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Abstract: The accumulation of β-amyloid peptides into senile plaques is one of the hallmarks of Alzheimer’s disease (AD). There
is mounting evidence that the lipid matrix of neuronal cell membranes plays an important role in the β-sheet oligomerization
process of β-amyloid. Aβ(25–35), the sequence of which is GSNKGAIIGLM, is a highly toxic segment of amyloid β (Aβ)-peptides,
which forms fibrillary aggregates. In the present work, two spin-labelled Aβ(25–35) analogues containing the nitroxide group of
the amino acid TOAC (2,2,6,6-tetramethylpiperidine-1-oxyl-4-amino-4-carboxylic acid) as a paramagnetic probe at the N- or the
C-terminus of the peptide sequence, respectively, were synthesized in order to investigate the peptide-membrane interaction. The
orientation and associated changes of the peptide conformation in the presence of different artificial membrane models (micelles,
liposomes) were evaluated by electron paramagnetic resonance and circular dichroism techniques. The results of this study
allowed us to propose a model in which the C-terminal portion of the peptide is highly associated to the membrane, while the
N-terminal part extends into the aqueous phase with occasional contacts with the lipid head-group region. Interestingly, the
interaction of the C-terminal portion of the peptide is particularly enhanced in the presence of sodium dodecyl sulfate (SDS)
molecules. Copyright  2006 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

The Aβ-amyloid peptides are the major constituents
of senile plaques in AD [1–3]. A great deal of
evidence indicates that the Aβ-amyloid peptides, in
the form of soluble β-sheet oligomers, are highly toxic
and directly involved in the pathogenesis of AD [4].
The Aβ-amyloid peptides are peculiarly susceptible
to conformational transitions from random-coil or
α-helical structure, in which they preferentially are in
the nontoxic monomeric form, to β-sheet structure, in
which they associate to form oligomers, responsible for
the peptide neurotoxicity [5]. Many factors of different
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nature are able to modulate the amyloid conformation,
enhancing or blocking the β-sheet oligomerization
process. Cellular interfaces are reported to affect the
aggregation rates and even the structures of the
aggregates [6–8]. Sphingolipid- and cholesterol-rich
bilayer membranes known as lipid rafts appear to be
especially important sites of Aβ aggregation because
the α- and β-secretases that generate the Aβ peptides
from amyloid precursor proteins (APPs) as well as the
Aβ peptides themselves are concentrated in lipid rafts
[9,10].

It has been proposed that Aβ(25–35) represents the
biologically active region of Aβ amyloid because it
represents the shortest fragment that exhibits large
β-sheet aggregated structures and retains the toxicity
of the full-length peptide [11,12]. Several reports have
also indicated that Aβ(25–35), in a manner similar to
that of Aβ(1–42), undergoes a conformational transition
from a soluble, random-coil form to aggregated fibrillary
β-sheet structures, depending on the environmental
conditions.

In the last few years, EPR techniques have been
developed and successfully applied to obtain important
structural and dynamical information on membrane-
associated peptides. Site-directed spin labeling involv-
ing nitroxide radicals as spin probes has been the
most frequently used EPR technique applied to bio-
logically relevant systems [13–18]. In particular, the
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nonproteinogenic amino acid TOAC has been success-
fully used. The nitroxide radical is part of the rigid
piperidine ring, whose carbon atom at the 4th position
represents the Cα atom of the amino acid itself [19].

In this work, we strategically introduced the spin
label TOAC into the Aβ(25–35) peptide sequence
at either the N-terminus or the C-terminus site
[20]. Useful dynamical and structural information
were extracted from the computer aided analysis
of the EPR spectra of the spin-labelled peptides in
different membrane-mimicking systems as micelles
and liposomes. Conformational changes in the peptide
structure were observed by using CD.

MATERIALS AND METHODS

Peptide Synthesis

The Aβ(25–35) amyloid peptide, GSNKGAIIGLM, and the TOAC
labeled derivatives, Ac-24TOAC-GSNKGAIIGLM, designated as
Aβ –TOACNTerm, and GSNKGAIIGLM-36TOAC-37G, designated
as Aβ –TOACCterm, were manually synthesized by conventional
solid-phase chemistry using the Fmoc/tBu strategy [21]. The
Fmoc-TOAC-OH and the subsequent amino acid in sequence
were doubly coupled using HOBt and HBTU (fourfold excess)
as coupling reagents. Peptide–resin cleavage and side chain
deprotection reactions were carried out in 90% TFA, 5% water,
and 5% TIS. The resin was filtered, and the solution added
drop wise to cold tert-butylmethyl ether in order to precipitate
the peptide. To re-oxide the spin label back to the nitroxide
form, both the TOAC labeled peptides were treated with 10%
aqueous ammonia (pH 9.5) for 4 h at room temperature before
and after HPLC purification [22,23].

HPLC Purification

Analytical HPLC was carried out on a System Gold 125s
model (Beckmann Coulter) equipped with a UV166 detector.
Preparative HPLC was carried out on a Waters 600E system
controller equipped with a 486 UV detector. A Jupiter
(Phenomenex) C18 column (25 × 4.6 cm, 5 µ, 300 A° pore
size) was used for analytical runs and a Vydac C18 column
(25 × 10 cm, 5µ, 300 A° pore size) was used for peptide
purification. Analytical separations were performed with a
linear gradient (5–50% in 45 min) of CH3CN in water
containing 0.1% TFA. Flow rate: 1 ml/min. UV detection:
210 nm.

Mass Spectra Analysis

All the peptides were characterized on a Finningan LCQ-Deca
ion trap instrument equipped with an electrospray source
(LCQ Deca Finnigan, San José, CA, USA); samples were
directly infused in the ESI source by using a syringe pump
at a flow rate of 5 µl/ min. Data were analyzed with Xcalibur
software.

Sample Preparation

Stock aqueous solutions were prepared for both Aβ-TOACNterm

and Aβ-TOACCterm and diluted to a final concentration of

0.01 mM. This solution was used as solvent for preparing
micellar aqueous mixtures to be investigated by both EPR and
CD spectroscopies.

Micellar solutions were prepared at a surfactant concentra-
tion well above the critical micelle concentration. Concerning
the pure micelle solutions, the chosen concentration for SDS is
0.1 M and for DPC is 0.1 M; concerning the mixture SDS/DPC,
the chosen total surfactant molarity is 0.1 M, and the ratio
between the surfactant concentrations MSDS/MDPC is equal
to 30/70. The concentration of spin-labeled peptides is low
enough to ensure that a maximum of one radical can inter-
act with each micellar aggregate, thus avoiding spin exchange
between different spin-labelled molecules.

Preparation of SUVs

SUVs were prepared by dissolving the phospholipids in
the absence or in the presence of CHOL and SPM in
chloroform/methanol (50/50), and then removing the solvent
with a rotary evaporator by evaporation for at least 3 h
under high vacuum at room temperature. The dry lipid films
were then re-suspended in 0.01 mM spin-labelled peptide
aqueous solution at a temperature above the gel-liquid crystal
transition temperature. After vigorous shaking, disruption of
MLV suspensions by sonic energy gave the desired SUVs.

The SUVs were composed of DPPG/DPPC (80/20 molar
ratio), DPPG/DPPC/CHOL (60/15/25 molar ratio), and
DPPG/DPPC/CHOL/SPM (50/12.5/25/12.5). Samples were
prepared in such a way that the peptide/SUV molar ratio was
1/20.

Circular Dichroism

CD spectra were performed on an 810-Jasco spectropolarime-
ter at room temperature, using a quartz cuvette with a path
length of 1 mm. The spectra were the average of ten accumu-
lations from 190 to 260 nm, and recorded with a bandwidth
of 1 nm at a scanning speed of 50 nm/min. All the spectra
were analyzed, subtracted by blanks, and finally corrected by
smoothing. The estimation of the secondary structure compo-
sition was carried out using the algorithm K2D by DichroWeb
[24].

EPR Measurements

The EPR spectra were recorded by means of a Bruker
ELEXYS e500 X-band spectrometer at a microwave frequency
of 9.45 GHz. The EPR spectrometer parameters were as
follows: modulation amplitude, 0.16 G (to avoid signal
over modulation); time constant, 40.96 ms; receiver gain,
60 dB; attenuation, 20 dB (to prevent saturation effects). All
measurements were performed at RT. The accumulation and
the gain were varied in each measurement in order to optimise
the spectrum. Since we showed that the presence of oxygen in
solutions could modify the EPR line-width, they were saturated
with nitrogen and successively sealed in 1.00 mm i.d. quartz
capillaries.

EPR Spectra Calculations

The analysis of the EPR spectra was carried out by means
of the simulation program by Freed and coworkers [25,26],
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which takes into account the relaxation process of the nitrox-
ides. The main parameters extracted from the spectral analysis
are (i) the Azz component of the coupling tensor between the
electron spin and the 14N nuclear spin, A, whose increase is
related to an increase in environmental polarity of the radicals
and (ii) the τperp perpendicular component of the correlation
time associated to the rotational diffusion motion of the probe
(the Brownian diffusion (Di = 1/(6τi)) model was used in the
computation). In some cases, the spectra were constituted by
two components. Each component was obtained by subtract-
ing the single component of the spectrum from the spectrum
relative to the combined components. Then, each component
was computed to extract the parameters that were informa-
tive of the mobility and structural variations of the label. The
accuracy of the parameters (2–5%) was determined by com-
putations: a larger than 2–5% variation of a parameter led to
a perceptible variation of the computed line shape and, con-
sequently, to a worse fitting between the computed and the
experimental spectra. Since different sets of parameters could
provide an equivalent or even better fitting between the exper-
imental and the computed line shapes after several attempts
of computations, the ones reported in this study are the most
confident for the physical meaning of the systems. However, a
high degree of confidence of the reported parameters (accuracy
of 2%) allows us to estimate the microenvironmental variations
in correspondence of variations to the 1st or 2nd decimal in
the parameters. In these last cases, we assume that no other
sets of parameters provide a better fitting.

RESULTS

EPR Analysis

The EPR spectra of the two spin-labelled peptides
in aqueous solution were compared with that of the
TOAC molecule by means of computation of the line
shape. Figure 1 shows the experimental and computed
spectra. Table 1 reports the main parameters obtained
from computation (Azz and τperp, accuracy 2%) for the
three probes TOAC, Aβ-TOACNterm, and Aβ-TOACCterm.

No significant difference between Aβ-TOACNterm and
Aβ-TOACCterm was found in the spectral signals reported
in Figure 1(b) and (c), respectively.

The Azz values indicated a polar environment
accounted by the label hydration. It is interesting to
observe that the spin-labelled peptides show a lower Azz

than the TOAC molecule, suggesting that the nitroxide
radical in the spin-labelled peptides experiences a
reduced polar environment than water. This evidence
suggests that the nonpolar R groups of the peptide
partially shield the TOAC residue from water molecules.

It is evident from the τperp values that the incor-
poration into different peptides leads to a significant
reduction in the flexibility of the TOAC moiety (τperp

increases from ∼0.08 ns, for TOAC, to ∼0.20 ns, for
the labeled peptides) because its mobility reflects the
mobility of the peptide. However, the τperp remains in
the fast motion regime, suggesting that the peptides
tend to assume an unordered structure.

a

b

c

Figure 1 (a–c) Experimental ( – ) and calculated ( – ) EPR
spectra, respectively, of TOAC molecule, Ab-TOACNterm, and
Aβ-TOACCterm spin-labeled peptides performed in water at RT.

Interaction of Aβ(25–35) with micelles. The EPR
spectra were recorded on the Aβ (25–35) peptide
spin-labeled with TOAC at the C-terminus and at
the N-terminus, Aβ-TOACCterm, and Aβ-TOACNterm,
respectively, in SDS and DPC micellar solutions, as
well as in the SDS/DPC (30/70 molar ratio) mixture.
We analyzed the spectral pattern modifications induced
by the interaction of the Aβ-peptide with micelles.

From the spectral analysis carried out by the
simulation procedure, it resulted that the EPR spectra
of the Aβ-TOACNterm and Aβ-TOACCterm in the presence
of the micelles show the superposition of two signals:
(i) the isotropic three line signal characteristic of the free
probes in water (this component is henceforth called
‘‘free component’’) and (ii) a slow motion spectrum that
shows resolution of the anisotropic components of the
magnetic tensors, as usually found for probes feeling
a high viscosity microenvironment (this component
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Table 1 Main Parameters Obtained from Computation of the EPR Signals of TOAC Molecule, Aβ-TOACNterm, and Aβ-TOACCterm

Spin-labelled Peptides Measured in All the Examined Systems at RT

SAMPLE τperp/10−10 S
(free component)a

Azz/G
(free component)a

τperp/10−10 S
(interacting component)b

Azz/G
(interacting component)b

TOAC 0.83 37.40 — —
Aβ-TOACNterm in water 2.17 36.90 — —
Aβ-TOACNterm in SDS 2.48 36.85 Not measurable Not measurable
Aβ-TOACNterm in DPC 2.10 36.90 Not measurable Not measurable
Aβ-TOACNterm in SDS/DPC 2.64 36.83 20.5 35.5
Aβ-TOACCterm in water 2.50 36.90 — —
Aβ-TOACCterm in SDS Not measurable Not measurable 24 36.5
Aβ-TOACCterm in DPC 2.53 36.85 Not measurable Not measurable
Aβ-TOACCterm in SDS/DPC 2.62 36.90 31 36.0

a Accuracy, 2%, on the basis of computation.
b Accuracy, 3%, on the basis of computation.

is henceforth called ‘interacting component’ and is
attributed to labeled peptides interacting with the
micelle surface). The two components were analyzed
separately using a simulation procedure so that
parameters informative of the mobility and structural
variations of both Aβ-TOACNterm and Aβ-TOACCterm

were obtained. The uncertainty of the parameters that
resulted from spectral computation (Table 1) is low
for the free component (2%, when this component is
extracted by subtracting the interacting component
from the experimental signal), whereas it increases to
3–4% for the interacting component.

The presence of two components in the spectra
is due to the distribution of the labels in two
environments, which can be in contact with the
micelles (interacting component) and far from the
micelle surface (free component) in slow exchange
in the EPR timescale (10−8 s). This means that the
peptide–micelle interactions are strong enough to
increase the ‘permanence time’ of the peptides in
contact with the micelles, but a fraction of peptides
remains free since shielded by the interacting peptides,
or due to a saturation of the interacting capability of
the micelles. Therefore, a lower amount of free labels
indicates a lower interacting capability of the micelles.

In all the examined micellar systems, a larger amount
of the free component was found for Aβ-TOACNterm

compared to Aβ-TOACCterm. In the case of Aβ-TOACNterm,
the major spectral component corresponds to a highly
mobile spin probe, indicating that the N-terminus of
the Aβ-peptide undergoes rapid rotation. This finding
suggests that the N-terminus portion of the peptide is
less involved in the interaction with the micelles.

In Figure 2, we report the spectra of Aβ-TOACCterm

in water, in pure SDS and pure DPC micelles, and in
SDS/DPC mixed micelles. In Figure 3, an example of
the simulation procedure is shown. In particular, the
experimental and calculated spectra of Aβ-TOACCterm

Figure 2 Experimental EPR spectra of Aβ-TOACCterm

recorded in water (a); in SDS/DPC mixed micelles (b); in SDS
pure micelles (c); and in DPC pure micelles (d).

recorded in SDS/DPC are reported; the computed lines
(red lines) are superimposed on the experimental lines.
The experimental interacting component is obtained by
subtracting the free component (probe in solution) from
the total spectra.

The free component is predominant in pure DPC
micelles (80%), it becomes less evident in SDS/DPC
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Subtracted interacting component

Subtracted free component

AβTOACCTERM in SDS-DPC

Figure 3 Experimental ( – ) and calculated ( – ) EPR spectra
Aβ-TOACCterm recorded in SDS/DPC with subtracted interact-
ing and subtracted free components.

mixed micelles (38%) and turns out to be almost
absent for the spectrum in pure SDS micelles. Taken
together, these data indicate that Aβ(25–35) peptide
preferentially interacts with anionic micelles involving
its C-terminal portion. Moreover, the peptide–micelle
interaction is shown to be mainly electrostatically
driven.

On the other hand, the τperp values (Table 1) show
that the interacting component is different with respect
to the mobility conditions for the two systems, SDS
and SDS/DPC. The interacting component for the
DPC systems is not computable owing to the too low
intensity, but a visual inspection indicates a faster
rotational mobility with respect to the SDS system.
We found that the mobility of the C-terminus labeled
peptide is lower when interacting with the mixed
micelles, as compared to the SDS micelles (stronger
interactions with the SDS/DPC mixed micelles when
compared to the SDS micelles). This finding suggests

that once the peptide has established the electrostatic
interaction with the SDS molecules, binding also occurs
between the peptide residues and the DPC molecules.

These results indicate that the Aβ(25–35) peptide
preferentially binds to the micelles via the C-terminal
part. The driving force of the peptide-micelles interac-
tion is predominantly electrostatic, but it also shows a
hydrophobic contribution.

Interaction of Aβ(25–35) with liposomal systems. We
recorded the spectra of Aβ-TOACNterm and Aβ-TOACCterm

in SUVs constituted by DPPG/DPPC (80/20 molar
ratio), SUVs containing cholesterol (SUVs/CHOL),
and SUVs containing cholesterol and sphingomyelin
(SUVs/CHOL/SPM).

The EPR spectra of Aβ-TOACNterm and Aβ-TOACCterm

in SUVs are generally similar to the spectra in
water. However, some interesting differences, which
are obtained from the analysis of the spectra and the
computation of the spectral line shape, are apparent.

The computed EPR spectral parameters of Aβ-
TOACNterm in the DPPG/DPPC SUVs are reported
in Table 2. The spectrum of the label is similar to
that in water. A different situation was found for
Aβ-TOACCterm: for the DPPG/DPPC SUVs, both a
free and an interacting component contribute to the
spectrum. The interacting component is anyway a
single-line spectrum, as shown in Figure 4(a), arising
from spin–spin exchange narrowing, which occurs at
high local concentrations of radical groups. Therefore,
self-aggregation of a portion of labeled peptides takes
place, which is attributed to the condensation of the
peptides interacting with the liposome surface. The
free component in this case is similar to that in water
solution.

The evidence suggest, as found for the micellar sys-
tems, that the Aβ(25–35) peptide interacts with liposo-
mal systems, with the C-terminus part condensing at
the liposome surface and being hosted in the hydra-
tion layer of the liposome, whereas the N-terminus part
extends in the surrounding aqueous medium.

When cholesterol is added to the SUVs, the Aβ-
TOACNterm shows a decrease in the correlation time
(Table 2). Addition of SPM does not cause any further
change in the spectral parameter. Therefore when
CHOL or CHOL/SPM is present, the most interesting
feature is that the mobility of the labeled peptide,
in particular the N-terminal part, is higher in the
presence of liposome solution than in water. Therefore,
the N-terminus of the peptide gains freedom when
the SUV/CHOL or the SUV/CHOL/SPM liposomes are
present. In the meantime, the Azz value decreases.
These results are explained on the basis of a variation
of the peptide structure in solution when the packed
SUV/CHOL liposomes are present: a low ordered
peptide structure well accounts for both the increased
mobility and decreased polarity of Aβ-TOACNterm. Also,
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Table 2 Main Parameters Obtained from Computation of the EPR Signals of Aβ-TOACNterm and Aβ-TOACCterm Spin-labelled
Peptides Measured in SUVs at RT

SAMPLE τperp/10−10 S
(free component)a

Azz/G
(free component)a

τperp/10−10 S
(interacting component)

Azz/G
(interacting component)

Aβ-TOACNterm in SUVs 2.20 36.90 — —
Aβ-TOACNterm in SUVs-CHOL 1.81 36.80 — —
Aβ-TOACNterm in SUVs/CHOL/SPM 1.81 36.80 — —
Aβ-TOACCterm in SUVs 2.96 36.90 Not measurable Not measurable
Aβ-TOACCterm in SUVs/CHOL 2.54 36.85 — —
Aβ-TOACCterm in SUVs/CHOL/SPM 2.67 36.75 — —

a Accuracy, 2%, on the basis of computation.

a

b

c

Figure 4 EPR spectra of Aβ-TOACCterm recorded in SUVs (a),
in SUVs/CHOL (b), and in SUVs/CHOL/SPM (c).

for Aβ-TOACCterm the mobility evaluated from spectral
computation (Figure 4(b) and (c)) increases by adding
CHOL to the SUV liposomes, but this mobility remains
lower than in water and the polarity decreases (Table 2).
In this case, only the free component is present, and the
labeled peptides do not show an electrostatic interaction
with the liposome surface. This evidence suggests that
by adding CHOL and SPM to the SUVs, the different
packing of the phospholipids reduces and modifies the
interaction of the peptide with the lipidic system, which
in turn affects the peptide structure.

Circular Dichroism

CD experiments of the Aβ(25–35) amyloid fragment
were aimed to follow the conformational changes
associated to the peptide/membrane interaction.

CD spectra were recorded under the same conditions
on the native peptide as well as on the spin-labeled
peptides. Water solution, DPC/SDS mixed micelles,
and pure SDS micelles as well as SUVs containing
different components were used as solvents for native
and labeled peptides.

The shapes of the CD spectra appear to be sensitive to
the presence of membrane environment whereas they
are not significantly affected by the presence of the
TOAC moieties.

Figure 5 shows that CD spectrum of the Aβ(25–35)
amyloid peptide in the aqueous medium is typical of
a peptide characterized by unordered structures. On
the contrary, in the presence of all the differently
charged micelles, the CD curves indicate an appreciable
presence of turn helical structures. Thus, the presence
of the hydrophobic environment seems to favor a more
ordered conformation with respect to the aqueous
environment. In particular, an increasing extent of
helical structure is observed in SDS and DPC micellar
solutions (Panel A).

As it is observable from the comparison of panel A and
B (Figure 5), moving from micelles to SUVs containing
partially negative phospholipids, the Aβ(25–35) amyloid
peptide preserves the propensity to be more structured
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a

b

Figure 5 Panel A: CD spectra of the Aβ(25–35) peptide
recorded in water, in pure SDS or DPC micelles and
in mixed SDS/DPC micelles. Panel B: CD spectra of
Aβ (25–35) recorded in water, in SUVs made up by the
following compositions: DPPC/DPPG, DPPC/DPPG/CHOL,
DPPC/DPPG/CHOL/SPM.

in membrane environment. However, the addition of
the amount of CHOL typical of lipid raft composition
in SUVs decreases the helical content of the peptide.
Interestingly, a transition of the peptide from the α-
helical to the β-sheet structure in the presence of both
CHOL and SPM typical of the lipid raft composition is
clearly observable.

Figure 6 shows that the solution conformation of Aβ-
TOAC in water and in the presence of both micelles
(panel A) and liposomes (panel B) closely resembles that
of the unlabeled peptide, demonstrating that binding of
TOAC to the peptide C-terminus has little effect on its
conformational properties.

DISCUSSION

AD is characterized by the presence of a large
number of fibrillar amyloid deposits in the form
of senile plaques in the brain [1–3]. A wealth of
experimental evidence provides support to the notion
that the amyloid fibril assembly and the toxicity of
pre-fibrillar aggregates are closely related and are both

a

b

Figure 6 Panel A: CD spectra of the Aβ-TOACCterm peptide
recorded in water, in pure SDS or DPC micelles and
in mixed SDS/DPC micelles. Panel B: CD spectra of
Aβ-TOACCterm recorded in water, in SUVs made up by
the following compositions: DPPC/DPPG, DPPC/DPPG/CHOL,
DPPC/DPPG/CHOL/SPM.

intimately membrane-associated phenomena [27–29].
In order to investigate the dynamics of interaction
between amyloid and the membrane, we labeled the
Aβ(25–35) fragment of β-amyloid with the TOAC
paramagnetic probe, either at the N- or at the
C-terminus, thus obtaining the Aβ-TOACNterm and
Aβ-TOACCterm peptides, respectively. The Aβ(25–35)
amyloid segment represents a suitable model of the
full-length peptide because it is more manageable and
preserves the peculiar features of the entire sequence in
terms of aggregation and conformation [30,31]. TOAC
labeling at the two extremities of the peptide provides
an interesting tool to obtain clear information on the
positioning of the peptide with respect to the membrane
[9–16]. In the initial part of this study, we investigated
the contribution of electrostatic and hydrophobic
components as driving forces in the peptide/membrane
interaction, employing differently charged micelles as
SDS and DPC. Although SDS surfactant is often
viewed as a denaturant that destroys native protein
conformation, it provides a suitable anionic micellar
interface [32,33], while DPC reproduces a zwitterionic
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environment [34]. Furthermore, a DPC micellar solution
co-added with 30% SDS was prepared in order
to mimic the partial negative charge of biological
membranes.

The N-terminus of Aβ(25–35) is very flexible and
exposed toward aqueous medium, indicating that it
weakly interacts with micelles. On the contrary, the
C-terminal part of Aβ(25–35) is immobilized onto the
micelle surface. In particular, the EPR data show that a
low fraction of the peptide is involved in the interaction
with the zwitterionic SDS/DPC micelles, whereas a
predominant fraction of the peptides interacts with the
anionic micelles.

These findings are supported by CD experiments,
which evidence that, in general, the presence of
micelles stabilizes the Aβ(25–35) peptide in an α-helical
structure.

This initial study supports the involvement of both
electrostatic and hydrophobic contributions to the
peptide–micelle interaction.

Moving from micelles to liposomes, the contributions
of the chemical composition and membrane structural
components, such as lipids, CHOL, and SPM, in
affecting the interaction were evaluated.

In general, the Aβ(25–35) peptide interacts with
liposome SUVs as with micellar systems. In particular,
the EPR data show that the C-terminal part condenses
at the liposome surface, whereas the N-terminus part
extends away from the surface.

It is interesting to note that the interaction between
Aβ(25–35) and the negatively charged phospholipids is
weaker with respect to that between Aβ(25–35) and SDS
micelles. This difference in behavior could be ascribed
to the highly negative density charge of the sulfate
head-group in the SDS surfactant [35].

Furthermore, our data indicate that the presence
of SUVs encourages a peptide–peptide interaction, not
appreciable in micelles, suggesting that the membrane
bilayer structure is also important.

SUVs containing a 15–30 molar percent of CHOL,
in the presence or absence of SPM, present a more
rigid packing of the phospholipids bilayer. This effect
discourages the peptide interaction with the aggregate
[36,37]. The release of the peptide from the membrane
surface is accompanied by a conformational change
in the peptide structure, which becomes rich in β-
sheet content, as shown by CD experiments. These
results highlight that not only the physicochemical
characteristics of a membrane, such as phase state,
bilayer curvature, and surface charge, but also the
particular chemical nature of the components are able
to affect and modulate peptide structure and dynamics.
In particular, we demonstrated that the presence of
liposomes containing substantial amounts of CHOL
and SPM, which is typical of lipid rafts, seems to
favor the β-sheet oligomerization process of the amyloid
peptide.
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