca-imaging 
included using 199(H) Medium (Biosource) containing 
0.1% BSA, 100 uMEGTA and 200 uM CaCl as assay buffer 
as well as reducing the time allowed for FURA-AM ester 
cleavage to 10 minutes. The imaging System was an Olym 
pus IX50 microscope equipped with a 10x/0.5 N.A. fluor 
objective (Zeiss), the TILL imaging system (TILL Photonics 
GmbH), and a cooled CCD camera. Acquisition and analysis 
of fluorescence images used TILL-Vision software. 
0298 To optimize coupling of T1R-responses to changes 
in Cali, C-terminal residues of human Go.16 (Offer 
manns, S., and Simon, M.I., J Biol Chem, 270, 15175-15180 
(1995)) were replaced with the corresponding residues from 
Gz (Mody, S. M. et al., Mol Pharmacol, 57, 13–23 (2000)), 
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gustducin (McLaughlin, S. K. et al., Nature, 357, 563-569 
(1992)) or Goi2. A chimera containing the C-terminal 25 
residues of gustducin (G-2s) proved particularly effective 
at mediating responses of mouse T1R2+3 and T1R1+3 in 
transient transfection assays, and was used for further Stud 
ies. Cell lines stably expressing T1R3 and Gas were 
established using puromycin and Zeocin (Invitrogen) Selec 
tion. Three independent lines expressing T1R3 and Gas 
were used to examine the Specificity and dose response of 
the T1R3 receptor. Sucrose and maltose (>300 mM) elicited 
dose dependent responses that were T1R3 and Gas 
dependent, but attempts to use high concentrations of Sev 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 32 

<21 Oc 
<211 
<212> 
<213> 
<22O > 

SEQ ID NO 1 
LENGTH 840 
TYPE PRT 

ORGANISM: Rattus sp. 
FEATURE 

OTHER INFORMATION: rat T1R1 G-protein 
receptor 

coupled 

<400 SEQUENCE: 1 

Leu Ser Leu Glin 
10 

Met Leu Phe Trp Ala Ala His Leu Lieu 
1 5 

Ala Phe 
20 

Glin Thr 
25 

Cys Trp Ser Arg Glu Ser Ser Pro 

Phe Ala 
40 

Phe Telu 
45 

Leu Pro Gly Telu Teu Teu Ser 
35 

Asp Gly 

Wall Thir Ser 
60 

Leu Glin Wall His Pro Leu 
50 

Arg Arg 
55 

Phe 
75 

His His Leu Glin Ala 
70 

Asp Ser Phe Asn 
65 

Gly Gly Tyr 

Thir Wall Glu Glu Ile 
85 

Ala 
9 O 

Asn. Asn. Ser Ser Telu Telu Pro 

Glu 
100 

Leu Gly Tyr Telu Asp Val Cys Ser Glu Ser Ala 
105 

His 
125 

Ala Thr Wall Ala Leu Glin Pro 
120 

Teu Telu 
115 

Arg Gly Arg 

Wal Wall 
14 O 

His Ser Ser Ala 
135 

Gln Lys Telu Asn 
130 

Asp Arg Lys 

Ala Wall Thir Thr Ala 
155 

His Ala Leu 
15 O 

Pro Asn Thr 
145 

Asp Asp 

Phe Met Wall Glu Ala 
17 O 

Telu Ser Ser Ser Wall 
1.65 

Teu Pro 

Ala Phe Phe Leu Thr Wall Pro 
185 

Lys Arg Lys Pro Ser 
18O 

Arg 

Glin Wall 
195 

Glu Wal Met Wall Glin 
200 

Glin Phe His Teu Teu Ser 

Ile 
210 

Ile Ser Glin 
215 

Trp Ser Lieu Gly Gly Tyr Gly 
220 

Glin 
225 

Ala Glu Glu Lieu Ala Wall Pro Ile 
230 

Teu Gly 
235 

eral other Sugars (glucose, fructose, trehalose and galactose) 
proved impractical because they induced Significant receptor 
independent rises in Cali. 
0299. It is understood that the examples and embodi 
ments described herein are for illustrative purposes only and 
that various modifications or changes in light thereof will be 
Suggested to perSons Skilled in the art and are to be included 
within the Spirit and purview of this application and Scope of 
the appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by refer 
ence in their entirety for all purposes. 

receptor sweet taste 

Wall 
15 

Teu 

Gly Phe Ser 
30 

His Gly Asp 

Asp Arg Pro 

Met Phe Arg 

Ile 
95 

Asn Thr 

Asn Wall 
110 

Ile Glu Ile 

Phe Ile Gly 

Pro 
160 

Leu Gly 

Wall Leu Ser 
175 

Ser 
190 

Asp Arg 

Gly Trp Val 

Leu Gly Val 

Wall Ala Phe 
240 
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-continued 

Lys Asp Ile Val Pro Phe Ser Ala Arg Val Gly Asp Pro Arg Met Glin 
245 250 255 

Ser Met Met Gln His Leu Ala Glin Ala Arg Thr Thr Val Val Val Val 
260 265 27 O 

Phe Ser Asn Arg His Leu Ala Arg Val Phe Phe Arg Ser Val Val Leu 
275 280 285 

Ala Asn Lieu. Thr Gly Lys Val Trp Val Ala Ser Glu Asp Trp Ala Ile 
29 O 295 3OO 

Ser Thr Tyr Ile Thr Ser Val Thr Gly Ile Glin Gly Ile Gly Thr Val 
305 310 315 320 

Leu Gly Val Ala Val Glin Glin Arg Glin Val Pro Gly Lieu Lys Glu Phe 
325 330 335 

Glu Glu Ser Tyr Val Arg Ala Val Thr Ala Ala Pro Ser Ala Cys Pro 
340 345 35 O 

Glu Gly Ser Trp Cys Ser Thr Asn Glin Lieu. Cys Arg Glu Cys His Thr 
355 360 365 

Phe Thr Thr Arg Asn Met Pro Thr Leu Gly Ala Phe Ser Met Ser Ala 
370 375 38O 

Ala Tyr Arg Val Tyr Glu Ala Val Tyr Ala Val Ala His Gly Leu. His 
385 390 395 400 

Gln Leu Leu Gly Cys Thr Ser Glu Ile Cys Ser Arg Gly Pro Val Tyr 
405 410 415 

Pro Trp Gln Leu Lleu Glin Glin Ile Tyr Lys Val Asn. Phe Lieu Lieu. His 
420 425 43 O 

Glu Asn Thr Val Ala Phe Asp Asp Asn Gly Asp Thr Lieu Gly Tyr Tyr 
435 4 40 4 45 

Asp Ile Ile Ala Trp Asp Trp Asin Gly Pro Glu Trp Thr Phe Glu Ile 
450 455 460 

Ile Gly Ser Ala Ser Leu Ser Pro Val His Lieu. Asp Ile Asn Lys Thr 
465 470 475 480 

Lys Ile Glin Trp His Gly Lys Asn. Asn Glin Val Pro Val Ser Val Cys 
485 490 495 

Thir Thr Asp Cys Leu Ala Gly His His Arg Val Val Val Gly Ser His 
5 OO 505 51O. 

His Cys Cys Phe Glu Cys Val Pro Cys Glu Ala Gly Thr Phe Leu Asn 
515 52O 525 

Met Ser Glu Lieu. His Ile Cys Gln Pro Cys Gly. Thr Glu Glu Trp Ala 
530 535 540 

Pro Lys Glu Ser Thr Thr Cys Phe Pro Arg Thr Val Glu Phe Leu Ala 
545 550 555 560 

Trp His Glu Pro Ile Ser Lieu Val Lieu. Ile Ala Ala Asn. Thir Lieu Lieu 
565 570 575 

Leu Lleu Lleu Lieu Val Gly. Thir Ala Gly Lieu Phe Ala Trp His Phe His 
58O 585 59 O 

Thr Pro Val Val Arg Ser Ala Gly Gly Arg Leu Cys Phe Leu Met Leu 
595 600 605 

Gly Ser Leu Val Ala Gly Ser Cys Ser Phe Tyr Ser Phe Phe Gly Glu 
610 615 62O 

Pro Thr Val Pro Ala Cys Leu Leu Arg Glin Pro Leu Phe Ser Leu Gly 
625 630 635 640 

Phe Ala Ile Phe Leu Ser Cys Leu Thir Ile Arg Ser Phe Glin Leu Val 
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Ile 

Ala 

His 

Thr 
705 

Glu 

Teu 

Glu 

Phe 

Ser 
785 

Gly 

Arg 

<400 

Met 
1 

Ala 

Phe 

Ala 

Arg 
65 

Arg 

Ile 

Wall 

Glu 

Ile 

Glin 

Telu 
69 O. 

Arg 

Wall 

Ser 

Asn 

Wall 
770 

Gly 

Pro 

Thr 

Phe 

Asn 
675 

Telu 

Glu 

Asn 

Ile 

Tyr 
755 

Ser 

Telu 

Phe 

Glu 

Arg 
835 

Lys 
660 

His 

Ile 

Tyr 

Ser 

Ser 
740 

Asn 

Trp 

Pro 

Ser 

Telu 
820 

Arg 

PRT 

645 

Phe 

Gly 

Cys 

Glin 

Wall 
725 

Thr 

Glu 

Ile 

Ala 

Gly 
805 

Asn 

Cys 

SEQ ID NO 2 
LENGTH 
TYPE 

ORGANISM: Mus sp. 
FEATURE: 

OTHER INFORMATION: mouse T1R1 G-protein coupled receptor sweet 

842 

Ser Thr 

Ala Gly 

Leu. Thr 
695 

Arg Phe 
710 

Gly Phe 

Phe Wall 

Ala Lys 

Ala Phe 
775 

Wall Asn 
790 

Tyr Phe 

Asn Thr 

Gly Thr 

taste receptor 

SEQUENCE: 2 

Leu Phe Trp Ala 

Tyr 

Ser 

Asp 
5 O 

Ser 

Phe 

Thr 

Met 
130 

Cys 

Telu 
35 

Cys 

Asp 

Thr 

Telu 

Ala 
115 

Glin 

Trp 
2O 

Pro 

Telu 

Ser 

Wall 

Gly 
100 

Thr 

Arg 

5 

Ala 

Gly 

Glin 

Phe 

Glu 
85 

Tyr 

Teu 

Asp 

Ala His 

Phe Ser 

Asp Phe 

Val Arg 
55 

Asn Gly 
70 

Glu Ile 

Glu Lieu 

Arg Val 

Leu Arg 
135 

Lys 

Telu 
680 

Trp 

Pro 

Telu 

Cys 

Cys 
760 

Phe 

Wall 

Telu 

Glu 

Thr 
840 

Telu 

Cys 

Telu 
40 

His 

His 

Asn 

Tyr 

Pro 
120 

Asn 

Wall 
665 

Phe 

Telu 

His 

Telu 

Ser 
745 

Wall 

Thr 

Telu 

Pro 

His 
825 

Telu 

Glin 
25 

Telu 

Gly 

Asn 

Asp 
105 

Ala 

His 

650 

Pro 

Wall 

Wall 

Telu 

Ala 
730 

Tyr 

Thr 

Met 

Ala 

Lys 
810 

Phe 

Telu 
10 

Arg 

Ala 

Pro 

Tyr 

Ser 
90 

Wall 

Glin 

Ser 

Thr 

Ile 

Met 

Wall 
715 

Phe 

Teu 

Phe 

Ala 

Gly 
795 

Glin 

Ser 

Thr 

Gly 

Teu 

His 
75 

Thr 

Glin 

Ser 

29 

-continued 

Phe 

Wall 

Trp 
7 OO 

Ile 

Thr 

Gly 

Ser 

Ser 

Teu 

Ala 

Teu 

Glu 

Teu 

Wall 
60 

Teu 

Ala 

Ser 

Gly 

Lys 
1 4 0 

Ser 
685 

Thr 

Teu 

His 

Lys 

Teu 
765 

Ile 

Thr 

Wall 

Ser 

Glin 

Ser 

Phe 
45 

Thr 

Phe 

Teu 

Glu 

Thr 
125 

Wall 

Arg 
67 O 

Ser 

Pro 

Glu 

Asn 

Glu 
750 

Telu 

Thr 

Ile 

Ile 
83O 

Telu 

Ser 

Ser 

Ser 

Glin 

Telu 

Ser 
110 

Gly 

Wall 

655 

Thr 

Thr 

Cys 

Ile 
735 

Telu 

Telu 

Glin 

Telu 

Telu 
815 

Glin 

Ala 
15 

Pro 

Telu 

Ala 

Pro 
95 

Ser 

His 

Ala 

Trp 

Wall 

Pro 

Thr 
720 

Telu 

Pro 

Asn 

Gly 

Ser 

Asp 

Wall 

Gly 

His 

Asp 

Met 

Asn 

Asn 

Telu 

Telu 
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-continued 

Ile Gly Pro Asp Asn Thr Asp His Ala Val Thir Thr Ala Ala Lieu Lieu 
145 15 O 155 160 

Ser Pro Phe Leu Met Pro Leu Val Ser Tyr Glu Ala Ser Ser Val Ile 
1.65 170 175 

Leu Ser Gly Lys Arg Lys Phe Pro Ser Phe Leu Arg Thr Ile Pro Ser 
18O 185 19 O 

Asp Llys Tyr Glin Val Glu Val Ile Val Arg Lieu Lieu Glin Ser Phe Gly 
195 200 2O5 

Trp Val Trp Ile Ser Leu Val Gly Ser Tyr Gly Asp Tyr Gly Glin Leu 
210 215 220 

Gly Val Glin Ala Leu Glu Glu Lieu Ala Thr Pro Arg Gly Ile Cys Wal 
225 230 235 240 

Ala Phe Lys Asp Val Val Pro Leu Ser Ala Glin Ala Gly Asp Pro Arg 
245 250 255 

Met Glin Arg Met Met Leu Arg Leu Ala Arg Ala Arg Thr Thr Val Val 
260 265 27 O 

Val Val Phe Ser Asn Arg His Leu Ala Gly Val Phe Phe Arg Ser Val 
275 280 285 

Val Lieu Ala Asn Lieu. Thr Gly Lys Val Trp Ile Ala Ser Glu Asp Trip 
29 O 295 3OO 

Ala Ile Ser Thr Tyr Ile Thr Asn Val Pro Gly Ile Glin Gly Ile Gly 
305 310 315 320 

Thr Val Lieu Gly Val Ala Ile Glin Glin Arg Glin Val Pro Gly Lieu Lys 
325 330 335 

Glu Phe Glu Glu Ser Tyr Val Glin Ala Val Met Gly Ala Pro Arg Thr 
340 345 35 O 

Cys Pro Glu Gly Ser Trp Cys Gly Thr Asn Glin Lieu. Cys Arg Glu Cys 
355 360 365 

His Ala Phe Thr Thr Trp Asn Met Pro Glu Leu Gly Ala Phe Ser Met 
370 375 38O 

Ser Ala Ala Tyr Asn Val Tyr Glu Ala Val Tyr Ala Val Ala His Gly 
385 390 395 400 

Lieu. His Glin Leu Lleu Gly Cys Thr Ser Gly Thr Cys Ala Arg Gly Pro 
405 410 415 

Val Tyr Pro Trp Gln Leu Leu Gln Glin Ile Tyr Lys Val Asin Phe Leu 
420 425 43 O 

Lieu. His Lys Lys Thr Val Ala Phe Asp Asp Lys Gly Asp Pro Leu Gly 
435 4 40 4 45 

Tyr Tyr Asp Ile Ile Ala Trp Asp Trp Asin Gly Pro Glu Trp Thr Phe 
450 455 460 

Glu Val Ile Gly Ser Ala Ser Lieu Ser Pro Val His Lieu. Asp Ile Asn 
465 470 475 480 

Lys. Thir Lys Ile Glin Trp His Gly Lys Asn. Asn. Glin Val Pro Val Ser 
485 490 495 

Val Cys Thr Arg Asp Cys Lieu Glu Gly His His Arg Lieu Val Met Gly 
5 OO 505 51O. 

Ser His His Cys Cys Phe Glu Cys Met Pro Cys Glu Ala Gly Thr Phe 
515 52O 525 

Leu Asn Thr Ser Glu Lieu. His Thr Cys Glin Pro Cys Gly Thr Glu Glu 
530 535 540 

Trp Ala Pro Glu Gly Ser Ser Ala Cys Phe Ser Arg Thr Val Glu Phe 
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-continued 

545 550 555 560 

Leu Gly Trp His Glu Pro Ile Ser Lieu Val Lieu Lleu Ala Ala Asn Thr 
565 570 575 

Leu Lleu Lleu Lleu Lleu Lieu. Ile Gly Thr Ala Gly Lieu Phe Ala Trp Arg 
58O 585 59 O 

Lieu. His Thr Pro Val Val Arg Ser Ala Gly Gly Arg Lieu. Cys Phe Lieu 
595 600 605 

Met Leu Gly Ser Leu Val Ala Gly Ser Cys Ser Leu Tyr Ser Phe Phe 
610 615 62O 

Gly Lys Pro Thr Val Pro Ala Cys Leu Leu Arg Gln Pro Leu Phe Ser 
625 630 635 640 

Leu Gly Phe Ala Ile Phe Leu Ser Cys Leu Thir Ile Arg Ser Phe Glin 
645 650 655 

Leu Val Ile Ile Phe Lys Phe Ser Thr Lys Val Pro Thr Phe Tyr His 
660 665 67 O 

Thir Trp Ala Glin Asn His Gly Ala Gly Ile Phe Val Ile Val Ser Ser 
675 680 685 

Thr Val His Leu Phe Leu Cys Leu Thir Trp Leu Ala Met Trp Thr Pro 
69 O. 695 7 OO 

Arg Pro Thr Arg Glu Tyr Glin Arg Phe Pro His Leu Val Ile Leu Glu 
705 710 715 720 

Cys Thr Glu Val Asn Ser Val Gly Phe Leu Val Ala Phe Ala His Asn 
725 730 735 

Ile Leu Leu Ser Ile Ser Thr Phe Val Cys Ser Tyr Leu Gly Lys Glu 
740 745 750 

Leu Pro Glu Asn Tyr Asn. Glu Ala Lys Cys Val Thr Phe Ser Lieu Lieu 
755 760 765 

Leu. His Phe Val Ser Trp Ile Ala Phe Phe Thr Met Ser Ser Ile Tyr 
770 775 78O 

Glin Gly Ser Tyr Lieu Pro Ala Val Asn. Wall Leu Ala Gly Lieu Ala Thr 
785 790 795 8OO 

Leu Ser Gly Gly Phe Ser Gly Tyr Phe Leu Pro Lys Cys Tyr Val Ile 
805 810 815 

Lieu. Cys Arg Pro Glu Lieu. Asn. Asn Thr Glu. His Phe Glin Ala Ser Ile 
820 825 83O 

Gln Asp Tyr Thr Arg Arg Cys Gly Thr Thr 
835 840 

<210> SEQ ID NO 3 
&2 11s LENGTH 840 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<223> OTHER INFORMATION: human T1R1 G-protein coupled receptor sweet 

taste receptor 

<400 SEQUENCE: 3 

Met Leu Lieu. Cys Thr Ala Arg Lieu Val Gly Lieu Gln Leu Lieu. Ile Ser 
1 5 10 15 

Cys Cys Trp Ala Phe Ala Cys His Ser Thr Glu Ser Ser Pro Asp Phe 
2O 25 3O 

Thr Lieu Pro Gly Asp Tyr Lieu Lieu Ala Gly Lieu Phe Pro Lieu. His Ser 
35 40 45 
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-continued 

Gly Cys Lieu Glin Val Arg His Arg Pro Glu Val Thr Lieu. Cys Asp Arg 
5 O 55 60 

Ser Cys Ser Phe Asn Glu His Gly Tyr His Leu Phe Glin Ala Met Arg 
65 70 75 8O 

Leu Gly Val Glu Glu Ile Asn. Asn. Ser Thr Ala Leu Lleu Pro Asn. Ile 
85 90 95 

Thr Lieu Gly Tyr Glin Leu Tyr Asp Val Cys Ser Asp Ser Ala Asn. Wal 
100 105 110 

Tyr Ala Thr Leu Arg Val Leu Ser Leu Pro Gly Gln His His Ile Glu 
115 120 125 

Leu Glin Gly Asp Leu Leu. His Tyr Ser Pro Thr Val Leu Ala Val Ile 
130 135 1 4 0 

Gly Pro Asp Ser Thr Asn Arg Ala Ala Thir Thr Ala Ala Lieu Lleu Ser 
145 15 O 155 160 

Pro Phe Leu Val His Ile Ser Tyr Ala Ala Ser Ser Glu Thr Leu Ser 
1.65 170 175 

Wall Lys Arg Glin Tyr Pro Ser Phe Lieu Arg Thr Ile Pro Asn Asp Lys 
18O 185 19 O 

Tyr Glin Val Glu Thr Met Val Leu Leu Leu Gln Lys Phe Gly Trp Thr 
195 200 2O5 

Trp Ile Ser Lieu Val Gly Ser Ser Asp Asp Tyr Gly Glin Leu Gly Val 
210 215 220 

Glin Ala Lieu Glu Asn Glin Ala Lieu Val Arg Gly Ile Cys Ile Ala Phe 
225 230 235 240 

Lys Asp Ile Met Pro Phe Ser Ala Glin Val Gly Asp Glu Arg Met Glin 
245 250 255 

Cys Leu Met Arg His Leu Ala Glin Ala Gly Ala Thr Val Val Val Val 
260 265 27 O 

Phe Ser Ser Arg Gln Leu Ala Arg Val Phe Phe Glu Ser Val Val Leu 
275 280 285 

Thr Asn Lieu. Thr Gly Lys Val Trp Val Ala Ser Glu Ala Trp Ala Lieu 
29 O 295 3OO 

Ser Arg His Ile Thr Gly Val Pro Gly Ile Glin Arg Ile Gly Met Val 
305 310 315 320 

Leu Gly Val Ala Ile Glin Lys Arg Ala Val Pro Gly Lieu Lys Ala Phe 
325 330 335 

Glu Glu Ala Tyr Ala Arg Ala Asp Lys Glu Ala Pro Arg Pro Cys His 
340 345 35 O 

Lys Gly Ser Trp Cys Ser Ser Asn Glin Lieu. Cys Arg Glu Cys Glin Ala 
355 360 365 

Phe Met Ala His Thr Met Pro Llys Leu Lys Ala Phe Ser Met Ser Ser 
370 375 38O 

Ala Tyr Asn Ala Tyr Arg Ala Val Tyr Ala Wall Ala His Gly Lieu. His 
385 390 395 400 

Glin Leu Lieu Gly Cys Ala Ser Glu Lieu. Cys Ser Arg Gly Arg Val Tyr 
405 410 415 

Pro Trp Gln Leu Lleu Glu Glin Ile His Lys Val His Phe Lieu Lieu. His 
420 425 43 O 

Lys Asp Thr Val Ala Phe Asn Asp Asn Arg Asp Pro Leu Ser Ser Tyr 
435 4 40 4 45 

Asn Ile Ile Ala Trp Asp Trp Asin Gly Pro Llys Trp Thr Phe Thr Val 



US 2005/0106571 A1 May 19, 2005 
33 

-continued 

450 455 460 

Leu Gly Ser Ser Thr Trp Ser Pro Val Glin Leu Asn Ile Asin Glu Thr 
465 470 475 480 

Lys Ile Glin Trp His Gly Lys Asn His Glin Val Pro Lys Ser Val Cys 
485 490 495 

Ser Ser Asp Cys Leu Glu Gly His Glin Arg Val Val Thr Gly Phe His 
5 OO 505 51O. 

His Cys Cys Phe Glu Cys Val Pro Cys Gly Ala Gly Thr Phe Leu Asn 
515 52O 525 

Lys Ser Glu Lieu. Tyr Arg Cys Glin Pro Cys Gly Thr Glu Glu Trp Ala 
530 535 540 

Pro Glu Gly Ser Gln Thr Cys Phe Pro Arg Thr Val Val Phe Leu Ala 
545 550 555 560 

Leu Arg Glu His Thr Ser Trp Val Lieu Lieu Ala Ala Asn. Thir Lieu Lieu 
565 570 575 

Leu Lleu Lleu Lleu Lleu Gly. Thir Ala Gly Lieu Phe Ala Trp His Lieu. Asp 
58O 585 59 O 

Thr Pro Val Val Arg Ser Ala Gly Gly Arg Leu Cys Phe Leu Met Leu 
595 600 605 

Gly Ser Lieu Ala Ala Gly Ser Gly Ser Leu Tyr Gly Phe Phe Gly Glu 
610 615 62O 

Pro Thr Arg Pro Ala Cys Lieu. Leu Arg Glin Ala Leu Phe Ala Leu Gly 
625 630 635 640 

Phe Thr Ile Phe Leu Ser Cys Leu Thr Val Arg Ser Phe Glin Leu Ile 
645 650 655 

Ile Ile Phe Lys Phe Ser Thr Lys Val Pro Thr Phe Tyr His Ala Trp 
660 665 67 O 

Val Glin Asn His Gly Ala Gly Leu Phe Val Met Ile Ser Ser Ala Ala 
675 680 685 

Gln Leu Leu Ile Cys Leu Thir Trp Leu Val Val Trp Thr Pro Leu Pro 
69 O. 695 7 OO 

Ala Arg Glu Tyr Glin Arg Phe Pro His Leu Val Met Leu Glu Cys Thr 
705 710 715 720 

Glu Thir Asn. Ser Leu Gly Phe Ile Leu Ala Phe Leu Tyr Asn Gly Lieu 
725 730 735 

Leu Ser Ile Ser Ala Phe Ala Cys Ser Tyr Lieu Gly Lys Asp Leu Pro 
740 745 750 

Glu Asn Tyr Asn. Glu Ala Lys Cys Val Thr Phe Ser Lieu Lleu Phe Asn 
755 760 765 

Phe Val Ser Trp Ile Ala Phe Phe Thr Thr Ala Ser Val Tyr Asp Gly 
770 775 78O 

Lys Tyr Lieu Pro Ala Ala Asn Met Met Ala Gly Lieu Ser Ser Lieu Ser 
785 790 795 8OO 

Ser Gly Phe Gly Gly Tyr Phe Leu Pro Lys Cys Tyr Val Ile Leu Cys 
805 810 815 

Arg Pro Asp Lieu. Asn. Ser Thr Glu His Phe Glin Ala Ser Ile Glin Asp 
820 825 83O 

Tyr Thr Arg Arg Cys Gly Ser Thr 
835 840 

<210> SEQ ID NO 4 
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2O 25 3O 

Ala Gly Asp Tyr Lieu Lleu Gly Gly Lieu Phe Thr Lieu. His Ala Asn Val 
35 40 45 

Lys Ser Ile Ser His Leu Ser Tyr Lieu Glin Val Pro Lys Cys Asn. Glu 
5 O 55 60 

Phe Thr Met Lys Val Leu Gly Tyr Asn Leu Met Glin Ala Met Arg Phe 
65 70 75 8O 

Ala Val Glu Glu Ile Asn. Asn. Cys Ser Ser Lieu Lleu Pro Gly Val Lieu 
85 90 95 

Leu Gly Tyr Glu Met Val Asp Val Cys Tyr Lieu Ser Asn. Asn. Ile His 
100 105 110 

Pro Gly Lieu. Tyr Phe Leu Ala Glin Asp Asp Asp Leu Lleu Pro Ile Leu 
115 120 125 

Lys Asp Tyr Ser Glin Tyr Met Pro His Val Val Ala Val Ile Gly Pro 
130 135 1 4 0 

Asp Asin Ser Glu Ser Ala Ile Thr Val Ser Asn Ile Leu Ser His Phe 
145 15 O 155 160 

Lieu. Ile Pro Glin Ile Thr Tyr Ser Ala Ile Ser Asp Lys Lieu Arg Asp 
1.65 170 175 

Lys Arg His Phe Pro Ser Met Leu Arg Thr Val Pro Ser Ala Thr His 
18O 185 19 O 

His Ile Glu Ala Met Val Glin Leu Met Val His Phe Gln Trp Asn Trp 
195 200 2O5 

Ile Val Val Lieu Val Ser Asp Asp Asp Tyr Gly Arg Glu Asn. Ser His 
210 215 220 

Leu Lleu Ser Glin Arg Lieu. Thir Lys Thr Ser Asp Ile Cys Ile Ala Phe 
225 230 235 240 

Gln Glu Val Leu Pro Ile Pro Glu Ser Ser Glin Val Met Arg Ser Glu 
245 250 255 

Glu Glin Arg Glin Leu Asp Asn. Ile Leu Asp Llys Lieu Arg Arg Thr Ser 
260 265 27 O 

Ala Arg Val Val Val Val Phe Ser Pro Glu Leu Ser Leu Tyr Ser Phe 
275 280 285 

Phe His Glu Val Leu Arg Trp Asin Phe Thr Gly Phe Val Trp Ile Ala 
29 O 295 3OO 

Ser Glu Ser Trp Ala Ile Asp Pro Val Lieu. His Asn Lieu. Thr Glu Lieu 
305 310 315 320 

Arg His Thr Gly Thr Phe Leu Gly Val Thr Ile Glin Arg Val Ser Ile 
325 330 335 

Pro Gly Phe Ser Glin Phe Arg Val Arg Arg Asp Llys Pro Gly Tyr Pro 
340 345 35 O 

Val Pro Asn. Thir Thr Asn Lieu Arg Thir Thr Cys Asn Glin Asp Cys Asp 
355 360 365 

Ala Cys Lieu. Asn. Thir Thr Lys Ser Phe Asn. Asn. Ile Lieu. Ile Leu Ser 
370 375 38O 

Gly Glu Arg Val Val Tyr Ser Val Tyr Ser Ala Val Tyr Ala Val Ala 
385 390 395 400 

His Ala Lieu. His Arg Lieu Lleu Gly Cys Asn Arg Val Arg Cys Thr Lys 
405 410 415 

Glin Lys Val Tyr Pro Trp Gln Leu Lieu Arg Glu Ile Trp His Val Asn 
420 425 43 O 
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Phe Thr Lieu Lieu Gly Asn Arg Lieu Phe Phe Asp Glin Glin Gly Asp Met 
435 4 40 4 45 

Pro Met Lieu Lieu. Asp Ile Ile Glin Trp Gln Trp Asp Lieu Ser Glin Asn 
450 455 460 

Pro Phe Glin Ser Ile Ala Ser Tyr Ser Pro Thr Ser Lys Arg Leu Thr 
465 470 475 480 

Tyr Ile Asin Asn Val Ser Trp Tyr Thr Pro Asn Asn Thr Val Pro Val 
485 490 495 

Ser Met Cys Ser Lys Ser Cys Gln Pro Gly Gln Met Lys Lys Ser Val 
5 OO 505 51O. 

Gly Leu. His Pro Cys Cys Phe Glu Cys Leu Asp Cys Met Pro Gly. Thr 
515 52O 525 

Tyr Lieu. Asn Arg Ser Ala Asp Glu Phe Asn. Cys Lieu Ser Cys Pro Gly 
530 535 540 

Ser Met Trp Ser Tyr Lys Asn Asp Ile Thr Cys Phe Glin Arg Arg Pro 
545 550 555 560 

Thr Phe Leu Glu Trp His Glu Val Pro Thr Ile Val Val Ala Ile Leu 
565 570 575 

Ala Ala Leu Gly Phe Phe Ser Thr Leu Ala Ile Leu Phe Ile Phe Trp 
58O 585 59 O 

Arg His Phe Glin Thr Pro Met Val Arg Ser Ala Gly Gly Pro Met Cys 
595 600 605 

Phe Leu Met Leu Val Pro Leu Leu Leu Ala Phe Gly Met Val Pro Val 
610 615 62O 

Tyr Val Gly Pro Pro Thr Val Phe Ser Cys Phe Cys Arg Glin Ala Phe 
625 630 635 640 

Phe Thr Val Cys Phe Ser Ile Cys Leu Ser Cys Ile Thr Val Arg Ser 
645 650 655 

Phe Glin Ile Val Cys Val Phe Lys Met Ala Arg Arg Leu Pro Ser Ala 
660 665 67 O 

Tyr Ser Phe Trp Met Arg Tyr His Gly Pro Tyr Val Phe Val Ala Phe 
675 680 685 

Ile Thr Ala Ile Lys Val Ala Leu Val Val Gly Asn Met Leu Ala Thr 
69 O. 695 7 OO 

Thir Ile Asn Pro Ile Gly Arg Thr Asp Pro Asp Asp Pro Asn. Ile Met 
705 710 715 720 

Ile Leu Ser Cys His Pro Asn Tyr Arg Asn Gly Lieu Lleu Phe Asn Thr 
725 730 735 

Ser Met Asp Leu Leu Leu Ser Val Leu Gly Phe Ser Phe Ala Tyr Met 
740 745 750 

Gly Lys Glu Lieu Pro Thr Asn Tyr Asn. Glu Ala Lys Phe Ile Thr Lieu 
755 760 765 

Ser Met Thr Phe Ser Phe Thr Ser Ser Ile Ser Leu Cys Thr Phe Met 
770 775 78O 

Ser Val His Asp Gly Val Leu Val Thr Ile Met Asp Leu Leu Val Thr 
785 790 795 8OO 

Val Lieu. Asn. Phe Leu Ala Ile Gly Lieu Gly Tyr Phe Gly Pro Lys Cys 
805 810 815 

Tyr Met Ile Leu Phe Tyr Pro Glu Arg Asn. Thir Ser Ala Tyr Phe Asn 
820 825 83O 
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Ser Met Ile Glin Gly Tyr Thr Met Arg Lys Ser 
835 840 

<210 SEQ ID NO 8 
&2 11s LENGTH 84.3 
&212> TYPE PRT 

<213> ORGANISM: Mus sp. 
&220s FEATURE 
<223> OTHER INFORMATION: mouse T1R2 G-protein coupled receptor sweet 

taste receptor 

<400 SEQUENCE: 8 

Met Gly Pro Glin Ala Arg Thr Lieu. His Lieu Lleu Phe Leu Lleu Lieu. His 
1 5 10 15 

Ala Lieu Pro Llys Pro Wal Met Leu Val Gly Asn. Ser Asp Phe His Lieu 
2O 25 3O 

Ala Gly Asp Tyr Lieu Lleu Gly Gly Lieu Phe Thr Lieu. His Ala Asn Val 
35 40 45 

Lys Ser Val Ser His Leu Ser Tyr Lieu Glin Val Pro Lys Cys Asn. Glu 
5 O 55 60 

Tyr Asn Met Lys Val Leu Gly Tyr Asn Leu Met Glin Ala Met Arg Phe 
65 70 75 8O 

Ala Val Glu Glu Ile Asn. Asn. Cys Ser Ser Lieu Lleu Pro Gly Val Lieu 
85 90 95 

Leu Gly Tyr Glu Met Val Asp Val Cys Tyr Leu Ser Asn Asn. Ile Glin 
100 105 110 

Pro Gly Lieu. Tyr Phe Leu Ser Glin Ile Asp Asp Phe Lieu Pro Ile Leu 
115 120 125 

Lys Asp Tyr Ser Glin Tyr Arg Pro Glin Val Val Ala Val Ile Gly Pro 
130 135 1 4 0 

Asp Asin Ser Glu Ser Ala Ile Thr Val Ser Asn Ile Leu Ser Tyr Phe 
145 15 O 155 160 

Leu Val Pro Glin Val Thr Tyr Ser Ala Ile Thr Asp Lys Leu Glin Asp 
1.65 170 175 

Lys Arg Arg Phe Pro Ala Met Leu Arg Thr Val Pro Ser Ala Thr His 
18O 185 19 O 

His Ile Glu Ala Met Val Glin Leu Met Val His Phe Gln Trp Asn Trp 
195 200 2O5 

Ile Val Val Lieu Val Ser Asp Asp Asp Tyr Gly Arg Glu Asn. Ser His 
210 215 220 

Leu Lleu Ser Glin Arg Lieu. Thir Asn Thr Gly Asp Ile Cys Ile Ala Phe 
225 230 235 240 

Gln Glu Val Leu Pro Val Pro Glu Pro Asn Glin Ala Val Arg Pro Glu 
245 250 255 

Glu Glin Asp Glin Leu Asp Asn. Ile Leu Asp Llys Lieu Arg Arg Thr Ser 
260 265 27 O 

Ala Arg Val Val Val Ile Phe Ser Pro Glu Leu Ser Leu. His Asn Phe 
275 280 285 

Phe Arg Glu Val Leu Arg Trp Asin Phe Thr Gly Phe Val Trp Ile Ala 
29 O 295 3OO 

Ser Glu Ser Trp Ala Ile Asp Pro Val Lieu. His Asn Lieu. Thr Glu Lieu 
305 310 315 320 

Arg His Thr Gly Thr Phe Leu Gly Val Thr Ile Glin Arg Val Ser Ile 
325 330 335 
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Pro Gly Phe Ser Glin Phe Arg Val Arg His Asp Llys Pro Gly Tyr Arg 
340 345 35 O 

Met Pro Asn. Glu Thir Ser Leu Arg Thir Thr Cys Asn Glin Asp Cys Asp 
355 360 365 

Ala Cys Met Asin Ile Thr Glu Ser Phe Asin Asn Val Leu Met Leu Ser 
370 375 38O 

Gly Glu Arg Val Val Tyr Ser Val Tyr Ser Ala Val Tyr Ala Val Ala 
385 390 395 400 

His Thr Lieu. His Arg Lieu Lleu. His Cys Asn Glin Val Arg Cys Thr Lys 
405 410 415 

Glin Ile Val Tyr Pro Trp Gln Leu Leu Arg Glu Ile Trp His Val Asn 
420 425 43 O 

Phe Thr Lieu Lieu Gly Asn Gln Leu Phe Phe Asp Glu Glin Gly Asp Met 
435 4 40 4 45 

Pro Met Lieu Lieu. Asp Ile Ile Glin Trp Gln Trp Gly Lieu Ser Glin Asn 
450 455 460 

Pro Phe Glin Ser Ile Ala Ser Tyr Ser Pro Thr Glu Thr Arg Leu Thr 
465 470 475 480 

Tyr Ile Ser Asn Val Ser Trp Tyr Thr Pro Asn Asn Thr Val Pro Ile 
485 490 495 

Ser Met Cys Ser Lys Ser Cys Gln Pro Gly Gln Met Lys Llys Pro Ile 
5 OO 505 51O. 

Gly Leu. His Pro Cys Cys Phe Glu Cys Val Asp Cys Pro Pro Asp Thr 
515 52O 525 

Tyr Lieu. Asn Arg Ser Val Asp Glu Phe Asn. Cys Lieu Ser Cys Pro Gly 
530 535 540 

Ser Met Trp Ser Tyr Lys Asn. Asn. Ile Ala Cys Phe Lys Arg Arg Lieu 
545 550 555 560 

Ala Phe Leu Glu Trp His Glu Val Pro Thr Ile Val Val Thr Ile Leu 
565 570 575 

Ala Ala Leu Gly Phe Ile Ser Thr Lieu Ala Ile Leu Lleu. Ile Phe Trp 
58O 585 59 O 

Arg His Phe Glin Thr Pro Met Val Arg Ser Ala Gly Gly Pro Met Cys 
595 600 605 

Phe Leu Met Leu Val Pro Leu Leu Leu Ala Phe Gly Met Val Pro Val 
610 615 62O 

Tyr Val Gly Pro Pro Thr Val Phe Ser Cys Phe Cys Arg Glin Ala Phe 
625 630 635 640 

Phe Thr Val Cys Phe Ser Val Cys Leu Ser Cys Ile Thr Val Arg Ser 
645 650 655 

Phe Glin Ile Val Cys Val Phe Lys Met Ala Arg Arg Leu Pro Ser Ala 
660 665 67 O 

Tyr Gly Phe Trp Met Arg Tyr His Gly Pro Tyr Val Phe Val Ala Phe 
675 680 685 

Ile Thr Ala Val Lys Val Ala Leu Val Ala Gly Asn Met Leu Ala Thr 
69 O. 695 7 OO 

Thir Ile Asn Pro Ile Gly Arg Thr Asp Pro Asp Asp Pro Asn. Ile Ile 
705 710 715 720 

Ile Leu Ser Cys His Pro Asn Tyr Arg Asn Gly Lieu Lleu Phe Asn Thr 
725 730 735 
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Ser Met Asp Leu Leu Leu Ser Val Leu Gly Phe Ser Phe Ala Tyr Val 
740 745 750 

Gly Lys Glu Lieu Pro Thr Asn Tyr Asn. Glu Ala Lys Phe Ile Thr Lieu 
755 760 765 

Ser Met Thr Phe Ser Phe Thr Ser Ser Ile Ser Leu Cys Thr Phe Met 
770 775 78O 

Ser Val His Asp Gly Val Leu Val Thr Ile Met Asp Leu Leu Val Thr 
785 790 795 8OO 

Val Lieu. Asn. Phe Leu Ala Ile Gly Lieu Gly Tyr Phe Gly Pro Lys Cys 
805 810 815 

Tyr Met Ile Leu Phe Tyr Pro Glu Arg Asn. Thir Ser Ala Tyr Phe Asn 
820 825 83O 

Ser Met Ile Glin Gly Tyr Thr Met Arg Lys Ser 
835 840 

<210 SEQ ID NO 9 
&2 11s LENGTH 838 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<223> OTHER INFORMATION: human T1R2 G-protein coupled receptor sweet 

taste receptor 

<400 SEQUENCE: 9 

Met Gly Pro Arg Ala Lys Thr Ile Cys Ser Leu Phe Phe Leu Leu Trp 
1 5 10 15 

Val Lieu Ala Glu Pro Ala Glu Asn. Ser Asp Phe Tyr Lieu Pro Gly Asp 
2O 25 3O 

Tyr Lieu Lieu Gly Gly Lieu Phe Ser Lieu. His Ala Asn Met Lys Gly Ile 
35 40 45 

Val His Leu Asin Phe Leu Glin Val Pro Met Cys Lys Glu Tyr Glu Val 
5 O 55 60 

Lys Val Ile Gly Tyr Asn Leu Met Glin Ala Met Arg Phe Ala Val Glu 
65 70 75 8O 

Glu Ile Asn. Asn Asp Ser Ser Lieu Lleu Pro Gly Val Lieu Lieu Gly Tyr 
85 90 95 

Glu Ile Val Asp Val Cys Tyr Ile Ser Asn Asn Val Glin Pro Val Leu 
100 105 110 

Tyr Phe Lieu Ala His Glu Asp Asn Lieu Lleu Pro Ile Glin Glu Asp Tyr 
115 120 125 

Ser Asn Tyr Ile Ser Arg Val Val Ala Val Ile Gly Pro Asp Asin Ser 
130 135 1 4 0 

Glu Ser Wal Met Thr Wall Ala Asn. Phe Leu Ser Leu Phe Leu Lleu Pro 
145 15 O 155 160 

Glin Ile Thr Tyr Ser Ala Ile Ser Asp Glu Lieu Arg Asp Llys Val Arg 
1.65 170 175 

Phe Pro Ala Leu Leu Arg Thr Thr Pro Ser Ala Asp His His Val Glu 
18O 185 19 O 

Ala Met Val Glin Leu Met Leu. His Phe Arg Trp Asn Trp Ile Ile Val 
195 200 2O5 

Leu Val Ser Ser Asp Thr Tyr Gly Arg Asp Asn Gly Glin Leu Lieu Gly 
210 215 220 

Glu Arg Val Ala Arg Arg Asp Ile Cys Ile Ala Phe Glin Glu Thir Lieu 
225 230 235 240 
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Pro Thr Leu Gln Pro Asn Gln Asn Met Thr Ser Glu Glu Arg Glin Arg 
245 250 255 

Leu Val Thr Ile Val Asp Lys Leu Gln Glin Ser Thr Ala Arg Val Val 
260 265 27 O 

Val Val Phe Ser Pro Asp Leu Thr Leu Tyr His Phe Phe Asin Glu Val 
275 280 285 

Leu Arg Glin Asn Phe Thr Gly Ala Val Trp Ile Ala Ser Glu Ser Trp 
29 O 295 3OO 

Ala Ile Asp Pro Val Lieu. His Asn Lieu. Thr Glu Lieu Gly His Leu Gly 
305 310 315 320 

Thr Phe Leu Gly Ile Thr Ile Glin Ser Val Pro Ile Pro Gly Phe Ser 
325 330 335 

Glu Phe Arg Glu Trp Gly Pro Glin Ala Gly Pro Pro Pro Leu Ser Arg 
340 345 35 O 

Thir Ser Glin Ser Tyr Thr Cys Asn Glin Glu Cys Asp Asn. Cys Lieu. Asn 
355 360 365 

Ala Thr Lieu Ser Phe Asn. Thir Ile Leu Arg Lieu Ser Gly Glu Arg Val 
370 375 38O 

Val Tyr Ser Val Tyr Ser Ala Val Tyr Ala Val Ala His Ala Leu. His 
385 390 395 400 

Ser Lieu Lieu Gly Cys Asp Lys Ser Thr Cys Thr Lys Arg Val Val Tyr 
405 410 415 

Pro Trp Gln Leu Lleu Glu Glu Ile Trp Llys Val Asn. Phe Thr Lieu Lieu 
420 425 43 O 

Asp His Glin Ile Phe Phe Asp Pro Glin Gly Asp Wall Ala Lieu. His Lieu 
435 4 40 4 45 

Glu Ile Val Glin Trp Gln Trp Asp Arg Ser Glin Asn Pro Phe Glin Ser 
450 455 460 

Val Ala Ser Tyr Tyr Pro Leu Glin Arg Glin Leu Lys Asn. Ile Glin Asp 
465 470 475 480 

Ile Ser Trp His Thr Val Asn Asn Thr Ile Pro Met Ser Met Cys Ser 
485 490 495 

Lys Arg Cys Glin Ser Gly Glin Lys Lys Lys Pro Val Gly Ile His Val 
5 OO 505 51O. 

Cys Cys Phe Glu Cys Ile Asp Cys Lieu Pro Gly Thr Phe Lieu. Asn His 
515 52O 525 

Thr Glu Asp Glu Tyr Glu Cys Glin Ala Cys Pro Asn. Asn. Glu Trp Ser 
530 535 540 

Tyr Glin Ser Glu Thir Ser Cys Phe Lys Arg Gln Leu Val Phe Leu Glu 
545 550 555 560 

Trp His Glu Ala Pro Thr Ile Ala Val Ala Lieu Lleu Ala Ala Leu Gly 
565 570 575 

Phe Leu Ser Thr Leu Ala Ile Leu Val Ile Phe Trp Arg His Phe Glin 
58O 585 59 O 

Thr Pro Ile Val Arg Ser Ala Gly Gly Pro Met Cys Phe Leu Met Leu 
595 600 605 

Thr Leu Leu Leu Val Ala Tyr Met Val Val Pro Val Tyr Val Gly Pro 
610 615 62O 

Pro Llys Val Ser Thr Cys Lieu. Cys Arg Glin Ala Leu Phe Pro Lieu. Cys 
625 630 635 640 
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Phe Thr Ile Cys Ile Ser Cys Ile Ala Val Arg Ser Phe Glin Ile Val 
645 650 655 

Cys Ala Phe Lys Met Ala Ser Arg Phe Pro Arg Ala Tyr Ser Tyr Trp 
660 665 67 O 

Val Arg Tyr Glin Gly Pro Tyr Val Ser Met Ala Phe Ile Thr Val Leu 
675 680 685 

Lys Met Val Ile Val Val Ile Gly Met Leu Ala Arg Pro Glin Ser His 
69 O. 695 7 OO 

Pro Arg Thr Asp Pro Asp Asp Pro Lys Ile Thr Ile Val Ser Cys Asn 
705 710 715 720 

Pro Asn Tyr Arg Asn. Ser Lieu Lleu Phe Asn. Thir Ser Lieu. Asp Leu Lieu 
725 730 735 

Leu Ser Val Val Gly Phe Ser Phe Ala Tyr Met Gly Lys Glu Leu Pro 
740 745 750 

Thr Asn Tyr Asn Glu Ala Lys Phe Ile Thr Leu Ser Met Thr Phe Tyr 
755 760 765 

Phe Thr Ser Ser Val Ser Leu Cys Thr Phe Met Ser Ala Tyr Ser Gly 
770 775 78O 

Val Leu Val Thr Ile Val Asp Leu Leu Val Thr Val Leu Asn Leu Leu 
785 790 795 8OO 

Ala Ile Ser Leu Gly Tyr Phe Gly Pro Lys Cys Tyr Met Ile Leu Phe 
805 810 815 

Tyr Pro Glu Arg Asn Thr Pro Ala Tyr Phe Asn Ser Met Ile Glin Gly 
820 825 83O 

Tyr Thr Met Arg Arg Asp 
835 

<210> SEQ ID NO 10 
&2 11s LENGTH 2993 
&212> TYPE DNA 

<213> ORGANISM: Rattus sp. 
&220s FEATURE 
<223> OTHER INFORMATION: rat T1R2 G-protein coupled receptor sweet taste 

receptor 

<400 SEQUENCE: 10 

cactittgctg. tcatgggtoc coaggcaagg acactctgct togctdtctot cotgctgcat 60 

gttctgccita agc.caggcaa gotggtagag aactctgact tccaccitggc cqgggacitac 120 

citcc toggtg gccitctttac cotccatgcc aacgtgaaga gcatctocca cotcago tac 18O 

citgcaggtgc ccaagtgcaa toagttcacc atgaaggtgttgggctacaa cct catgcag 240 

gccatgcgtt togctgtgga ggagatcaac aactgtagct coctoctacc cqgcgtgctg 3OO 

citcggctacg agatggtgga tigtctgttac citctocaa.ca atatocaccc tdggctotac 360 

titcc togcac aggacgacga cct cotgc.cc atccitcaaag act acago.ca gtacatgcc.c 420 

cacgtggtgg citgtcattgg ccc.cgacaac totgagtcc.g. ccattaccgt gttccaac att 480 

citct citcatt to citcatc.cc acagatcaca tacago.gc.ca totcc gacaa gotgcgggac 540 

aag.cgg cact tcc ctago at gctacgcaca gtgcc cagog ccacccacca catcgaggcc 600 

atggtgcago togatggttca citt.ccaatgg aactggattg togtoctogt gag.cgacgac 660 

gattacggcc gcgaga acag coacctgttg agc.ca.gc.gto taccaaaac gag.cgacatc 720 

tgcattgcct tcc aggaggit totgcc.cata cct gagtcca gcc aggtoat gaggtoc gag 78O 















US 2005/0106571 A1 May 19, 2005 
51 

-continued 

gcc.cgtggcc to acctittgc catgctggcc tactt catca cct gggtotc citttgttgcc.c 234. O 

citcc togcca atgtgcaggt ggtoctoagg ccc.gc.cgtgc agatggg.cgc cct cotgctic 24 OO 

tgtgtc.ctgg gcatcc togc tigcct tccac citgcc caggt gttacct gct catgcgg cag 2460 

ccagggctica acaccc.ccga gttctitcc to ggagggggcc citggggatgc cca aggc.ca.g 252O 

aatgacggga acacagga aa totaggggalaa Catgagtga 2559 

<210 SEQ ID NO 15 
&2 11s LENGTH 852 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<223> OTHER INFORMATION: human T1R3 G-protein coupled receptor sweet 

taste receptor 

<400 SEQUENCE: 15 

Met Leu Gly Pro Ala Wall Leu Gly Lieu Ser Leu Trp Ala Lieu Lieu. His 
1 5 10 15 

Pro Gly Thr Gly Ala Pro Leu. Cys Lieu Ser Glin Glin Lieu Arg Met Lys 
2O 25 3O 

Gly Asp Tyr Val Lieu Gly Gly Lieu Phe Pro Leu Gly Glu Ala Glu Glu 
35 40 45 

Ala Gly Leu Arg Ser Arg Thr Arg Pro Ser Ser Pro Val Cys Thr Arg 
5 O 55 60 

Phe Ser Ser Asn Gly Lieu Lleu Trp Ala Lieu Ala Met Lys Met Ala Wal 
65 70 75 8O 

Glu Glu Ile Asn. Asn Lys Ser Asp Leu Lleu Pro Gly Lieu Arg Lieu Gly 
85 90 95 

Tyr Asp Leu Phe Asp Thr Cys Ser Glu Pro Val Val Ala Met Lys Pro 
100 105 110 

Ser Lieu Met Phe Leu Ala Lys Ala Gly Ser Arg Asp Ile Ala Ala Tyr 
115 120 125 

Cys Asn Tyr Thr Glin Tyr Gln Pro Arg Val Leu Ala Val Ile Gly Pro 
130 135 1 4 0 

His Ser Ser Glu Leu Ala Met Val Thr Gly Lys Phe Phe Ser Phe Phe 
145 15 O 155 160 

Leu Met Pro Glin Val Ser Tyr Gly Ala Ser Met Glu Leu Leu Ser Ala 
1.65 170 175 

Arg Glu Thr Phe Pro Ser Phe Phe Arg Thr Val Pro Ser Asp Arg Val 
18O 185 19 O 

Glin Lieu. Thir Ala Ala Ala Glu Lieu Lieu Glin Glu Phe Gly Trp Asn Trp 
195 200 2O5 

Val Ala Ala Leu Gly Ser Asp Asp Glu Tyr Gly Arg Glin Gly Lieu Ser 
210 215 220 

Ile Phe Ser Ala Leu Ala Ala Ala Arg Gly Ile Cys Ile Ala His Glu 
225 230 235 240 

Gly Lieu Val Pro Leu Pro Arg Ala Asp Asp Ser Arg Lieu Gly Lys Wal 
245 250 255 

Gln Asp Val Leu. His Glin Val Asin Glin Ser Ser Val Glin Val Val Leu 
260 265 27 O 

Leu Phe Ala Ser Val His Ala Ala His Ala Leu Phe Asn Tyr Ser Ile 
275 280 285 

Ser Ser Arg Lieu Ser Pro Lys Val Trp Val Ala Ser Glu Ala Trp Lieu 
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Thr 
305 

Wall 

Ala 

Arg 

Teu 
385 

Ala 

Ala 

Teu 

Asn 

Wall 
465 

Glu 

Ser 

Gly 

Glu 
545 

Phe 

Ser 

His 

Phe 

Pro 
625 

His 

Glu 

Ser 

Met 

29 O 

Ser 

Telu 

Wall 

Telu 

Cys 
370 

Asn 

Glin 

Glin 

Thr 

Wall 
450 

Pro 

Arg 

Arg 

Phe 

Arg 
530 

Trp 

Telu 

Telu 

Arg 

Gly 
610 

Gly 

Telu 

Ile 

Gly 

Telu 
69 O. 

Asp 

Gly 

Gly 
355 

Pro 

His 

Ala 

Asp 

Phe 
435 

Asp 

Arg 

Telu 

His 
515 

Glin 

Ser 

Ala 

Ala 

Asp 
595 

Telu 

Glin 

Pro 

Phe 

Cys 
675 

Wall 

Telu 

Phe 

Thr 
340 

Glu 

Glin 

His 

Telu 

Pro 
420 

His 

Met 

Telu 

Ser 
5 OO 

Ser 

Asn 

Pro 

Trp 

Telu 

Ser 

Wall 

Pro 

Telu 

Wall 
660 

Telu 

Glu 

Wall 

Teu 
325 

His 

Cys 

Glin 

His 
405 

Wall 

Wall 

Glu 

His 

Ile 
485 

Arg 

Cys 

Pro 

Glu 

Gly 
565 

Gly 

Pro 

Cys 

Ser 

Thr 
645 

Glu 

Wall 

Met 
310 

Glin 

Teu 

Glu 

Thr 
390 

Asn 

Lys 

Gly 

Tyr 

Asp 
470 

Arg 

Glin 

Cys 

Asp 

Arg 
550 

Glu 

Teu 

Teu 

Teu 

Pro 
630 

Gly 

Ser 

Gly 

Ala 

295 

Gly Lieu 

Ala Leu 

Glin Gly 
360 

Cys Ile 
375 

Phe Ser 

Thir Leu 

Pro Trp 

Gly Lieu 
4 40 

Asp Lieu 
455 

Val Gly 

Trp His 

Cys Glin 

Tyr Asp 
52O 

Asp Ile 
535 

Ser Thr 

Pro Ala 

Wall Leu 

Wall Glin 
600 

Gly Lieu 
615 

Ala Arg 

Cys Lieu 

Glu Lieu 

Pro Trp 
680 

Lieu. Cys 
695 

Pro 

Ala 

Ala 
345 

Telu 

Thr 

Wall 

Glin 

Glin 
425 

Pro 

Lys 

Arg 

Thr 

Glu 
505 

Cys 

Ala 

Wall 

Ala 
585 

Ala 

Wall 

Cys 

Ser 

Pro 
665 

Ala 

Thr 

Gly 

Glin 
330 

Thr 

Glu 

Telu 

Cys 
410 

Telu 

Telu 

Telu 

Phe 

Ser 
490 

Gly 

Wall 

Telu 
570 

Ala 

Ser 

Telu 

Thr 
650 

Telu 

Trp 

Trp 

Met 
315 

Teu 

Asp 

Glu 

Glin 

Ala 
395 

Asn 

Teu 

Arg 

Trp 

Asn 
475 

Asp 

Glin 

Asp 

Thr 

Phe 
555 

Teu 

Teu 

Gly 

Teu 

Ala 
635 

Teu 

Ser 

Teu 

52 

-continued 

Ala 

His 

Pro 

Asp 

Asn 

Ala 

Ala 

Glu 

Phe 

Wall 
460 

Gly 

Asn 

Wall 

Phe 
540 

Arg 

Teu 

Gly 

Gly 

Ser 

Glin 

Phe 

Trp 

Wall 

Teu 
7 OO 

Glin 

Glu 

Ala 

Wall 
365 

Wall 

Wall 

Ser 

Asn 

Asp 
4 45 

Trp 

Ser 

Glin 

Arg 

Glu 
525 

Arg 

Teu 

Teu 

Pro 
605 

Wall 

Glin 

Teu 

Ala 

Wall 
685 

Wall 

Met 

Phe 

Phe 
35 O 

Wall 

Ser 

Gly 

Met 
43 O 

Ser 

Glin 

Telu 

Arg 

Ala 

Gly 

Arg 

Telu 

Phe 
59 O 

Telu 

Telu 

Pro 

Glin 

Asp 
67 O 

Telu 

Ala 

Gly 

Pro 
335 

Gly 

Ala 

Ser 

Cys 
415 

Ser 

Gly 

Arg 

Pro 
495 

Wall 

Gly 

Glin 

Ser 

Telu 
575 

Wall 

Ala 

Telu 

Telu 

Ala 
655 

Arg 

Telu 

Phe 

Thr 
320 

Glin 

Ser 

Glin 

Gly 

Wall 
400 

Pro 

Asn 

Gly 

Ser 

Thr 
480 

Wall 

Ser 

Asp 

Arg 
560 

Telu 

His 

Phe 

Ser 
640 

Ala 

Telu 

Ala 

Pro 

May 19, 2005 
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Pro Glu Val Val Thr Asp Trp His Met Leu Pro Thr Glu Ala Leu Val 
705 710 715 720 

His Cys Arg Thr Arg Ser Trp Val Ser Phe Gly Leu Ala His Ala Thr 
725 730 735 

Asn Ala Thr Leu Ala Phe Leu Cys Phe Leu Gly. Thr Phe Leu Val Arg 
740 745 750 

Ser Glin Pro Gly Cys Tyr Asn Arg Ala Arg Gly Leu Thr Phe Ala Met 
755 760 765 

Leu Ala Tyr Phe Ile Thr Trp Val Ser Phe Val Pro Leu Leu Ala Asn 
770 775 78O 

Val Glin Val Val Lieu Arg Pro Ala Val Glin Met Gly Ala Lieu Lleu Lieu 
785 790 795 8OO 

Cys Val Lieu Gly Ile Leu Ala Ala Phe His Leu Pro Arg Cys Tyr Lieu 
805 810 815 

Leu Met Arg Gln Pro Gly Leu Asn Thr Pro Glu Phe Phe Leu Gly Gly 
820 825 83O 

Gly Pro Gly Asp Ala Glin Gly Glin Asn Asp Gly Asn Thr Gly Asn Glin 
835 840 845 

Gly Lys His Glu 
85 O 

<210> SEQ ID NO 16 
&2 11s LENGTH 324 O 
&212> TYPE DNA 

<213> ORGANISM: Mus sp. 
&220s FEATURE 

<223> OTHER INFORMATION: mouse Sac non taster 129 T1R3 G-protein 
coupled receptor sweet taste receptor genomic sequence 

<400 SEQUENCE: 16 

acatctgtgg citccaa.cccc acacacccat citattgttag togctd gagac ttctacctac 60 

catgcc agct ttggctatoa toggtotcag cct ggctgct titcctggagc titgggatggg 120 

ggccitctttg tdtctgtcac agcaattcaa gqcacaaggg gactacatac toggcgggct 18O 

attitcc ccto ggctogaccg aggaggccac totcaiaccag agagcacaac coaa.ca.goac 240 

cctgttgtaac agg tatggag gottagtagct ggggtgg gag toga accgaag cittgg cagot 3OO 

ttggct cogt ggtactacca atctggggaa gqggtggtga toagtttcca totggcc to a 360 

ggttct cacc cctoggtttgttcctggcca togctataa gatggctgtg gaggagatca 420 

acaatggatc toccittgcto cotgggctgc ggctgggcta to accitattt gacacatgct 480 

cc.gagc.cagt ggtoac catgaaatccagtc. tcatgttcct ggccalaggtg ggcagtcaaa 540 

gcattgctgc citactgcaac tacacacagt accaa.ccc.cg totgctggct gttcatcggcc 600 

cccacticatc agagcttgcc citcattacag goaagttctt cagottctitc citcatgccac 660 

aggtgagc.cc actitcc tittg togttctoaac cqattgcacc cattgagctic to acatcaga 720 

aagtgcttct togatcaccac aggtoagcta tag.cgc.cago atggatcggc taagtgaccg 78O 

ggaaacgttt coatcc ttct tcc.gcacagt gcc cagtgac cqggtgcago toc aggcagt 840 

tgtgacitctg. ittgcagaact tcagotggaa citgggtggcc gccittaggga gtgatgatga 9 OO 

citatggcc.gg galaggtotga gcatcttt to tagtctggcc aatgcac gag gitatctgcat 96.O 

cgcacatgag ggcctggtgc cacaa.catga cactagtggc caa.cagttgg gcaaggtgct 1020 
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cittcggggac totgggcc to gottagtggta citgttggcca cittttgttgga ggcagcacta 2100 

tgtgcctggt atttgaccgc titt cocacca gaggtggtga cag actogto agtgctg.ccc 216 O 

acagaggtac toggagc acto coacgtgcgt toctogg to a gcc toggctt gotgcacatc 2220 

accalatgcaa tottagctitt cottctgctitt citggg cactt toctogtaca gag coagcct 228O 

ggcc.gctaca accgtgc.ccg togtotcacc titcgc.catgc tag cittattt catcaccitgg 234. O 

gtotcittittg togc.cccitcct ggccalatgtg caggtggcct accago cago totgcagatg 24 OO 

ggtgctatoc tagtctgtgc cct gggcatc ctdgtoacct tccacct gcc caagtgctat 2460 

gtgcttctitt goctoccaaa gottcaacacc caggagttct tcc toggaag gaatgccaag 252O 

aaag cagoag atgaga acag toggcggtggit gaggcagctc aggaacacaa taatga 2577 

<210> SEQ ID NO 18 
&2 11s LENGTH 858 
&212> TYPE PRT 

<213> ORGANISM: Mus sp. 
&220s FEATURE 
<223> OTHER INFORMATION: mouse Sac non taster 129 T1R3 G-protein coupled 

receptor sweet taste receptor 

<400 SEQUENCE: 18 

Met Pro Ala Lieu Ala Ile Met Gly Lieu Ser Lieu Ala Ala Phe Leu Glu 
1 5 10 15 

Leu Gly Met Gly Ala Ser Lieu. Cys Lieu Ser Glin Glin Phe Lys Ala Glin 
2O 25 3O 

Gly Asp Tyr Ile Leu Gly Gly Lieu Phe Pro Leu Gly Ser Thr Glu Glu 
35 40 45 

Ala Thr Lieu. Asn Glin Arg Ala Glin Pro Asn. Ser Thr Lieu. Cys Asn Arg 
5 O 55 60 

Phe Ser Pro Leu Gly Leu Phe Leu Ala Met Ala Met Lys Met Ala Val 
65 70 75 8O 

Glu Glu Ile Asn. Asn Gly Ser Ala Lieu Lleu Pro Gly Lieu Arg Lieu Gly 
85 90 95 

Tyr Asp Leu Phe Asp Thr Cys Ser Glu Pro Val Val Thr Met Lys Ser 
100 105 110 

Ser Leu Met Phe Leu Ala Lys Val Gly Ser Glin Ser Ile Ala Ala Tyr 
115 120 125 

Cys Asn Tyr Thr Glin Tyr Gln Pro Arg Val Leu Ala Val Ile Gly Pro 
130 135 1 4 0 

His Ser Ser Glu Leu Ala Leu Ile Thr Gly Lys Phe Phe Ser Phe Phe 
145 15 O 155 160 

Leu Met Pro Glin Val Ser Tyr Ser Ala Ser Met Asp Arg Leu Ser Asp 
1.65 170 175 

Arg Glu Thr Phe Pro Ser Phe Phe Arg Thr Val Pro Ser Asp Arg Val 
18O 185 19 O 

Gln Leu Glin Ala Val Val Thr Leu Leu Glin Asn Phe Ser Trp Asn Trp 
195 200 2O5 

Val Ala Ala Leu Gly Ser Asp Asp Asp Tyr Gly Arg Glu Gly Lieu Ser 
210 215 220 

Ile Phe Ser Ser Leu Ala Asn Ala Arg Gly Ile Cys Ile Ala His Glu 
225 230 235 240 

Gly Lieu Val Pro Gln His Asp Thir Ser Gly Glin Glin Lieu Gly Lys Wal 
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245 250 255 

Leu Asp Wall Leu Arg Glin Val Asn Glin Ser Lys Val Glin Val Val Val 
260 265 27 O 

Leu Phe Ala Ser Ala Arg Ala Val Tyr Ser Leu Phe Ser Tyr Ser Ile 
275 280 285 

His His Gly Leu Ser Pro Lys Val Trp Val Ala Ser Glu Ser Trp Leu 
29 O 295 3OO 

Thr Ser Asp Leu Val Met Thr Leu Pro Asn Ile Ala Arg Val Gly. Thr 
305 310 315 320 

Val Lieu Gly Phe Leu Glin Arg Gly Ala Lieu Lleu Pro Glu Phe Ser His 
325 330 335 

Tyr Val Glu Thir His Leu Ala Lieu Ala Ala Asp Pro Ala Phe Cys Ala 
340 345 35 O 

Ser Lieu. Asn Ala Glu Lieu. Asp Leu Glu Glu His Val Met Gly Glin Arg 
355 360 365 

Cys Pro Glin Cys Asp Asp Ile Met Leu Glin Asn Lieu Ser Ser Gly Lieu 
370 375 38O 

Leu Glin Asn Lieu Ser Ala Gly Glin Lieu. His His Glin Ile Phe Ala Thr 
385 390 395 400 

Tyr Ala Ala Val Tyr Ser Val Ala Glin Ala Leu. His Asn Thr Leu Gln 
405 410 415 

Cys Asn Val Ser His Cys His Val Ser Glu His Val Leu Pro Trp Gln 
420 425 43 O 

Leu Lieu Glu Asn Met Tyr Asn Met Ser Phe His Ala Arg Asp Lieu. Thr 
435 4 40 4 45 

Leu Glin Phe Asp Ala Glu Gly Asn. Wall Asp Met Glu Tyr Asp Leu Lys 
450 455 460 

Met Trp Val Trp Gln Ser Pro Thr Pro Val Leu. His Thr Val Gly Thr 
465 470 475 480 

Phe Asin Gly Thr Leu Gln Leu Gln Glin Ser Lys Met Tyr Trp Pro Gly 
485 490 495 

Asn Glin Val Pro Wal Ser Glin Cys Ser Arg Glin Cys Lys Asp Gly Glin 
5 OO 505 51O. 

Val Arg Arg Val Lys Gly Phe His Ser Cys Cys Tyr Asp Cys Val Asp 
515 52O 525 

Cys Lys Ala Gly Ser Tyr Arg Lys His Pro Asp Asp Phe Thr Cys Thr 
530 535 540 

Pro Cys Asn Glin Asp Gln Trp Ser Pro Glu Lys Ser Thr Ala Cys Lieu 
545 550 555 560 

Pro Arg Arg Pro Lys Phe Leu Ala Trp Gly Glu Pro Val Val Leu Ser 
565 570 575 

Leu Lleu Lleu Lleu Lleu. Cys Lieu Val Lieu Gly Lieu Ala Lieu Ala Ala Lieu 
58O 585 59 O 

Gly Leu Ser Val His His Trp Asp Ser Pro Leu Val Glin Ala Ser Gly 
595 600 605 

Gly Ser Glin Phe Cys Phe Gly Lieu. Ile Cys Lieu Gly Lieu Phe Cys Lieu 
610 615 62O 

Ser Val Lieu Lleu Phe Pro Gly Arg Pro Ser Ser Ala Ser Cys Lieu Ala 
625 630 635 640 

Gln Glin Pro Met Ala His Leu Pro Leu Thr Gly Cys Leu Ser Thr Leu 
645 650 655 
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Phe Leu Glin Ala Ala Glu Thir Phe Wall Glu Ser Glu Lieu Pro Leu Ser 
660 665 67 O 

Trp Ala Asn Trp Lieu. Cys Ser Tyr Lieu Arg Gly Lieu Trp Ala Trp Lieu 
675 680 685 

Val Val Leu Leu Ala Thr Phe Val Glu Ala Ala Leu Cys Ala Trp Tyr 
69 O. 695 7 OO 

Leu Thr Ala Phe Pro Pro Glu Val Val Thr Asp Trp Ser Val Leu Pro 
705 710 715 720 

Thr Glu Val Leu Glu His Cys His Val Arg Ser Trp Val Ser Leu Gly 
725 730 735 

Leu Val His Ile Thr Asn Ala Met Leu Ala Phe Leu Cys Phe Leu Gly 
740 745 750 

Thr Phe Lieu Val Glin Ser Glin Pro Gly Arg Tyr Asn Arg Ala Arg Gly 
755 760 765 

Leu Thr Phe Ala Met Leu Ala Tyr Phe Ile Thir Trp Val Ser Phe Val 
770 775 78O 

Pro Leu Leu Ala Asn Val Glin Val Ala Tyr Gln Pro Ala Val Glin Met 
785 790 795 8OO 

Gly Ala Ile Leu Val Cys Ala Leu Gly Ile Leu Val Thr Phe His Lieu 
805 810 815 

Pro Lys Cys Tyr Val Lieu Lleu Trp Lieu Pro Llys Lieu. Asn Thr Glin Glu 
820 825 83O 

Phe Phe Leu Gly Arg Asn Ala Lys Lys Ala Ala Asp Glu Asn. Ser Gly 
835 840 845 

Gly Gly Glu Ala Ala Glin Glu. His Asn. Glu 
85 O 855 

<210 SEQ ID NO 19 
&2 11s LENGTH 2577 
&212> TYPE DNA 

<213> ORGANISM: Mus sp. 
&220s FEATURE 

<223> OTHER INFORMATION: mouse Sac taster SWR T1R3 G-protein coupled 
receptor sweet taste receptor CDS 

<400 SEQUENCE: 19 

atgc.ca.gctt toggctato at gggtotcago citggctocitt toctoggagct toggatgggg 60 

gcct citttgt gtctgtcaca gcaattcaag goaca agggg act acatact ggg.cgggcta 120 

tittc.ccctgg gctcaa.ccga ggaggccact citcaiaccaga galacaca acc caa.cago atc 18O 

citgttgtaa.ca ggttct cacc cct cq gtttgttcctggcca togctatogala gatggctgtg 240 

gaggagat.ca acaatggatc toccittgcto cotgggctgc ggctdggcta to accitatitt 3OO 

gacacatgct cogagc.cagt ggtoaccatgaaatc.ca.gto tcaitott.cct ggccalaggtg 360 

ggcagtcaaa goattgctgc citact gcaac tacacacagt accaa.ccc.cg tdtgctggct 420 

gtoatcggcc cccacticatc agagcttgcc citcattacag goaagttctt cagottctitc 480 

citcatgccac aggtoagcta tag.cgc.ca.gc atggatcggc taagtgacc g g gaaacgttt 540 

ccatcc ttct tcc.gcacagt gcc cagtgac cqggtgcago to Caggcagt tdtgacitctg 600 

ttgcagaact tcagotggaa citgggtggcc gccittaggga gtgatgatga citatggc.cgg 660 

galaggtotga gcatcttt to tagtotggcc aatgcac gag gitatctgcat cqcacatgag 720 

ggcctggtgc cacaac atga cactagtggc caa.cagttgg gcaaggtgct g gatgtgcta 78O 
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2O 25 3O 

Gly Asp Tyr Ile Leu Gly Gly Lieu Phe Pro Leu Gly Ser Thr Glu Glu 
35 40 45 

Ala Thr Lieu. Asn Glin Arg Thr Glin Pro Asn. Ser Ile Lieu. Cys Asn Arg 
5 O 55 60 

Phe Ser Pro Leu Gly Leu Phe Leu Ala Met Ala Met Lys Met Ala Val 
65 70 75 8O 

Glu Glu Ile Asn. Asn Gly Ser Ala Lieu Lleu Pro Gly Lieu Arg Lieu Gly 
85 90 95 

Tyr Asp Leu Phe Asp Thr Cys Ser Glu Pro Val Val Thr Met Lys Ser 
100 105 110 

Ser Leu Met Phe Leu Ala Lys Val Gly Ser Glin Ser Ile Ala Ala Tyr 
115 120 125 

Cys Asn Tyr Thr Glin Tyr Gln Pro Arg Val Leu Ala Val Ile Gly Pro 
130 135 1 4 0 

His Ser Ser Glu Leu Ala Leu Ile Thr Gly Lys Phe Phe Ser Phe Phe 
145 15 O 155 160 

Leu Met Pro Glin Val Ser Tyr Ser Ala Ser Met Asp Arg Leu Ser Asp 
1.65 170 175 

Arg Glu Thr Phe Pro Ser Phe Phe Arg Thr Val Pro Ser Asp Arg Val 
18O 185 19 O 

Gln Leu Glin Ala Val Val Thr Leu Leu Gln Asn Phe Ser Trp Asn Trp 
195 200 2O5 

Val Ala Ala Leu Gly Ser Asp Asp Asp Tyr Gly Arg Glu Gly Lieu Ser 
210 215 220 

Ile Phe Ser Ser Leu Ala Asn Ala Arg Gly Ile Cys Ile Ala His Glu 
225 230 235 240 

Gly Lieu Val Pro Gln His Asp Thir Ser Gly Glin Glin Lieu Gly Lys Wal 
245 250 255 

Leu Asp Val Lieu. Cys Glin Val Asn Glin Ser Lys Val Glin Val Val Val 
260 265 27 O 

Leu Phe Ala Ser Ala Arg Ala Val Tyr Ser Leu Phe Ser Tyr Ser Ile 
275 280 285 

His His Gly Leu Ser Pro Lys Val Trp Val Ala Ser Glu Ser Trp Leu 
29 O 295 3OO 

Thr Ser Asp Leu Val Met Thr Leu Pro Asn Ile Ala Arg Val Gly. Thr 
305 310 315 320 

Val Lieu Gly Phe Leu Glin Arg Gly Ala Lieu Lleu Pro Glu Phe Ser His 
325 330 335 

Tyr Val Glu Thir His Leu Ala Lieu Ala Ala Asp Pro Ala Phe Cys Ala 
340 345 35 O 

Ser Lieu. Asn Ala Glu Lieu. Asp Leu Glu Glu His Val Met Gly Glin Arg 
355 360 365 

Cys Pro Glin Cys Asp Asp Ile Met Leu Glin Asn Lieu Ser Ser Gly Lieu 
370 375 38O 

Leu Glin Asn Lieu Ser Ala Gly Glin Lieu. His His Glin Ile Phe Ala Thr 
385 390 395 400 

Tyr Ala Ala Val Tyr Ser Val Ala Glin Ala Leu. His Asn Thr Leu Gln 
405 410 415 

Cys Asn Val Ser His Cys His Val Ser Glu His Val Leu Pro Trp Gln 
420 425 43 O 
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Leu Lieu Glu Asn Met Tyr Asn Met Ser Phe His Ala Arg Asp Lieu. Thr 
435 4 40 4 45 

Leu Glin Phe Asp Ala Glu Gly Asn. Wall Asp Met Glu Tyr Asp Leu Lys 
450 455 460 

Met Trp Val Trp Gln Ser Pro Thr Pro Val Leu. His Thr Val Gly Thr 
465 470 475 480 

Phe Asin Gly Thr Leu Gln Leu Gln Glin Ser Lys Met Tyr Trp Pro Gly 
485 490 495 

Asn Glin Val Pro Wal Ser Glin Cys Ser Arg Glin Cys Lys Asp Gly Glin 
5 OO 505 51O. 

Val Arg Arg Val Lys Gly Phe His Ser Cys Cys Tyr Asp Cys Val Asp 
515 52O 525 

Cys Lys Ala Gly Ser Tyr Arg Lys His Pro Asp Asp Phe Thr Cys Thr 
530 535 540 

Pro Cys Asn Glin Asp Gln Trp Ser Pro Glu Lys Ser Thr Ala Cys Lieu 
545 550 555 560 

Pro Arg Arg Pro Lys Phe Leu Ala Trp Gly Glu Pro Val Val Leu Ser 
565 570 575 

Leu Lleu Lleu Lleu Lleu. Cys Lieu Val Lieu Gly Lieu Ala Lieu Ala Ala Lieu 
58O 585 59 O 

Gly Leu Ser Val His His Trp Asp Ser Pro Leu Val Glin Ala Ser Gly 
595 600 605 

Gly Ser Glin Phe Cys Phe Gly Lieu. Ile Cys Lieu Gly Lieu Phe Cys Lieu 
610 615 62O 

Ser Val Lieu Lleu Phe Pro Gly Arg Pro Ser Ser Ala Ser Cys Lieu Ala 
625 630 635 640 

Gln Glin Pro Met Ala His Leu Pro Leu Thr Gly Cys Leu Ser Thr Leu 
645 650 655 

Phe Leu Glin Ala Ala Glu Thir Phe Wall Glu Ser Glu Lieu Pro Leu Ser 
660 665 67 O 

Trp Ala Asn Trp Lieu. Cys Ser Tyr Lieu Arg Gly Lieu Trp Ala Trp Lieu 
675 680 685 

Val Val Leu Ser Ala Thr Phe Val Glu Ala Ala Leu Cys Ala Trp Tyr 
69 O. 695 7 OO 

Leu Thr Ala Phe Pro Pro Glu Val Val Thr Asp Trp Ser Val Leu Pro 
705 710 715 720 

Thr Glu Val Leu Glu His Cys His Val Arg Ser Trp Val Ser Leu Gly 
725 730 735 

Leu Val His Ile Thr Asn Ala Met Leu Ala Phe Leu Cys Phe Leu Gly 
740 745 750 

Thr Phe Lieu Val Glin Ser Glin Pro Gly Arg Tyr Asn Arg Ala Arg Gly 
755 760 765 

Leu Thr Phe Ala Met Leu Ala Tyr Phe Ile Thir Trp Val Ser Phe Val 
770 775 78O 

Pro Leu Leu Ala Asn Val Glin Val Ala Tyr Gln Pro Ala Val Glin Met 
785 790 795 8OO 

Gly Ala Ile Leu Val Cys Ala Leu Gly Ile Leu Val Thr Phe His Lieu 
805 810 815 

Pro Lys Cys Tyr Val Lieu Lleu Trp Lieu Pro Llys Lieu. Asn Thr Glin Glu 
820 825 83O 
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<223> OTHER INFORMATION: mouse Sac taster C57 T1R3 G-protein coupled 
receptor sweet taste receptor 

<400 SEQUENCE: 23 

Met Pro Ala Lieu Ala Ile Met Gly Lieu Ser Lieu Ala Ala Phe Leu Glu 
1 5 10 15 

Leu Gly Met Gly Ala Ser Lieu. Cys Lieu Ser Glin Glin Phe Lys Ala Glin 
2O 25 3O 

Gly Asp Tyr Ile Leu Gly Gly Lieu Phe Pro Leu Gly Ser Thr Glu Glu 
35 40 45 

Ala Thr Lieu. Asn Glin Arg Thr Glin Pro Asn. Ser Ile Pro Cys Asn Arg 
5 O 55 60 

Phe Ser Pro Leu Gly Leu Phe Leu Ala Met Ala Met Lys Met Ala Val 
65 70 75 8O 

Glu Glu Ile Asn. Asn Gly Ser Ala Lieu Lleu Pro Gly Lieu Arg Lieu Gly 
85 90 95 

Tyr Asp Leu Phe Asp Thr Cys Ser Glu Pro Val Val Thr Met Lys Ser 
100 105 110 

Ser Leu Met Phe Leu Ala Lys Val Gly Ser Glin Ser Ile Ala Ala Tyr 
115 120 125 

Cys Asn Tyr Thr Glin Tyr Gln Pro Arg Val Leu Ala Val Ile Gly Pro 
130 135 1 4 0 

His Ser Ser Glu Leu Ala Leu Ile Thr Gly Lys Phe Phe Ser Phe Phe 
145 15 O 155 160 

Leu Met Pro Glin Val Ser Tyr Ser Ala Ser Met Asp Arg Leu Ser Asp 
1.65 170 175 

Arg Glu Thr Phe Pro Ser Phe Phe Arg Thr Val Pro Ser Asp Arg Val 
18O 185 19 O 

Gln Leu Glin Ala Val Val Thr Leu Leu Glin Asn Phe Ser Trp Asn Trp 
195 200 2O5 

Val Ala Ala Leu Gly Ser Asp Asp Asp Tyr Gly Arg Glu Gly Lieu Ser 
210 215 220 

Ile Phe Ser Ser Leu Ala Asn Ala Arg Gly Ile Cys Ile Ala His Glu 
225 230 235 240 

Gly Lieu Val Pro Gln His Asp Thir Ser Gly Glin Glin Lieu Gly Lys Wal 
245 250 255 

Leu Asp Wall Leu Arg Glin Val Asn Glin Ser Lys Val Glin Val Val Val 
260 265 27 O 

Leu Phe Ala Ser Ala Arg Ala Val Tyr Ser Leu Phe Ser Tyr Ser Ile 
275 280 285 

His His Gly Leu Ser Pro Lys Val Trp Val Ala Ser Glu Ser Trp Leu 
29 O 295 3OO 

Thr Ser Asp Leu Val Met Thr Leu Pro Asn Ile Ala Arg Val Gly. Thr 
305 310 315 320 

Val Lieu Gly Phe Leu Glin Arg Gly Ala Lieu Lleu Pro Glu Phe Ser His 
325 330 335 

Tyr Val Glu Thir His Leu Ala Lieu Ala Ala Asp Pro Ala Phe Cys Ala 
340 345 35 O 

Ser Lieu. Asn Ala Glu Lieu. Asp Leu Glu Glu His Val Met Gly Glin Arg 
355 360 365 

Cys Pro Arg Cys Asp Asp Ile Met Leu Glin Asn Lieu Ser Ser Gly Lieu 
370 375 38O 
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Leu Glin Asn Lieu Ser Ala Gly Glin Lieu. His His Glin Ile Phe Ala Thr 
385 390 395 400 

Tyr Ala Ala Val Tyr Ser Val Ala Glin Ala Leu. His Asn Thr Leu Gln 
405 410 415 

Cys Asn Val Ser His Cys His Val Ser Glu His Val Leu Pro Trp Gln 
420 425 43 O 

Leu Lieu Glu Asn Met Tyr Asn Met Ser Phe His Ala Arg Asp Lieu. Thr 
435 4 40 4 45 

Leu Glin Phe Asp Ala Glu Gly Asn. Wall Asp Met Glu Tyr Asp Leu Lys 
450 455 460 

Met Trp Val Trp Gln Ser Pro Thr Pro Val Leu. His Thr Val Gly Thr 
465 470 475 480 

Phe Asin Gly Thr Leu Gln Leu Gln Glin Ser Lys Met Tyr Trp Pro Gly 
485 490 495 

Asn Glin Val Pro Wal Ser Glin Cys Ser Arg Glin Cys Lys Asp Gly Glin 
5 OO 505 51O. 

Val Arg Arg Val Lys Gly Phe His Ser Cys Cys Tyr Asp Cys Val Asp 
515 52O 525 

Cys Lys Ala Gly Ser Tyr Arg Lys His Pro Asp Asp Phe Thr Cys Thr 
530 535 540 

Pro Cys Asn Glin Asp Gln Trp Ser Pro Glu Lys Ser Thr Ala Cys Lieu 
545 550 555 560 

Pro Arg Arg Pro Lys Phe Leu Ala Trp Gly Glu Pro Val Val Leu Ser 
565 570 575 

Leu Lleu Lleu Lleu Lleu. Cys Lieu Val Lieu Gly Lieu Ala Lieu Ala Ala Lieu 
58O 585 59 O 

Gly Leu Ser Val His His Trp Asp Ser Pro Leu Val Glin Ala Ser Gly 
595 600 605 

Gly Ser Glin Phe Cys Phe Gly Lieu. Ile Cys Lieu Gly Lieu Phe Cys Lieu 
610 615 62O 

Ser Val Lieu Lleu Phe Pro Gly Arg Pro Ser Ser Ala Ser Cys Lieu Ala 
625 630 635 640 

Gln Glin Pro Met Ala His Leu Pro Leu Thr Gly Cys Leu Ser Thr Leu 
645 650 655 

Phe Leu Glin Ala Ala Glu Thir Phe Wall Glu Ser Glu Lieu Pro Leu Ser 
660 665 67 O 

Trp Ala Asn Trp Lieu. Cys Ser Tyr Lieu Arg Gly Lieu Trp Ala Trp Lieu 
675 680 685 

Val Val Leu Leu Ala Thr Phe Val Glu Ala Ala Leu Cys Ala Trp Tyr 
69 O. 695 7 OO 

Leu Ile Ala Phe Pro Pro Glu Val Val Thr Asp Trp Ser Val Leu Pro 
705 710 715 720 

Thr Glu Val Leu Glu His Cys His Val Arg Ser Trp Val Ser Leu Gly 
725 730 735 

Leu Val His Ile Thr Asn Ala Met Leu Ala Phe Leu Cys Phe Leu Gly 
740 745 750 

Thr Phe Lieu Val Glin Ser Glin Pro Gly Arg Tyr Asn Arg Ala Arg Gly 
755 760 765 

Leu Thr Phe Ala Met Leu Ala Tyr Phe Ile Thir Trp Val Ser Phe Val 
770 775 78O 
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gtotcc cagt gcticcc.ggca gtgcaaagat ggc.caggtgc gcagagtaaa gogctitt cat 1560 

to citgctgct atgactgttgt ggactgcaag goagg gagct accggaag.ca to cagatgac 1620 

ttcaccitgta citcCatgtgg caaggatcag togtocc cag aaaaaag cac aacct gotta 1680 

ccitc.gcaggc ccaagtttct ggcttggggg gagcc agctd togctdtcact tct cotgctg 1740 

citttgcctgg togctgg gcct gacactggct gcc citggggc tictttgtc.ca citactgggac 1800 

agcc ct cittg titcaggcc to aggtgggtca citgttctgct ttggcct gat citgcc taggc 1860 

citcttctgcc toagtgtcct tctgttccca ggacg accac gotctg.ccag citgccttgcc 1920 

caacaaccaa togcto acct coctotcaca ggctgcctga gcacact citt cotgcaa.gca 1980 

gcc.gagat.ct ttgtggag to tdagctgcca citgagttggg caaactggct citgcago tac 20 40 

cittcggggcc cct gggcttg gotggtggta citgctggcca citcttgttgga ggctgcacta 2100 

tgtgcctggit acttgatggc titt.coctoca gaggtggtga cagattggca ggtgctg.ccc 216 O 

acggaggtac toggaac acto cog catgcgt toctogg to a gcc toggctt gotgcacatc 2220 

accalatgcag tottagctitt cottctgctitt citggg cactt toctogtaca gag coagcct 228O 

ggtogctata accgtgc.ccg togccitcacc titcgc.catgc tag cittattt catcatctgg 234. O 

gtotcittittg togc.cccitcct ggctaatgtg caggtggcct accago cago totgcagatg 24 OO 

ggtgctatot tattotgtgc cct gggcatc ctdgccacct tccacct gcc caaatgctat 2460 

gtacttctgt ggctogccaga gCtcaacacc Caggagttct tcc togggaag gagccCCaag 252O 

galagcatcag atgggaatag togg tagtagt gaggcaactC ggggacacag togaatga 2577 

<210> SEQ ID NO 25 
&2 11s LENGTH 858 
&212> TYPE PRT 

<213> ORGANISM: Rattus sp. 
&220s FEATURE 

<223> OTHER INFORMATION: rat T1R3 G-protein coupled receptor sweet taste 
receptor 

<400 SEQUENCE: 25 

Met Pro Gly Lieu Ala Ile Leu Gly Lieu Ser Lieu Ala Ala Phe Leu Glu 
1 5 10 15 

Leu Gly Met Gly Ser Ser Lieu. Cys Lieu Ser Glin Glin Phe Lys Ala Glin 
2O 25 3O 

Gly Asp Tyr Ile Leu Gly Gly Leu Phe Pro Leu Gly Thr Thr Glu Glu 
35 40 45 

Ala Thr Lieu. Asn Glin Arg Thr Glin Pro Asn Gly Ile Lieu. Cys Thr Arg 
5 O 55 60 

Phe Ser Pro Leu Gly Leu Phe Leu Ala Met Ala Met Lys Met Ala Val 
65 70 75 8O 

Glu Glu Ile Asn. Asn Gly Ser Ala Lieu Lleu Pro Gly Lieu Arg Lieu Gly 
85 90 95 

Tyr Asp Leu Phe Asp Thr Cys Ser Glu Pro Val Val Thr Met Lys Pro 
100 105 110 

Ser Leu Met Phe Met Ala Lys Val Gly Ser Glin Ser Ile Ala Ala Tyr 
115 120 125 

Cys Asn Tyr Thr Glin Tyr Gln Pro Arg Val Leu Ala Val Ile Gly Pro 
130 135 1 4 0 

His Ser Ser Glu Leu Ala Leu Ile Thr Gly Lys Phe Phe Ser Phe Phe 
145 15 O 155 160 
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Leu Met Pro Glin Val Ser Tyr Ser Ala Ser Met Asp Arg Leu Ser Asp 
1.65 170 175 

Arg Glu Thr Phe Pro Ser Phe Phe Arg Thr Val Pro Ser Asp Arg Val 
18O 185 19 O 

Gln Leu Glin Ala Val Val Thr Leu Leu Glin Asn Phe Ser Trp Asn Trp 
195 200 2O5 

Val Ala Ala Leu Gly Ser Asp Asp Asp Tyr Gly Arg Glu Gly Lieu Ser 
210 215 220 

Ile Phe Ser Gly Lieu Ala Asn. Ser Arg Gly Ile Cys Ile Ala His Glu 
225 230 235 240 

Gly Lieu Val Pro Gln His Asp Thir Ser Gly Glin Glin Lieu Gly Lys Wal 
245 250 255 

Val Asp Val Leu Arg Glin Val Asin Glin Ser Lys Val Glin Val Val Val 
260 265 27 O 

Leu Phe Ala Ser Ala Arg Ala Val Tyr Ser Leu Phe Ser Tyr Ser Ile 
275 280 285 

Lieu. His Asp Leu Ser Pro Llys Val Trp Val Ala Ser Glu Ser Trp Lieu 
29 O 295 3OO 

Thr Ser Asp Leu Val Met Thr Leu Pro Asn Ile Ala Arg Val Gly. Thr 
305 310 315 320 

Val Lieu Gly Phe Leu Glin Arg Gly Ala Lieu Lleu Pro Glu Phe Ser His 
325 330 335 

Tyr Val Glu Thir Arg Lieu Ala Lieu Ala Ala Asp Pro Thr Phe Cys Ala 
340 345 35 O 

Ser Lieu Lys Ala Glu Lieu. Asp Leu Glu Glu Arg Val Met Gly Pro Arg 
355 360 365 

Cys Ser Glin Cys Asp Tyr Ile Met Leu Glin Asn Lieu Ser Ser Gly Lieu 
370 375 38O 

Met Glin Asn Leu Ser Ala Gly Glin Leu. His His Glin Ile Phe Ala Thr 
385 390 395 400 

Tyr Ala Ala Val Tyr Ser Val Ala Glin Ala Leu. His Asn Thr Leu Gln 
405 410 415 

Cys Asn Val Ser His Cys His Thr Ser Glu Pro Val Glin Pro Trp Gln 
420 425 43 O 

Leu Lieu Glu Asn Met Tyr Asn Met Ser Phe Arg Ala Arg Asp Lieu. Thr 
435 4 40 4 45 

Leu Glin Phe Asp Ala Lys Gly Ser Val Asp Met Glu Tyr Asp Leu Lys 
450 455 460 

Met Trp Val Trp Gln Ser Pro Thr Pro Val Leu. His Thr Val Gly Thr 
465 470 475 480 

Phe Asin Gly Thr Leu Gln Leu Gln His Ser Lys Met Tyr Trp Pro Gly 
485 490 495 

Asn Glin Val Pro Wal Ser Glin Cys Ser Arg Glin Cys Lys Asp Gly Glin 
5 OO 505 51O. 

Val Arg Arg Val Lys Gly Phe His Ser Cys Cys Tyr Asp Cys Val Asp 
515 52O 525 

Cys Lys Ala Gly Ser Tyr Arg Lys His Pro Asp Asp Phe Thr Cys Thr 
530 535 540 

Pro Cys Gly Lys Asp Gln Trp Ser Pro Glu Lys Ser Thr Thr Cys Lieu 
545 550 555 560 
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Pro Arg Arg Pro Llys Phe Leu Ala Trp Gly Glu Pro Ala Wall Leu Ser 
565 570 575 

Leu Lleu Lleu Lleu Lleu. Cys Lieu Val Lieu Gly Lieu. Thir Lieu Ala Ala Lieu 
58O 585 59 O 

Gly Leu Phe Val His Tyr Trp Asp Ser Pro Leu Val Glin Ala Ser Gly 
595 600 605 

Gly Ser Lieu Phe Cys Phe Gly Lieu. Ile Cys Lieu Gly Lieu Phe Cys Lieu 
610 615 62O 

Ser Val Lieu Lleu Phe Pro Gly Arg Pro Arg Ser Ala Ser Cys Lieu Ala 
625 630 635 640 

Gln Glin Pro Met Ala His Leu Pro Leu Thr Gly Cys Leu Ser Thr Leu 
645 650 655 

Phe Leu Glin Ala Ala Glu Ile Phe Wall Glu Ser Glu Lieu Pro Leu Ser 
660 665 67 O 

Trp Ala Asn Trp Lieu. Cys Ser Tyr Lieu Arg Gly Pro Trp Ala Trp Lieu 
675 680 685 

Val Val Lieu Lieu Ala Thr Lieu Val Glu Ala Ala Lieu. Cys Ala Trp Tyr 
69 O. 695 7 OO 

Leu Met Ala Phe Pro Pro Glu Val Val Thr Asp Trp Glin Val Leu Pro 
705 710 715 720 

Thr Glu Val Leu Glu His Cys Arg Met Arg Ser Trp Val Ser Leu Gly 
725 730 735 

Leu Val His Ile Thr Asn Ala Val Lieu Ala Phe Lieu. Cys Phe Leu Gly 
740 745 750 

Thr Phe Lieu Val Glin Ser Glin Pro Gly Arg Tyr Asn Arg Ala Arg Gly 
755 760 765 

Leu Thr Phe Ala Met Leu Ala Tyr Phe Ile Ile Trp Val Ser Phe Val 
770 775 78O 

Pro Leu Leu Ala Asn Val Glin Val Ala Tyr Gln Pro Ala Val Glin Met 
785 790 795 8OO 

Gly Ala Ile Leu Phe Cys Ala Leu Gly Ile Leu Ala Thr Phe His Lieu 
805 810 815 

Pro Lys Cys Tyr Val Lieu Lleu Trp Lieu Pro Glu Lieu. Asn Thr Glin Glu 
820 825 83O 

Phe Phe Leu Gly Arg Ser Pro Lys Glu Ala Ser Asp Gly Asn. Ser Gly 
835 840 845 

Ser Ser Glu Ala Thr Arg Gly His Ser Glu 
85 O 855 

<210> SEQ ID NO 26 
&2 11s LENGTH 2526 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<223> OTHER INFORMATION: human T1R1 G-protein coupled receptor sweet 

taste receptor (hT1R1) 

<400 SEQUENCE: 26 

atgctgcticit gcacggctic g cct ggtoggc ctdcagottc. tcatttcct g c togctgg gcc. 60 

tittgcctgcc atagdacgga gitottctoct g acttcacco toccc.ggaga ttacctoctg 120 

gcaggcct gt toccitctoca ttctggctgt citgcaggtga gg cacagacc cqaggtgacc 18O 

citgttgttgaca ggtottgtag cittcaatgag catggctacc accitctt.cca ggctato.cgg 240 
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acct ga 2526 

<210 SEQ ID NO 27 
&2 11s LENGTH 841 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<223> OTHER INFORMATION: human T1R1 G-protein coupled receptor sweet 

taste receptor (hT1R1) 

<400 SEQUENCE: 27 

Met Leu Lieu. Cys Thr Ala Arg Lieu Val Gly Lieu Gln Leu Lieu. Ile Ser 
1 5 10 15 

Cys Cys Trp Ala Phe Ala Cys His Ser Thr Glu Ser Ser Pro Asp Phe 
2O 25 3O 

Thr Lieu Pro Gly Asp Tyr Lieu Lieu Ala Gly Lieu Phe Pro Lieu. His Ser 
35 40 45 

Gly Cys Lieu Glin Val Arg His Arg Pro Glu Val Thr Lieu. Cys Asp Arg 
5 O 55 60 

Ser Cys Ser Phe Asn Glu His Gly Tyr His Leu Phe Glin Ala Met Arg 
65 70 75 8O 

Leu Gly Val Glu Glu Ile Asn. Asn. Ser Thr Ala Leu Lleu Pro Asn. Ile 
85 90 95 

Thr Lieu Gly Tyr Glin Leu Tyr Asp Val Cys Ser Asp Ser Ala Asn. Wal 
100 105 110 

Tyr Ala Thr Leu Arg Val Leu Ser Leu Pro Gly Gln His His Ile Glu 
115 120 125 

Leu Glin Gly Asp Leu Leu. His Tyr Ser Pro Thr Val Leu Ala Val Ile 
130 135 1 4 0 

Gly Pro Asp Ser Thr Asn Arg Ala Ala Thir Thr Ala Ala Lieu Lleu Ser 
145 15 O 155 160 

Pro Phe Leu Val Pro Met Ile Ser Tyr Ala Ala Ser Ser Glu Thr Leu 
1.65 170 175 

Ser Val Lys Arg Glin Tyr Pro Ser Phe Leu Arg Thr Ile Pro Asn Asp 
18O 185 19 O 

Lys Tyr Glin Val Glu Thr Met Val Leu Leu Leu Gln Lys Phe Gly Trp 
195 200 2O5 

Thir Trp Ile Ser Lieu Val Gly Ser Ser Asp Asp Tyr Gly Glin Leu Gly 
210 215 220 

Val Glin Ala Leu Glu Asn Glin Ala Thr Gly Glin Gly Ile Cys Ile Ala 
225 230 235 240 

Phe Lys Asp Ile Met Pro Phe Ser Ala Glin Val Gly Asp Glu Arg Met 
245 250 255 

Gln Cys Leu Met Arg His Leu Ala Glin Ala Gly Ala Thr Val Val Val 
260 265 27 O 

Val Phe Ser Ser Arg Gln Leu Ala Arg Val Phe Phe Glu Ser Val Val 
275 280 285 

Lieu. Thir Asn Lieu. Thr Gly Lys Val Trp Val Ala Ser Glu Ala Trp Ala 
29 O 295 3OO 

Leu Ser Arg His Ile Thr Gly Val Pro Gly Ile Glin Arg Ile Gly Met 
305 310 315 320 

Val Lieu Gly Val Ala Ile Glin Lys Arg Ala Val Pro Gly Lieu Lys Ala 
325 330 335 
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Phe Glu Glu Ala Tyr Ala Arg Ala Asp Llys Lys Ala Pro Arg Pro Cys 
340 345 35 O 

His Lys Gly Ser Trp Cys Ser Ser Asn Glin Lieu. Cys Arg Glu Cys Glin 
355 360 365 

Ala Phe Met Ala His Thr Met Pro Llys Leu Lys Ala Phe Ser Met Ser 
370 375 38O 

Ser Ala Tyr Asn Ala Tyr Arg Ala Val Tyr Ala Val Ala His Gly Lieu 
385 390 395 400 

His Glin Lieu Lieu Gly Cys Ala Ser Gly Ala Cys Ser Arg Gly Arg Val 
405 410 415 

Tyr Pro Trp Gln Leu Leu Glu Glin Ile His Lys Val His Phe Leu Leu 
420 425 43 O 

His Lys Asp Thr Val Ala Phe Asn Asp Asn Arg Asp Pro Leu Ser Ser 
435 4 40 4 45 

Tyr Asin Ile Ile Ala Trp Asp Trp Asin Gly Pro Lys Trp Thr Phe Thr 
450 455 460 

Val Leu Gly Ser Ser Thr Trp Ser Pro Val Glin Leu Asn Ile Asin Glu 
465 470 475 480 

Thr Lys Ile Glin Trp His Gly Lys Asp Asn Glin Val Pro Lys Ser Val 
485 490 495 

Cys Ser Ser Asp Cys Leu Glu Gly His Glin Arg Val Val Thr Gly Phe 
5 OO 505 51O. 

His His Cys Cys Phe Glu Cys Val Pro Cys Gly Ala Gly Thr Phe Leu 
515 52O 525 

Asn Lys Ser Asp Leu Tyr Arg Cys Glin Pro Cys Gly Lys Glu Glu Trip 
530 535 540 

Ala Pro Glu Gly Ser Glin Thr Cys Phe Pro Arg Thr Val Val Phe Leu 
545 550 555 560 

Ala Lieu Arg Glu His Thr Ser Trp Val Lieu Lieu Ala Ala Asn. Thir Lieu 
565 570 575 

Leu Lleu Lleu Lleu Lleu Lieu Gly Thr Ala Gly Lieu Phe Ala Trp His Lieu 
58O 585 59 O 

Asp Thr Pro Val Val Arg Ser Ala Gly Gly Arg Leu Cys Phe Leu Met 
595 600 605 

Leu Gly Ser Lieu Ala Ala Gly Ser Gly Ser Leu Tyr Gly Phe Phe Gly 
610 615 62O 

Glu Pro Thr Arg Pro Ala Cys Lieu Lieu Arg Glin Ala Lieu Phe Ala Lieu 
625 630 635 640 

Gly Phe Thr Ile Phe Leu Ser Cys Leu Thr Val Arg Ser Phe Glin Leu 
645 650 655 

Ile Ile Ile Phe Lys Phe Ser Thr Lys Val Pro Thr Phe Tyr His Ala 
660 665 67 O 

Trp Val Glin Asn His Gly Ala Gly Leu Phe Val Met Ile Ser Ser Ala 
675 680 685 

Ala Glin Leu Leu Ile Cys Leu Thir Trp Leu Val Val Trp Thr Pro Leu 
69 O. 695 7 OO 

Pro Ala Arg Glu Tyr Glin Arg Phe Pro His Leu Val Met Leu Glu Cys 
705 710 715 720 

Thr Glu Thr Asn Ser Leu Gly Phe Ile Leu Ala Phe Leu Tyr Asin Gly 
725 730 735 

Leu Lleu Ser Ile Ser Ala Phe Ala Cys Ser Tyr Lieu Gly Lys Asp Lieu 
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ccct tccaga gcgtogcc to citact accoc ctdcagogac agctdaagaa catccaagac 4 40 

atctoctogc acaccgtcaa caa.cacgatc cctatoticca totgttccala gaggtgc.ca.g 5 OO 

to agggcaaa agaagaagcc totgggcatc. cacgtctgct gctitcgagtg catcg actoc 560 

cittc.ccggca cct tcc to aa ccacactgaa gatgaatatgaatgc.caggc ctdcc.cgaat 62O 

aacgagtggit cottaccagag tdag acctico to cittcaagc ggcagotggit cittcc toggaa 680 

tggcatgagg cacccaccat cqctdtggcc ctdct gg.ccg ccctgggctt cotcago acc 740 

citggccatcc toggtgatatt citggaggcac titccagacac ccatagttcg citcggctggg 800 

ggc.cccatgt gct tcc tdat gctgacactg. citgctggtgg catacatggt ggtoccggtg 860 

tacgtggggc cqc coaaggit citccacct gc citctg.ccgcc aggcc ct citt tocccitctgc 920 

ttcacaattit gcatctoctd tatc.gc.cgtg cgttcttitcc agatcgtctg. c.gc.cttcaag 98O 

atggcc agcc gct tcc cacg cqcctacago tactgggtoc gottaccaggg gcc citacgto 20 40 

totatogcat ttatcacggit actcaaaatg gttcattgttgg taattgg cat gctggcc acg 2100 

ggccitcagtc. ccaccacccg tact gacccc gatgaccc.ca agatcacaat tdt citcc tot 216 O 

aaccocaact accgcaa.cag cotgctgttcaacaccagoc togg acct gct gct citcagtg 2220 

gtgg gtttca gctitc.gc.cta catgggcaaa gagctg.ccca ccaactacaa cqaggccaag 228O 

ttcatcacco toag catgac cittctattitc accitcatcc.g. tctoccitctg. caccittcatg 234. O 

totgcctaca gcggggtgct ggtoaccatc gtggaccitct togg to actdt gctica acctic 24 OO 

citggccatca gcc toggcta citt.cggcc cc aagtgctaca to atcct citt citaccc.ggag 2460 

cgcaa.cacgc cc.gc.ct actt caa.cagoatg atcCagg gct acaccatgag gagggacitag 252O 

<210 SEQ ID NO 29 
&2 11s LENGTH 839 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<223> OTHER INFORMATION: human T1R2 G-protein coupled receptor sweet 

taste receptor 

<400 SEQUENCE: 29 

Met Gly Pro Arg Ala Lys Thir Ile Cys Ser Leu Phe Phe Leu Leu Trp 
1 5 10 15 

Val Lieu Ala Glu Pro Ala Glu Asn. Ser Asp Phe Tyr Lieu Pro Gly Asp 
2O 25 3O 

Tyr Lieu Lieu Gly Gly Lieu Phe Ser Lieu. His Ala Asn Met Lys Gly Ile 
35 40 45 

Val His Leu Asin Phe Leu Glin Val Pro Met Cys Lys Glu Tyr Glu Val 
5 O 55 60 

Lys Val Ile Gly Tyr Asn Leu Met Glin Ala Met Arg Phe Ala Val Glu 
65 70 75 8O 

Glu Ile Asn. Asn Asp Ser Ser Lieu Lleu Pro Gly Val Lieu Lieu Gly Tyr 
85 90 95 

Glu Ile Val Asp Val Cys Tyr Ile Ser Asn Asn Val Glin Pro Val Leu 
100 105 110 

Tyr Phe Lieu Ala His Glu Asp Asn Lieu Lleu Pro Ile Glin Glu Asp Tyr 
115 120 125 

Ser Asn Tyr Ile Ser Arg Val Val Ala Val Ile Gly Pro Asp Asin Ser 
130 135 1 4 0 
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Glu Ser Wal Met Thr Wall Ala Asn. Phe Leu Ser Leu Phe Leu Lleu Pro 
145 15 O 155 160 

Glin Ile Thr Tyr Ser Ala Ile Ser Asp Glu Lieu Arg Asp Llys Val Arg 
1.65 170 175 

Phe Pro Ala Leu Leu Arg Thr Thr Pro Ser Ala Asp His His Val Glu 
18O 185 19 O 

Ala Met Val Glin Leu Met Leu. His Phe Arg Trp Asn Trp Ile Ile Val 
195 200 2O5 

Leu Val Ser Ser Asp Thr Tyr Gly Arg Asp Asn Gly Glin Leu Lieu Gly 
210 215 220 

Glu Arg Val Ala Arg Arg Asp Ile Cys Ile Ala Phe Glin Glu Thir Lieu 
225 230 235 240 

Pro Thr Leu Gln Pro Asn Gln Asn Met Thr Ser Glu Glu Arg Glin Arg 
245 250 255 

Leu Val Thr Ile Val Asp Lys Leu Gln Glin Ser Thr Ala Arg Val Val 
260 265 27 O 

Val Val Phe Ser Pro Asp Leu Thr Leu Tyr His Phe Phe Asin Glu Val 
275 280 285 

Leu Arg Glin Asn Phe Thr Gly Ala Val Trp Ile Ala Ser Glu Ser Trp 
29 O 295 3OO 

Ala Ile Asp Pro Val Lieu. His Asn Lieu. Thr Glu Lieu Gly His Leu Gly 
305 310 315 320 

Thr Phe Leu Gly Ile Thr Ile Glin Ser Val Pro Ile Pro Gly Phe Ser 
325 330 335 

Glu Phe Arg Glu Trp Gly Pro Glin Ala Gly Pro Pro Pro Leu Ser Arg 
340 345 35 O 

Thir Ser Glin Ser Tyr Thr Cys Asn Glin Glu Cys Asp Asn. Cys Lieu. Asn 
355 360 365 

Ala Thr Lieu Ser Phe Asn. Thir Ile Leu Arg Lieu Ser Gly Glu Arg Val 
370 375 38O 

Val Tyr Ser Val Tyr Ser Ala Val Tyr Ala Val Ala His Ala Leu. His 
385 390 395 400 

Ser Lieu Lieu Gly Cys Asp Lys Ser Thr Cys Thr Lys Arg Val Val Tyr 
405 410 415 

Pro Trp Gln Leu Lleu Glu Glu Ile Trp Llys Val Asn. Phe Thr Lieu Lieu 
420 425 43 O 

Asp His Glin Ile Phe Phe Asp Pro Glin Gly Asp Wall Ala Lieu. His Lieu 
435 4 40 4 45 

Glu Ile Val Glin Trp Gln Trp Asp Arg Ser Glin Asn Pro Phe Glin Ser 
450 455 460 

Val Ala Ser Tyr Tyr Pro Leu Glin Arg Glin Leu Lys Asn. Ile Glin Asp 
465 470 475 480 

Ile Ser Trp His Thr Val Asn Asn Thr Ile Pro Met Ser Met Cys Ser 
485 490 495 

Lys Arg Cys Glin Ser Gly Glin Lys Lys Lys Pro Val Gly Ile His Val 
5 OO 505 51O. 

Cys Cys Phe Glu Cys Ile Asp Cys Lieu Pro Gly Thr Phe Lieu. Asn His 
515 52O 525 

Thr Glu Asp Glu Tyr Glu Cys Glin Ala Cys Pro Asn. Asn. Glu Trp Ser 
530 535 540 
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Tyr Glin Ser Glu Thir Ser Cys Phe Lys Arg Gln Leu Val Phe Leu Glu 
545 550 555 560 

Trp His Glu Ala Pro Thr Ile Ala Val Ala Lieu Lleu Ala Ala Leu Gly 
565 570 575 

Phe Leu Ser Thr Leu Ala Ile Leu Val Ile Phe Trp Arg His Phe Glin 
58O 585 59 O 

Thr Pro Ile Val Arg Ser Ala Gly Gly Pro Met Cys Phe Leu Met Leu 
595 600 605 

Thr Leu Leu Leu Val Ala Tyr Met Val Val Pro Val Tyr Val Gly Pro 
610 615 62O 

Pro Llys Val Ser Thr Cys Lieu. Cys Arg Glin Ala Leu Phe Pro Lieu. Cys 
625 630 635 640 

Phe Thr Ile Cys Ile Ser Cys Ile Ala Val Arg Ser Phe Glin Ile Val 
645 650 655 

Cys Ala Phe Lys Met Ala Ser Arg Phe Pro Arg Ala Tyr Ser Tyr Trp 
660 665 67 O 

Val Arg Tyr Glin Gly Pro Tyr Val Ser Met Ala Phe Ile Thr Val Leu 
675 680 685 

Lys Met Val Ile Val Val Ile Gly Met Leu Ala Thr Gly Leu Ser Pro 
69 O. 695 7 OO 

Thir Thr Arg Thr Asp Pro Asp Asp Pro Lys Ile Thr Ile Val Ser Cys 
705 710 715 720 

Asn Pro Asn Tyr Arg Asn. Ser Lieu Lieu Phe Asn. Thir Ser Lieu. Asp Lieu 
725 730 735 

Leu Leu Ser Val Val Gly Phe Ser Phe Ala Tyr Met Gly Lys Glu Leu 
740 745 750 

Pro Thr Asn Tyr Asn Glu Ala Lys Phe Ile Thr Leu Ser Met Thr Phe 
755 760 765 

Tyr Phe Thr Ser Ser Val Ser Leu Cys Thr Phe Met Ser Ala Tyr Ser 
770 775 78O 

Gly Val Leu Val Thr Ile Val Asp Leu Leu Val Thr Val Leu Asn Leu 
785 790 795 8OO 

Leu Ala Ile Ser Leu Gly Tyr Phe Gly Pro Lys Cys Tyr Met Ile Leu 
805 810 815 

Phe Tyr Pro Glu Arg Asn Thr Pro Ala Tyr Phe Asn Ser Met Ile Glin 
820 825 83O 

Gly Tyr Thr Met Arg Arg Asp 
835 

<210 SEQ ID NO 30 
&2 11s LENGTH 2553 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<223> OTHER INFORMATION: human T1R3 G-protein coupled receptor sweet 

taste receptor (hT1R3) 

<400 SEQUENCE: 30 

atgctgggcc citctgtc.ct g g gcc toagc citctgggcto tcc tocaccc toggacgggg 60 

gccc cattgt gcc totcaca gcaacttagg atgaaggggg actacgtgct gggggggctg 120 

titcc cc citgg gcgaggcc.ga ggaggctggc citcc.gcagoc ggacacggcc cagoagcc.ct 18O 

gtgtgcacca ggttct cotc aaacggcc to citctggg cac togcc at gala aatggcc.gtg 240 
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gggalacacag galaatc aggg gaalacatgag toga 2553 

<210> SEQ ID NO 31 
&2 11s LENGTH 850 
&212> TYPE PRT 
<213> ORGANISM: Homo sapiens 
&220s FEATURE 
<223> OTHER INFORMATION: human T1R3 G-protein coupled receptor sweet 

taste receptor (hT1R3) 

<400 SEQUENCE: 31 

Met Leu Gly Pro Ala Wall Leu Gly Lieu Ser Leu Trp Ala Lieu Lieu. His 
1 5 10 15 

Pro Gly Thr Gly Ala Pro Leu. Cys Lieu Ser Glin Glin Lieu Arg Met Lys 
2O 25 3O 

Gly Asp Tyr Val Lieu Gly Gly Lieu Phe Pro Leu Gly Glu Ala Glu Glu 
35 40 45 

Ala Gly Leu Arg Ser Arg Thr Arg Pro Ser Ser Pro Val Cys Thr Arg 
5 O 55 60 

Phe Ser Ser Asn Gly Lieu Lleu Trp Ala Lieu Ala Met Lys Met Ala Wal 
65 70 75 8O 

Glu Glu Ile Asn. Asn Lys Ser Asp Leu Lleu Pro Gly Lieu Arg Lieu Gly 
85 90 95 

Tyr Asp Leu Phe Asp Thr Cys Ser Glu Pro Val Val Ala Met Lys Pro 
100 105 110 

Ser Lieu Met Phe Leu Ala Lys Ala Gly Ser Arg Asp Ile Ala Ala Tyr 
115 120 125 

Cys Asn Tyr Thr Glin Tyr Gln Pro Arg Val Leu Ala Val Ile Gly Pro 
130 135 1 4 0 

His Ser Ser Glu Leu Ala Met Val Thr Gly Lys Phe Phe Ser Phe Phe 
145 15 O 155 160 

Leu Met Pro His Tyr Gly Ala Ser Met Glu Lieu Lleu Ser Ala Arg Glu 
1.65 170 175 

Thr Phe Pro Ser Phe Phe Arg Thr Val Pro Ser Asp Arg Val Glin Leu 
18O 185 19 O 

Thr Ala Ala Ala Glu Lieu Lleu Glin Glu Phe Gly Trp Asn Trp Val Ala 
195 200 2O5 

Ala Leu Gly Ser Asp Asp Glu Tyr Gly Arg Glin Gly Lieu Ser Ile Phe 
210 215 220 

Ser Ala Lieu Ala Ala Ala Arg Gly Ile Cys Ile Ala His Glu Gly Lieu 
225 230 235 240 

Val Pro Leu Pro Arg Ala Asp Asp Ser Arg Lieu Gly Lys Val Glin Asp 
245 250 255 

Wall Leu. His Glin Wall Asn Glin Ser Ser Val Glin Wal Wall Leu Lleu Phe 
260 265 27 O 

Ala Ser Val His Ala Ala His Ala Leu Phe Asn Tyr Ser Ile Ser Ser 
275 280 285 

Arg Leu Ser Pro Lys Val Trp Val Ala Ser Glu Ala Trp Leu Thir Ser 
29 O 295 3OO 

Asp Leu Val Met Gly Leu Pro Gly Met Ala Gln Met Gly Thr Val Leu 
305 310 315 320 

Gly Phe Leu Glin Arg Gly Ala Gln Leu. His Glu Phe Pro Glin Tyr Val 
325 330 335 
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Lys Thr His Leu Ala Lieu Ala Thr Asp Pro Ala Phe Cys Ser Ala Lieu 
340 345 35 O 

Gly Glu Arg Glu Glin Gly Lieu Glu Glu Asp Val Val Gly Glin Arg Cys 
355 360 365 

Pro Glin Cys Asp Cys Ile Thr Lieu Glin Asn Val Ser Ala Gly Lieu. Asn 
370 375 38O 

His His Glin Thr Phe Ser Val Tyr Ala Ala Val Tyr Ser Val Ala Glin 
385 390 395 400 

Ala Lieu. His Asn. Thir Lieu Glin Cys Asn Ala Ser Gly Cys Pro Ala Glin 
405 410 415 

Asp Pro Wall Lys Pro Trp Glin Leu Lieu Glu Asn Met Tyr Asn Lieu. Thr 
420 425 43 O 

Phe His Val Gly Gly Lieu Pro Leu Arg Phe Asp Ser Ser Gly Asn. Wal 
435 4 40 4 45 

Asp Met Glu Tyr Asp Lieu Lys Lieu Trp Val Trp Glin Gly Ser Val Pro 
450 455 460 

Arg Lieu. His Asp Val Gly Arg Phe Asn Gly Ser Lieu Arg Thr Glu Arg 
465 470 475 480 

Leu Lys Ile Arg Trp His Thr Ser Asp Asn Glin Lys Pro Val Ser Arg 
485 490 495 

Cys Ser Arg Gln Cys Glin Glu Gly Glin Val Arg Arg Val Lys Gly Phe 
5 OO 505 51O. 

His Ser Cys Cys Tyr Asp Cys Val Asp Cys Glu Ala Gly Ser Tyr Arg 
515 52O 525 

Glin Asn Pro Asp Asp Ile Ala Cys Thr Phe Cys Gly Glin Asp Glu Trp 
530 535 540 

Ser Pro Glu Arg Ser Thr Arg Cys Phe Arg Arg Arg Ser Arg Phe Lieu 
545 550 555 560 

Ala Trp Gly Glu Pro Ala Val Lieu Lleu Lleu Lleu Lleu Lleu Lleu Ser Lieu 
565 570 575 

Ala Leu Gly Lieu Val Lieu Ala Ala Lieu Gly Lieu Phe Wal His His Arg 
58O 585 59 O 

Asp Ser Pro Leu Val Glin Ala Ser Gly Gly Pro Leu Ala Cys Phe Gly 
595 600 605 

Leu Val Cys Lieu Gly Lieu Val Cys Lieu Ser Val Lieu Lleu Phe Pro Gly 
610 615 62O 

Glin Pro Ser Pro Ala Arg Cys Lieu Ala Glin Glin Pro Leu Ser His Lieu 
625 630 635 640 

Pro Leu Thr Gly Cys Leu Ser Thr Leu Phe Leu Glin Ala Ala Glu Ile 
645 650 655 

Phe Val Glu Ser Glu Lieu Pro Leu Ser Trp Ala Asp Arg Lieu Ser Gly 
660 665 67 O 

Cys Lieu Arg Gly Pro Trp Ala Trp Lieu Val Val Lieu Lleu Ala Met Lieu 
675 680 685 

Val Glu Val Ala Leu Cys Thir Trp Tyr Leu Val Ala Phe Pro Pro Glu 
69 O. 695 7 OO 

Val Val Thr Asp Trp His Met Leu Pro Thr Glu Ala Leu Val His Cys 
705 710 715 720 
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Arg Thr Arg Ser Trp Val Ser Phe Gly Leu Ala His Ala Thr Asn Ala 
725 730 735 

Thr Leu Ala Phe Leu Cys Phe Leu Gly Thr Phe Leu Val Arg Ser Glin 
740 745 750 

Pro Gly Cys Tyr Asn Arg Ala Arg Gly Lieu. Thr Phe Ala Met Leu Ala 
755 760 765 

Tyr Phe Ile Thr Trp Val Ser Phe Val Pro Leu Leu Ala Asn Val Glin 
770 775 78O 

Val Val Lieu Arg Pro Ala Val Glin Met Gly Ala Lieu Lleu Lieu. Cys Val 
785 790 795 8OO 

Leu Gly Ile Leu Ala Ala Phe His Leu Pro Arg Cys Tyr Lieu Lleu Met 
805 810 815 

Arg Glin Pro Gly Leu Asn Thr Pro Glu Phe Phe Leu Gly Gly Gly Pro 
820 825 83O 

Gly Asp Ala Glin Gly Glin Asn Asp Gly Asn Thr Gly Asn Glin Gly Lys 
835 840 845 

His Glu 
85 O 

<210> SEQ ID NO 32 
&2 11s LENGTH 200 
&212> TYPE PRT 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence:poly Gly 

flexible linker 
&220s FEATURE 
<221 NAME/KEY: MODRES 
<222> LOCATION: (6) ... (200) 
<223> OTHER INFORMATION: Gly residues from position 6 to 200 may be 

present or absent 

<400 SEQUENCE: 32 

Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly 
1 5 O 5 
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Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly Gly 
18O 185 

Gly Gly Gly Gly Gly Gly Gly Gly 
195 200 

What is claimed is: 

1. An isolated homodimeric taste receptor, the receptor 
comprising two T1R3 polypeptides, wherein the T1R3 
polypeptide is encoded by a nucleotide Sequence that 
hybridizes under highly Stringent hybridization conditions to 
a nucleotide Sequence encoding an amino acid Sequence of 
SEQ ID NO:15, 20, 23, 25, or 31. 

2. The isolated receptor of claim 1, wherein the T1R3 
polypeptide comprises an amino acid Sequence of SEQ ID 
NO:15, 20, 23, 25, or 31. 

3. The isolated receptor of claim 1, wherein the T1R3 
polypeptide is encoded by a nucleotide Sequence comprising 
SEQ ID NO:14, 19, 22, 24, or 30. 

4. The isolated receptor of claim 1, wherein the T1R3 
polypeptides are non-covalently linked. 

5. The isolated receptor of claim 1, wherein the T1R3 
polypeptides are covalently linked. 

6. The isolated receptor of claim 1, wherein the receptor 
binds to Sweet taste ligands. 

7. The isolated receptor of claim 6, wherein the Sweet 
taste ligand is a naturally occurring Sugar Selected from the 
group consisting of glucose, fructose, galactose, Sucrose, 
maltose, and lactose. 

8. The isolated receptor of claim 1, wherein the receptor 
has G protein coupled receptor activity. 

9. The isolated receptor of claim 1, wherein the receptor 
specifically binds to antibodies raised against SEQ ID 
NO:15, 20, 23, 25, or 31. 

10. The isolated receptor of claim 1, wherein the T1R3 
polypeptides are recombinant. 

11. A host cell comprising the isolated receptor of claim 
10, wherein the host cell does not express T1R1 or T1R2. 

12. An isolated homodimeric taste receptor, the receptor 
consisting of two T1R3 polypeptides, wherein the T1R3 
polypeptide is encoded by a nucleotide Sequence that has 
90% identity to a nucleotide Sequence encoding an amino 
acid sequence of SEQ ID NO:15, 20, 23, 25, or 31. 

13. An isolated monomeric taste receptor, the receptor 
consisting of one T1R3 polypeptide, wherein the T1R3 
polypeptide is encoded by a nucleotide Sequence that 
hybridizes under highly Stringent hybridization conditions to 
a nucleotide Sequence encoding an amino acid Sequence of 
SEQ ID NO:15, 20, 23, 25, or 31. 

14. The isolated receptor of claim 13, wherein the T1R3 
polypeptide comprises an amino acid Sequence of SEQ ID 
NO:15, 20, 23, 25, or 31. 

15. The isolated receptor of claim 13, wherein the T1R3 
polypeptide is encoded by a nucleotide Sequence comprising 
SEQ ID NO:14, 19, 22, 24, or 30. 

16. The isolated receptor of claim 13, wherein the receptor 
binds to Sweet taste ligands. 

17. The isolated receptor of claim 13, wherein the Sweet 
taste ligand is a naturally occurring Sugar Selected from the 
group consisting of glucose, fructose, galactose, Sucrose, 
maltose, and lactose. 

18. The isolated receptor of claim 13, wherein the receptor 
has G protein coupled receptor activity. 

19. The isolated receptor of claim 13, wherein the T1R3 
polypeptide is recombinant. 

20. A host cell comprising the isolated receptor of claim 
19, wherein the host cell does not express T1R1 or T1R2. 

21. A host cell expressing a recombinant taste receptor, 
the receptor comprising a T1R3 polypeptide, wherein the 
T1R3 polypeptide is encoded by a nucleotide Sequence that 
hybridizes under highly Stringent hybridization conditions to 
a nucleotide Sequence encoding an amino acid Sequence of 
SEQ ID NO:15, 20, 23, 25, or 31, wherein the cell does not 
express T1R1 or T1R2. 

22. A method of identifying a compound that modulates 
taste Signal transduction in taste cells, the method compris 
ing the Steps of 

(i) contacting the compound with a homodimeric taste 
receptor comprising two T1R3 polypeptides, wherein 
the T1R3 polypeptide is encoded by a nucleotide 
Sequence that hybridizes under highly Stringent hybrid 
ization conditions to a nucleotide Sequence encoding an 
amino acid sequence of SEQ ID NO:15, 20, 23, 25 or 
31; and 

(ii) determining the functional effect of the compound 
upon the receptor, thereby identifying a compound that 
modulates taste Signal transduction. 

23. The method of claim 22, wherein the T1R3 polypep 
tides are non-covalently linked. 

24. The method of claim 22, wherein the T1R3 polypep 
tides are covalently linked. 

25. The method of claim 22, wherein the receptor is 
recombinant. 

26. The method of claim 22, wherein the receptor has G 
protein coupled receptor activity. 

27. The method of claim 22, wherein the functional effect 
is measured in vitro. 

28. The method of claim 27, wherein the functional effect 
is a physical effect. 

29. The method of claim 27, wherein the receptor is linked 
to a Solid phase. 

30. The method of claim 27, wherein the functional effect 
is determined by measuring binding of a compound to the 
receptor. 

31. The method of claim 30, wherein the functional effect 
is determined by measuring binding of a compound to the 
extracellular domain of the receptor. 

32. The method of claim 22, wherein the receptor is 
expressed in a cell or cell membrane, wherein the cell does 
not express T1R1 or T1R2. 
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33. The method of claim 32, wherein the functional effect 
is a physical effect. 

34. The method of claim 33, wherein the functional effect 
is determined by measuring ligand binding to the receptor. 

35. The method of claim 34, wherein the functional effect 
is determined by measuring binding of a compound to the 
extracellular domain of the receptor. 

36. The method of claim 32, wherein the functional effect 
is a chemical or phenotypic effect. 

37. The method of claim 36, wherein the functional effect 
is determined by measuring changes in intracellular cAMP, 
IP3, or Ca". 

38. The method of claim 32, wherein the cell is a 
mammalian cell. 

39. The method of claim 38, wherein the cell is a human 
cell. 

40. A method of identifying a compound that modulates 
taste Signal transduction in taste cells, the method compris 
ing the Steps of 

(i) contacting the compound with cell expressing a 
homodimeric taste receptor comprising two T1R3 
polypeptides, wherein the T1R3 polypeptide is encoded 
by a nucleotide Sequence that hybridizes under highly 
Stringent hybridization conditions to a nucleotide 
Sequence encoding an amino acid Sequence of SEQ ID 
NO:15, 20, 23, 25, or 31; wherein the cell does not 
express T1R1 and T1R2; and 

(ii) determining the functional effect of the compound 
upon the receptor, thereby identifying a compound that 
modulates taste Signal transduction. 

41. The method of claim 40, wherein the T1R3 polypep 
tides are non-covalently linked. 

42. The method of claim 40, wherein the T1R3 polypep 
tides are covalently linked. 

43. A method of identifying a compound that modulates 
taste Signal transduction in taste cells, the method compris 
ing the Steps of 

(i) contacting the compound with a monomeric taste 
receptor comprising one T1R3 polypeptide, wherein 
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the T1R3 polypeptide is encoded by a nucleotide 
Sequence that hybridizes under highly Stringent hybrid 
ization conditions to a nucleotide Sequence encoding an 
amino acid sequence of SEQ ID NO:15, 20, 23, 25 or 
31; and 

(ii) determining the functional effect of the compound 
upon the receptor, thereby identifying a compound that 
modulates taste Signal transduction. 

44. A method of identifying a compound that modulates 
taste Signal transduction in taste cells, the method compris 
ing the Steps of 

(i) contacting the compound with cell expressing a mono 
meric taste receptor comprising one T1R3 polypeptide, 
wherein the T1R3 polypeptide is encoded by a nucle 
otide Sequence that hybridizes under highly Stringent 
hybridization conditions to a nucleotide Sequence 
encoding an amino acid sequence of SEQ ID NO:15, 
20, 23, 25, or 31; wherein the cell does not express 
T1R1 or T1R2; and 

(ii) determining the functional effect of the compound 
upon the receptor, thereby identifying a compound that 
modulates taste Signal transduction. 

45. A method of identifying a compound that modulates 
taste Signal transduction in taste cells, the method compris 
ing the Steps of 

(i) contacting the compound with cell expressing a taste 
receptor comprising a T1R3 polypeptide, wherein the 
T1R3 polypeptide is encoded by a nucleotide Sequence 
that hybridizes under highly stringent hybridization 
conditions to a nucleotide Sequence encoding an amino 
acid sequence of SEQ ID NO:15, 20, 23, 25, or 31; 
wherein the cell does not express T1R1 and T1R2; and 

(ii) determining the functional effect of the compound 
upon the receptor, thereby identifying a compound that 
modulates taste Signal transduction. 


