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Decoding the Molecular Mechanism of Sweet Taste of Amino
Acids by Their Intrinsic Properties and Interactions with
Human Sweet Taste Receptor
Ying Wang,[a] Mingqiong Tong,[b] Zanxia Cao,[c] Zeyuan Sun,[d] Tetiana Derkach,[d]

and Bo Liu*[a]

The molecular basis of sweet taste toward various amino acids
has not been fully elucidated. In this study, by correlation
of their sweetness intensities with molecular properties, it is
revealed that hydrophobic or dispersion force between side
chains and sweet taste receptor (Tas1R2/Tas1R3) plays a promi-
nent role for eliciting sweetness. Furthermore, the interaction
modes of 13 amino acids with receptor indicate that amino (AH)
and carboxyl (B) glucophores of different amino acids interact
with identical residues of receptor, while the hydrophobic side
chains (X glucophores) conduct distinct topological orientations
with receptor, determining their chirality selection and sweet-
ness intensities. Molecular dynamics analysis shows that sweet

d-amino acids move toward the hydrophobic transmembrane
domain during activation with more contact numbers with
receptor than nonsweet l-amino acids, providing a mechanistic
elucidation of previous inconsistent sensory evaluation results
of specific amino acids. Moreover, by comparison with the inter-
actions of a dipeptide sweetener, aspartame with Tas1R2/Tas1R3
and nonsweet l-glutamate with class C G protein-coupled recep-
tors, we conclude that a complementary interaction mode
with both hydrophilic and hydrophobic contacts accounts for
the molecular origin of their sweet taste, presenting in-depth
insights and valuable guidelines for further molecular designs or
modifications of amino acids-derived sweeteners.

1. Introduction

The taste quality of α-amino acids has been documented for
many years, and this biological function is crucial for their
extensive use as flavor ingredients in food, beverage, health
products, and medicines.[1] A remarkable feature is their sweet
taste, which evidently depends upon their chirality.[2] Many
d-amino acids taste sweet while l-amino acids do not, and
the distinct structures of their side chains appear to be crit-
ical for their sweetness.[3] Unveiling the molecular basis for
sweet taste of these molecules is not only important for
their structure and activity relationships (SARs)-based molecu-
lar designs/modifications, but also significant for elucidating the
fundamental mechanism of molecular origin of sweet taste.[4–6]
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Previous interpretation of the SARs of sweet taste amino
acids is mostly derived from the canonical AH-B-X theory, in
which a hydrogen donor (AH) and receptor (B) within a dis-
tance 2.5–4 Å, and a hydrophobic group X in suitable topological
array with AH and B are essential for eliciting sweetness.[3,4,7]

Reasonably, the amino and carboxyl of sweet taste amino acids
are ascribed to the AH and B moieties, respectively, and the
apolar side chain is assigned as the hydrophobic X moiety
(Figure 1a). This offers a rational explanation for the fact that
most hydrophilic (polar/charged) amino acids are nonsweet. One
the other hand, sweet taste intensities of amino acids obviously
depend on the properties of their hydrophobic side chains.[1,4]

However, although previous studies indicated that most sweet
taste amino acids are d-isomers, as per the findings that D-Trp, D-
Phe, D-His, and D-Leu are sweet whereas their l-isomers are not,
inconsistent conclusions were reported for some specific amino
acids. For instance, an early investigation reported that D-Tyr and
L-Ala are sweet, while L-Tyr and D-Ala are nonsweet.[1] In con-
trast, a latter study asserted that both D-Ala and L-Ala are sweet
whereas both D-Tyr and L-Tyr are nonsweet.[8] Another study
reported the similar results as the latter one but in absence of
the result of D/L-Tyr.[9] The discrepancy between these results
could derive from the different conditions in taste assays, for
example, races of panel or sources of sweet compounds. In this
study, we aim to evaluate these results based on an in-depth
SARs analysis.

It is now well known that all sweet compounds bind and
activate a common receptor-Tas1R2/Tas1R3 to elicit sweetness.[13]

Both subunits of the heterodimeric Tas1R2/Tas1R3 consist of an
extracellular N-terminal Venus flytrap domain (VFD) and a hep-
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Figure 1. Illustration of the glucophores of sweet taste amino acids according to the AH-B-X theory and the modeled structure of human sweet taste
receptor. (a) The amino, carboxyl, and side chain of amino acids (lower part) are ascribed to their AH, B, and X glucophores (upper part), respectively. (b)
The modeled structure of human Tas1R2/Tas1R3 and its domains (VFDs, CRDs and TMDs).The sweet taste amino acids bind into the orthosteric active site
located in the VFD of Tas1R2 (VFD2). The dashed line indicates the signal transduction pathway from VFD2 to VFD3, CRD3 and TMD3 during receptor
trans-activation.[10,11 ] (c) Illustration of the complementary interaction mode between sweet taste amino acid and Tas1R2/Tas1R3 in the orthosteric
ligand-binding active site located between the two lobes of VFD2.[12] The binding regions of AH, B and X glucophores of sweeteners in the active site of
VFD2 are labeled by circles, and their interactive residues of receptor are shown in stick models.

tahelical transmembrane domain (TMD), which are linked by a
cysteine-rich domain (CRD) (Figure 1b).[14] Sweet taste sensation
is initiated by a conformational closure of two lobes of VFD upon
sweet ligand binding, followed by a signal transmission along
CRD to TMD, and eventually induced by coupling with G pro-
tein and downstream signaling.[12] In spite of absence of solved
tertiary structures of Tas1R2/Tas1R3 and its complexes with sweet-
eners hitherto, molecular simulations, and functional mutagene-
sis analysis have uncovered diversified interplay modes between
sweet ligands and sweet taste receptor.[15] For instance, previous
studies have shown that many sweeteners enter the pocket com-
posed of the two lobes of VFD of Tas1R2 (VFD2), while some bind
into the TMD of Tas1R3 (TMD3), stabilizing the activated state of
receptor.[15–17]

However, to the best of our knowledge, there has been
no detailed mechanistic elucidation of the SARs of sweet taste
amino acids until now. Especially, the mechanism of selectiv-
ity of chiral amino acids for sweet taste is still unclear because
of the“spatial barrier”in Tas1R2/Tas1R3 where Leu was used as
a representative ligand docked into the virtual binding pocket
is hypothetical,[18] and its applicability for other amino acids
is unknown. Indeed, although it has been identified that the
binding pocket of sweet amino acids is located at the Tas1R2
subunit,[15,19] no investigation has been conducted to reveal the
interaction between amino acids and receptor at an atomistic
level to systematically interpret their SARs.[14,17] Despite of the
fact that the molecular properties of amino acids (e.g., hydropho-
bicity and steric parameters) have been well described,[20–23] the
relationship between these descriptors and the sweetness is far
from being fully understood.[24] Therefore, it is a necessity to illu-
minate the molecular mechanism of sweet taste of amino acids
on account of both their intrinsic properties and interactions

with human Tas1R2/Tas1R3. In this study, a complementary inter-
action mode between peptidic sweeteners including sweet taste
amino acids and human Tas1R2/Tas1R3 is revealed, presenting a
mechanistic insight into their observed chirality selection and
dependence on side chains for sweet taste.

2. Results

2.1. Correlations Between Properties of Amino Acids Side
Chains and Sweet Taste Intensities

Herein, a direct correlation of molecular properties of side
chains of sweet amino acids with their sweetness intensities is
established (Figure 2, Tables S1 and S2). It is evident that the
hydrophobicity values are in good agreement with the sweet-
ening potency of sweet taste amino acids. Furthermore, the
graph size parameter, which is a measure of spatial influence
of the side chain groups, is well correlated with the sweet-
ness intensities.[22] A tight correlation is also observed between
the sweetness and polarizability (or van der Waals volume),
which is an indicator of dispersion forces. These results sug-
gest that the hydrophobic side chains of sweet taste amino
acids play a crucial role for modulation of sweetness, presumably
making interactions with some apolar groups in Tas1R2/Tas1R3
via hydrophobic or dispersion forces,[3,24] as previously sug-
gested, which presents a rational interpretation of the order of
their sweetness intensities. The correlations between sweetness
intensities and these physicochemical descriptors, especially the
magnitude of hydrophobicity of side chains (X glucophores),
thus provides meaningful guidelines for further designing or
modifying amino acids-derived sweeteners.
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Figure 2. Correlation between sweetness intensities of amino acids and molecular properties of their side chains. (a) Sweetness intensity versus
hydrophobicity. (b) Sweetness intensity versus dimensions. (c) Sweetness intensity versus polarizability. (d) Sweetness intensity versus van der Waals
volume. Amino acids are represented by different symbols as shown in (a). Data are derived from Tables S1 and S2.

However, an exception is His (given in bold in Table S1),
whose parameters (e.g., hydrophobicity) display obviously incon-
sistent correlations with the magnitude of sweetness, distinct
from other apolar sweet taste amino acids. This discrepancy may
be due to the positive charge attribute of side chain of His, but
also indicates a nonpolar attribute of its resonance stabilized
imidazole group as a result of delocalization of charge.[23] Sim-
ilarly, the minor discordance of parameters (e.g., hydrophobicity
and polarizability) of Tyr is probably originated from the extra
hydroxyl in the side chain of Tyr compared with that of Phe,
presumably due to the conjugative or inductive effects.[22]

2.2. Binding Sites of Amino Acids in Human Tas1R2/Tas1R3

To account for the effects of chirality and properties of
side chains on sweet taste, molecular modeling and dock-
ing were carried out. In the present study, the active form
of GABAB (metabotropic γ -aminobutyric acid receptor) struc-
ture (PDB: 6uo8) was used as the template to model the “Aco”
(active closed–open) form of full-length human Tas1R2/Tas1R3
structure,[10] which can well reflect the heterogeneous nature
and active state of Tas1R2/Tas1R3,[11] and the previously identified
residues involved in amino acids binding at the orthosteric bind-
ing site in VFD2 were selected as restrictions in docking.[15,19] To
obtain the details of binding modes between amino acids and
human Tas1R2/Tas1R3, 13 amino acids ligands (D/L-Trp, D/L-Leu,
D/L-His, D/L-Phe, D/L-Tyr, D/L-Ala, and Gly) were docked into the
receptor, respectively.

The results show that both hydrophilic and hydrophobic
interactions between amino acids and residues in VFD2 con-

tribute to their binding with the receptor (Figure 3). Specifically,
all amino acids investigated adopt similar binding modes with
the receptor: two ionic bonds (salt bridges) interactions are
found between the carboxyl group of each taste amino acid
and the basic residue R383 located at the upper lobe of VFD2,
and between its amino group and the acidic residues E302
located at the lower lobe of this domain, respectively. The dis-
tinct hydrophobic side chains of these amino acids also make
potential interactions with the receptor residues, for exam-
ple, hydrophobic interaction between apolar side chains and
Y103/P277, indicating that both zwitterion (hydrophilic) and side
chains (hydrophobic) complementary interactions with receptor
are essential for amino acids binding.[25] Because all taste amino
acids harbor the same zwitterionic AH and B glucophores (amino
and carboxyl), and the main difference between amino acids
lies in the properties of side chains, it can be proposed that
the distinct interactions between side chains of amino acids and
residues of receptor mediate their different sweetness.

2.3. Interaction Modes Between Amino Acids and Human
Sweet Taste Receptor

These results suggest that the nonsweet amino acids, most of
which are l-isomers, can bind into the same active site in VFD2
as sweet amino acids, but their hydrophobic side chains cannot
conduct effective interactions to activate the receptor. Indeed, it
is shown that side chains of sweet amino acids (D-Trp, D-Leu,
D-Tyr, D-His, and D-Phe) orient toward the hydrophobic inter-
nal part of the binding pocket (e.g., adjacent to P277 and Y103),
whereas side chains of nonsweet amino acids (L-Trp, L-Leu, L-His,
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Figure 3. Molecular docking of amino acids into human Tas1R2/Tas1R3. (a)
D-Trp. (b) L-Trp. (c) D-Leu. (d) L-Leu. (e) D-Tyr. (f ) L-Tyr. (g) D-Ala. (h) L-Ala.
(i) D-Phe. (j) L-Phe. (k) D-His. (l) L-His. (m) Gly. The residues in the binding
site of human Tas1R2 VFD (E302, R383, P277, and Y103) interacting with the
AH (amino), B (carboxyl), and X (side chain) glucophores of sweet taste
amino acids are shown as stick models and colored in orange red, blue,
and black, respectively, and their polar interactions with taste amino acids
(colored in yellow) are denoted as dashed lines.

and L-Phe) orient toward the hydrophilic outer part of binding
pocket (Figure 3a–f,i–l), suggesting more effective contacts with
receptor of sweet amino acids than those of nonsweet amino
acids. In support of this finding, an early study reported that
there is a strictly nonpolar nature for the side of sweet ligands
facing the spatial barrier in a narrow cleft of active site.[26]

Our results indicate that the spatial partition of hydrophilic
and hydrophobic portions in the ligand binding region of VFD2
is crucial for binding and differentiation of taste amino acids.[27,28]

Therefore, the topological orientations of side chains of sweet
taste D-amino acids (D-Trp, D-Leu, D-Tyr, D-His, and D-Phe) and
their complementary interaction with receptor can well account
for the mechanism of chirality selection (Figure 3a–f,i–l). Further-
more, the achiral Gly binds with the receptor in a similar manner
as sweet D-amino acids (Figure 3m), in accordance with its sweet
taste. However, almost identical arrangement of side chains of D-
Ala and L-Ala toward hydrophobic inner part suggests that both
D-Ala and L-Ala are sweet (Figure 3g,h). Furthermore, this com-
plementary interaction mode between sweet amino acids and
receptor is in good agreement with the importance of hydropho-
bicity and polarizability that are correlated with the sweetness
intensities, as demonstrated in Figure 1.

2.4. Comparison with the Interaction of Aspartame with
Human Sweet Taste Receptor

We were then interested in whether this complementary interac-
tion mode with both polar and apolar coordination is a general
pattern for activation of sweet taste receptor that is also appli-
cable for other peptidic sweeteners. To study this, we employed
a well-studied high-potency synthetic sweetener, aspartame (l-
aspartyl-l-phenylalanine methyl ester), whose binding site in the
human VFD2 has been well characterized.[15,29,30] As expected,
the zwitterionic unit (the N-terminal amino and carboxyl) and
hydrophobic portion (the C-terminal benzyl side chain of pheny-
lalanine and methyl ester) of aspartame, which serve as the AH,
B, and X glucophores respectively,[27] adopt a very compara-
ble interaction mode with the receptor in the binding pocket
as sweet taste amino acids (Figure 4a). The more interaction
sites of aspartame with the receptor than sweet amino acids
are consistent with the significant improvement of sweetness
of aspartame (about 200 times than sucrose). In addition, it
has been well described that the analogues of aspartame (e.g.,
neotame, superaspartame, and monatin) adopt the similar inter-
action mode with the receptor as aspartame.[31–33] Based on
these results, we suggest that a complementary interaction
mode between sweet taste receptor and peptidic sweeteners
(sweet taste amino acids, aspartame, and its derivatives or ana-
logues) accounts for the elicitation of their sweetness (Figure 1c).
It is significant to explore the details of interaction of sweet-
eners in other chemical families with receptor in the future to
decipher their commonalities or discrepancies with the com-
plementary interaction mode of peptidic sweeteners.[34,35] For
instance, because the intensively sweet-tasting proteins are com-
posed of various amino acids, our results could have a heuristic
power to illuminate the activation mechanism of sweet taste

ChemistrySelect 2024, 9, e202403468 (4 of 8) © 2024 Wiley-VCH GmbH



ChemistrySelect
Research Article
doi.org/10.1002/slct.202403468

Figure 4. Interaction modes of peptidic sweeteners and l-amino acids with
class C GPCRs. (a) Human Tas1R2/Tas1R3 bound to aspartame.[29,30] (b)
Human metabotropic glutamate receptor 2 (mGluR2) bound to L-glutamate
(L-Glu) (PDB: 5cni).[37] (c) Human mGluR3 bound to L-Glu (PDB: 5cnk).[37] (d)
Human mGluR5 bound to L-Glu (PDB: 3lmk).[38] (e) Human mGluR8 bound
to L-Glu (PDB: 6bsz).[39] The dashed lines indicate the interactions between
ligand and residues of receptor as described in Figure 3.

receptor by these biomacromolecules with large volume and
molecular weight.[7,28,36]

2.5. Comparison with the Interactions Between Amino Acids
and Other GPCRs

The complementary interaction mode between taste amino
acids and Tas1R2/Tas1R3 can be reinforced by comparison with
the ligand binding modes of Tas1R2/Tas1R3 homologues, human
mGluR (metabotropic glutamate receptor) 2, mGluR3, mGluR5,
and mGluR8, which are bound to nonsweet amino acid L-
glutamate (L-glu). The tertiary structures of these class C GPCRs
bound to L-glu have been solved (Figure 4b–e).[37–41] It turned
out that the binding sites of L-glu in the four class C GPCRs
are comparable to those of sweet taste amino acids in VFD2,
with the zwitterionic amino and carboxyl of L-glu interacting
with the receptor residues in a similar manner as those of sweet
taste amino acids. However, the side chain (γ -carboxyl) of L-glu
is hydrophilic, which interacts with the receptor residues in an
obviously distinct manner compared with the hydrophobic side
chains of sweet taste amino acids. Figure 4b–e clearly shows
that the hydrophilic side chains (γ -carboxyl of L-Glu) are in close
vicinity to the outer hydrophilic portions of VFDs, whereas the
hydrophobic side chains of sweet taste amino acids (Figure 3)
and dipeptide aspartame (Figure 4a) are adjacent to the inner
hydrophobic side of VFD2. In accord with this finding, residues in
these class C GPCRs interacting with the amino and carboxyl of
amino acids are generally hydrophilic, for instance, E302 of Tas1R2
and the conservative residue D at corresponding positions of
mGluRs, with R383 of Tas1R2 and the conservative residue K at
corresponding positions of mGluRs. However, residues interact-
ing with the side chains of amino acids are in nonconservative
characters, for example, P277 of Tas1R2, R271 of mGluR2, R278
of mGluR3, E279 of mGluR5, and N283 of mGluR8 and similar
tendency is present at the site of Y103 of Tas1R2 which also
interacts with the hydrophobic X glucophore of peptidic sweet-
eners (Figure 3),[7,29,30] changing on average from apolar (Tas1R2)
to charged or polar (mGluRs) residues, as shown in the mul-
tiple sequence alignments of these receptors (Figure 5). Taken
together, these results indicate that interactions between amino
and carboxyl of amino acids with their corresponding receptors
are conserved, whereas the variable side chains mediate their
distinct interactions with receptors and then determine their
diverse functional properties.

3. Discussion

Based on the findings above, a common interaction mode
between sweet taste amino acids and Tas1R2/Tas1R3 can be
derived, that is, electrostatic interaction between the amino (AH
glucophore) and carboxyl (B glucophore) of amino acids and the
“pincer residues” located at the upper and lower lobes of VFD2
in the active site,[12] respectively, and hydrophobic/dispersion
interaction between hydrophobic side chains (X glucophore) and
apolar residues in the binding pocket. The electrostatic interac-
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Figure 5. Partial sequence alignment of human Tas1R2 and class C GPCRs bound to l-glutamate. The sequence alignment was performed with the ClustalW
program. Conserved residues are indicated by asterisk above the alignment, and single and double dots represent amino acids with semiconservative and
conservative characteristics. Gaps introduced during the alignment process are indicated as dashes. Human Tas1R2 R383 binding with the carboxyl of amino
acids and its corresponding residues of mGluRs are denoted by black circle, and E302 binding with the amino of amino acids and their corresponding
residues of mGluRs are denoted by white circles. Human Tas1R2 Y103 and P277 interacting with the side chains of amino acids and their corresponding
residues of mGluRs are denoted by white triangles. Human Tas1R2 (GenBank: Q8TE23); Human mGluR2 (AAY14640); Human mGluR3 (NP_000831); Human
mGluR5 (NP_000833); Human mGluR8 (NP_000836).

tion pattern is in accord with the fact that receptor activation
is initiated by a closure of two lobes of VFD2 upon amino acids
binding,[11] and the interaction between hydrophobic portions of
receptor and sweeteners is consistent with the orientations of
side chains of sweet amino acids toward the hydrophobic inner
part of binding pocket in VFD2, which is the determinant for
eliciting sweet taste.[15,18,19,24]

In this research, we noticed that the electrostatic poten-
tials of amino, carboxyl and side chain of taste amino acids
play critical roles for their interactions with sweet taste recep-
tor as well as sweetness. Indeed, the pH values of solvents
could significantly affect the dissociations of these three chem-
ical groups, thus determining both their intramolecular and
intermolecular interactions.[42] At physiological pH, amino acids
are zwitterionic (electropositive AH and electronegative B glu-
cophores, respectively), while the range of pH values of the saliva
is variable (6.5–7.4), resulting in different isoelectric points for dif-
ferent amino acids.[43] In this regard, solvents, which generally
are water molecule, could essentially mediate the amino acids-
receptor interaction and elicitation of their sweetness.[44] This
circumstance has been exemplified in several previous investi-
gations, for instance, the interaction between aspartame and
sweet taste receptor is mediated by two water molecules via
hydrogen bonds.[29,30] Further research should be explored for
sweet taste amino acids in this field with both experimental and
computational approaches.

4. Conclusions

In this article, we raise an in-depth insight into the molecular
mechanism of sweet taste of α-amino acids. The relationships

between the magnitudes of hydrophobicity, graph shape, and
polarizability of amino acids and their sweetness intensities are
established. Besides, we disclose a complementary interaction
mode between sweet amino acids and human Tas1R2/Tas1R3, in
which the basic “pincer residues” R383 at the upper lobe and
the acidic “pincer residue” E302 at the lower lobe of Tas1R2-
VFD make complementary electrostatic interactions with the
carboxyl (B glucophore) and amino (AH glucophore) of amino
acids, respectively,[12] while the variable hydrophobic side chains
(X glucophores) of amino acids conduct hydrophobic or disper-
sion interactions with the inner apolar portion of the receptor,
thereby determining the specificity of sweetness of various
amino acids. This interaction mode confirms that only one of
enantiomers is capable of interaction with Tas1R2/Tas1R3 since
the receptor has chiral character, in accordance with the chiral-
ity selection for sweet taste.[24,27,28] The hydrophilic/hydrophobic
partition tendency and stereochemical compatibility between
glucophores of sweet taste amino acids and the interactive
residues of receptor facilitate their complementary interaction,
accounting for the molecular origin of sweet taste. Furthermore,
these findings are consistent with the results of sweet taste
sensory evaluation and correlation analysis between molecular
descriptions and sweetness intensities. Moreover, by compar-
ison with the interaction modes of a dipeptide sweetener
aspartame with Tas1R2/Tas1R3, and those of nonsweet L-Glu
binding with other class C GPCRs (human mGluRs), it is con-
vinced that this complementary interaction mode between AH
(amino), B (carboxyl), and X (hydrophobic side chains) glu-
cophores and corresponding residues of sweet taste receptor
is a common molecular feature for eliciting the sweet taste
of peptidic sweeteners. This paradigm provides a meaningful
framework and helpful guidelines for further exploring SARs
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and molecular designs or modifications of amino acids-derived
sweeteners.

5. Methods

5.1. Sensory Evaluation and Physicochemical Parameters of
Side Chains of Amino Acids

The sensory evaluation results of various d- and l- amino acids
were initially retrieved from an early study in 1969, which
reported that amino acids with hydrophobic side chains D-Trp,
D-Phe, D-Tyr, D-His, D-Leu, L-Ala, and Gly are sweet, whereas
their enantiomers L-Trp, L-Phe, L-Tyr, L-His, L-Leu, and D-Ala (Gly
has no chiral enantiomer) are nonsweet.[1] However, a latter
study reported the same taste test results of D/L-Trp, D/L-Phe,
D/L-His, D/L-Leu, and Gly but with two inconsistent findings:
both D-Ala and L-Ala are sweet whereas both D-Tyr and L-Tyr
are nonsweet.[8] Another study verified the results of the lat-
ter report, although in absence of the sensory evaluation data
of D/L-Tyr.[9] However, we were unable to obtain these amino
acids for taste assay in this research. To compare and eval-
uate these results, 13 amino acids (D/L-Trp, D/L-Leu, D/L-His,
D/L-Phe, D/L-Tyr, D/L-Ala, and Gly were selected and analyzed
in this study. The physicochemical descriptors of side chains
of amino acids have been experimentally obtained by direct
measurements of the properties of amino acids,[22] while the
hydrophobicity scale of amino acids side chains has been inves-
tigated by another research group with a different free energy
of transfer approach.[23] Both of these results were analyzed to
establish their correlations with the intensities of sweetness of
amino acids.

5.2. Correlation Analysis

Correlation analysis between the intensities of sweetness and
molecular properties was performed with the GraphPad Prism
software, and a Pearson correlation with a one-tailed paired
t-test and 95% confidence interval was analyzed.

5.3. Homology Modeling

Based on the activation mechanism of class C GPCRs mGluRs,
and GABAB, the ligand-bound conformation of human sweet
taste receptor should be an“Acc” (active closed–closed) or “Aco”
(active closed–open) form.[11,12] This allows to select the active
form of GABAB as the template (PDB: 6uo8) to model the “Aco”
(active closed–open) form of full-length human Tas1R2/Tas1R3
structure, because the heterogeneous nature of two subunits
(GB1 and GB2) of this template could well reflect the distinct
attributes of Tas1R2 and Tas1R3.[10,14] A multiple sequence align-
ment of human Tas1R2/Tas1R3 and GB1 and GB2 was generated
by ClustalW, and human Tas1R2 (GenBank: Q8TE23) and Tas1R3
(Q7RTX0) display around 25%–27% overall sequence identities
with GABAB GB1 and GB2.[45] A hetero target model was built

using the online SWISS-MODEL program (http://swissmodel.
expasy.org/). The quality of model was evaluated by the Verify3D
program with acceptable scores.[46]

5.4. Docking

The three-dimensional structures of various amino acids were
obtained from the PubChem Compound database in NCBI. An
automatic molecular docking program in Yinfo Cloud Computing
Platform (https://cloud.yinfotek.com/) was applied to construct
the complexes of various d-/l-amino acids and the modeled
human Tas1R2/Tas1R3, with the previously identified amino acids
interactive residues of human Tas1R2 (Y103, S165, P277, D278, E302,
and R383) as the constraints.[15] The Autodock Vina protocol and
the flexible docking model were used.[47] The final docked con-
figurations were selected based on docked binding energies and
cluster analysis.
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