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ABSTRACT: The f-amyloid (Af) peptide is derived from the transmembrane
(TM) helix of the amyloid precursor protein (APP) and has been shown to interact
with membrane surfaces. To understand better the role of peptide—membrane
interactions in cell death and ultimately in Alzheimer’s disease, a better
understanding of how membrane characteristics affect the binding, solvation, and
secondary structure of Af is needed. Employing a combination of circular dichroism
and deep-UV resonance Raman spectroscopies, Af(25—40) was found to fold
spontaneously upon association with anionic lipid bilayers. The hydrophobic
portion of the disease-related AB(1—40) peptide, AB(25—40), has often been used
as a model for how its legacy TM region may behave structurally in aqueous
solvents and during membrane encounters. The structure of the membrane-
associated Af(25—40) peptide was found to depend on both the hydrophobic
thickness of the bilayer and the duration of incubation. Similarly, the disease-related
AB(1-40) peptide also spontaneously associates with anionic liposomes, where it

1200 1400 1600

Raman Shift (cm*)

1800

initially adopts mixtures of disordered and helical structures. The partially disordered helical structures then convert to f-sheet
structures over longer time frames. f-Sheet structure is formed prior to helical unwinding, implying a model in which f-sheet
structure, formed initially from disordered regions, prompts the unwinding and destabilization of membrane-stabilized helical
structure. A model is proposed to describe the mechanism of escape of AS(1—40) from the membrane surfaces following its

formation by cleavage of APP within the membrane.

Izheimer’s disease (AD) is manifested through loss of

memory, disorientation, and difficulty performing daily
tasks. AD is a growing epidemic, affecting more than 25 million
people worldwide.! A hallmark of AD is insoluble extracellular
senile plaques composed of a 39—42 residue peptide fragment
termed amyloid-# (Af). A is generated during normal
cleavage of the membrane-anchored amyloid precursor protein
(APP) by - and y-secretases.” Roughly one-third of the Af
owes its high degree of insolubility to the fact that 12—14 of its
residues derive from the membrane-anchoring C-terminal
region of the parent APP protein.” Studies have shown that
Ap interacts with and aggregates at membrane surfaces,
presumably because of its amphiphilic nature.*”'° Yet, the
mechanism of these membrane-induced aggregation events are
not well understood.

Protein—lipid interactions are diverse and can cause dramatic
structural changes in proteins, resulting in folding, unfolding, or
even misfolding. For example, human islet amyloid polypeptide
(hIAPP or amylin), associated with type II diabetes, forms /-
sheet aggregates in the presence of anionic lipids."" Conversely,
the naturally occurring prion protein (PrPc), normally
associated with cholesterol-rich lipid rafts,"”> may translocate
to lipid domains with altered levels of cellular cholesterol and
convert to the misfolded form (PrPg)."* AB is a complex
peptide, demonstrating structural plasticity depending on the
preparation and incubation time. In aqueous solvents, Af is
disordered in its monomeric form'* and is f-sheet structured in
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its fibrillar form.'> A begins to form oligomeric structures
within the first 24—48 h of incubation at 37 °C.° These
oligomeric species come in many forms, including amlyloid-
derived diffusible ligands (ADDL’s),'® protofibrils,'” annular
protofibrils,"® and globulomers.'” Although the tertiary
structure of early oligomers, protofibrils, and globulomers are
vastly different, they all have f3-sheet secondary structure.'”'**°
However, studies of AB(1—40) in SDS micelles indicate the
formation of stable a-helical structure above the critical micelle
concentration.”) NMR studies have localized the a-helical
structure of AB(1—40) to residues 15—24 and 29—35, with a
kink at residues 25—28.>>* Other studies indicate the potential
of ion channels or a f-sheet-structured pore in lipid
24726 Af has also been shown to undergo a-helical
to f-sheet conformational changes in the presence of low
concentrations of fluorinated alcohols.'* Mounting evidence
suggests that the increased neurotoxicity of A oligomers is
derived from their interactions with neuronal membranes.?’”

It is currently known that disordered Af binds to model
membranes and forms a-helical and f-sheet structures
depending on the lipid characteristics,’ whereas oligomers
may bind model membranes and form pore-like structures.”®

membranes.
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Although the instability of Af’s structure in membrane-
mimicking environments is known, a better understanding of
how membrane characteristics affect the binding, solvation, and
secondary structure of Af is still needed.

Deep-UV resonance Raman (dUVRR) spectroscopy has
been employed to study oligomerization and amyloid fibril
formation in the aqueous environment.”® Furthermore,
comparative dUVRR studies, using 197 nm excitation on
predominantly a-helical proteins, show that transmembrane
(TM) proteins have an unusually strong amide I band.***° In
fact, the amide I mode appears to be highly sensitive to solvent-
mediated hydrogen bonding, or lack thereof, consistent with its
enhancement in lipid environments,> "> making it a logical tool
for localization of the transient structure versus the membrane
proper. Therefore, dUVRR analysis was utilized to understand
better how lipid membranes and bilayer content affect the
structures of A} and how these ensemble structures change
over time.

B EXPERIMENTAL PROCEDURES

Crude AB(25—40) and AB(1—40) peptides were synthesized
by the Structural Biology Core Facility, University of Missouri—
Columbia, and were further purified using an analytical System
Gold HPLC (Beckman Coulter, Brea, CA) fitted with a C18
column (Grace Vydac protein and peptide, Deerfield, IL).
Acetonitrile (Fisher Scientific, Pittsburgh, PA) and water (pH
2.5) were employed to optimize separation. AcWLg was
purchased from Pi Proteomics (Huntsville, AL) and used
without further purification. DMPC, DMPG, DLPG, and
DDPG lipid powder were obtained from Avanti Polar Lipids
(Alabaster, AL). DMPG was dissolved in a mixture of
chloroform (Fisher Scientific, Pittsburgh, PA)/methanol (Fish-
er Scientific, Pittsburgh, PA)/water (65:35:8, v/v/v). DMPC,
DLPG, and DDPG were dissolved in extra-dry chloroform
(Acros Organics, Geel, Belgium). Lipid solutions were
transferred into glass test tubes, dried under argon, and kept
under vacuum overnight to remove any trace of solvent.
Phosphate buffer was prepared using monobasic sodium
phosphate, dibasic sodium phosphate, sodium chloride (Fisher
Scientific, Pittsburgh, PA), and sodium perchlorate (Sigma, St.
Louis, MO). For sample preparation, approximately 1.5 mg of
purified Af(25—40) in 10 mM sodium phosphate buffer, pH
7.4, was sonicated at 4 °C for 2 min to break up aggregates. Any
remaining insoluble aggregates were removed by centrifugation
for 30 min at 14000 rcf at 4 °C. The concentration of the
AB(25—40) solution was estimated using a molar extinction
coefficient of 17 385 M™! ecm™, which was estimated from the
side chain and peptide bond extinction coefficients at 215 nm.>>
AB(1—40) was prepared similarly except that the concentration
was determined using the tyrosine molar extinction coefficient
of 1405 M~ cm™ at 274 nm. The concentration was adjusted
to 50 uM for aqueous samples. The lipids were resuspended in
20 mM phosphate buffer, pH 7.4, with S mM NaCl and
sonicated at 50 °C for 1 h. The solution was then extruded with
a 100 nm pore diameter polycarbonate membrane (Avestin
Inc, Ottawa, Canada) to produce monodisperse liposomes.
The concentration of the lipids was then estimated by a Rouser
assay,”* and the size distribution of the liposomes was
determined using a DynaPro-MSTC dynamic light scattering
(DLS) instrument (Protein Solution Inc., Somerset, NJ).
Lastly, the peptide solution was added to the concentrated
liposome solution at a 1:100 peptide/lipid ratio for a final
concentration of 50 yM peptide and 5 mM lipid. The AcWL;
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peptide was hydrated with 15 mM DMPC lipid and incubated
at 37 °C for at least 4 h. The peptide concentration of 0.13 mM
was determined by the tryptophan absorbance at 280 nm with
an extinction coefficient of 5560 M~ cm™. Then, the insertion
of AcWL; was confirmed by fluorescence using a Cary Eclipse
fluorometer (Varian, Palo Alto, CA). A shift in the tryptophan
fluorescence maximum from 345 nm in an aqueous solution to
335 nm in a lipid environment is expected.” Poly-L-lysine was
dissolved in 10 mM phosphate buffer, pH 7.00, for a final
concentration of 24 yM. The pH was then increased to 11.40
using NaOH (Fisher Scientific, Pittsburgh, PA). The poly-L-
lysine solution was then heated at 55 °C to produce f-sheet
structure.

Deep-Ultraviolet Resonance Raman Spectroscopy.
The dUVRR system and those similar have been described
elsewhere.>**® An excitation wavelength of 197 nm was
generated from the fourth harmonic of a Ti:sapphire laser
pumped by a Nd:YLF laser system (Coherent Inc., Santa Clara,
CA). Samples were held in a custom-made water-jacketed
reservoir (Mid Rivers Glassblowing, St. Charles, MO) under
nitrogen gas and circulated through a pair of nitinol wires by a
Minipuls2 peristaltic pump (Gilson Inc., Middleton, WI) to
generate a thin film of sample. The laser power at the sample
was kept at less than 500 W to prevent photodegradation. The
Raman signal was collected by a Symphony CCD camera
(Horiba Jobin Yvon Inc., Edison, NJ) with a chip size of 2048 X
512. A bin of 4 was applied in the horizontal direction for a final
resolution of approximately 2.4 cm™'. Each spectrum was
collected for 6 h and exported using Synergy software (Horiba
Jobin Yvon Inc., Edison, NJ). A small aliquot of a 1 M sodium
perchlorate solution was added to each sample, for a final
concentration of 50 mM, as an internal intensity standard. All
spectra were calibrated using a standard cyclohexane spectrum.

Circular Dichroism Spectroscopy. All samples used for
dUVRR analysis were additionally measured for their
corresponding CD spectra. An AVIV 62DS circular dichroism
(Aviv Biomedical Inc., Lakewood Township, NJ) spectrometer
and a quartz cell with a 1 mm optical path length (Hellma USA,
Plainview, NY) were used to collect CD spectra. All spectra
were collected between 190 and 250 nm with a resolution of
0.1 nm at room temperature. Every sample was measured five
times with a scan speed of 1 nm/S s. Corresponding
background spectra were collected in the same manner and
subtracted from sample spectra.

Data Analysis. All spectra were analyzed in the Matlab
(Mathworks, Natick, MA) environment. Mean residue molar
ellipticity (Qyre) was calculated as previously described,*® and
the spectra were fit with mixed Gaussian/Lorentzian bands. All
dUVRR data were preprocessed using a custom cosmic spike
removal tool, and buffer contributions were removed from
averaged and baseline-corrected spectra according to methods
described elsewhere.?”

B RESULTS

Ap(25—40) contains the hydrophobic region of full-length
AB(1-40), which is part of the TM domain of APP. To
determine if A(25—40) could form a stable structure in the
presence of membrane-mimicking environments, CD and
dUVRR spectra were recorded in the presence of neutral
DMPC and anionic DMPG liposomes.

Environmental Dependence of Af(25—40)’s Structure.
Previous studies of the structure of AB(25—40) in aqueous
environments indicate that the peptide adopts a disordered
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structure.””*> The CD spectra of AB(25—40) have a strong
negative feature at 197 nm and a weak negative feature at 220
nm, indicative of a predominantly disordered structure with a
small amount of f-strand structure (Figure 1). Similarly, the
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Figure 1. CD spectra of A(25—40) in aqueous buffer (®), DMPG
(#) and DMPC (W).

dUVRR spectrum of the aqueous peptide is also consistent with
a disordered structure, as revealed by the amide I, S, and III
bands at 1656, 1387, and 1249/1300 cm™, respectively (Figure
2)}8
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Figure 2. dUVRR spectra of AB(25—40) in aqueous buffer (top),
DMPC (middle), and DMPG (bottom).

Although it is thought that interactions with the membrane
surface will cause f-sheet and aggregate formation, less is
known about the structural consequences arising from this
equilibration. In the presence of neutrally charged lipid bilayers
(DMPC), AB(25—40) forms f-sheet structure very quickly.
Specifically, the CD spectrum of Af(25—40) in solution with
DMPC liposomes has a positive feature at 193 nm and a
negative feature at 213 nm, which is consistent with S-sheet
structure,”® whereas the JUVRR spectrum has a narrow amide I
band located at 1662 cm™, an asymmetrical amide S feature at
1399 cm™, and an amide III region that can be deconvoluted
into two features at 1237 and 1290 cm™". The first amide III
feature, sometimes referred to as the amide III; mode,***' is
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dependent on the y dihedral angle, and a Raman shift of 1237
cm™! is most consistent with f-sheet structure.

Association of Af(25—40) with negatively charged liposomes
(DMPG) has a significantly different influence on the
secondary structures adpoted by this hydrophobic peptide. In
fact, the CD spectrum of Af(25—40), with a positive feature at
193 nm and two negative features at 209 and 221 nm, is
consistent with classical a-helical structure. In contrast, the
dUVRR spectrum of the sample contains an amide III band
contribution at 1244 cm™" and a significant amide S band at
1384 cm™' in addition to contributions at the a-helical-
correlated positions (1270/1299 cm™), suggesting that the
peptide contains both helical and nonhelical structures (Figure
2).* Interestingly, the amide I mode of AB(25—40) in DMPG
is stronger in intensity than the amide II band and is best fit
with two peaks centered at 1648 and 1674 cm™'. The first
component at 1648 cm™ is consistent with dehydrated helical
structure,™** whereas the second component is consistent with
[-sheet structure. Previous studies have shown that the
intensity of the amide I mode in dUVRR spectra is an intrinsic
marker for membrane association,>”*® and the increase in its
intensity has been attributed to desolvation of the peptide
backbone in membrane environments. Therefore, some portion
of the AB(25—40) backbone is likely hidden from water by the
membrane.

Although the first amide I feature at 1648 cm™ is
characteristic of helical structure, the second feature at 1674
em™is higher than would be expected for disordered structure,
but it might be attributable to -sheet structure. However, there
have been only a limited number of dUVRR studies on f-sheet-
structured membrane proteins;45 therefore, to aid in assigning
the second amide I feature, a simple hydrophobic peptide,
AcWL;, reported previously to assemble into a transmembrane
B-sheet when exposed to a lipid bilayer environment,**® was
examined. dUVRR studies conducted on AcWLg in the
presence of DMPC liposomes confirm that AcWL is associated
with the membrane because of the similarly intense amide I
mode versus that of the soluble f-sheet-structured poly-L-lysine
at high pH and temperature (Figure 3). The amide I region of
AcWL; can be fit by a single narrow band centered at 1675
cm™!, which directly overlaps with the amide I band in the j5-
sheet poly-L-lysine spectrum. Amide IIT (1245 cm™") and amide
S (1400 cm™) band positions confirm that AcWLg adopts f3-
sheet structure and indicate that the intense amide I position at
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Figure 3. dUVRR spectra of AcWL; (top, TM f-sheet structure) and
poly-L-lysine (bottom, soluble f-sheet structure).
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1675 cm™" in the dUVRR spectrum of AB(25—40) in DMPG is
likely derived from f-sheet structural content.

Dependence of Af(25—40) Structure on Hydrophobic
Thickness. Because AB(25—40) adopts a mixture of helical
and f-sheet structures and because some portion of this peptide
appears to be buried in the membrane interior when it is
exposed to anionic DMPG lipid bilayers, assessment of the
influence of hydrophobic thickness on the lipid equilibrated
peptide structure is necessary. CD and dUVRR spectra of
AB(25—40) were collected in the presence of DLPG and
DDPG, which have hydrophobic thicknesses of 19.0 and 16.5
A, respectively. The CD spectrum of AB(25—40) in DLPG,
dominated by a single positive feature at 192 nm and two
negative features at 205 and 223 nm, indicates that the peptide
adopts a mixture of a-helical and disordered structure (Figure
4). The loss of intensity at 223 nm when comparing the CD
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Figure 4. CD spectra of A (25—40) with DMPG (4), DLPG (%),
and DDPG (A).

spectrum of AB(25—40) with DLPG versus DMPG suggests a
decrease in the peptide’s helical content when equilibrating
with thinner lipid bilayers. The corresponding dUVRR
spectrum is consistent with an increase of nonhelical content
(Figure S), as the amide S mode (1388 cm™) is stronger in the
dUVRR spectrum of Af(25—40) interacting with DLPG versus
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Figure 5. dUVRR spectra of A$(25—40) with DMPG (top), DLPG
(middle), and DDPG (bottom).
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DMPG bilayers. Furthermore, the position of the lowest-
frequency band in the amide III region occurs at 1250 cm™,
which is characteristic of disordered structure, whereas the
second easily resolved feature in the amide III region at 1300
cm™! is more consistent with a-helical structural content.

In contrast to other anionic lipids and similar to the neutral
DMPC membrane interactions, the negative feature at 219 nm
and the positive feature at 193 nm (Figure 4) in the CD
spectrum as well as the amide III, S, and I bands at 1241, 1400,
and 1668 cm™" in the dUVRR spectrum (Figure S) suggest a
predominantly f-sheet-structured peptide. These findings
suggest that the thickness of the bilayer will influence the
equilibration of the peptide with and within the membrane.

Structural Transition of Af(25-40) in DLPG over
Time. Because Af(25—40) equilibrates with anionic mem-
branes and undergoes a structural transition in the presence of a
membrane environment, the equilibration of the peptide’s
structure over time is of interest to understand how these
membranes may or may not facilitate the formation of f-sheet-
comprised fibrillar aggregates. Given that the transition
temperature of DMPG is near room temperature and that
AB(25—40) appears not to equilibrate with or into DDPG lipid
bilayers, the CD spectrum of Af(25—40) in DLPG liposomes,
containing a mixture of a-helical and disordered structure, was
monitored over time. Within the first 48 h of incubation at
room temperature, the positive feature at 193 nm increases,
concurrent with a decrease of the negative feature at 205 nm,
indicating a loss of disordered structure (Figure 6). However, -
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Figure 6. CD spectra of Aff (25—40) with DLPG incubated over 96 h
at rt.

sheet structure does not appear to contribute significantly to
the CD spectrum until after 72 h of incubation. After 96 h of
incubation, the peptide contains a significant amount of S-sheet
structure, as shown by a strong negative feature at 219 nm. The
lack of an isosbestic point indicates that this process is not a
two-state transition.

Structural Transition of A(1—40) in DLPG over Time.
Ap(25—40) contains only the hydrophobic portion of the full-
length peptide, Af(1—40). Previous studies have shown that
the full-length peptide also interacts with membranes.*’
However, whether the hydrophobic region will interact in a
similar manner with anionic membranes when a significant
water-soluble portion is also present remains to be tested.

Both CD and dUVRR spectra of Af(1—42) in aqueous
solution have been reported previously*® and should be similar
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to AB(1—40) in its monomeric form.>>**** In the presence of
DLPG liposomes, two minima located at 207 and 222 nm in
the CD spectra indicate that A#(1—40) also adopts a mixture of
disordered and helical structure (Figure 7), which is similar to

1.5
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Figure 7. Initial (blue), intermediate (red), and final (green) CD
spectra of A(1—40) with DLPG with simulations (dotted lines and
inset table).

Ap(25—40). To estimate the conformational changes in AB(1—
40) over time better, CD spectra were fit using CD spectra
derived from poly-L-lysine in its a-helical, B-sheet, and
disordered conformations.*® Three replicates of AB(1—40) in
DLPG spectra were analyzed in this manner (Figure 7, inset).
These analyses suggest that the peptide gradually loses
disordered character in favor of a small amount of f-sheet
structure after 48 h of incubation at room temperature (Figure
7, intermediate). Longer incubation times result in an overall
loss of helical structure in favor of f-sheet and disordered
structure based on the fitted spectra. In each case, the final
conformational ensemble is variable; therefore, ranges are given
in the inset table (Figure 7), and the mean for each is reported
(Table 1). The spectrum after 9 days of incubation shows that
the minimum at 205 nm has shifted to 202 nm. The maximum
at 193 nm is also less-intense, consistent with an increase in
disordered structure. A decrease in the intensity of the
minimum at 222 nm is consistent with a loss of helical
structure.

The dUVRR spectrum of Af(1—40) prior to lipid addition is
consistent with the peptide having a disordered conformation,
as evidenced by the amide 1 (1669 cm™), 11 (1557 cm™), S
(1393 ecm™), and T (1252 and 1297 cm™) band positions
(Figure 8, aqueous). The bands at 1211 and 1608 cm™' are
derived from both the phenylalanine and tyrosine residues,
which are absent in Af(25—40). Phenylalanine also has a
strong band located at 1002 cm™ (not shown in figure).
Opverall, the intensity of the aromatic modes increases upon
transition from an aqueous to a lipid environment. The initial
spectrum of Af(1—40) interacting with DLPG liposomes
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Figure 8. dUVRR spectra of Af(1—40) in water (black) and initial
(blue), intermediate (red), and final (green) with DLPG. The dotted
lines are difference spectra of initial — water (blue dots), intermediate
— initial (red dots), final — intermediate (green dots), and final —
water (yellow dots).

(Figure 8, initial) shows that some portion the full-length AS
peptide has characteristics consistent with burial of the peptide
backbone in the membrane, as indicated by the enhanced
amide I band at 1663 cm™ and the increased intensity of the
aromatic modes (Figure 8, top difference spectrum). Increases
in the amide mode intensities could be attributed to an a-
helical to f-sheet or disordered conformation transition or,
conversely, to a disordered to f-sheet conformation transition.
The final dUVRR spectrum of AS(1—40) after 9 days of
incubation in DLPG shows a loss of intensity at 1330 cm™,
consistent with a loss of a-helical structure. An increase in the
intensity of the amide III band at 1240 cm™" along with an
increase in the amide S intensity is also consistent with an
increase in f-sheet structure, indicting the latter pathway is the
most likely. Table 2 summarizes the fitted amide mode
positions for both Af(25—40) and Af(1—40).

B DISCUSSION

Previous studies have shown that the dramatically enhanced
amide I band is a unique marker for desolvation of the peptide
backbone, which can result from cross-f-sheet core formation
in amyloid fibrils or can be driven by the insertion of the
peptide into a lipid environment.””*® Because the amide I band
intensity increases with the introduction of anionic lipids, but is
not directly correlated with f-sheet formation, some portion of
the Af(25—40) is likely buried in the anionic bilayer. Although
the initial CD spectrum of AB(25—40) in DMPG indicates the
existence of a large percentage of a-helix initially, the JUVRR
spectrum of the same sample provides more detailed
information. A typical a-helical dUVRR spectrum should
have three features within the amide III region: 1276, 1293,
and 1339 cm™". A pure a-helix should also lack an amide S

Table 1. Summary of Structural Estimation for Af(25—40) and Af(1—40) with Liposomes

AB(25—40) AB(1-40) with DLPG
% DMPC DMPG DLPG DDPG initial intermediate final
a-helix 15 75 40 24 37 37 17
P-sheet 5S 15 10 53 8 16 30
disordered 30 10 50 23 5§ 47 53

dx.doi.org/10.1021/bi4016296 | Biochemistry 2014, 53, 3004—3011
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Table 2. Summary of Raman Shifts (cm™') for AB(25—40) and AB(1—40) with Liposomes

AB(25-40) AB(1-40) with DLPG
DMPC DMPG DLPG DDPG initial intermediate final
1237 1244 1250 1241 1243 1242 1252
amide IIT 1290 1270 1300 1298 1273 1270 1297
1299 1304 1298
amide S 1399 1384 1388 1400 1386 1388 1393
amide IT 1553 1556 1557 1585 1559 1560 1557
amide I 1662 1674 1667 1668 1663 1667 1669

feature, as this mode is disallowed in nonhelical conforma-
tions.*” The spectrum of AB(25—40) in DMPG has a relatively
strong amide S feature, and the amide III 1244 cm™" feature is
likely derived from nonhelical secondary structure. These
results are not surprising because the lysine residue near the N-
terminus of the AS(25—40) peptide provides a significant
barrier to the full insertion of the peptide into the bilayer
environment.

Because the equilibration of Af(25—40) is heavily influenced
by bilayer thickness, hydrophobic mismatch is a potential cause
of the structural complexity of AB(25—40) in a lipid
environment. Hydrophobic mismatch, when the protein
structure is longer or shorter than the length of the lipid
bilayer, may cause structural instability of TM peptides. The
hydrophobic thickness of DMPG is estimated to be 23.5 A.
Assuming that all 29—40 residues are embedded in the
membrane and folded into a helical conformation, the length
of the helix would only be 18.0 A, leading to hydrophobic
mismatch. To fit the DMPG liposome, A(25—40) may form
extended helices so that the peptide can span the bilayer, which
is consistent with the lack of the characteristic 1300 and 1330
cm™! features in the amide Ill-affiliated spectral region.
Membrane thinning may also occur near the peptide because
of lipid rearrangements, leading to the mixed secondary
structure described earlier. DLPG has a hydrophobic thickness
of 19.0 A, which best fits the hydrophobic portion of the
peptide but leaves the N-terminus residues outside the
hydrophobic interior, resulting in the disordered structure
identified by both CD and UVRR. The DDPG liposomes
provide the thinnest hydrophobic region at 16.5 A while also
having the most extreme curvature of any of the liposomes.
Thus, it is plausible that DDPG cannot accommodate the
peptide and that the hydrophobic portion of the peptide
becomes exposed to the aqueous environment and folds into -
sheet structure.

Full-length AB(1—40) is much more amphiphilic than the
smaller A(25—40) peptide fragment, as it contains significant
hydrophobic and hydrophilic regions. On the basis of the initial,
intermediate, and final CD and dUVRR spectra of A(1—40), a
model of the structural transition of the peptide is proposed
(Figure 9). The initial stage contains a liposome-embedded a-
helix formed by the C-terminus of Af(1—40), whereas the N-
terminus remains disordered and is exposed to the aqueous
environment. The ordering parameters associated with the
interactions of the peptide with the anionic lipid bilayer surface
drives the transition to more folded structures,®® which, in this
case, is f-sheet structure at the N-terminus, whereas the C-
terminus a-helix remains relatively stable initially. Lastly, as the
stability of the p-sheet structure takes hold, the a-helix,
presumably held together by lateral forces of the membrane
acyl chains, is disrupted and begins to unfold and come out of
the membrane.
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Figure 9. Model of AS(1—40) interacting with DLPG liposomes via
three stages: initial (blue), intermediate (red), and final (green).

It is enticing to hypothesize that this in vitro-derived scenario
may mimic the process by which the newly cleaved Af peptide
emerges from the lipid bilayer. If this is, in fact, the case, then
this would represent the first experimentally derived model for
how Ap sheet formation may occur initially.
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