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Bitter Taste Receptors for Saccharin and Acesulfame K
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Weight-conscious subjects and diabetics use the sulfonyl amide sweeteners saccharin and acesulfame K to reduce their calorie and sugar
intake. However, the intrinsic bitter aftertaste, which is caused by unknown mechanisms, limits the use of these sweeteners. Here, we
show by functional expression experiments in human embryonic kidney cells that saccharin and acesulfame K activate two members of
the human TAS2R family (hnTAS2R43 and hTAS2R44) at concentrations known to stimulate bitter taste. These receptors are expressed in
tongue taste papillae. Moreover, the sweet inhibitor lactisole did not block the responses of cells transfected with TAS2R43 and TAS2R44,
whereas it did block the response of cells expressing the sweet taste receptor heteromer hTASIR2-hTAS1R3. The two receptors were also
activated by nanomolar concentrations of aristolochic acid, a purely bitter-tasting compound. Thus, hTAS2R43 and hTAS2R44 function
as cognate bitter taste receptors and do not contribute to the sweet taste of saccharin and acesulfame K. Consistent with the in vitro data,
cross-adaptation studies in human subjects also support the existence of common receptors for both sulfonyl amide sweeteners.
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Introduction

Mammals discriminate the five taste modalities salty, sour, sweet,
bitter, and umami (Lindemann, 2001). Bitter taste causes aver-
sive actions in animals and humans and therefore plays an im-
portant role in protecting the organism from ingesting toxic sub-
stances, whereas sweet taste is attractive, indicating high-caloric
food. The use of artificial sweeteners, which show greatly en-
hanced sweetness compared with sucrose and have very low ca-
loric value, is steadily increasing (Bar and Biermann, 1992; Hin-
son and Nicol, 1992; Schiffman and Gatlin, 1993; Leclercq et al.,
1999; Ilback et al., 2003). Weight-conscious subjects and diabet-
ics use these sweeteners to reduce their calorie and sugar intake
(Hinson and Nicol, 1992; Ilback et al., 2003). However, the two
widely used sulfonyl amide sweeteners, saccharin and acesulfame
K, possess an intrinsic lingering bitter aftertaste, which increases
with higher concentrations and limits their use (Schiffman et al.,
1979; Horne et al., 2002). It has been presumed that the bitter
aftertaste of these sweeteners in humans or the aversive action in
animals is a result of their ability to stimulate special sweet taste
receptors (Sclafani and Nissenbaum, 1985) or, alternatively, re-
ceptors sensitive to bitter compounds (Bartoshuk et al., 1975).
The latter possibility is strongly supported by gene-targeted mice
devoid of a sweet receptor subunit, which still avoided some ar-
tificial sweeteners, including saccharin (Damak et al., 2003). In
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mammals, two members of the TASIR family of G-protein-
coupled receptors (TASIR2 and TAS1R3) mediate sweet taste
(Hoon et al., 1999; Nelson et al., 2001; Li et al., 2002; Damak et al.,
2003). They heteromerize to form a general sweet taste receptor
for a variety of sweet-tasting compounds, including natural sug-
ars and the artificial sweeteners saccharin and acesulfame K
(Zhao et al., 2003). Because it appears highly unlikely that activa-
tion of the hTAS2R2-hTAS2R3 heteromer contributes to the
bitter taste of saccharin and acesulfame K, we reasoned that their
bitter aftertaste is likely caused by their ability to stimulate bitter
taste receptors. The TAS2R family of G-protein-coupled recep-
tors, consisting of ~25 members, is thought to mediate bitter
taste, as suggested by anatomical and genetic evidence (Adler et
al., 2000; Chandrashekar et al., 2000; Matsunami et al., 2000; Bufe
et al., 2002). However, only a few TAS2Rs have known bitter
ligands. In mice, functional expression identified cycloheximide
as an agonist for mT2R5 (Chandrashekar et al., 2000), with rat
T2R9 being the functional ortholog in this species (Bufe et al.,
2002). In similar experiments, mT2R8 was susceptible to pro-
pylthiouracil (Chandrashekar et al., 2000). In humans, the re-
spective bitter agonists have been identified by functional expres-
sion for only three TAS2Rs. B-glucopyranosides and strychnine
activate  hTAS2R16 and hTAS2R10, respectively, whereas
hTAS2R14 is more broadly tuned to multiple bitter compounds
(Bufe et al., 2002; Behrens et al., 2004). The other hTAS2Rs re-
main orphan receptors with no known agonists.

The observed positive correlation between the perceived bit-
terness of saccharin and acesulfame K suggests a common mech-
anism for bitter taste reception and transduction for the two
sweeteners, which differs from mechanisms mediating responses
to other bitter compounds (Schiffman et al., 1979; Horne et al.,
2002). We therefore aimed to identify the hTAS2R receptors me-
diating the bitter aftertaste of saccharin and acesulfame K using
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functional expression of hTAS2Rs in transfected cells and psy-
chophysical studies.

Materials and Methods

Functional expression. Human TAS2R ¢cDNA constructs were used that
encoded a plasma membrane-targeting sequence of the rat somatostatin
type 3 receptor at the N terminus of the recombinant polypeptide and a
herpes simplex virus glycoprotein D (HSV) epitope at its C terminus
(Bufe et al., 2002). The constructs were transiently transfected into hu-
man embryonic kidney (HEK)-293T cells that stably express the chi-
meric G-protein subunit Gal6gust44 (Ueda et al., 2003) using Lipo-
fectamine 2000 (Invitrogen, San Diego, CA). They were then seeded at a
density of 70,000 * 10,000 per well in 96-well microtiter plates (Bufe et
al., 2002). Expression rates were determined to be 3% for hTAS2R43 and
6% for hTAS2R44 by indirect immunocytochemistry using monoclonal
anti-HSV antibody (Novagen, Madison, WI) and secondary anti-mouse
IgG antibody coupled to Alexa488 (Molecular Probes, Eugene, OR)
(Bufe et al., 2004). Calcium imaging experiments using an automated
fluorometric imaging plate reader (FLIPR) (Molecular Devices, Munich,
Germany) have been performed 2432 hr later essentially as described
previously (Bufe et al., 2002). Tastants (Sigma-Aldrich, Taufkirchen,
Germany) were dissolved and administered in the following (in mwm): 130
NaCl, 5KCl, 10 HEPES, 2 CaCl,, and 10 glucose, pH 7.4. Transfected cells
were challenged with vehicle, saccharin, acesulfame K, aristolochic acid,
or other tastants. Based on above estimations, ~2000—4000 cells con-
tributed to a calcium response recorded from a single well. Data were
collected from a minimum of three independent experiments performed
at least in triplicate and processed with SigmaPlot (SPSS, Chicago, IL).
For dose-response curve calculation, the peak fluorescence responses
after compound addition were corrected for and normalized to back-
ground fluorescence (AF/F = (F — F,)/F,), and baseline noise was
subtracted.

Human psychophysical studies. Taste experiments were approved by
the local ethical committees. To investigate adaptation, we first deter-
mined concentrations of the test solutions that elicited comparable bitter
intensities in the subjects. Then, in a first experiment, eight individuals
took up aqueous solutions (5 ml) of Na-saccharin (20 mm), acesulfame K
(20 mm), aristolochic acid (0.02 mm), or salicin (10 mm) in their oral
cavities for 15 sec while gargling and rated the bitter intensities on an
intensity scale from 0 to 5. In a second experiment, after 30 min, the
subjects took up 5 ml of Na-saccharin (20 mm), acesulfame K (20 mm),
aristolochic acid (0.02 mm), or salicin (10 mm) solutions orally and
judged bitterness intensities after 15, 30, 45, 60, 75, 90, and 105 sec. To
investigate cross-adaptation, the subjects spat off these solutions and
then sequentially took up 5 ml of acesulfame K (20 mm), Na-saccharin
(20 mm), aristolochic acid (0.02 mm), and salicin (10 mm) and evaluated
the bitterness intensities after 15 sec as described previously. After an
additional 30 min, the first experiment was repeated. We averaged the
data of three different sessions for each subject. Intensity values between
individuals, and separate sessions did not differ by >0.5 units.

In situ hybridization of human circumvallate papilla. In situ hybridiza-
tion was mainly performed as described previously (Behrens et al., 2000).
Briefly, 20 wm cross sections of circumvallate papillae of human tongues
were processed and thaw mounted onto positively charged glass slides.
Before hybridization, the sections were fixated using 4% paraformalde-
hyde in PBS, permeabilized with 0.2 M hydrochloric acid for 10 min and
1% Triton X-100 in PBS for 2 min, and acetylated by treatment with 0.1
M triethanolamine—0.25% acetic anhydride, pH 8.0. Prehybridization
was done at 50°C for 5 hr, followed by hybridization overnight at 50°C.
The corresponding riboprobes were generated as follows: From expres-
sion vectors containing the entire open reading frames of hTAS2R43 and
hTAS2R44, respectively, the nucleotide sequences of the coding regions
were amplified by PCR using Pfu polymerase and oligonucleotides that
add T3 and T7 phage RNA polymerase promoter sequences to the result-
ing PCR fragments. The PCR fragments were used as templates for in
vitro transcription reactions, resulting in the generation of digoxigenin-
labeled sense and antisense riboprobes. Probes were used for hybridiza-
tion at a final concentration of ~500 ng/ml. After hybridization, the
slides were washed several times at low stringency, followed by RNase A
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Figure 1. Structures of the compounds used. Aristolochic acid preparations consist of two
compounds, one of which is devoid of the methoxy group.
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Figure 2.  Functional expression of hTAS2R43 and hTAS2R44. Responses of cells expressing

hTAS2R43 (a) or hTAS2R44 (b) or of mock-transfected cells (c) to bath application of 10 wm
aristolochicacid, 10 mmsaccharin, or 10 mm acesulfame K were recorded in the FLIPR. Cells were
seeded in 96-well microtiter plates and loaded with Fluo4-AM (Molecular Probes). Calcium
traces were recorded at an excitation wavelength of 488 nm and an emission wavelength of 515
nm. Arrows indicate agonist application. Data of a typical experiment were corrected for and
normalized to background fluorescence. Calibration: horizontal bar, 100 sec; vertical bar,
AF/F=0.1.

treatment and high-stringency washes using 0.4X SSC buffer at 50°C.
Hybridized riboprobes were detected using an anti-digoxigenin antibody
and colorimetry. Photomicrographs were taken with a CCD camera (RT
slider; Diagnostic Instruments, Sterling Heights, MI) mounted to a Zeiss
(Oberkochen, Germany) Axioplan microscope.

Results

We used HEK-293T cells stably expressing the chimeric
G-protein a-subunit, G16gust44 to couple activation of trans-
fected TAS2R receptors to the release of Ca>™ from intracellular
stores, which can be measured using calcium-sensitive fluores-
cence dyes (Chandrashekar et al., 2000; Bufe et al., 2002; Ueda et
al., 2003). As reported previously, the h"TAS2Rs were expressed as
chimeric polypeptides containing the rat somatostatin receptor
type 3 plasma membrane-targeting sequence at their N termini
and a herpes simplex virus glycoprotein D epitope at their C
termini (Bufe et al., 2002). Application of saccharin (Fig. 1) to
cells expressing hTAS2R43 or hTAS2R44 elicited robust transient
elevation of cytosolic Ca*" concentrations [Ca*"]; (Fig. 2a,b),
with threshold values of activation of 0.17 = 0.11 and 0.08 = 0.06
mM and EC; values of 1.7 = 0.02 and 1.1 £ 0.01 mm, respectively
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EC;, value >10 mm (Fig. 3a). These data
suggest that hTAS2R43 and hTAS2R44
function as taste receptors for saccharin
and acesulfame K and are in agreement
with previous psychophysical studies that
suggested the existence of a common re-
ceptor mechanism for the bitter taste of these two sweeteners
(Schiffman et al., 1979; Horne et al., 2002).

At this point, a question that remained was whether
hTAS2R43 and hTAS2R44 mediate the bitter taste of the sulfonyl
sweeteners or contribute to their sweet taste. If they are indeed
true bitter receptors, then at least one purely bitter-tasting com-
pound must activate them. We therefore challenged cells express-
ing hTAS2R43 or hTAS2R44 with various bitter compounds, in-
cluding denatonium benzoate (10 uM), aristolochic acid (10 um),
sucrose octaacetate (1 mMm), nicotine (330 um), caffeine (1 mm),
theophylline (10 mMm), epicatechine (5 mm), propylthiouracil
(250 um), phenylthiocarbamide (500 um), strychnine (100 um),
humolone (92 uMm), and salicin (10 mm). Of these, only applica-
tion of aristolochic acid (Fig. 1) [the primary bitter principle of
Aristolochia species present in many oriental herbal remedies
(Ganshirt, 1953)] to cells expressing hTAS2R43 and hTAS2R44
elicited transient elevation of [Ca®*], (Fig. 2a,b), with threshold
values of activation of 1.3 = 1.1 and 16 = 9.5 nm and ECs, values
of 81 = 0.8 and 455 * 5.3 nwm, respectively (Fig. 3a,b). Thus,
aristolochic acid is able to activate the two hTAS2Rs at concen-
trations 2000- to 20,000-fold lower than those observed for the
two sulfonyl amide sweeteners, unambiguously confirming their
role as bitter taste receptors. This conclusion is also supported
from experiments using the sweet taste inhibitor lactisole. This
substance reduces the sweet taste of many compounds (Schiff-
man et al., 1999) but does not affect bitterness (Johnson et al.,
1994). Lactisole also inhibited the calcium responses induced by
sweeteners in cells transfected with cDNAs encoding the subunits
hTAS1R2 and hTASIR3 of the general mammalian sweet taste
receptor heteromer (Nelson et al., 2001; Li et al., 2002). Lactisole
can therefore discriminate sweet taste from bitter taste receptors
by blocking the former but not the latter. Consistent with these
data, Figure 4 demonstrates that, whereas lactisole completely
blocked the calcium response to saccharin in cells expressing the
sweet taste receptor heteromer hTASIR2 and hTASIR3 (Fig. 4¢), it
had no effect on cells expressing hTAS2R43 and hTAS2R44 (Fig.
4a,b). Moreover, we administered compounds that elicit sweet, bit-
ter, or umami taste to cells expressing hTAS2R43 and hTAS2R44,
and none of them were able to induce any response (Fig. 5). These
results indicate that hTAS2R43 and hTAS2R44 are true bitter recep-
tors for aristolochic acid, saccharin, and acesulfame K.

To further examine the contribution of the two receptors to
human bitter taste perception, we performed adaptation and

acid (circles), saccharin (squares), and acesulfame K (triangles) on [Ca 2Jr]i in cells expressing hTAS2R43 ( a) or hTAS2R44 ( b). Cells
were seeded in 96-well microtiter plates and loaded with Fluo4-AM. Calcium traces were recorded in the FLIPR as described in
Figure 2 before and after stimulation of the cells with various agonist concentrations. Data of at least three independent experi-
ments performed in quadruplicate were processed in SigmaPlot. Data were corrected for and normalized to background fluores-
cence, and baseline noise was subtracted.

a b c

- + - + - +

Figure 4.  Effects of lactisole on cells expressing bitter or sweet taste receptors. Calcium
traces of cells transfected with (DNAs for hTAS2R43 (a), hTAS2R44 (b), or the sweet taste
receptor subunits hTASTR2 and hTAS1R3 ( c) were recorded as described in Figure 2. Cells were
stimulated with 10 mu saccharin in the absence (—) or presence (+) of 0.5 mm lactisole.
Arrows indicate bath application of saccharin or of the mixture of saccharin and lactisole. Data of
a typical experiment were corrected for and normalized to background fluorescence. Calibra-
tion: horizontal bar, 100 sec; vertical bar, AF/F = 0.1.

cross-adaptation experiments. It is well known that taste re-
sponses decline with prolonged stimulation by bitter compounds
(Bartoshuk et al., 1964; Pfaffmann, 1965; Vonb’EK’Esy, 1965).
This phenomenon, referred to as adaptation, has successfully
been used to elucidate whether taste stimuli use separate or
shared signal transduction mechanisms and bitter taste receptors
(Froloff et al., 1998; Bufe et al., 2002; Keast and Breslin, 2002).
Figure 6a shows that subjects perceived, at the concentrations
used, aristolochic acid and the two sulfonyl amide sweeteners
with the same bitter intensity as the control compound salicin, a
bitter agonist for hTAS2R16 that does not activate hTAS2R43
and hTAS2R44 (Fig. 5) (Bufe et al., 2002). The salicin response
adapted during exposure time but did not cross-adapt with those
for the three compounds under study. Furthermore, it was fully
reversible, making salicin a suitable control compound. Figure 6b
shows that the response to aristolochic acid declined to ~15% of
the original value during 90 sec. Longer exposure times did not
cause stronger desensitization (data not shown). Under these
conditions, the subjects showed only marginal residual responses
to acesulfame K and saccharin, suggesting that exposure to aris-
tolochic acid more or less completely desensitized the subjects’
responses to the sulfonyl amides. This finding supports the exis-
tence of common receptors for both sulfonyl amide sweeteners
and aristolochic acid and suggests the absence of additional sep-
arate hTAS2R bitter taste receptors for the sulfonyl amide sweet-
eners. Also, the perceived bitter intensities of saccharin and ace-
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Figure 5. Responses of hTAS2R43- and hTAS2R44-expressing cells to various taste com-
pounds. Calcium responses of cells expressing hTAS2R43 (a) and hTAS2R44 ( b) that have been
challenged with vehicle (control), sucrose (75 mm), p-tryptophan (10 mw), glycine (75 mw),
Na-cyclamate (10 mu), Na-saccharin (10 mm), acesulfame K (10 mm), a mixture of Na-glutamate
(10 mm) and inosine monophosphate (1 mw) (glutamate + IMP), salicin (10 mu), propylthio-
uracil (PROP) (0.25 mm), or aristolochic acid Na-salt (0.01 mm). Data of three independent
experiments performed in quadruplicate were processed in SigmaPlot. Data were corrected for
and normalized to background fluorescence.

sulfame K gradually decreased in the subjects within 105 and 90
sec to <10 and 7%, respectively (Fig. 6¢,d), with no additional
desensitization after longer treatment (results not shown). We
also investigated whether cross-adaptation using the sulfonyl
amides as the primary taste stimulus could reduce the perceived
bitterness of the respective two other bitter agonists applied sub-
sequently. Indeed, the test subjects perceived that aristolochic
acid and acesulfame K were much less bitter after the saccharin
stimulus than in the absence of it (Fig. 6¢). When the cross-
adaptation experiment was reversed and acesulfame K was used
as the first stimulus, the bitter ratings of saccharin and aristolo-
chic acid were similarly reduced (Fig. 6d). These results suggest
that prestimulation with one sulfonyl amide strongly desensi-
tized the subsequent responses to the other one and aristolochic
acid. Again, this result is in favor of common receptors for aris-
tolochic acid and the two sulfonyl amide sweeteners. However,
the observed cross-desensitizations were smaller than that in-
duced by aristolochic acid. Saccharin and acesulfame K are weak
agonists and activate hTAS3R43 only partially. It is therefore not
surprising that they also cannot completely desensitize the re-
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Figure 6.  Adaptation and cross-adaptation of psychophysical responses elicited by the sul-

fonyl amides and aristolochic acid. In the beginning of the experiment, the subjects rated the
bitterness of all four solutions after 15 sec. Then, they took up the primary bitter solution for
prolonged times and rated its bitterness at the indicated times. After the panelists spat off the
primary bitter solution, they sequentially tasted the other three test solutions and rated their
bitter intensity after 15 sec. To assess reversibility, the subjects sequentially rated 30 min later
the bitterness of all four test solutions after 15 sec. a, Adaptation to the bitterness of salicin used
as a control compound and lack of cross-adaptation with responses to saccharin, acesulfame K,
and aristolochic acid. b, Adaptation to the bitter response of aristolochic acid and cross-
adaptation with those of both sulfonyl amide sweeteners. Note that the response to salicin was
not affected. ¢, Adaptation to the bitter taste of saccharin and cross-adaptation with those of
acesulfame K and aristolochic acid. d, Adaptation to the bitter taste of acesulfame K and cross-
adaptation with those of saccharin and aristolochic acid. AA, aristolochic acid; Acek, acesulfame
K; Sac, saccharin; Sal, salicin.

sponses to the sulfonyl amide sweeteners, arguing against the
existence of additional receptors for the sulfonyl amide sweeten-
ers. However, additional h\TAS2Rs that cannot be activated by the
sulfonyl amides could exist for aristolochic acid.

IfhTAS2R43 and hTAS2R44 are genuine taste receptors, their
mRNAs should be present in the taste tissue. Therefore, we ana-
lyzed the expression of the genes encoding hTAS2R43 and
hTAS2R44 in circumvallate papillae by in situ hybridization ex-
periments with cRNA probes for both hTAS2R43 and hTAS2R44
(Fig. 7). Both probes identified a few positive cells in circumval-
late taste buds. Although the signals for hTAS2R43 are weaker
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Figure 7.  Insitu hybridization of hTAS2R43 and hTAS2R44 mRNAs in human circumvallate

papillae. Twenty micrometer cryostat cross sections of human circumvallate papillae were hy-
bridized with digoxigenin-labeled antisense (a, b) or sense (c, d) riboprobes. After hybridiza-
tion, sections were treated with RNase A and subjected to high-stringency washes. Probes were
detected by using an anti-digoxigenin antibody and colorimetry. Taste buds are circled. Note
that both receptor mRNAs were detected in a subset of cells of the majority of taste buds. Scale
bar, 50 m.

than those of h\TAS2R44, the number of cells expressing these two
receptors is similar and comparable with those obtained for
hTAS2R16 and hTAS2R14 (Bufe et al., 2002; Behrens et al.,
2004). These data independently support the role of hTAS2R43
and hTAS2R44 as lingual bitter taste receptors.

Discussion
Using a combination of human psychophysics and functional
expression of bitter taste receptors in transfected cell lines, we
have examined the basis for the bitter aftertaste of the sulfonyl
amide sweeteners saccharin and acesulfame K. Our data clearly
show that hTAS2R43 and hTAS2R44 are expressed in taste papil-
lae of the tongue. hTAS2R43 and hTAS2R44 were activated in
transfected cells by saccharin and acesulfame K at concentrations
known to elicit bitter taste (Bartoshuk, 1979; Schiffman and Gat-
lin, 1993; Schiffman et al., 1995; Horne et al., 2002). Three addi-
tional findings in the course of our study also strongly suggest
that hTAS2R43 and hTAS2R44 do not contribute to the sweet
taste of the sulfonyl amides but mediate the bitter aftertaste. First,
the purely sweet-tasting compounds sucrose and D-tryptophan
were unable to activate the recombinant receptors. Second,
hTAS2R43 and hTAS2R44 show a two to three order-of-
magnitude higher sensitivity to the purely bitter-tasting com-
pound aristolochic acid. Third, the sweet inhibitor lactisole did
not affect the responses elicited by the sulfonyl amide sweeteners
in cells transfected with hTAS2R43 and hTAS2R44. The conclu-
sion is also supported by mice models devoid of the sweet taste
receptor subunit TAS1R3, which still show aversive responses to
artificial sweeteners (Damak et al., 2003). These data also predict
that the bitter taste associated with other artificial sweeteners is
likely to be caused by activation of other TAS2R bitter taste
receptors.

hTAS2R43 and hTAS2R44 show a pronounced sequence re-
lationship. The two hTAS2R paralogs represent the two closest
related members of the entire hTAS2R family (Bufe et al., 2002).
They show 89% amino acid identity (data not shown), which
explains their functional similarities. Nonetheless, saccharin, ace-
sulfame K, and aristolochic acid activate the two receptors differ-
ently. The ECs, values obtained for aristolochic acid differ ap-
proximately fivefold between the two receptors, and we also
observed that this compound has a lower efficacy at hTAS2R44.
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In marked contrast, saccharin displays similar EC,, values at both
receptors but has lower efficacy at hTAS2R43, whereas acesul-
fame K only weakly activates this receptor. The data therefore
suggest that hTAS2R43 and hTAS2R44 contribute differently to
the perceived bitterness of the sulfonyl sweeteners and aristolo-
chic acid.

Another question that arises is how many hTAS2Rs contrib-
ute to the bitter taste of the sulfonyl amide sweeteners. Although
the functional expression studies did not identify additional re-
ceptors, we may have overlooked them because of insufficient
coupling to the chimeric G-protein or lack of cell surface expression
(Bufeetal.,2002,2004). The observation that the bitter perception of
the sulfonyl amide sweeteners completely desensitizes after previous
stimulation by aristolochic acid suggests that there are probably no
additional separate hTAS2R receptors for saccharin and acesulfame
K. It is important to stress here that the recently identified receptor
for the related compound 6-nitrosaccharin, which has been desig-
nated as hT2R61, is identical to hTAS2R43 and not a separate sulfo-
nyl amide receptor (Pronin et al., 2004). Vice versa, based on the
incomplete cross-adaptation using the sulfonyl amides as the pri-
mary stimuli, we cannot preclude the existence of other receptors for
aristolochic acid.

Last but not least, the present work has deorphanized two
TAS2R receptors. This receptor family, which consists of ~25
members in humans and ~35 members in mice (Bufe et al., 2002;
Shi et al., 2003), has been equated to bitter taste receptors based
on anatomical, functional, and genetic evidence for a few selected
TAS2R family members only (Adler et al., 2000; Chandrashekar
et al., 2000; Matsunami et al., 2000; Bufe et al., 2002). In view of
the large still uncharacterized repertoire of TAS2Rs, the identifi-
cation of the bitter receptors for aristolochic acid and sulfonyl
amide sweeteners is an important step toward understanding the
biological function of this complex gene family.
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