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Chirality and enantiopurity of biomembrane components have a
fundamental role in their organization and in their biological
functions.1 Most of the investigations on this facet of biomembranes,
that are formed by hundreds of different components, have relied
on models such as micelles and liposomes where chemical
composition and complexity are kept under control. Some aspects
of the function of chirality on self-assemblies have been evidenced
and elucidated, at a certain extent.2 It was found that the stereo-
chemical information of chirality may influence the morphology
and the stability of the aggregates2a,b and may govern enantiodis-
crimination in the interaction of chiral self-assemblies with chiral
solutes;2c-g however, the mechanisms of translation of the chiral
information into a chiral function and its site of expression in
the assembly have not been clarified yet. We have largely
investigated chiral recognition in biomembrane models by using
as probes of chiral recognition, the deracemization of chiral
biphenylic derivatives,2d,g-i or the recognition of chiral dipeptides.2f

In some cases, experimental evidence suggested a site of enantio-
discrimination in the assembly far from the stereogenic centers of
the assembly components.2f,h,i Here we report on the investiga-
tion of the expression of chirality in micellar aggregates formed
by enantiopureN-alkyl-N,N-dimethyl-N-(1-phenyl)ethyammonium
bromides,1, that had already been used as media for diastereose-
lective reactions3 and as models for investigating chirality in
biomembranes.2d

As a probe for detecting the chirality of the aggregates, we used
bilirubin-IXR, a bile pigment that assumes a dissymmetric ridge-
tile structure stabilized by intramolecular hydrogen bonds and is,
therefore, a racemic mixture of equilibrating enantiomers.4 Pref-
erential complexation of one of the enantiomers was observed by
circular dichroism, CD, in the presence of chiral selectors such as
albumins, chiral amines, and cyclodextrins;5 analogously, we have
found that the transfer of the stereochemical information from the
chiral aggregates to the probe induces an overall imbalance in the
1:1 equilibrium ratio of bilirubin enantiomers. The extent and the
direction of the observed deracemization is shown to strongly
depend on the hydrophobic alkyl chain length and on concentration
conditions.

The CD spectra of samples relative to bilirubin-IXa in aggregates
of either 100 mM N-dodecyl-N,N-dimethyl-N-(S)-(1-phenyl)-
ethyammonium bromide1aor 10 mMN-hexadecyl-N,N-dimethyl-
N-(S)-(1-phenyl)ethyammonium bromide1b (cmc of1aand1b are
7.7 mM and 0.24 mM, respectively)2d reported in Figure 1 show a
bisignate band whose intensity and sign depend on the length of
alkyl chain and on bilirubin concentration.

The presence of a bisignate band in such a system, that is, in
the absence, in the surfactant mojety, of a chromophore adsorbing
in the same region of the spectrum as bilirubin, can be reasonably
ascribed to deracemization of bilirubin.5c,d The spectra relative to
samples of bilirubin in1a aggregates (Figure 1a) show bands of
modest intensity independently from the concentration conditions,
whereas in aggregates of1b (Figure 1b) the band intensity increases
at certain concentrations of bilirubin and, interestingly, their sign
inverts at 100µM bilirubin.

It was reported that inversion of Cotton effect signs of bilirubin
can be observed without an inversion of molecular chirality, at
values of the dihedral angle between the dipyrrinone planes of
bilirubin θ∼140°, and that such a conformation features an
adsorbance spectrum in which the higher energy transition of
exciton splitting is more intense.4d Actually the adsorbance spectrum
of 100µM bilirubin in 10 mM 1b (Figure 1b) shows transitions of
exciton splitting of similar intensity. Another issue that contrasts
the ascription of the inversion of Cotton effect signs to a dihedral
angle of∼140°, is that those conformers of bilirubin-IXR with
inverted CD curves are computed to lie much higher in energy than
the global minimum.4d

Therefore, this last consideration and the analysis of UV-vis
and CD spectra suggest an inversion of molecular chirality rather
than a conformational change. The different concentration condi-
tions, by inducing either a different organization of the aggregate
or a different site of binding of bilirubin, would yield an opposite
enantioselection. The process is, as expected, enantiomeric in the
presence of aggregates formed by1c (Figure 2); furthermore, it is
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reversible, because dilution of 100µM bilirubin with aqueous 10
mM 1b switches again the positive bisignate band into a negative
one passing through a CD silent concentration.

The switch of the enantioselecting capabilities of the aggregates
by modulation of the concentration conditions was not obtained in
aggregates of1a, thus demonstrating a role of the hydrophobic
portion in the enantiodiscriminating process. The aqueous solution
of 10 µM bilirubin-IX R in 0.050 mM 1b, (below the cmc and
therefore in the absence of aggregates) is CD silent. This last result
rules out the possibility that inversion of CD curves might be
ascribed to an opposite enantioselectivity of aggregate and mono-
mer, respectively, evidenced by the different concentration condi-
tions. Both the role of alkyl chain length and the switch of
enantiodiscrimination based on concentration conditions demon-
strate that the chiral information is translated from the monomer
to the aggregate through the complex sequence of recognition
processes that control aggregation and organization, and that chiral
recognition in self-assemblies cannot be simply ascribed to an
interaction with the functional groups close to stereogenic centers
as it occurs at the molecular level.

The finding of deracemization of bilirubin in biomembrane
models together with the finding of modulation of recognition
by concentration conditions also raises new perspectives in the
study of the mechanism of bilirubin neurotoxicity, that has been
ascribed to the perturbation of membrane dynamics;6 in fact, at
the best of our knowledge, the possibility that chiral recognition
might play a role in bilirubin neurotoxicity has not been considered
up to now.
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Figure 1. CD and UV spectra of bilirubin 10µM (solid), 100µM (dashed)
in aqueous (a) 100 mM1a, and (b) 10 mM1b.

Figure 2. CD spectra of bilirubin at different concentrations in aqueous
10 mM 1c.
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