
A Macrocyclic Tweezers-Shaped Receptor for the
Biomimetic Recognition of the Gal(α1-3)Gal Disaccharide of
the α-Gal Antigen
Francesco Milanesi,[a] Nastassja Burrini,[a] Giona Corti,[a] Stefano Roelens,[b] and
Oscar Francesconi*[a]

The Gal(α1-3)Gal is the terminal disaccharide unit of the α-Gal
epitope [Gal(α1-3)Gal(β1-4)GlcNAc], an exogenous antigenic
determinant with several clinical implications, found in all non-
primate mammals and in several dangerous pathogens, includ-
ing certain protozoa and mycobacteria. Its absence in humans
makes the α-Gal epitope an interesting target for several

infectious diseases. Here we present the development of a
macrocyclic tweezers-shaped receptor, resulting from the
combination of the structural features of two predecessors
belonging to the family of diaminocarbazole receptors, which
exhibits binding properties in the low millimolar range toward
the Gal(α1-3)Gal disaccharide of the α-Gal antigen.

Introduction

Exposed on the surface of eukaryotic cells as glycoconjugates of
lipids and proteins, glycans mediate a variety of events in cell-
cell, cell-matrix and cell-molecule interactions, including those
related to the regulation of the immune response.[1,2] The
complexity of glycan structures determines their biological role,
in such a way that selective recognition of specific terminal
epitopes by the immune system determines the discrimination
of self from non-self.[3] Molecular recognition is the key step in
these processes, thus development of synthetic receptors
capable of recognising oligosaccharide epitopes and of interfer-
ing with these events has gained increasing interest in the last
few years.[4,5]

Among the plethora of biologically relevant oligosacchar-
ides, the α-Gal epitope [Gal(α1-3)Gal(β1-4)GlcNAc] has unique
clinical relevance.[6] Indeed, it is abundantly expressed as a
terminal on glycoconjugates of non-primate mammals, prosi-
mians, and New World monkeys, whereas it is not expressed in
apes, Old World monkeys and humans; rather, the latter
produce an anti-Gal antibody that specifically binds to the α-Gal
epitope. This is one of the major obstacles to

xenotransplantation[7] and the origin of the alpha-gal
syndrome,[8] a meat allergy onsetting after the bite of certain
ticks, whose saliva is an α-Gal-containing antigen, that induces
the immune system to release specific IgE. In addition, the α-Gal
epitope is also expressed on the surface of several pathogens of
high risk to human health,[9] such as various species of protozoa
and mycobacteria, and is proven to be a specific target for the
treatment of infectious diseases, such as leishmaniasis,[10]

malaria, and tuberculosis.[11]

Following a biomimetic approach, based exclusively on
non-covalent interactions, the investigation of synthetic recep-
tors for carbohydrates has long been restricted to organic
solvents, where polar interactions are enhanced by the mild
competition of solvent molecules.[12] Indeed, water poses a
serious obstacle to the recognition of polar species such as
carbohydrates,[13–15] and biomimetic receptors effective in water
have only recently been on the rise in the literature.[4,16] While
the use of “temple” architectures has given good results in
terms of affinity and selectivity in water toward all-equatorial
carbohydrates like glucose,[17,18] there are few examples in the
literature of receptors capable of recognizing in water bio-
logically relevant mono- and oligosaccharides with axial sub-
stituents and/or α-glycosidic linkages.[19–22] Although D-glucose
(Glc) is of central interest for the development of sensors
monitoring glucose levels in biological fluids,[23] monosacchar-
ides other than Glc are far more common as terminal epitopes
in glycans,[24] such as D-galactose (Gal), L-fucose (Fuc), D-
mannose (Man), N-acetyl-D-glucosamine (GlcNAc), N-acetyl-D-
galactosamine (GalNAc), and N-acetylneuraminic acid (Neu5Ac).

Recently, our research group has developed a family of
biomimetic receptors based on diaminocarbazole as hydrogen
bonding unit, noticeably effective toward carbohydrates in
water.[25] A macrocyclic member of this family (1, Figure 1),[22]

which is constituted of alternated 9,10-disubstituted anthracene
and diaminocarbazole units, shows interesting recognition
properties toward axially substituted monosaccharides, such as
the methyl glycosides of α-glucose (MeαGlc), α-galactose
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(MeαGal) and α-fucose (MeαFuc) in water. The selectivity of
macrocyclic receptor 1 is mainly directed to 1,4-diaxially-
substituted monosaccharides, such as MeαGal and MeαFuc,
based on an extended hydrogen bonding network established
with the two diaminocarbazole units. Despite the interesting
results obtained with monosaccharides, 1 shows only moderate
binding abilities toward disaccharides, mainly because of the
size of the macrocyclic cavity.[26] Conversely, a homologous
member of the family (2, Figure 1),[27,28] which shows a tweezers-
like shape and a single diaminocarbazole hydrogen-bonding
unit in an open-chain architecture, does not bind to mono-
saccharides, but exhibits peculiar recognition properties toward
disaccharides, in particular toward the N,N’-diacetylchitobiose
(βGlcNAc2), even when this is present in the core structure of N-
glycans.

Here we present the design and the synthesis of a new
member of the diaminocarbazole family which, taking advant-
age of the structural features of previous receptors, combines
the macrocyclic architecture of 1 with the tweezers-like shape
of 2, to realize a receptor capable of recognizing both, axially
substituted monosaccharides, such as MeαGal, and disacchar-
ides, such as the Gal(α1-3)Gal unit of the α-Gal antigen.

Results and Discussion

Encouraged by the affinity in the low millimolar range of
receptor 1 toward MeαGal, we initially investigated the
recognition of the Gal(α1-3)Gal disaccharide using this architec-
ture. A 1H-NMR titration of Gal(α1-3)GalβOMe, which is structur-
ally related to the α-Gal epitope, with 1 was carried out in D2O
at pD 7.4, 298 K. Setting the independently measured dimeriza-
tion constant of receptor 1 at pD 7.4 (logβdim=3.84�0.20)[22] as
invariant in the non-linear regression analysis, a model in which
a receptor-glycoside complex showing exclusively a 2 :1 (R :G)
stoichiometry was found, featuring a logβ(2:1)=6.22�0.01.
Because both dimerization and binding constants were ob-
served in the equilibrium system, the affinity was assessed
using the intrinsic median binding concentration parameter
BC0

50,
[29] resulting in an affinity value of BC0

50 =9.18�0.25 mM. In
contrast, when an equimolar amount of Gal(α1-3)GalβOMe was
added to the acyclic receptor 2, no significant chemical shift
variation was detected (Figure S8), indicating a negligible bind-
ing. Following the idea that a synergistic combination of a
macrocyclic structure, with two diaminocarbazole hydrogen
bonding units oriented inward the cavity, with a tweezers-like
architecture, featuring an adaptive binding cleft, might improve
the binding ability toward a complex structure such as that of
Gal(α1-3)GalβOMe, we designed receptor 3 (Scheme 1). Due to
the 2,7-disubstitution of the naphthalene ring, receptor 3 can
adopt a tweezers-like conformation, as suggested by molecular
modelling calculations (Figure S28).

Receptor 3 was easily synthesized in three steps with 54%
overall yield starting from two readily available building blocks,
2,7-naphthalenedicarboxaldehyde (4)[30] and diaminocarbazole
(5),[22] prepared according to previously described procedures.
Macrocyclization was carried out in a one-pot reaction, using an
equimolar mixture of 4 and 5 in CHCl3, which was refluxed
overnight before NaBH4 in methanol was added to reduce the

Figure 1. Schematic representation of the strategy followed to combine the
macrocyclic architecture of 1 with the tweezers-like shape of 2 in a new
binding architecture. Glycosides targeted by receptors 1 and 2, and structure
of the Gal(α1–3)Gal disaccharide of the α-Gal antigen, are also depicted in
the figure.

Scheme 1. Synthesis of receptor 3. Reagents and conditions: (a) CHCl3, reflux,
18 h; (b) NaBH4, MeOH/CHCl3, RT, 4 h (60% yield over 2 step); (c) TMSBr, Et3N,
DCM, RT, 16 h, then MeOH, 0.5 h, RT (90% yield).
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formed imines, affording the tetraamine 6 in 60% yield.
Hydrolysis of the phosphonate esters was carried out using
trimethylbromosilane, followed by methanol, to give the hydro-
soluble receptor 3 with a 90% yield over two steps.

Structure Studies of the Receptor

Receptor 3 was freely soluble in water over a wide range of pH,
from physiological (pH 7.4) to alkaline (pH 11), whereas it
precipitated under acidic conditions, due to the high degree of
protonation of the phosphonate groups. The 1H-NMR spectra of
receptor 3 recorded at different pH values showed significant
differences when moving from pH 11, where phosphonates are
completely deprotonated, to pH 7.4, where partial protonation
is occurring (Figure 2a). Indeed, whereas at pH 11 a set of sharp
signals was observed, at pH 7.4 the signal of the H� C proton of
the naphthalene ring was dramatically broadened and upfield
shifted by a Δδ of 1.8 ppm, lying in a spectral region quite
distant from that of other aromatic protons. Similarly, the CH2

signal shifted upfield and broadened, apparently affected by
the same phenomena. A stepwise variation of pH from 11 to 5
(Figure S9) showed that the 1H-NMR signals remained relatively
unperturbed down to pH 9, then showed a gradual shift,
broadening, and disappearance of the H� C and CH2 protons;
this behavior suggests a fast exchange process in the NMR time
scale, strictly related to the degree of protonation of the
phosphonate groups. Dilution experiments on receptor 3 at

pH 7.4 in D2O fitted a self-association model where a trimer was
the only species observed. The strong trimerisation constant
measured (logβtrim=6.71�0.06) makes the trimer as the main
species in solution at low millimolar concentrations. As an
independent experimental evidence, the presence of a trimeric
species was also supported by MALDI-MS experiments (see
Figures S6, S7). The observation that the H� C and CH2 protons
shift upfield, both when concentration increases and when pH
decreases, suggests that the strong perturbation affecting the
two signals is related to an increase in the mole fraction of the
trimeric species, whereby these protons most likely are affected
by an intermolecular shielding effect caused by the aromatic
rings. In addition, dilution experiment on receptor 3 at pH 11
does not show any self-association phenomena (no variation in
chemical shifts was observed, see Figure S13); this evidence
indicates that self-association, which in these systems is usually
caused by π-stacking interactions,[31] is here most probably
driven by hydrogen bond formation between partially proto-
nated phosphonate groups. NOESY spectra were thus carried
out on receptor 3 at both, pH 7.4 (Figure 2b) and pH 11
(Figure S24–25). At pH 7.4 the NOESY spectrum showed NOE
cross-peaks of the methylene bridges with the H� D protons of
naphthalene and with the H� B protons of carbazole. Moreover,
an NOE contact was detected between H� C and H� B. Because
these NOEs were also found at pH 11, they were assigned to
intramolecular contacts within the monomeric 3. Curiously,
another NOE cross-peak was found at pH 7.4, but not at pH 11,
between the H� C and H� D protons of the naphthalene,

Figure 2. NMR self-association studies: a) 1H-NMR spectra (500 MHz, 298 K) of receptor 3 (7 mM) at two different pD values, 11 (top) and 7.4 (bottom). Proton
signals are labelled and variation of chemical shifts of protons H� C and CH2 are indicated with arrows; b) NOESY (300 ms mixing time, 500 MHz, pD 7.4, 298 K)
spectrum of 3 (7 mM). Proton assignments and NOE contacts are indicated with green lines; inter- and intramolecular cross peaks are marked with red
squares.
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suggesting the occurrence of an intermolecular contact within
the self-assembled structure. A three-dimensional description of
the trimer in solution was then attempted by combining
molecular modelling calculations with the observed NMR data.
Following the idea that hydrogen-bonding interactions be-
tween partially deprotonated phosphonates are the driving
force for the self-assembly, several manual dockings of the
trimer were built up and minimised as starting points for
conformational searches. All but one of the designed structures
resulted in unstable assemblies. The only stable trimer found
(Figures 3 and S29) showed a structure composed of three
monomer units, the first of which shows the cleft open
outward, whereas the other two feature opposite naphthalene
rings oriented perpendicularly to the first monomer unit. This
assembly is held together by several hydrogen bonds between
phosphonate groups (Figure 3a), reinforced by stacking inter-
actions between aromatic units. This geometry explains the
shielding effects observed on the H� C and CH2 protons in that,
if these protons belong to the second and the third monomer
units, they are located over the carbazole moieties of the first
unit (Figure 3c). In addition, the calculated structure also
explains the NOE contact found between the H� C and H� D
protons; indeed, it can be appreciated (Figure 3b) that the H� C
protons of the first monomer unit point toward the H� D
protons of the second unit, showing short interatomic
distances.

Binding Studies

The binding properties of 3 were qualitatively investigated by
1H-NMR spectroscopy in D2O at pD 7.4 toward a set of
monosaccharides (Scheme 2), including Neu5Ac, in addition to
the α- and β-methyl glycosides of Glc, Gal, Man, GlcNAc, GalNAc,
and Fuc, by monitoring the shifts of the proton signals of the
sugar upon addition of an equimolar amount of 3 (Figure S10).

Little (Δδ<0.09 ppm) or no changes were observed for Neu5Ac,
MeβFuc, MeαGalNAc, MeβGalNAc, and MeαMan, whereas an
appreciable upfield shift, together with broadening indicating
slow chemical exchange, was observed for the rest of the set.
However, the extent of the signal broadening changes within
the set: it is modest for MeβGal, MeαFuc and MeαGlcNAc, is
more pronounced for MeβMan and MeβGlcNAc, but leads to
disappearance of most of the signals for MeαGlc, MeβGlc, and
MeαGal, most likely due to strong binding.

A quantitative investigation by 1H-NMR titrations in D2O (pD
7.4, 298 K) was thus carried out on those monosaccharides that
showed appreciable signal perturbation upon addition of 3,
additionally including the Gal(α1-3)GalβOMe disaccharide
(Scheme 2). The trimerization constant was set invariant in the
non-linear regression analysis of the receptor-glycoside binding
data. The cumulative association constants, reported in Table 1,
were measured simultaneously fitting the complexation in-
duced shifts of all the available signals to the appropriate
association model. Because multiple binding constants were
measured, affinities were assessed through the intrinsic median
binding concentration parameter BC0

50,
[29] calculated from the

Figure 3. Global minimum of the trimeric structure of receptor 3, in which the three monomer units are color-coded: the first in thick grey, the second in
purple, the third in orange. a) Front view with intermolecular hydrogen-bonding interactions indicated as dashed lines, together with the corresponding
oxygen/hydrogen distances [Å]; b) top view with intermolecular NOEs found between the H� C and H� D protons indicated as solid lines, with corresponding
distances [Å]; c) side view showing interactions between naphthalene and carbazole moieties indicated as dotted lines.

Scheme 2. Structures of the tested saccharides and their abbreviations.
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measured binding constants and reported in Table 1. Results
show that receptor 3 maintains the ability of the parent
receptor 1, binding monosaccharides with affinities in the low
millimolar range, in particular recognising axially substituted
saccharides. The affinity order is in good agreement with the
level of perturbation observed in the preliminary screening.
Indeed, receptor 3 shows an affinity of 1.91 mM for the 1,4
disubstituted MeαGal, with a modest selectivity with respect to
MeαGlc and MeβGlc, but more pronounced with respect to
MeβMan and MeβGlcNAc by almost an order of magnitude.
Interestingly, the lowest affinity was measured for MeαFuc,
which, from the point of view of an achiral host as 3, differs
from MeαGal only for the hydroxylic group in position 6,
suggesting a crucial role of this group in stabilizing the host-
guest complex. The affinity of 9.57 mM for MeβMan is also
noteworthy as, to the best of our knowledge, such an affinity
for a mannoside in water has never been reported in the
literature for a synthetic receptor.[32–35] However, the most
remarkable result was recognition of the Gal(α1–3)GalβOMe
disaccharide, which is bound with an unprecedented affinity of
3.97 mM, more than 2-fold larger than that observed for
receptor 1 (9.18 mM), indicating that the tweezers-shaped
architecture can better adapt to guests more complex than
monosaccharides, as demonstrated by the open-chain receptor
2.

The binding affinity observed toward Gal(α1-3)GalβOMe was
further confirmed by ITC in H2O at pH 7.4. Like for the NMR
analysis, the measured trimerization constant was set invariant
in the non-linear regression analysis of ITC data, which was
performed by simultaneously fitting five independent titrations
run at different reactant concentrations, in order to avoid
ambiguities in the definition of the binding model. Cumulative
binding constants, together with affinity value, were reported in

Table 1 for Gal(α1-3)GalβOMe for a direct comparison with NMR
results.

Unfortunately, because of the strong self-association of
receptor 3, ITC measurements did not provide reliable thermo-
dynamic parameters.

Structure Studies of the Complex

To shed light on the binding mode of receptor 3 with mono-
and disaccharides, a tridimensional description of the complex
between MeαGal and Gal(α1-3)GalβOMe with 3 as a trimeric
species was attempted using molecular modelling calculations
supported by NMR data. The NOESY spectrum of a mixture of 3
and MeαGal (Figure 4a/b) showed unambiguous intermolecular
NOE contacts between the glycosidic methyl and the H� C and
H� D protons of the receptor, and between H-6 of the glycoside
and protons H� D and H� E of the naphthalene moiety, clearly
indicating a geometry in which the sugar is located between
the two naphthalene rings. Interestingly, the NOESY spectrum
also shows a contact between the H� C proton of the
naphthalene and the H� A proton of the carbazole. Considering
that the H� C and H� A protons are much too far apart in the
structure of 3 to show an appreciable NOE effect, this cross
peak has been more reasonably interpreted as an intermolecu-
lar contact related to the presence of the trimeric species of the
receptor in solution. Because such a NOE contact was not
observed in the NOESY spectra of receptor 3, a slightly different
arrangement of the trimer in the MeαGal complex is inferred. A
NOESY spectrum carried out on a mixture of 3 and Gal(α1-
3)GalβOMe (Figure 4c/d) showed intermolecular NOE contacts
between the glycosidic methyl and H� D and H� E protons of
the naphthalene, and between the H� E protons of the receptor
and H-4 and H-5’ protons belonging to the two glycosidic units
of the disaccharide. Because the latter protons are quite distant
from the glycosidic methyl in the structure of the disaccharide,
but all of them show NOE contacts with H� E, it is reasonable to
ascribe these contacts to different monomer units of the trimer.

Conformational searches were carried out on the 3 :1
complexes of 3 with MeαGal and Gal(α1-3)GalβOMe, starting
from minimized structures in which the saccharides were
manually docked into the most accessible cleft of the monomer
unit. The calculation returned a single family of minimum
energy conformers within 8.91 kJmol� 1 and 9.94 kJmol� 1 from
the global minimum, respectively. The minimum energy
structure for the complex between trimeric 3 and MeαGal,
depicted in Figure 5a (and Figure S32), shows MeαGal located
between the two naphthalene rings of a first monomer unit of
the receptor, directing the methyl group across the macrocycle
toward one of the naphthalene rings of a second monomer
unit. The calculated structure was found to be in good
agreement with the NOE contacts observed in the NOESY maps.
As can be seen in Figure S33, recognition of MeαGal induces a
tighter arrangment of the trimer, featuring a shortening of the
relative distances between the H� A and H� D protons with
respect to those of the uncomplexed trimer 3. Whereas most of
the proximities inferred from the NOE contacts were satisfied

Table 1. Cumulative formation constants (logβn)
[a] and intrinsic median

binding concentration (BC0
50, [mM])[b] for receptor to glycoside (R :G)

complexes of 3 with methyl glycosides, measured at 298 K from NMR and
ITC data, in D2O at pD 7.4 and in H2O at pH 7.4, respectively.[c]

Glycoside BC0
50 log β(3:1) log β(3:2)

MeαGlc 4.40�0.54 9.61�0.01

MeβGlc 5.25�0.65 9.52�0.01

MeαGal 1.91�0.20 9.93�0.03 12.24�0.07

MeβGal 21.8�3.02 8.87�0.02

MeβMan 9.57�1.34 9.24�0.03

MeαGlcNAc 21.5�3.42 8.87�0.04

MeβGlcNAc 13.1�1.74 9.10�0.01

MeαFuc 27.8�4.33 8.76�0.04

Gal(α1-3)GalβOMe 3.97�0.54 9.66�0.03

Gal(α1-3)GalβOMe (ITC) 2.99�0.35 9.80�0.01

[a] Formation constants were obtained by nonlinear least-square regression
analysis of NMR and ITC data. [b] Calculated from the log β values using
the “BC50 Calculator” program.[29] [c] Receptor trimerization constant
(logβtrim=6.71�0.06) was set invariant in the nonlinear regression analysis
of NMR and ITC data.
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by a single monomer unit of the receptor, the glycosidic methyl
close to H� C but too far away from H� D of the same
naphthalene was instead found close to the H� D proton of
another monomer unit. In the binding cleft, the MeαGal
features a disposition that maximises CH-π interactions with the
two naphthalene rings and establishes several hydrogen bonds
with diaminocarbazole moieties through oxygens in 1, 2 and 6
positions. In particular, H-6 is held in place by three hydrogen
bonds, supporting the crucial role for binding of the OH-6
group, as suggested by the low affinity of MeαFuc, in which this
group is missing.

A closely similar binding mode was found for the complex
between 3 and Gal(α1-3)GalβOMe (Figure 5b and Figure S34)
where, unexpectedly, the methyl β galactoside unit takes the
place of MeαGal in the former complex, leaving the α galacto-
side unit mostly outside the binding cleft. A direct comparison
of the geometries of the methyl galactoside units (α and β)
within the binding site of the receptor (Figure S35) shows that,
unlike for the β anomer, the α assumes a skewed geometry with
respect to the naphthalene rings, to better accommodate both
axial substituents and to maximise the CH-π interactions. The
calculated structure is in agreement with the observed NOEs:
indeed, whereas the H-4 and H-5’ protons are in proximity of
the H� E protons of the first monomer unit of the receptor, the
glycosidic methyl points toward a naphthalene ring of a second
monomer unit, located in proximity of H� D and H� E of the

latter. All O···H and N···H interatomic distances shorter than the
sum of the van der Waals radii and compliant with hydrogen
bonding criteria were calculated from the above model. A set of
hydrogen-bonding interactions closely similar to those featured
by the MeαGal complex were observed on the β galactoside
unit but, interestingly, even though Gal(α1-3)GalβOMe is bound
mainly through the β galactoside unit, the observed affinity is
quite different from that of MeβGal. The larger affinity can most
likely be ascribed to the additional hydrogen bond found
between the OH-6 of the α galactoside unit and one of the
amino groups of the receptor, indicating that both the galacto-
side units are involved in the recognition process.

A final comment is due to the recognition of the α-Gal
epitope. We have shown that receptor 3 selectively binds to the
Gal(α1-3)Galβ disaccharide; this does not guarantee that the
actual epitope will be effectively recognized. However, we have
shown that the cleft architecture of 2 selectively recognises
N,N’-diacetylchitobiose (βGlcNAc2), even when this is present in
the core structure of N-glycans. Thus, it would not be surprising
that the macrocyclic-cleft combination of 3 could indeed bind
the entire trisaccharidic Gal(α1-3)Gal(β1-4)GlcNAc epitope. Be-
cause the glycosidic methyl group of the disaccharide appears
to point to the macrocycle cavity, the additional GlcNAc unit
may be located beyond the cavity, with the epitope treaded
into the macrocycle, likely inducing a reorganization of the
trimeric assembly. This hypothesis is suggested by preliminary

Figure 4. NOESY (800 ms mixing time, 500 MHz, pD 7.4, 298 K) spectra of: a) and b), 3 (2.5 mM) and MeαGal (7.5 mM); c) and d), 3 (7 mM) and Gal(α1-
3)GalβOMe (21 mM). NOE contacts are indicated as green lines; intermolecular cross peaks are indicated in red squares.
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modelling calculations (Figure S32), showing a binding mode in
which additional hydrogen bonds are established between the
GlcNAc unit and the carbazole moiety.

Conclusions

In this work we have shown that combining the structural
features of a macrocyclic architecture, binding axially-substi-

tuted monosaccharides, with a tweezers-like structure, tailored
for disaccharides, is possible to obtain a new receptor capable
of binding both mono- and disaccharides with distinct binding
properties toward MeαGal and the Gal(α1-3)Gal disaccharide of
the α-Gal antigen in the low millimolar range as assessed by
NMR spectroscopy and confirmed by ITC measurements. The
receptor can be easily prepared in high yield and shows a good
selectivity for MeαGal over saccharides commonly found in
glycan structures. The tweezers-like conformation of 3 accom-
modates the Gal(α1-3)GalβOMe disaccharide inside the binding
cleft, where it is bound involving both the galactoside units.
Because of the described binding properties, receptor 3 stands
as an significant step forward in targeting saccharide epitopes
of glycans with biomimetic receptors.
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