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PHENYLTHIOCARBAMIDE (PTC) TASTE 
RECEPTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a § 371 US. National Stage of PCT/US02/23172, 
?led Jul. 19, 2002 (published in English under PCT Article 
21(2)), Which in turn claims priority to US. Provisional 
Application No. 60/306,991, ?led Jul. 20, 2001. Both appli 
cations are incorporated herein in their entirety. 

FIELD OF THE INVENTION 

The invention provides isolated nucleic and amino acid 
sequences of a taste cell receptor that serves as a sensor for 
the bitter taste of phenylthiocarbamide (PTC), antibodies to 
such PTC taste receptor, methods of detecting such nucleic 
and amino acid sequences, and methods of screening for 
modulators of such PTC taste receptor. 

BACKGROUND OF THE INVENTION 

The ability to taste the bitter compound phenylthiocarba 
mide (PTC) and related chemicals is bimodal, and all human 
populations tested to date contain some people Who can 
(tasters) and some people Who cannot taste (nontasters) 
PTC, e.g., the frequency of tasters in North Americans of 
European ancestry is about 67%. Why this trait has been 
maintained in the population is uncertain but this polymor 
phism may have evolved as a key defense mechanism 
against the ingestion of harmful substances. The gene that 
gives rise to this phenotype is unknown, and its character 
iZation Would permit insights into the mechanism of bitter 
taste perception and screening for modulators of taste that 
Would be useful in the pharmaceutical, food, and beverage 
industries to customiZe taste. 

SUMMARY OF THE INVENTION 

The present invention relates to the discovery, identi?ca 
tion and characterization of nucleotides that encode PTC 
taste receptor, a receptor protein that serves as a sensor for 
the bitter taste of phenylthiocarbamide (PTC). The invention 
encompasses PTC taste receptor nucleotides, host cell 
expression systems, PTC taste receptor proteins, fusion 
proteins, polypeptides and peptides, antibodies to the recep 
tor, transgenic animals that express a PTC taste receptor 
transgene, or recombinant knock-out animals that do not 
express the PTC taste receptor, antagonists and agonists of 
the receptor, and other compounds that modulate PTC taste 
receptor gene expression or PTC taste receptor activity that 
can be used to block or promote the perception of bitterness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs human taster PTC taste receptor cDNA 
sequence (SEQ ID NO: 1) and the deduced amino acid 
sequence (SEQ ID NO: 2) of human PTC taste receptor. 

FIG. 2 shoWs human nontaster PTC taste receptor cDNA 
sequence (SEQ ID NO: 3) and the deduced amino acid 
sequence (SEQ ID NO: 4) of human PTC taste receptor. 

FIG. 3 is a schematic representation of the PTC taste 
receptor protein shoWing the seven transmembrane domains, 
the extracellular and intracellular domains, and the localiZa 
tion of the Ala/Pro mutation at amino acid 49 (SEQ ID NO: 
2), Which occurs in the ?rst intracellular domain adjacent to 
the second transmembrane domain. 
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2 
FIG. 4 shoWs sequence alignment of the PTC taste 

receptor and other mammalian bitter taste receptors, all 
members of the T2R family as described by Adler et al. 2000 
Cell 100:693-702. The pre?xes on these genes are hihu 
man, rirat, mimouse. The alanine mutation in the PTC 
taste receptor, Which causes the nontaster phenotype in 
humans, is indicated in the sequence at position # 49. PTC 
geneiSEQ ID NO: 4; hT2R1i SEQ ID NO: 5; rT2R1i 
SEQ ID NO: 6; mT2R19i SEQ ID NO: 7; hT2R3i SEQ 
ID NO: 8; hT2R4i SEQ ID NO: 9; mT2R8i SEQ ID NO: 
10; hT2R5i SEQ ID NO: 11. 

FIG. 5 shoWs Utah families that shoW linkage betWeen the 
inability to taste PTC and markers on chromosome 7. 
Circlesifemales, squaresimales. Black symbolsiPTC 
nontasters, open symbolsiPTC tasters. Mother and Father, 
on the upper line, give rise to children, shoWn on the loWer 
line. Beneath each symbol (person) is the amino acid at 
position 49 in the PTC taste receptor gene that is encoded in 
their genomic DNA. As expected for a Mendelian trait, 
everyone Who has tWo copies of the alanine is a nontaster, 
While everyone With at least one gene encoding the proline 
is a taster. 

FIG. 6A shoWs statistical signi?cance of allelic associa 
tion across the chromosome 7 region. Chi-square p values 
comparing SNP allele frequencies in 23 unrelated non 
tasters With the frequencies in 23 unrelated tasters, calcu 
lated using 1 degree of freedom and Yates correction for 
continuity. X axis: p values logl0 scale, Y axis: physical 
location on chromosome 7q; location in base pairs, +140 
million according to NCBI genome database as of March, 
2002. For example, location 6.5><106:146,500,000 base 
pairs from pter. Plot smoothed using a rolling average of 
each 3 successive data points. Dotted line indicates signi? 
cance level p:0.05. A sharp peak of signi?cance, p<10_8, 
occurs at 149,900,000 base pairs, the location of the PTC 
gene. 

FIG. 6B shoWs allelic excess across the chromosome 7 
region. X axis: allelic excess:frequency of the non-taster 
associated allele in non-tasters minus its frequency in tast 
ers, Y axis: physical location on chromosome 7q; location in 
base pairs, +140 million according to NCBI genome data 
base as of March, 2002. For example, location 6.5><106:146, 
500,000 base pairs from pter, plot unsmoothed. Peak of 
allelic excess observed at 145,900,000 base pairs, the loca 
tion of the PTC gene. 

FIG. 7 shoWs allele sharing in unrelated non-taster indi 
viduals. Single nucleotide polymorphisms in clone 
AC073647.9 typed in a group of 37 unrelated non-taster 
(PTC taste scores of <6) individuals. The physical locations 
of the polymorphisms Within this clone are indicated in roW 
2, beginning With SNP06 (2), located at base pair 17,729 
Within this clone and ending With SNP24, located at base 
pair 121,243 Within this clone. The alleles and the allele 
frequency for each polymorphism are shoWn. The boxes 
marked in dark grey shoW three SNPs Within the candidate 
gene, located at base pairs 55283, 55923, and 56024, respec 
tively. The boxes marked in light grey shoW regions of 
de?nitive haplotype shared among unrelated non-taster indi 
viduals. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

General 

PTC taste receptor, described for the ?rst time herein, is 
a novel taste receptor, Which serves as a sensor for the bitter 
taste of phenylthiocarbamide (PTC). PTC taste receptor is a 
transmembrane G protein-coupled protein that spans the 
membrane 7 times and belongs to the family of T2R taste 
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receptors. These cell surface receptors interact With tastants 
and initiate signalling cascades that culminate in neurotrans 
mitter release. 

The invention encompasses the use of PTC taste receptor 
nucleotides, PTC taste receptor proteins and peptides, as 
Well as antibodies to the PTC taste receptor (Which can, for 
example, act as PTC taste receptor agonists or antagonists), 
antagonists that inhibit receptor activity or expression, or 
agonists that activate receptor activity or increase its expres 
sion. 

In particular, the invention described in the sections beloW 
encompasses PTC taste receptor, polypeptides or peptides 
corresponding to functional domains of the PTC taste recep 
tor, e.g., extracellular domains (ECDs), transmembrane 
domains (TMDs) or cytoplasmic domains (CDs), mutated, 
truncated or deleted PTC taste receptors (e.g., a PTC taste 
receptor With one or more functional domains or portions 
thereof deleted), PTC taste receptor fusion proteins (e.g., a 
PTC taste receptor or a functional domain of PTC taste 
receptor, such as an ECD, fused to an unrelated protein or 
peptide such as an immunoglobulin constant region, i.e., 
IgFc), nucleotide sequences encoding such products, and 
host cell expression systems that can produce such PTC taste 
receptor products. 

The invention also encompasses antibodies and anti 
idiotypic antibodies (including Fab fragments), antagonists 
and agonists of the PTC taste receptor, as Well as compounds 
or nucleotide constructs that inhibit expression of the PTC 
taste receptor gene (transcription factor inhibitors, antisense 
and riboZyme molecules, or gene or regulatory sequence 
replacement constructs), or promote expression of PTC taste 
receptor (e.g., expression constructs in Which PTC taste 
receptor coding sequences are operatively associated With 
expression control elements such as promoters, promoter/ 
enhancers, etc.). The invention also relates to host cells and 
animals genetically engineered to express the human PTC 
taste receptor (or mutants thereof) or to inhibit or “knock 
out” expression of the animal’s endogenous PTC taste 
receptor. 

The PTC taste receptor proteins or peptides, PTC taste 
receptor fusion proteins, PTC taste receptor nucleotide 
sequences, host cell expression systems, antibodies, antago 
nists, agonists and genetically engineered cells and animals 
can be used for screening for compounds effective in block 
ing or promoting bitter taste. The use of engineered host 
cells and/or animals may offer an advantage in that such 
systems alloW not only for the identi?cation of compounds 
that bind to a ECD of the PTC taste receptor, but can also 
identify compounds that affect the signal transduced by the 
activated PTC taste receptor. 

Finally, the PTC taste receptor protein products (e.g., 
soluble derivatives such as peptides corresponding to a PTC 
taste receptor ECD, or truncated polypeptides lacking a 
TMD) and fusion protein products (especially PTC taste 
receptor-Ig fusion proteins, i.e., fusions of the PTC taste 
receptor or a domain of the PTC taste receptor, e.g., ECD, 
TMD to an IgFc), antibodies and anti-idiotypic antibodies 
(including Fab fragments), antagonists or agonists (includ 
ing compounds that modulate signal transduction Which 
may act on doWnstream targets in the PTC taste receptor 
signal transduction pathWay) can be used for blocking or 
promoting bitter taste. 

The inhibitors of the invention may be used to enhance the 
?avor of foods, beverages, and pharmaceuticals by decreas 
ing or eliminating bitter taste features. The inhibitors of the 
invention could increase food intake in humans or livestock. 
Moreover, inhibitors of the invention could render pharma 
ceutical or medical therapies involving bitter compositions 
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4 
more palatable, and improve compliance in drug regimens 
involving bitter tastants, particularly When administered to 
children. 
The mimics of the invention may be used to Worsen the 

?avor of foods, beverages, and pharmaceuticals by increas 
ing or facilitating bitter taste features. Non-toxic bitter 
compounds could be used as additives to provoke a desired 
aversive response, for example, to discourage ingestion of 
compositions containing these compounds by children, ani 
mals, or pests. 
The invention is based on the surprising discovery of a 

neW member of the T2R gene family, Which is generally 
knoWn to be involved in bitter taste sensation, and on the 
equally surprising discovery of a mutation in the gene that 
correlates With the inability to taste PTC. Resources from 
so-called CEPH families are administered by the Centre 
d’Etudes Polymorphisme d’Humain (CEPH, Center for the 
Study of Human Polymorphisms) in Paris, France. TWenty 
CEPH families Were contacted and evaluated for the ability 
to taste PTC. Nine of the families had members Where some 
Were tasters and others Were nontasters. Four of the 9 
families shoW linkage to markers on the long arm of 
chromosome 7 (7q35-36) in the immediate vicinity of the 
KEL blood group antigen gene. 

High resolution genotyping of the four families display 
ing linkage to chromosome 7 using additional markers in the 
KEL region identi?ed markers across a region of approxi 
mately 7 Mb of genomic DNA that absolutely co-inherited 
With PTC taste blindness in these families, and thus de?ned 
a critical region in Which the PTC nontaster gene resides. 
The KEL blood antigen gene also lies in this interval of 
DNA, Which resides at 7q35-36. Examination of the emerg 
ing DNA sequence of the human genome, Contig GenBank 
accession no. AC073647.7, clone RPl l -707Fl4, established 
the presence of a neW member of the T2R family, Which has 
not been previously described, and Which We designated 
PTC taste receptor. The PTC taste receptor gene sequence is 
shoWn in FIG. 1 (SEQ ID NO: 1). DNA sequencing in this 
gene identi?ed an apparent mutation in some members of 
the chromosome 7-linked families shoWn in FIG. 2 (SEQ ID 
NO: 3). When present, this mutation causes the amino acid 
proline at position 49 to be replaced by an alanine (i.e., the 
nucleotide cytosine “c” at position 145 is replaced by 
guanine “g”). DNA sequencing in the chromosome 7-linked 
families shoWed exact segregation of homoZygosity for the 
alanine form With the inability to taste PTC, folloWing 
Mendel’s laWs of inheritance (FIG. 5). 

Statistical con?dence in the association betWeen the ala 
nine mutation and PTC tasteblindness Was quanti?ed using 
a LOD score. A LOD score of 3, indicating linkage is 
1,000-fold more likely than non-linkage, is the standard 
level for proof in the ?eld. The LOD score for linkage of the 
alanine mutation to the PTC tasteblindness in these four 
families is over 7, Which corresponds to a likelihood of 
linkage that is 10,000-fold greater than that typically 
accepted for demonstration of linkage. 

Referring to FIGS. 3 and 4, the PTC taste receptor, like 
other members of the T2R bitter taste receptor family, is a G 
protein-coupled receptor characteriZed by 7 transmembrane 
domains. In contrast to TlR5, Which belong to the super 
family of G protein-coupled receptors having a large N-ter 
minal domain, the PTC taste receptor has only a short 
extracellular N terminus. While individual members of the 
T2R family exhibit 30%-70% amino acid identity, the amino 
acid identity betWeen the PTC taste receptor and the other 
T2R proteins is less than 30%. The most highly conserved 
sequence motifs reside in the ?rst and last transmembrane 
segments, and also in the second cytoplasmic loop. The most 
divergent regions are the extracellular segments, extending 
partWay into the transmembrane helices, presumably re?ect 
ing the need to recogniZe many structurally diverse ligands. 



US 7,314,725 B2 
5 

The crucial alanine occurs in the ?rst intracellular domain at 
amino acid 49, and is adjacent to the second transmembrane 
domain. 

Various aspects of the invention are described in greater 
detail in the sections beloW. 

De?nitions 

The term “isolated” requires that a material be removed 
from its original environment (e.g., the natural environment 
if it is naturally occurring). For example, a naturally occur 
ring polynucleotide or polypeptide present in a living cell is 
not isolated, but the same polynucleotide or polypeptide, 
separated from some or all of the coexisting materials in the 
natural system, is isolated. 

The term “puri?ed” does not require absolute purity; 
rather it is intended as a relative de?nition, With reference to 
the purity of the material in its natural state. Puri?cation of 
natural material to at least one order of magnitude, prefer 
ably tWo or three magnitudes, and more preferably four or 
?ve orders of magnitude is expressly contemplated. 

The term “enriched” means that the concentration of the 
material is at least about 2, 5, 10, 100, or 1000 times its 
natural concentration (for example), advantageously 0.01% 
by Weight. Enriched preparations of about 0.5%, 1%, 5%, 
10%, and 20% by Weight are also contemplated. 

The PTC Taste Receptor Gene 

The cDNA sequence (SEQ ID NO: 1) and deduced amino 
acid sequence (SEQ ID NO: 2) of the PTC taste receptor (of 
tasters) are shoWn in FIG. 1. The cDNA sequence (SEQ ID 
NO: 3) and deduced amino acid sequence (SEQ ID NO: 4) 
of the PTC taste receptor (of nontasters) are shoWn in FIG. 
2. The “Wild-type” form contains the amino acid proline at 
amino acid position 49, While the “mutant” form contains an 
alanine at this position (i.e., the Wild-type form contains the 
nucleotide “c” at position 145, While the mutant form 
contains “g” at this position). Tasteblindness is an autosomal 
recessive trait caused by a proline to alanine mutation at 
position 49 of the PTC taste receptor on both of the 
individual’s chromosomes. 

The PTC taste receptor nucleotide sequences of the inven 
tion include: (a) the DNA sequences shoWn in FIGS. 1 (SEQ 
ID NO: 1) and 2 (SEQ ID NO: 3); (b) nucleotide sequences 
that encode the amino acid sequences shoWn in FIG. 1 (SEQ 
ID NO: 2) and 2 (SEQ ID NO: 4); (c) any nucleotide 
sequence that hybridiZes to the complement of the DNA 
sequences that encode the amino acid sequence shoWn in 
FIG. 1 (SEQ ID NO: 2) and 2 (SEQ ID NO: 4) under highly 
stringent conditions, e. g., hybridiZation to ?lter-bound DNA 
in 0.5 M NaHPO4, 7% sodium dodecyl sulfate (SDS), 1 mM 
EDTA at 65° C., and Washing in 0.1><SSC/0.1% SDS at 68° 
C. (Ausubel F. M. et al. eds. 1989 Current Protocols in 
Molecular Biology Vol. I, Green Publishing Associates, Inc., 
and John Wiley & sons, Inc., NeW York, at p. 2.10.3) and 
encodes a functionally equivalent gene product; and (d) any 
nucleotide sequence that hybridiZes to the complement of 
the DNA sequences that encode the amino acid sequence 
shoWn in FIG. 1 (SEQ ID NO: 2) and 2 (SEQ ID NO: 4) 
under less stringent conditions, such as moderately stringent 
conditions, e.g., Washing in 0.2><SSC/0.1% SDS at 42° C. 
(Ausubel et al. eds. 1989 Current Protocols in Molecular 
Biology Vol. I, Green Publishing Associates, Inc., and John 
Wiley & sons, Inc., NeW York, at p. 2.10.3), yet Which still 
encodes a functionally equivalent PTC taste receptor gene 
product. Functional equivalents of the PTC taste receptor 
include naturally occurring PTC taste receptor present in 
other species, and mutant PTC taste receptors Whether 
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6 
naturally occurring or engineered. The invention also 
includes degenerate variants of sequences (a) through (d). 
The invention also includes nucleic acid molecules, pref 

erably DNA molecules that hybridiZe to, and are therefore 
the complements of, the nucleotide sequences (a) through 
(d), in the preceding paragraph. Such hybridiZation condi 
tions may be highly stringent or less highly stringent, as 
described above. In instances Wherein the nucleic acid 
molecules are deoxyoligonucleotides (“oligos”), highly 
stringent conditions may refer, e.g., to Washing in 6><SSC/ 
0.05% sodium pyrophosphate at 37° C. (for 14-base oligos), 
48° C. (for 17-base oligos), 55° C. (for 20-base oligos), and 
60° C. (for 23-base oligos). These nucleic acid molecules 
may encode or act as PTC taste receptor antisense mol 
ecules, useful, for example, in PTC taste receptor gene 
regulation (and/or as antisense primers in ampli?cation 
reactions of PTC taste receptor gene nucleic acid 
sequences). Further, such sequences may be used as part of 
riboZyme and/or triple helix sequences, also useful for PTC 
taste receptor gene regulation. Still further, such molecules 
may be used as components of diagnostic methods Whereby, 
for example, the presence of the “Wild-type” or “mutant” 
PTC taste receptor allele responsible for causing the taster or 
nontaster phenotype may be detected. 

In addition to the PTC taste receptor nucleotide sequences 
described above, full length PTC taste receptor cDNA or 
gene sequences present in the same species and/or homologs 
of the PTC taste receptor gene present in other species can 
be identi?ed and readily isolated, Without undue experimen 
tation, by molecular biological techniques Well knoWn in the 
art. The identi?cation of homologs of PTC taste receptor in 
related species can be useful for developing animal model 
systems more closely related to humans for purposes of drug 
discovery. For example, expression libraries of cDNAs 
synthesiZed from lingual epithelium mRNA derived from 
the organism of interest can be screened using labeled PTC. 
Alternatively, such cDNA libraries, or genomic DNA librar 
ies derived from the organism of interest can be screened by 
hybridiZation using the nucleotides described herein as 
hybridiZation or ampli?cation probes. Using a computer 
program such as BLAST or BLASTN, electronic sequence 
database search tools can be employed Where the programs 
provide a “default” opening penalty and a “default” gap 
penalty, and a scoring matrix such as PAM 250 (a standard 
scoring matrix, see Dayholf et al. in: Atlas of Protein 
Sequence and Structure, vol. 5, sup. 3, 1978). Furthermore, 
genes at other genetic loci Within the genome that encode 
proteins Which have extensive homology to one or more 
domains of the PTC taste receptor gene product can also be 
identi?ed via similar techniques. In the case of cDNA 
libraries, such screening techniques can identify clones 
derived from alternatively spliced transcripts in the same or 
different species. 

Screening can be by ?lter hybridiZation, using duplicate 
?lters. The labeled probe can contain at least 15-30 base 
pairs of the PTC taste receptor nucleotide sequence, as 
shoWn in FIG. 1 (SEQ ID NO: 1) and 2 (SEQ ID NO: 3). The 
hybridiZation Washing conditions used should be of a loWer 
stringency When the cDNA library is derived from an 
organism different from the type of organism from Which the 
labeled sequence Was derived. With respect to the cloning of 
a mouse PTC taste receptor homolog, using human PTC 
taste receptor probes, for example, hybridiZation can, for 
example, be performed at 65° C. overnight in Church’s 
buffer (7% SDS, 250 mM NaHPO4, 2 uM EDTA, 1% BSA). 
Washes can be done With 2><SSC, 0.1% SDS at 65° C. and 
then at 0.1><SSC, 0.1% SDS at 65° C. 
LoW stringency conditions are Well knoWn to those of 

skill in the art, and Will vary predictably depending on the 
speci?c organisms from Which the library and the labeled 
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sequences are derived. For guidance regarding such condi 
tions see, for example, Sambrook et al. 1989 Molecular 
Cloning, A Laboratory Manual, Cold Springs Harbor Press, 
N.Y.; and Ausubel et al. 1989 Current Protocols in Molecu 
lar Biology Green Publishing Associates and Wiley Inter 
science, N.Y. 

Alternatively, the labeled PTC taste receptor nucleotide 
probe may be used to screen a genomic library derived from 
the organism of interest, again, using appropriately stringent 
conditions. The identi?cation and characterization of human 
genomic clones is helpful for designing drug screening 
protocols for identifying bitter taste blockers or mimics. For 
example, sequences derived from regions adjacent to the 
intron/exon boundaries of the human gene can be used to 
design primers for use in ampli?cation assays to detect 
mutations Within the exons, introns, splice sites (e.g., splice 
acceptor and/or donor sites), etc., that can be used in 
diagnostics, although the PTC taste receptor described 
herein does not contain introns that interrupt coding regions. 

Further, a PTC taste receptor gene homolog may be 
isolated from nucleic acid of the organism of interest by 
performing PCR using tWo degenerate oligonucleotide 
primer pools designed on the basis of amino acid sequences 
Within the PTC taste receptor gene product disclosed herein. 
The template for the reaction may be cDNA obtained by 
reverse transcription of mRNA prepared from, for example, 
human or non-human cell lines or tissue, such as lingual 
epithelium, knoWn or suspected to express a PTC taste 
receptor gene allele. 

The PCR product may be subcloned and sequenced to 
ensure that the ampli?ed sequences represent the sequences 
of a PTC taste receptor gene. The PCR fragment may then 
be used to isolate a full-length cDNA clone by a variety of 
methods. For example, the ampli?ed fragment may be 
labeled and used to screen a cDNA library, such as a 
bacteriophage cDNA library. Alternatively, the labeled frag 
ment may be used to isolate genomic clones via the screen 
ing of a genomic library. 
PCR technology may also be utilized to isolate full-length 

cDNA sequences. For example, RNA may be isolated, 
folloWing standard procedures, from an appropriate cellular 
or tissue source (i.e., one knoWn, or suspected, to express the 
PTC taste receptor gene, such as, for example, lingual 
epithelium). A reverse transcription reaction may be per 
formed on the RNA using an oligonucleotide primer speci?c 
for the most 5' end of the ampli?ed fragment for the priming 
of ?rst strand synthesis. The resulting RNA/DNA hybrid 
may then be “tailed” With guanines using a standard terminal 
transferase reaction, the hybrid may be digested With 
RNAase H, and second strand synthesis may then be primed 
With a poly-C primer. Thus, cDNA sequences upstream of 
the ampli?ed fragment may easily be isolated. For a revieW 
of cloning strategies, Which may be used, see, e.g., Sam 
brook et al. 1989 Molecular Cloning, A Laboratory Manual, 
Cold Springs Harbor Press, NY. 

The PTC taste receptor gene sequences may additionally 
be used to isolate mutant PTC taste receptor gene alleles. 
Such mutant alleles may be isolated from individuals knoWn 
or proposed to have a genotype that contributes to the 
symptoms of bitter tasteblindness. Mutant alleles and mutant 
allele products may then be utilized in the screening systems 
described beloW. Additionally, such PTC taste receptor gene 
sequences can be used to detect PTC taste receptor gene 
regulatory (e.g., promoter or promoter/enhancer) effects, 
which can a?fect sensitivity to bitter taste. 
A cDNA of a mutant PTC taste receptor gene may be 

isolated, for example, by using PCR, a technique that is Well 
knoWn to those of skill in the art. In this case, the ?rst cDNA 
strand may be synthesized by hybridizing an oligo-dT oli 
gonucleotide to mRNA isolated from tissue knoWn or sus 
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8 
pected to be expressed in an individual putatively carrying 
the mutant PTC taste receptor allele, and by extending the 
neW strand With reverse transcriptase. The second strand of 
the cDNA is then synthesized using an oligonucleotide that 
hybridizes speci?cally to the 5' end of the normal gene. 
Using these tWo primers, the product is then ampli?ed via 
PCR, cloned into a suitable vector, and subjected to DNA 
sequence analysis through methods Well knoWn to those of 
skill in the art. By comparing the DNA sequence of the 
mutant PTC taste receptor allele to that of the normal PTC 
taste receptor allele, the mutation(s) responsible for the loss 
or alteration of function of the mutant PTC taste receptor 
gene product can be ascertained. 

Alternatively, a genomic library can be constructed using 
DNA obtained from an individual suspected of or knoWn to 
carry the mutant PTC taste receptor allele, or a cDNA library 
can be constructed using RNA from a tissue knoWn, or 
suspected, to express the mutant PTC taste receptor allele. 
The normal PTC taste receptor gene or any suitable frag 
ment thereof may then be labeled and used as a probe to 
identify the corresponding mutant PTC taste receptor allele 
in such libraries. Clones containing the mutant PTC taste 
receptor gene sequences may then be puri?ed and subjected 
to sequence analysis according to methods Well knoWn to 
those of skill in the art. 

Additionally, an expression library can be constructed 
utilizing cDNA synthesized from, for example, RNA iso 
lated from a tissue knoWn, or suspected, to express a mutant 
PTC taste receptor allele in an individual suspected of or 
knoWn to carry such a mutant allele. In this manner, gene 
products made by the putatively mutant tissue may be 
expressed and screened using standard antibody screening 
techniques in conjunction With antibodies raised against the 
normal PTC taste receptor gene product as described in the 
sections beloW. (For screening techniques, see, for example, 
HarloW, E. and Lane, eds. 1988 Antibodies: A Laboratory 
Manual, Cold Spring Harbor Press, Cold Spring Harbor). In 
cases Where a PTC taste receptor mutation results in an 
expressed gene product With altered function (e.g., as a 
result of a missense or a frameshift mutation), a polyclonal 
set of antibodies to PTC taste receptor are likely to cross 
react With the mutant PTC taste receptor gene product. 
Library clones detected via their reaction With such labeled 
antibodies can be puri?ed and subjected to sequence analy 
sis according to methods Well knoWn to those of skill in the 
art. 

The invention also encompasses nucleotide sequences 
that encode mutant PTC taste receptors, peptide fragments 
of the PTC taste receptor, truncated PTC taste receptors, and 
PTC taste receptor fusion proteins. These include, but are 
not limited to nucleotide sequences encoding mutant PTC 
taste receptors described in the sections beloW; polypeptides 
or peptides corresponding to ECD, TMD and/or CD of the 
PTC taste receptor or portions of these domains; truncated 
PTC taste receptor in Which one or tWo of the domains is 
deleted, e.g., a soluble PTC taste receptor lacking TMDs or 
both the TMD and CD regions, or a truncated, nonfunctional 
PTC taste receptor lacking all or a portion of CD regions. 
Nucleotides encoding fusion proteins may include but are 
not limited to full length PTC taste receptor, truncated PTC 
taste receptor or peptide fragments of PTC taste receptor 
fused to an unrelated protein or peptide, such as for example, 
a transmembrane sequence, Which anchors the PTC taste 
receptor ECD to the cell membrane; an lgFc domain Which 
increases the stability and half life of the resulting fusion 
protein (e.g., PTC taste receptor-lg) in the bloodstream; or 
an enzyme, ?uorescent protein, luminescent protein Which 
can be used as a marker. 

The invention also encompasses (a) DNA vectors that 
contain any of the foregoing PTC taste receptor coding 



US 7,314,725 B2 

sequences and/or their complements (i.e., antisense); (b) 
DNA expression vectors that contain any of the foregoing 
PTC taste receptor coding sequences operatively associated 
With a regulatory element that directs the expression of the 
coding sequences; and (c) genetically engineered host cells 
that contain any of the foregoing PTC taste receptor coding 
sequences operatively associated With a regulatory element 
that directs the expression of the coding sequences in the 
host cell. As used herein, regulatory elements include but are 
not limited to inducible and non-inducible promoters, 
enhancers, operators and other elements knoWn to those 
skilled in the art that drive and regulate expression. Such 
regulatory elements include but are not limited to the 
cytomegalovirus hCMV immediate early gene, the early or 
late promoters of SV40 adenovirus, the lac system, the trp 
system, the TAC system, the TRC system, the major opera 
tor and promoter regions of phage A, the control regions of 
fd coat protein, the promoter for 3-phosphoglycerate kinase, 
the promoters of acid phosphatase, and the promoters of the 
yeast ot-mating factors. 

PTC Taste Receptor Proteins and Polypeptides 

PTC taste receptor protein, polypeptides and peptide 
fragments, mutated, truncated or deleted forms of the PTC 
taste receptor and/or PTC taste receptor fusion proteins can 
be prepared for a variety of uses, including but not limited 
to the generation of antibodies, as reagents in diagnostic 
assays, the identi?cation of other cellular gene products 
involved in the regulation of bitter sensitivity, as reagents in 
assays for screening for compounds that can be used as bitter 
taste blockers or mimics, and as pharmaceutical reagents 
useful in blocking or mimicking bitter tastes related to the 
PTC taste receptor. 

The PTC taste receptor amino acid sequences of the 
invention include the amino acid sequences shoWn in FIGS. 
1 (SEQ ID NO: 2) and 2 (SEQ ID NO: 4). Further, PTC taste 
receptors of other species are encompassed by the invention. 
In fact, any PTC taste receptor proteins encoded by the PTC 
taste receptor nucleotide sequences described in the section 
above are Within the scope of the invention. 

The invention also encompasses proteins that are func 
tionally equivalent to the PTC taste receptor encoded by the 
nucleotide sequences described herein, as judged by the 
ability to bind PTC, the binding af?nity for PTC, the 
resulting biological effect of PTC binding, e.g., signal trans 
duction, a change in cellular metabolism (e.g., ion ?ux, 
phosphorylation) or change in phenotype When the PTC 
taste receptor equivalent is present in an appropriate cell 
type (such as ability or inability to taste PTC or related 
compounds). Such functionally equivalent PTC taste recep 
tor proteins include but are not limited to additions or 
substitutions of amino acid residues Within the amino acid 
sequence encoded by the PTC taste receptor nucleotide 
sequences described herein, but Which result in a silent 
change, thus producing a functionally equivalent gene prod 
uct. Amino acid substitutions may be made on the basis of 
similarity in polarity, charge, solubility, hydrophobicity, 
hydrophilicity, and/or the amphipathic nature of the residues 
involved. For example, nonpolar (hydrophobic) amino acids 
include alanine, leucine, isoleucine, valine, proline, pheny 
lalanine, tryptophan, and methionine; polar neutral amino 
acids include glycine, serine, threonine, cysteine, tyrosine, 
asparagine, and glutamine; positively charged (basic) amino 
acids include arginine, lysine, and histidine; and negatively 
charged (acidic) amino acids include aspartic acid and 
glutamic acid. While random mutations can be made to PTC 
taste receptor DNA (using random mutagenesis techniques 
Well knoWn to those skilled in the art) and the resulting 
mutant PTC taste receptors tested for activity, site-directed 
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10 
mutations of the PTC taste receptor coding sequence can be 
engineered (using site-directed mutagenesis techniques Well 
knoWn to those skilled in the art) to generate mutant PTC 
taste receptors With decreased function, e.g., loWer binding 
af?nity for PTC, and/or decreased signal transduction capac 
ity (or With increased function, e.g., higher binding affinity 
for PTC, and/or increased signal transduction capacity). 

For example, the alignment of several T2R receptors and 
the human PTC taste receptor is shoWn in FIG. 4. Mutant 
PTC taste receptors can be engineered so that regions of 
identity are maintained, Whereas the variable residues are 
altered, e.g., by deletion or insertion of an amino acid 
residue(s) or by substitution of one or more different amino 
acid residues. Conservative alterations at the variable posi 
tions can be engineered in order to produce a mutant PTC 
taste receptor that retains function; e.g., PTC binding affinity 
or signal transduction capability or both. Non-conservative 
changes can be engineered at these variable positions to alter 
function, e.g., PTC binding affinity or signal transduction 
capability, or both. Alternatively, Where alteration of func 
tion is desired, deletion or non-conservative alterations of 
the conserved regions can be engineered. For example, 
deletion or non-conservative alterations (substitutions or 
insertions) of a CD of human PTC taste receptor, or portions 
of a CD, can be engineered to produce a mutant PTC taste 
receptor that binds PTC but is signalling-incompetent. Non 
conservative alterations in the regions of identity can be 
engineered to produce mutant PTC taste receptors With 
altered binding af?nity for PTC. 

Other mutations to the PTC taste receptor coding 
sequence can be made to generate PTC taste receptors that 
are better suited for expression, scale up, etc. in the host cells 
chosen. For example, cysteine residues can be deleted or 
substituted With another amino acid in order to eliminate 
disul?de bridges; N-linked glycosylation sites can be altered 
or eliminated to achieve, for example, expression of a 
homogeneous product that is more easily recovered and 
puri?ed from yeast hosts Which are knoWn to hyperglyco 
sylate N-linked sites. To this end, a variety of amino acid 
substitutions at one or both of the ?rst or third amino acid 
positions of any one or more of the glycosylation recogni 
tion sequences Which occur in the ECD (N -X-S or N-X-T), 
and/or an amino acid deletion at the second position of any 
one or more such recognition sequences in the ECD Will 
prevent glycosylation of the PTC taste receptor at the 
modi?ed tripeptide sequence. (See, e.g., Miyajima et al. 
1986 EMBO J. 511193-1197). 

Peptides corresponding to one or more domains of the 
PTC taste receptor (e. g., an ECD, a TMD or a CD), truncated 
or deleted PTC taste receptors (e.g., PTC taste receptor in 
Which a TMD and/or a CD is deleted) as Well as fusion 
proteins in Which the full length PTC taste receptor, a PTC 
taste receptor peptide, or truncated PTC taste receptor is 
fused to another protein are also Within the scope of the 
invention and can be designed on the basis of the PTC taste 
receptor nucleotide and PTC taste receptor amino acid 
sequences disclosed herein. Such fusion proteins include but 
are not limited to IgFc fusions Which stabiliZe the PTC taste 
receptor protein or peptide and prolong half-life in vivo; or 
fusions to any amino acid sequence that alloWs the fusion 
protein to be targeted and/or anchored to the cell membrane 
(e.g., ?rst 20 amino acids of rhodopsin), alloWing an ECD to 
be exhibited on the cell surface; or fusions to an enzyme, 
?uorescent protein, or luminescent protein Which provide a 
marker function. 

While the PTC taste receptor polypeptides and peptides 
can be chemically synthesiZed (e.g., see Creighton 1983 
Proteins: Structures and Molecular Principles W. H. Free 
man & Co., NY), large polypeptides derived from the PTC 
taste receptor and the full length PTC taste receptor itself 
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may advantageously be produced by recombinant DNA 
technology using techniques Well knoWn in the art for 
expressing nucleic acid containing PTC taste receptor gene 
sequences and/or coding sequences. Such methods can be 
used to construct expression vectors containing the PTC 
taste receptor nucleotide sequences described herein and 
appropriate transcriptional and translational control signals. 
These methods include, for example, in vitro recombinant 
DNA techniques, synthetic techniques, and in vivo genetic 
recombination. See, for example, the techniques described 
in Sambrook et al. 1989 Molecular Cloning, A Laboratory 
Manual, Cold Springs Harbor Press, N.Y., and Ausubel et al. 
1989 Current Protocols in Molecular Biology Green Pub 
lishing Associates and Wiley Interscience, N.Y. Alterna 
tively, RNA capable of encoding PTC taste receptor nucle 
otide sequences may be chemically synthesiZed using, for 
example, automated nucleic acid synthesiZers. See, for 
example, the techniques described in Gait, M. J . ed. 1984 
Oligonucleotide Synthesis IRL Press, Oxford. 
A variety of host-expression vector systems may be 

utiliZed to express the PTC taste receptor nucleotide 
sequences of the invention. Where the PTC taste receptor 
peptide or polypeptide is a soluble derivative (e. g., PTC taste 
receptor peptides corresponding to an ECD; truncated or 
deleted PTC taste receptor in Which TMD and/or CD are 
deleted) the peptide or polypeptide can be recovered from 
the culture, i.e., from the host cell in cases Where the PTC 
taste receptor peptide or polypeptide is not secreted, and 
from the culture media in cases Where the PTC taste receptor 
peptide or polypeptide is secreted by the cells. HoWever, the 
expression systems also encompass engineered host cells 
that express the PTC taste receptor or functional equivalents 
in situ, i.e., anchored in the cell membrane. Puri?cation or 
enrichment of the PTC taste receptor from such expression 
systems can be accomplished using appropriate detergents 
and lipid micelles and methods Well knoWn to those skilled 
in the art. HoWever, such engineered host cells themselves 
may be used in situations Where it is important not only to 
retain the structural and functional characteristics of the PTC 
taste receptor, but also to assess biological activity, e.g., in 
drug screening assays. 

The expression systems that may be used for purposes of 
the invention include but are not limited to microorganisms 
such as bacteria (e.g., E. coli, B. subtilis) transformed With 
recombinant bacteriophage DNA, plasmid DNA or cosmid 
DNA expression vectors containing PTC taste receptor 
nucleotide sequences; yeast (e.g., Saccharomyces, Pichia) 
transformed With recombinant yeast expression vectors con 
taining the PTC taste receptor nucleotide sequences; insect 
cell systems (e.g., Spodopterafrugiperda, Autographa cali 
fornica) infected With recombinant virus expression vectors 
(e.g., baculovirus) containing the PTC taste receptor 
sequences; plant cell systems infected With recombinant 
virus expression vectors (e.g., cauli?ower mosaic virus, 
CaMV; tobacco mosaic virus, TMV) or transformed With 
recombinant plasmid expression vectors (e.g., Ti plasmid) 
containing PTC taste receptor nucleotide sequences; or 
mammalian cell systems (e.g., COS, CHO, BHK, HEK293, 
3T3) harboring recombinant expression constructs contain 
ing promoters derived from the genome of mammalian cells 
(e.g., metallothionein promoter, EFI alpha promoter) or 
from mammalian viruses (e. g., the adenovirus late promoter; 
the vaccinia virus 7.5K promoter). 

In bacterial systems, a number of expression vectors may 
be advantageously selected depending upon the use intended 
for the PTC taste receptor gene product being expressed. For 
example, When a large quantity of such a protein is to be 
produced, vectors, Which direct the expression of high levels 
of fusion protein products that are readily puri?ed, may be 
desirable. Such vectors include, but are not limited, to the E. 
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coli expression vector pUR278 (Ruther et al. 1983 EMBO J. 
2:1791), in Which the PTC taste receptor coding sequence 
may be ligated individually into the vector in frame With the 
lacZ coding region so that a fusion protein is produced; pIN 
vectors (Inouye & Inouye 1985 Nucleic Acids Res 13:3101 
3109; Van Heeke & Schuster 1989 JBiol Chem 264:5503 
5509); and the like. pGEX vectors may also be used to 
express foreign polypeptides as fusion proteins With glu 
tathione S-transferase (GST). In general, such fusion pro 
teins are soluble and can easily be puri?ed from lysed cells 
by adsorption to glutathione-agarose beads folloWed by 
elution in the presence of free glutathione. The pGEX 
vectors are designed to include thrombin or factor Xa 
protease cleavage sites so that the cloned target gene product 
can be released from the GST moiety. 

In an insect system, Autographa californica nuclear poly 
hidrosis virus (AcNPV) is used as a vector to express foreign 
genes. The virus groWs in Spodopterafrugiperda cells. The 
PTC taste receptor gene coding sequence may be cloned 
individually into non-essential regions (for example the 
polyhedrin gene) of the virus and placed under control of an 
AcNPV promoter (for example the polyhedrin promoter). 
Successful insertion of PTC taste receptor gene coding 
sequence Will result in inactivation of the polyhedrin gene 
and production of non-occluded recombinant virus, (i.e., 
virus lacking the proteinaceous coat coded for by the poly 
hedrin gene). These recombinant viruses are then used to 
infect Spodoptera frugiperda cells in Which the inserted 
gene is expressed. (E.g., see Smith et al. 1983 J Vll’Ol 461584; 
Smith, US. Pat. No. 4,215,051). 

In mammalian host cells, a number of viral-based expres 
sion systems may be utiliZed. In cases Where an adenovirus 
is used as an expression vector, the PTC taste receptor 
nucleotide sequence of interest may be ligated to an aden 
ovirus transcription/translation control complex, e.g., the 
late promoter and tripartite leader sequence. This chimeric 
gene may then be inserted in the adenovirus genome by in 
vitro or in vivo recombination. Insertion in a non-essential 
region of the viral genome (e.g., region E1 or E3) Will result 
in a recombinant virus that is viable and capable of express 
ing the PTC taste receptor gene product in infected hosts. 
For example, see Logan & Shenk 1984 PNAS USA 8113655 
3659. Speci?c initiation signals may also be required for 
ef?cient translation of inserted PTC taste receptor nucleotide 
sequences. These signals include the ATG initiation codon 
and adjacent sequences. In cases Where an entire PTC taste 
receptor gene or cDNA, including its oWn initiation codon 
and adjacent sequences, is inserted into the appropriate 
expression vector, no additional translational control signals 
may be needed. HoWever, in cases Where only a portion of 
the PTC taste receptor coding sequence is inserted, exog 
enous translational control signals, including, perhaps, the 
ATG initiation codon, must be provided. Furthermore, the 
initiation codon must be in phase With the reading frame of 
the desired coding sequence to ensure translation of the 
entire insert. These exogenous translational control signals 
and initiation codons can be of a variety of origins, both 
natural and synthetic. The ef?ciency of expression may be 
enhanced by the inclusion of appropriate transcription 
enhancer elements, transcription terminators, etc. (See, Bitt 
ner et al. 1987 Methods in Enzymol 153:516-544). 

In addition, a host cell strain may be chosen, Which 
modulates the expression of the inserted sequences, or 
modi?es and processes the gene product in the speci?c 
fashion desired. Such modi?cations (e. g., glycosylation) and 
processing (e.g., cleavage) of protein products may be 
important for the function of the protein. Di?ferent host cells 
have characteristic and speci?c mechanisms for the post 
translational processing and modi?cation of proteins and 
gene products. Appropriate cell lines or host systems can be 
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chosen to ensure the correct modi?cation and processing of 
the foreign protein expressed. To this end, eukaryotic host 
cells that possess the cellular machinery for proper process 
ing of the primary transcript, glycosylation, and phospho 
rylation of the gene product may be used. Such mammalian 
host cells include but are not limited to CHO, VERO, BHK, 
HeLa, COS, MDCK, HEK293, 3T3 and W138. 

For long-term, high-yield production of recombinant pro 
teins, stable expression is preferred. For example, cell lines 
that stably express the PTC taste receptor sequences 
described above may be engineered. Rather than using 
expression vectors Which contain viral origins of replication, 
host cells can be transformed With DNA controlled by 
appropriate expression control elements (e.g., promoter, 
enhancer sequences, transcription terminators, polyadenyla 
tion sites, etc.), and a selectable marker. Following the 
introduction of the foreign DNA, engineered cells may be 
alloWed to groW for 1-2 days in an enriched media, and then 
are sWitched to a selective media. The selectable marker in 
the recombinant plasmid confers resistance to the selection 
and alloWs cells to stably integrate the plasmid into their 
chromosomes and groW to form foci Which in turn can be 
cloned and expanded into cell lines. This method may 
advantageously be used to engineer cell lines that express 
the PTC taste receptor gene product. Such engineered cell 
lines may be particularly useful in screening and evaluation 
of compounds that affect the endogenous activity of the PTC 
taste receptor gene product. 
Anumber of selection systems may be used, including but 

not limited to the herpes simplex virus thymidine kinase 
(Wigler et al. 1977 Cell 111223), hypoxanthine-guanine 
phosphoribosyltransferase (SZybalska & SZybalski 1962 
PNAS USA 4812026), and adenine phosphoribosyltrans 
ferase (LoWy et al. 1980 Cell 221817) genes can be 
employed in tk', hgprt' or aprt' cells, respectively. Also, 
antimetabolite resistance can be used as the basis of selec 
tion for the folloWing genes: dhfr, Which confers resistance 
to methotrexate (Wigler, et al. 1980 PNAS USA 7713567; 
O’Hare, et al. 1981 PNAS USA 7811527); gpt, Which 
confers resistance to mycophenolic acid (Mulligan & Berg 
1981 PNAS USA 7812072); neo, Which confers resistance to 
the aminoglycoside G-418 (Colberre-Garapin et al. 1981 J 
Mol Biol 15011); and hygro, Which confers resistance to 
hygromycin (Santerre et al. 1984 Gene 301147). 

Alternatively, any fusion protein may be readily puri?ed 
by utiliZing an antibody speci?c for the fusion protein being 
expressed. For example, a system described by J anknecht et 
al. alloWs for the ready puri?cation of non-denatured fusion 
proteins expressed in human cell lines (Janknecht et al. 1991 
PNAS USA 8818972-8976). In this system, the gene of 
interest is subcloned into a vaccinia recombination plasmid 
such that the gene’s open reading frame is translationally 
fused to an amino-terminal tag consisting of six histidine 
residues. Extracts from cells infected With recombinant 
vaccinia virus are loaded onto Ni2+ nitriloacetic acid-agar 
ose columns and histidine-tagged proteins are selectively 
eluted With imidaZole-containing buffers. 

The PTC taste receptor gene products can also be 
expressed in transgenic animals. Animals of any species, 
including, but not limited to, mice, rats, rabbits, guinea pigs, 
pigs, micro-pigs, goats, and non-human primates, e.g., 
baboons, monkeys, and chimpanZees may be used to gen 
erate PTC taste receptor transgenic animals. 
Any technique knoWn in the art may be used to introduce 

the PTC taste receptor transgene into animals to produce the 
founder lines of transgenic animals. Such techniques 
include, but are not limited to pronuclear microinjection 
(Hoppe, P. C. and Wagner, T. E. 1989 US. Pat. No. 4,873, 
191); retrovirus mediated gene transfer into germ lines (Van 
der Putten et al. 1985 PNAS USA 8216148-6152); gene 
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targeting in embryonic stem cells (Thompson et al. 1989 
Cell 561313-321); electroporation of embryos (Lo 1983 Mol 
Cell Biol 311803-1814); and sperm-mediated gene transfer 
(Lavitrano et al. 1989 Cell 571717-723); etc. For a revieW of 
such techniques, see Gordon 1989 [ml Rev Cylol 1151171 
229. 
The present invention provides for transgenic animals that 

carry the PTC taste receptor transgene in all their cells, as 
Well as animals Which carry the transgene in some, but not 
all their cells, i.e., mosaic animals. The transgene may be 
integrated as a single transgene or in concatamers, e.g., 
head-to-head tandems or head-to-tail tandems. The trans 
gene may also be selectively introduced into and activated in 
a particular cell type by folloWing, for example, the teaching 
of Lasko et al. (Lasko, M. et al. 1992 PNAS USA 8916232 
6236). The regulatory sequences required for such a cell 
type speci?c activation Will depend upon the particular cell 
type of interest, and Will be apparent to those of skill in the 
art. When it is desired that the PTC taste receptor gene 
transgene be integrated into the chromosomal site of the 
endogenous PTC taste receptor gene, gene targeting is 
preferred. Brie?y, When such a technique is to be utiliZed, 
vectors containing some nucleotide sequences homologous 
to the endogenous PTC taste receptor gene are designed for 
the purpose of integrating, via homologous recombination 
With chromosomal sequences, into and disrupting the func 
tion of the nucleotide sequence of the endogenous PTC taste 
receptor gene. The transgene may also be selectively intro 
duced into a particular cell type, thus inactivating the 
endogenous PTC taste receptor gene in only that cell type, 
by folloWing, for example, the teaching of Gu et al. (Gu, et 
al. 1994 Science 2651103-106). The regulatory sequences 
required for such a cell-type speci?c inactivation Will 
depend upon the particular cell type of interest, and Will be 
apparent to those of skill in the art. 
Once transgenic animals have been generated, the expres 

sion of the recombinant PTC taste receptor gene may be 
assayed utiliZing standard techniques. Initial screening may 
be accomplished by Southern blot analysis or PCR tech 
niques to analyZe animal tissues to assay Whether integration 
of the transgene has taken place. The level of mRNA 
expression of the transgene in the tissues of the transgenic 
animals may also be assessed using techniques Which 
include but are not limited to Northern blot analysis of tissue 
samples obtained from the animal, in situ hybridization 
analysis, and RT-PCR. Samples of PTC taste receptor gene 
expressing tissue, may also be evaluated immunocytochemi 
cally using antibodies speci?c for the PTC taste receptor 
transgene product. 

Antibodies to PTC Taste Receptor Proteins 

Antibodies that speci?cally recogniZe one or more 
epitopes of PTC taste receptor, or epitopes of conserved 
variants of PTC taste receptor, or peptide fragments of the 
PTC taste receptor are also encompassed by the invention. 
Such antibodies include but are not limited to polyclonal 
antibodies, monoclonal antibodies (mAbs), humanized or 
chimeric antibodies, single chain antibodies, Fab fragments, 
F (ab')2 fragments, fragments produced by a Fab expression 
library, anti-idiotypic (anti-Id) antibodies, and epitope-bind 
ing fragments of any of the above. 
The antibodies of the invention may be used, for example, 

in the detection of the “Wild-type” or “mutant” PTC taste 
receptor in a biological sample and may, therefore, be 
utiliZed as part of a diagnostic technique Whereby individu 
als may be tested for being tasters or nontasters. The 
antibodies of the invention may be utiliZed in conjunction 
With, for example, compound screening schemes, as 
described in the sections beloW, for the evaluation of the 
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effect of test compounds on expression and/or activity of the 
PTC taste receptor gene product. Such antibodies may 
additionally be used as a method for the inhibition of bitter 
taste. 

For the production of antibodies, various host animals 
may be immuniZed by injection With the PTC taste receptor, 
a PTC taste receptor peptide (e.g., one corresponding the a 
functional domain of the receptor, such as an ECD, a TMD, 
or a CD), truncated PTC taste receptor polypeptides (PTC 
taste receptor in Which one or more domains, e. g., a TMD or 
a CD, has been deleted), functional equivalents of the PTC 
taste receptor or mutants of the PTC taste receptor. Such host 
animals may include but are not limited to rabbits, mice, and 
rats, to name but a feW. Various adjuvants may be used to 
increase the immunological response, depending on the host 
species, including but not limited to Freund’s (complete and 
incomplete), mineral gels such as aluminum hydroxide, 
surface active substances such as lysolecithin, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanin, dinitrophenol, and potentially useful human 
adjuvants such as BCG (bacille Calmette-Guerin) and 
Corynebacterium parvum. Polyclonal antibodies are hetero 
geneous populations of antibody molecules derived from the 
sera of the immuniZed animals. 

Monoclonal antibodies, Which are homogeneous popula 
tions of antibodies to a particular antigen, may be obtained 
by any technique, Which provides for the production of 
antibody molecules by continuous cell lines in culture. 
These include, but are not limited to, the hybridoma tech 
nique of Kohler and Milstein (1975 Nature 256:495-497; 
and US. Pat. No. 4,376,110), the human B-cell hybridoma 
technique (Kosbor et al. 1983 Immunology Today 4:72; Cole 
et a1. 1983 PNAS USA 80:2026-2030), and the EBV-hybri 
doma technique (Cole et al. 1985 Monoclonal Antibodies 
And Cancer Therapy, Alan R. Liss, lnc., pp. 77-96). Such 
antibodies may be of any immunoglobulin class including 
lgG, lgM, lgE, lgA, lgD and any subclass thereof. The 
hybridoma producing the mAb of this invention may be 
cultivated in vitro or in vivo. Production of high titers of 
mAbs in vivo makes this the presently preferred method of 
production. 

In addition, techniques developed for the production of 
“chimeric antibodies” (Morrison et al. 1984 PNAS USA 
81:6851-6855; Neuberger et al. 1984 Nature 312:604-608; 
Takeda et al. 1985 Nature 314:452-454) by splicing the 
genes from a mouse antibody molecule of appropriate 
antigen speci?city together With genes from a human anti 
body molecule of appropriate biological activity can be 
used. A chimeric antibody is a molecule in Which different 
portions are derived from different animal species, such as 
those having a variable region derived from a murine mAb 
and a human immunoglobulin constant region. 

Alternatively, techniques described for the production of 
single chain antibodies (US. Pat. No. 4,946,778; Bird 1988 
Science 242:423-426; Huston et al. 1988 PNAS USA 
85:5879-5883; and Ward et al. 1989 Nature 334:544-546) 
can be adapted to produce single chain antibodies against 
PTC taste receptor gene products. Single chain antibodies 
are formed by linking the heavy and light chain fragments of 
the Fv region via an amino acid bridge, resulting in a single 
chain polypeptide. 

Antibody fragments that recogniZe speci?c epitopes may 
be generated by knoWn techniques. For example, such 
fragments include but are not limited to: the F(ab')2 frag 
ments Which can be produced by pepsin digestion of the 
antibody molecule and the Fab fragments Which can be 
generated by reducing the disul?de bridges of the F(ab')2 
fragments. Alternatively, Fab expression libraries may be 
constructed (Huse et al. 1989 Science 246:1275-1281) to 
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alloW rapid and easy identi?cation of monoclonal Fab 
fragments With the desired speci?city. 

Antibodies to the PTC taste receptor can, in turn, be 
utiliZed to generate anti-idiotype antibodies that “mimic” the 
PTC taste receptor, using techniques Well knoWn to those 
skilled in the art. (See, e.g., Greenspan & Bona 1993 FASEB 
J 7:437-444; and Nissinolf 1991 J Immunol 147:2429 
2438). For example antibodies Which bind to the PTC taste 
receptor ECD and competitively inhibit the binding of PTC 
to the PTC taste receptor can be used to generate anti 
idiotypes that “mimic” the ECD and, therefore, bind and 
neutraliZe PTC. Such neutraliZing anti-idiotypes or Fab 
fragments of such anti-idiotypes can be used in pharmaceu 
ticals to neutraliZe PTC and promote sWeetness. 

Screening Assays for Compounds that Modulate PTC 
Taste Receptor Expression or Activity 
The folloWing assays are designed to identify compounds 

that interact With (e.g., bind to) PTC taste receptor (includ 
ing, but not limited to an ECD or a CD or a TMD of PTC 
taste receptor), compounds that interact With (e.g., bind to) 
intracellular proteins that interact With PTC taste receptor 
(including, but not limited to, a TMD or a CD of PTC taste 
receptor), compounds that interfere With the interaction of 
PTC taste receptor With transmembrane or intracellular 
proteins involved in PTC taste receptor-mediated signal 
transduction, and to compounds Which modulate the activity 
of PTC taste receptor gene (i.e., modulate the level of PTC 
taste receptor gene expression) or modulate the level of PTC 
taste receptor activity. Assays may additionally be utiliZed 
Which identify compounds Which bind to PTC taste receptor 
gene regulatory sequences (e.g., promoter sequences) and 
Which may modulate PTC taste receptor gene expression. 
See, e.g., Platt, K. A. 1994 JBiol Chem 269:28558-28562. 
The compounds Which may be screened in accordance 

With the invention include, but are not limited to peptides, 
antibodies and fragments thereof, and other organic com 
pounds (e. g., peptidomimetics, small molecules) that bind to 
one or more ECDs of the PTC taste receptor and either 
mimic the activity triggered by the natural ligand (i.e., 
agonists) or inhibit the activity triggered by the natural 
ligand (i.e., antagonists); as Well as peptides, antibodies or 
fragments thereof, and other organic compounds that mimic 
the ECD of the PTC taste receptor (or a portion thereof) and 
bind to and “neutralize” natural ligand. 

Such compounds may include, but are not limited to, 
peptides such as, for example, soluble peptides, including 
but not limited to members of random peptide libraries; (see, 
e.g., Lam, K. S. et al. 1991 Nature 354:82-84; Houghten, R. 
et al. 1991 Nature 354184-86), and combinatorial chemistry 
derived molecular library made of D- and/or L-con?guration 
amino acids, phosphopeptides (including, but not limited to, 
members of random or partially degenerate, directed phos 
phopeptide libraries; see, e.g., Songyang, Z. et al. 1993 Cell 
72:767-778), antibodies (including, but not limited to, poly 
clonal, monoclonal, humaniZed, anti-idiotypic, chimeric or 
single chain antibodies, and Fab, F(ab')2 and Fab expression 
library fragments, and epitope-binding fragments thereof), 
and small organic or inorganic molecules. 

Other compounds Which can be screened in accordance 
With the invention include but are not limited to small 
organic molecules that are able to gain entry into an appro 
priate cell and affect the expression of the PTC taste receptor 
gene or some other gene involved in the PTC taste receptor 
signal transduction pathWay (e.g., by interacting With the 
regulatory region or transcription factors involved in gene 
expression); or such compounds that affect the activity of the 
PTC taste receptor or the activity of some other intracellular 
factor involved in the PTC taste receptor signal transduction 
pathWay. 
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Computer modeling and searching technologies permit 
identi?cation of compounds, or the improvement of already 
identi?ed compounds, that can modulate PTC taste receptor 
expression or activity. Having identi?ed such a compound or 
composition, the active sites or regions are identi?ed. Such 
active sites might typically be ligand binding sites, such as 
the interaction domains of PTC With PTC taste receptor 
itself, or the interaction domains of PTC With the “Wild 
type” PTC taste receptor in comparison to the interaction 
domains of PTC With the “mutant” PTC taste receptor (to 
reproduce the effect of the alanine substitution for designing 
bitter taste blockers, or to reproduce the effect of the proline 
substitution for designing bitter taste mimics). The active 
site can be identi?ed using methods knoWn in the art 
including, for example, from the amino acid sequences of 
peptides, from the nucleotide sequences of nucleic acids, or 
from study of complexes of the relevant compound or 
composition With its natural ligand. In the latter case, 
chemical or X-ray crystallographic methods can be used to 
?nd the active site by ?nding Where on the factor the 
complexed ligand is found. Next, the three dimensional 
geometric structure of the active site is determined. This can 
be done by knoWn methods, including X-ray crystallogra 
phy, Which can determine a complete molecular structure. 
On the other hand, solid or liquid phase NMR can be used 
to determine certain intra-molecular distances. Any other 
experimental method of structure determination can be used 
to obtain partial or complete geometric structures, such as 
high resolution electron microscopy. The geometric struc 
tures may be measured With a complexed ligand, natural or 
arti?cial, Which may increase the accuracy of the active site 
structure determined. In another embodiment, the structure 
of the “Wild-type” taste receptor is compared to that of the 
“mutant” taste receptor and, rather than solve the entire 
structure, the structure is solved for the protein domains that 
are changed. 

If an incomplete or insufficiently accurate structure is 
determined, the methods of computer based numerical mod 
eling can be used to complete the structure or improve its 
accuracy. Any recogniZed modeling method may be used, 
including parameteriZed models speci?c to particular 
biopolymers such as proteins or nucleic acids, molecular 
dynamics models based on computing molecular motions, 
statistical mechanics models based on thermal ensembles, or 
combined models. For most types of models, standard 
molecular force ?elds, representing the forces betWeen con 
stituent atoms and groups, are necessary, and can be selected 
from force ?elds knoWn in physical chemistry. The incom 
plete or less accurate experimental structures can serve as 
constraints on the complete and more accurate structures 
computed by these modeling methods. 

Finally, having determined the structure of the active site, 
either experimentally, by modeling, or by a combination, 
candidate modulating compounds can be identi?ed by 
searching databases containing compounds along With infor 
mation on their molecular structure. Such a search seeks 
compounds having structures that match the determined 
active site structure and that interact With the groups de?n 
ing the active site. Such a search can be manual, but is 
preferably computer assisted. These compounds found from 
this search are potential PTC taste receptor modulating 
compounds. 

Alternatively, these methods can be used to identify 
improved modulating compounds from an already knoWn 
modulating compound or ligand. The composition of the 
knoWn compound can be modi?ed and the structural effects 
of modi?cation can be determined using the experimental 
and computer modeling methods described above applied to 
the neW composition. The altered structure is then compared 
to the active site structure of the compound to determine if 
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an improved ?t or interaction results. In this manner sys 
tematic variations in composition, such as by varying side 
groups, can be quickly evaluated to obtain modi?ed modu 
lating compounds or ligands of improved speci?city or 
activity. 

In another embodiment, the structure of the “Wild-type” 
taste receptor is compared to that of the “mutant” taste 
receptor. Then, potential bitter taste inhibitors are designed 
that bring about a structural change in the “Wild-type” form 
so that it resembles the “mutant” form. Or, potential bitter 
taste mimics are designed that bring about a structural 
change in the “mutant” form so that it resembles the “Wild 
type” form. 

Further experimental and computer modeling methods 
useful to identify modulating compounds based upon iden 
ti?cation of the active sites of PTC, “Wild-type” and 
“mutant” PTC taste receptor, and related transduction and 
transcription factors Will be apparent to those of skill in the 
art. 

Examples of molecular modeling systems are the 
CHARMM and QUANTA programs (Polygen Corporation, 
Waltham, Mass.). CHARMm performs the energy minimi 
Zation and molecular dynamics functions. QUANTA per 
forms the construction, graphic modeling and analysis of 
molecular structure. QUANTA alloWs interactive construc 
tion, modi?cation, visualiZation, and analysis of the behav 
ior of molecules With each other. 
A number of articles revieW computer modeling of drugs 

interactive With speci?c-proteins, such as Rotivinen et al. 
1988 Acta Pharmaceutical Fennica 971159-166; Ripka 1988 
New Scientist 54-57; McKinaly and Rossmann 1989 Annu 
Rev Pharmacol Toxicol 291111-122; Perry and Davies 1989 
OSAR: Quantitative Structure-Activity Relationships in 
Drug Design pp. 189-193 (Alan R. Liss, Inc.); LeWis and 
Dean 1989 Proc R Soc Land 236: 125-140 and 141-162; and, 
With respect to a model receptor for nucleic acid compo 
nents, AskeW, et al. 1989 JAm Chem Soc 111:1082-1090. 
Other computer programs that screen and graphically depict 
chemicals are available from companies such as BioDesign, 
Inc. (Pasadena, Calif.), Allelix, Inc. (Mississauga, Ontario, 
Canada), and Hypercube, Inc. (Cambridge, Ontario). 
Although these are primarily designed for application to 
drugs speci?c to particular proteins, they can be adapted to 
design of drugs speci?c to regions of DNA or RNA, once 
that region is identi?ed. 

Although described above With reference to design and 
generation of compounds Which could alter binding, one 
could also screen libraries of knoWn compounds, including 
natural products or synthetic chemicals, and biologically 
active materials, including proteins, for compounds Which 
are inhibitors or activators. 

Compounds identi?ed via assays such as those described 
herein may be useful, for example, in elaborating the bio 
logical function of the PTC taste receptor gene product, and 
for designing bitter taste blockers and mimics. 

In vitro Screening Assays for Compounds that Bind to 
PTC Taste Receptor. 

In vitro systems may be designed to identify compounds 
capable of interacting With (e.g., binding to) PTC taste 
receptor (including, but not limited to, an ECD, or a TMD, 
or a CD of PTC taste receptor). Compounds identi?ed may 
be useful, for example, in modulating the activity of “Wild 
type” and/or “mutant” PTC taste receptor gene products; 
may be useful in elaborating the biological function of the 
PTC taste receptor; may be utiliZed in screens for identifying 
compounds that disrupt normal PTC taste receptor interac 
tions; or may in themselves disrupt such interactions. 
The principle of the assays used to identify compounds 

that bind to the PTC taste receptor involves preparing a 
reaction mixture of the PTC taste receptor polypeptide and 
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a test compound under conditions and for a time su?icient to 
allow the tWo components to interact and bind, thus forming 
a complex Which can be removed and/or detected in the 
reaction mixture. The PTC taste receptor species used can 
vary depending upon the goal of the screening assay. For 
example, Where agonists or antagonists of the PTC are 
sought, the full length PTC taste receptor, or a soluble 
truncated PTC taste receptor, e.g., in Which a TMD and/ or a 
CD is deleted from the molecule, a peptide corresponding to 
an ECD or a fusion protein containing a PTC taste receptor 
ECD fused to a protein or polypeptide that a?fords advan 
tages in the assay system (e.g., labeling, isolation of the 
resulting complex, etc.) can be utilized. Where compounds 
that interact With the cytoplasmic domain are sought to be 
identi?ed, peptides corresponding to a PTC taste receptor 
CD and fusion proteins containing a PTC taste receptor CD 
can be used. 

The screening assays can be conducted in a variety of 
Ways. For example, one method to conduct such an assay 
Would involve anchoring the PTC taste receptor protein, 
polypeptide, peptide or fusion protein or the test substance 
onto a solid phase and detecting PTC taste receptor/test 
compound complexes anchored on the solid phase at the end 
of the reaction. In one embodiment of such a method, the 
PTC taste receptor reactant may be anchored onto a solid 
surface, and the test compound, Which is not anchored, may 
be labeled, either directly or indirectly. 

In practice, microtiter plates may conveniently be utilized 
as the solid phase. The anchored component may be immo 
bilized by non-covalent or covalent attachments. Non-cova 
lent attachment may be accomplished by simply coating the 
solid surface With a solution of the protein and drying. 
Alternatively, an immobilized antibody, preferably a mono 
clonal antibody, speci?c for the protein to be immobilized 
may be used to anchor the protein to the solid surface. The 
surfaces may be prepared in advance and stored. 

In order to conduct the assay, the nonimmobilized com 
ponent is added to the coated surface containing the 
anchored component. After the reaction is complete, unre 
acted components are removed (e.g., by Washing) under 
conditions such that any complexes formed Will remain 
immobilized on the solid surface. The detection of com 
plexes anchored on the solid surface can be accomplished in 
a number of Ways. Where the previously nonimmobilized 
component is pre-labeled, the detection of label immobilized 
on the surface indicates that complexes Were formed. Where 
the previously nonimmobilized component is not pre-la 
beled, an indirect label can be used to detect complexes 
anchored on the surface; e.g., using a labeled antibody 
speci?c for the previously nonimmobilized component (the 
antibody, in turn, may be directly labeled or indirectly 
labeled With a labeled anti-Ig antibody). 

Alternatively, a reaction can be conducted in a liquid 
phase, the reaction products separated from unreacted com 
ponents, and complexes detected; e.g., using an immobilized 
antibody speci?c for PTC taste receptor protein, polypep 
tide, peptide or fusion protein or the test compound to 
anchor any complexes formed in solution, and a labeled 
antibody speci?c for the other component of the possible 
complex to detect anchored complexes. 

Alternatively, cell-based assays, membrane vesicle-based 
assays and membrane fraction-based assays can be used to 
identify compounds that interact With PTC taste receptor. To 
this end, cell lines that express PTC taste receptor, or cell 
lines (e.g., COS cells, CHO cells, HEK293 cells, etc.) have 
been genetically engineered to express PTC taste receptor 
(e.g., by transfection or transduction of PTC taste receptor 
DNA) can be used. Interaction of the test compound With, 
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for example, an ECD or a CD of PTC taste receptor 
expressed by the host cell can be determined by comparison 
or competition With PTC. 
A PTC taste receptor polypeptide (receptor of the present 

invention) may be employed in a screening process for 
compounds Which bind the receptor and Which activate 
(agonists) or inhibit activation (antagonists) of the receptor 
polypeptide of the present invention. Thus, polypeptides of 
the invention may also be used to assess the binding of small 
molecule substrates and ligands in, for example, cells, 
cell-free preparations, chemical libraries, and natural prod 
uct mixtures. These substrates and ligands may be natural 
substrates and ligands or may be structural or functional 
mimetics. See Coligan et al. 1991 Current Protocols in 
Immunology 1 (2): Chapter 5. 

In general, such screening procedures involve providing 
appropriate cells Which express a receptor polypeptide of the 
present invention on the surface thereof. Such cells include 
cells from mammals, insects, yeast, and bacteria. In particu 
lar, a polynucleotide encoding the receptor of the present 
invention is employed to transfect cells to thereby express a 
PTC taste receptor. The expressed receptor is then contacted 
With a test compound to observe binding, stimulation or 
inhibition of a functional response. 
One such screening procedure involves the use of mel 

anophores that are transfected to express a PTC taste recep 
tor. Such a screening technique is described in PCT WO 
92/01810, published Feb. 6, 1992. Such an assay may be 
employed to screen for a compound Which inhibits activa 
tion of a receptor of the present invention by contacting the 
melanophore cells Which encode the receptor With both a 
receptor ligand, such as PTC, and a compound to be 
screened. Inhibition of the signal generated by the ligand 
indicates that a compound is a potential antagonist for the 
receptor, i.e., inhibits activation of the receptor. 
The technique may also be employed for screening of 

compounds Which activate a receptor of the present inven 
tion by contacting such cells With compounds to be screened 
and determining Whether such compound generates a signal, 
i.e., activates the receptor. 

Other screening techniques include the use of cells Which 
express a PTC taste receptor (for example, transfected CHO 
cells) in a system Which measures extracellular pH changes 
caused by receptor activation. In this technique, compounds 
may be contacted With cells expressing a receptor polypep 
tide of the present invention. A second messenger response, 
e.g., signal transduction or pH changes, is then measured to 
determine Whether the potential compound activates or 
inhibits the receptor. 

Another screening technique involves expressing a PTC 
taste receptor in Which the receptor is linked to phospholi 
pase C or D. Representative examples of such cells include, 
but are not limited to, endothelial cells, smooth muscle cells, 
and embryonic kidney cells. The screening may be accom 
plished as hereinabove described by detecting activation of 
the receptor or inhibition of activation of the receptor from 
the phospholipase second signal. 

Another method involves screening for compounds Which 
are antagonists, and thus inhibit activation of a receptor 
polypeptide of the present invention by determining inhibi 
tion of binding of labeled ligand, such as PTC, to cells Which 
have the receptor on the surface thereof, or cell membranes 
containing the receptor. Such a method involves transfecting 
a eukaryotic cell With a DNA encoding a PTC taste receptor 
such that the cell expresses the receptor on its surface, or 
using of eukaryotic cells that express the receptor of the 
present invention on their surface (or using a eukaryotic cell 
that expresses the receptor on its surface). The cell is then 
contacted With a potential antagonist in the presence of a 
labeled form of a ligand, such as PTC. The ligand can be 














































