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1 | INTRODUCTION

Piero Andrea Temussi®

Abstract

The present work proposes an explanation for a recent observation that has
conclusively proven that heavy water, that is, water containing the non-
radioactive isotope of hydrogen deuterium, is mildly sweet, at variance with
the tasteless common water. No firm explanation was proposed for this
unexpected behavior. Yet, the subject is far from being an irrelevant curios-
ity, as the explanation of yet unidentified properties of the sweet receptor
can help us to understand the molecular bases of food appreciation that
have direct repercussions on pathologies such as diabetes and obesity.
Here, a simple but convincing structural explanation of the taste of heavy
water is proposed that is based on the influence of heavy water on the con-
formation of the active form of the receptor. The explanation requires the
concept of “constitutive receptor activity”, that is, a notion well accepted in
many areas of pharmacology but clearly neglected in reference to taste
receptors. We discuss how constitutive activity also explains other proper-
ties such as the recognition of sweet proteins that are several thousand
times sweeter than small carbohydrates.
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protection from, the several poisoning compounds, usu-
ally bitter, that surround us in the environment while the

Taste receptors are specialized proteins located on
specialized taste cells within taste buds that trigger the
taste sensation upon detection of specific chemical
compounds in food and beverages (Bachmanov
et al., 2014). Taste receptors are primarily present on
the tongue but are also found in other areas of the oral
cavity and in extraoral locations like the gastrointestinal
tract. These receptors allow us to distinguish among
the five basic tastes: sweet, salty, sour, bitter, and
umami. While several different proteins account for the
reception of the bitter taste, the sour, salty, and umami
tastes are related to two receptors and, remarkably,
only one receptor triggers the sweet taste. This peculiar
difference is usually ascribed to the necessity to have
many different sensors to detect, and therefore find

sweet sensation suffices with only one specialized
reception.

In the present work, we discuss the physico-
chemical significance of a recent observation that is
directly relevant for understanding the functioning of
the sweet receptor. It was noticed that heavy water has
a mild sweet taste (Ben Abu et al., 2021; Hansen &
Rustung, 1935), implying that it interacts with our
unique sweet receptor, at variance with the tasteless
properties of regular water. Heavy water (D>0) is chem-
ically similar to regular water (H-O), but instead of ordi-
nary hydrogen, it contains deuterium, a non-radioactive
isotope of hydrogen with one proton and one neutron in
its nucleus. To find a rational explanation for the sweet-
ness of heavy water is by far not a mere curiosity or a
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frivolous topic for gourmets: it sheds light on the func-
tioning of the sweet taste receptor, whose structure
without ligands is still not available (Juen et al., 2025),
and provides further information about our understand-
ing of taste, needed both for increasing our basic
knowledge and to design better sweeteners, essential
for people with disabilities like diabetes, obesity, or car-
diac problems.

2 | THE SWEET TASTE RECEPTOR:
STRUCTURE AND ACTIVATION STATES

The sweet receptor was functionally characterized in
2002 as a heterodimer comprising T1R2 and T1R3,
both belonging to the Class C G-protein coupled recep-
tors (GPCRs) (Li et al., 2002). These are a subfamily of
GPCRs uniquely characterized by large extracellular
domains and by constitutive dimerization, which often
involves either or both homo- and hetero-dimers. These
receptors, unlike other GPCRs, have their ligand bind-
ing sites primarily located in the extracellular domains,
rather than within the transmembrane domain (Li
et al., 2002). As with other class C GPCRs, T1R2 and
T1R3 include a large extracellular Venus Fly Trap
domain, which undergoes conformational changes
associated with receptor activation. T1R3 had previ-
ously been associated with the saccharin preference
gene (Sac) (Kitagawa et al., 2001; Max et al., 2001),
but its co-assembly with T1R2 was demonstrated to be
essential for a full response to a broad spectrum of
sweeteners. Although the full experimental structure
of the T1IR2-T1R3 complex is not yet available, exten-
sive sequence homology with mGIluR1, whose struc-
ture was determined shortly after the identification of
the sweet receptor (Kunishima et al., 2000), has
enabled the construction of detailed three-dimensional
models.

3 | HEAVY WATER: AN
UNEXPECTEDLY SWEET SIP

It was suggested long ago that deuterated water tastes
sweet (Hansen & Rustung, 1935). This observation
was, however, contradicted shortly after by the eminent
Nobel laureate Prof. Harold Urey, the very discoverer of
deuterium, who believed that heavy water had the
same taste as normal water (Urey & Failla, 1935). Deu-
terium, as opposed to its close isotope hydrogen, which
differs only by an additional neutron in the nucleus, is a
non-radioactive element that is non-toxic in small
amounts, but is harmful to living organisms in large
doses. At the time, nobody, of course, dared to contra-
dict Prof. Urey, although, not being a “professional
taster’ and probably expecting a clear sweetness
rather than a modest increase, he might not have been

in the best position for a definite judgment. Notwith-
standing, the possibility that heavy water had a different
taste from normal water remained as a halo in
literature.

Recently, a detailed paper on this subject sug-
gested, based on detailed and rigorous experimental
bases, that indeed deuterated water has an intrinsic,
albeit mild sweet taste (Ben Abu et al.,, 2021). The
authors found that, according to a human sensory
panel of taste experts, the perceived sweetness of D,O
increased in a D,O-dose dependent manner, reaching
an average of 3.3 sweetness, typical of what is
described, using a 9-point scale, as slightly sweet.

It is puzzling that the same authors found that mice
could not taste heavy water as different from normal
water, but the difference between tests on humans and
mice might be related to the difficulty of detecting a very
mild difference between D,O and H,O using behavioral
assays.

The compelling question is therefore why? Can we
explain this observation based on what we currently
know at the atomic level about the structure and the
functioning of the sweet receptor?

This effect is unlikely to result from conventional
ligand-receptor interactions. Ben Abu et al. (2021)
could not reach a firm hypothesis on this important
point. Detailed modeling of the sweet receptor’s binding
sites failed to identify specific sites that would directly
accommodate water molecules, let alone distinguish
between H,O and D,O (Ben Abu et al., 2021). Thus a
different explanation is owed to be found.

4 | RECEPTORS WITH A SECRET LIFE

Before discussing a reasonable answer, it is essential
to revisit a crucial concept on receptors widely recog-
nized by pharmacologists but not always well known by
the largest audience. Receptors are not just passive
on/off switches. As pharmacologists now widely accept,
many receptors—including G protein-coupled receptors
(GPCRs)—exist in a dynamic equilibrium between
active and inactive conformations, even when no ligand
is present. This behavior is known as “constitutive
receptor activity” (Berg & Clarke, 2018; Milligan, 2003).
Despite this fundamental principle of receptor pharma-
cology, early studies of the sweet taste receptor largely
omitted explicit mention of constitutive activity. The first
indirect acknowledgments appeared in structural
modeling studies of sweet-tasting proteins (Morini
et al., 2005; Temussi, 2002), where homology models
of the sweet receptor were constructed using glutamate
receptor templates that included ligand-free active con-
formations (Kunishima et al., 2000).

Interestingly, these authors of the glutamate recep-
tor structure had also shown that the extracellular
domain of mGIuR1 exists in three different forms: one
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complexed with two molecules of glutamate and two
forms free of any ligand. Both the receptor complexed
with glutamate (1ewk.pdb) and the uncomplexed free
form Il (1ewv.pdb) are classified as open-closed confor-
mations and correspond to the active state of the
receptor, whereas the other ligand-free form (I) (1ewt.
pdb) is in an open-open conformation and corresponds
to the inactive state of the receptor. Combining two
sequences (T1R2 and T1R3) with two conformations
amounts to four possible heterodimers. The first hetero-
dimeric TIR2-T1R3 model corresponded to only one
of the two possible active models (Temussi, 2002).
Shortly after, Morini et al. (2005) built all models of the
human sequences and used them to identify all possi-
ble sites of interaction. The four TIR2-T1R3 heterodi-
mers are two inactive, ligand-free, open-open forms,
and two active closed-open forms. In all cases, the
active forms (whether with ligands or ligand free) are
more compact than the resting/inactive forms.

A more direct recognition came from Galindo-
Cuspinera et al. (2006), who provided experimental evi-
dence for constitutive activity in their study of the so-
called “water taste” phenomenon. In this case, rinsing
the mouth with water after exposure to an inverse ago-
nist restored a baseline sweet perception, which the
authors correctly attributed to reactivation of the recep-
tor's constitutive state.

5 | ALIKELY ANSWER TO THE
QUESTION OF WHY HEAVY WATER IS
MILDLY SWEET

Based on the mentioned knowledge, it is thus reason-
able to suggest a likely interpretation for the sweet taste
of heavy water using the concept of constitutive recep-
tor activity. The explanation requires that the sweet
taste receptor (T1R2-T1R3), like the majority of recep-
tors, exists in the absence of any ligand, as an equilib-
rium between an inactive and an active form. These
ligand-free active forms are central to understanding
the receptor’s constitutive activity. Notably, such activity
provides a plausible framework for interpreting how cer-
tain stimuli, including sweet proteins and heavy water,
modulate sweet perception without conventional
orthosteric binding. New findings suggest that proteins
are slightly more compact and rigid in D,O than in H,O
(Tempra et al., 2023). This difference could subtly shift
the receptor's equilibrium toward its compact, active
state—leading to a faint sweet taste without any ligand.
Heavy water may tip the balance toward activation—
not by binding, but simply by changing the environment
around the receptor (Figure 1). It is thus not about a
direct docking site but about the physical context
influencing the receptor’'s conformation and the ability
of heavy water to stabilize proteins.
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FIGURE 1 Cartoon illustrating the shift of the equilibrium
between two ligand-free forms of the sweet receptor induced by
immersion of the receptor in heavy water.

It is in order to recall that heavy water, while behaving
like ordinary water in the majority of aspects, can influ-
ence protein stability in specific ways because of subtle
but well distinct physico-chemical properties. Key differ-
ences between D,O and H,O are (1) the hydrogen/
deuterium bond strength: D,O forms stronger, more sta-
ble hydrogen bonds; (2) the density and viscosity: D,O is
~10% denser and more viscous, possibly affecting pro-
tein dynamics; and (3) the dielectric constant and solvent
effects that could also influence receptor conformational
stability. Among these differences, the increased strength
of hydrogen bonding will directly favor compact conforma-
tions, like the active form of the ligand-free receptor. At
the same time, an increase in solution viscosity will slow
down protein dynamics, thus favoring protein rigidity.

6 | SWEET PROTEINS: LARGE
MOLECULES, POTENT EFFECTS

The concept of constitutive activity is further reinforced
and supported also by another well-known fact: the
extraordinarily high potency of sweet proteins. Some of
the most potent sweet compounds are not small
organic molecules but proteins—such as brazzein,
thaumatin, and monellin—derived from tropical plants
(Morris, 1976). These macromolecules exhibit sweet-
ness intensities up to five orders of magnitude greater
than sucrose (Morini et al., 2005), despite having struc-
tures that seem incompatible with the receptor’s known
small-molecule binding sites. Initial hypotheses pro-
posed the existence of “sweet fingers”—localized
structural motifs on the protein surface resembling
small sweeteners—which could potentially interact with
orthosteric sites (Tancredi et al., 2004). However, this
approach failed to produce peptides that retained
sweetness, suggesting an alternative mechanism. A
compelling explanation was proposed by Temussi
(2002): sweet proteins may not interact directly with
the orthosteric site but rather bind to an external site on
the receptor, stabilizing the ligand-free active conforma-
tion. This model, later referred to as the wedge model,
was supported by in silico docking studies demonstrat-
ing that these proteins fit into a large extracellular cavity
formed by the active receptor conformation (Morini
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FIGURE 2 Cartoon illustrating the shift of the equilibrium
between two ligand free forms of the sweet receptor induced by a
wedge shaped protein. (a) The two free form conformations of the
VFT domain. (b) The shift induced by a wedge shaped protein.

et al., 2005). In this model, sweet proteins act as con-
formational stabilizers, shifting the equilibrium between
inactive and active states in favor of the latter
(Figure 2). This elegant explanation matched experi-
mental data but was, unfortunately, often misrepre-
sented or ignored. Some later studies tried different
angles (Jiang et al., 2004; Kim et al., 2022), but the
new models could not easily accommodate large pro-
teins like thaumatin. The wedge model still stands as
the only one flexible enough to explain how all sweet
proteins might work. Despite initial resistance or misin-
terpretation in the literature, this mechanism remains
one of the few that can coherently explain the potent
sweetness of structurally diverse sweet proteins, partic-
ularly given their size and limited structural similarity.

7 | CONCLUSIONS

From mind-blowingly sweet tropical proteins to the quiet
sweetness of heavy water, these unusual taste phe-
nomena make one thing clear: the sweet receptor is not
just a passive player waiting for ligands to knock.
Instead, it exists as a dynamic equilibrium of states,
capable of subtle activation even in the absence of tra-
ditional ligands—a behavior explained only through the
lens of constitutive receptor activity. Ignoring this intrin-
sic activity limits our understanding. Embracing it
unlocks the full richness of taste biology—and may
explain some of its most delicious sweet mysteries.
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