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ABSTRACT: The conversion of soluble, nontoxic amyloid f-proteins (Af) to aggregated, .. AB L
toxic forms rich in f-sheets is considered to be a key step in the development of Alzheimer’s VAAA
disease. Accumulating evidence suggests that lipid—protein interactions play a crucial role in 3’\ %
the aggregation of amyloidogenic proteins like Af. Our group has previously reported that

amyloid fibrils of A formed on membranes containing clusters of GM1 ganglioside (M-fibrils)

exhibit greater cytotoxicity than fibrils formed in aqueous solution (W-fibrils) [Okada et al.

(2008) J. Mol. Biol. 382, 1066—1074]. W-fibrils are considered to consist of in-register parallel

P-sheets. However, the precise molecular structure of M-fibrils and force driving the formation I

of toxic fibrils remain unclear. In this study, we hypothesized that low-polarity environments O OO

provided by GMI clusters drive the formation of toxic fibrils and compared the structure and o0
cytotoxicity of W-fibrils, M-fibrils, and aggregates formed in a low-polarity solution mimicking @] QD

membrane environments. First, we determined solvent conditions which mimic the polarity of
raftlike membranes using Af}-(1—40) labeled with the 7-diethylaminocoumarin-3-carbonyl dye.
The polarity of a mixture of 80% 1,4-dioxane and 20% water (v/v) was found to be close to that of raftlike membranes. Af-(1—
40) formed amyloid fibrils within several hours in 80% dioxane (D-fibrils) or in the presence of raftlike membranes, whereas a
much longer incubation time was required for fibril formation in a conventional bufter. D-fibrils were morphologically similar to
M-fibrils. Fourier-transform infrared spectroscopy suggested that M-fibrils and D-fibrils contained antiparallel fS-sheets. These
fibrils had greater surface hydrophobicity and exhibited significant toxicity against human neuroblastoma SH-SYSY cells, whereas
W-fibrils with less surface hydrophobicity were not cytotoxic. We concluded that ganglioside clusters mediate the formation of
toxic amyloid fibrils of Af with an antiparallel B-sheet structure by providing less polar environments.

dioxane /

It is widely accepted that the conversion of the soluble, fibrils because polarity modulates both electrostatic and
nontoxic amyloid f-protein (Aff) monomer to aggregated hydrophobic interactions that determine the structure of
toxic Af rich in f-sheet structures is central to the development amyloid fibrils. To mimic such microenvironments, we used a
of Alzheimer’s disease, a progressive neurodegenerative mixture of 14-dioxane and phosphate-buffered saline (PBS)
disorder."”* However, the mechanism of the abnormal because (1) the organic solvent is freely miscible with water,
aggregation of Af in vivo is not well understood. We have therefore the same stock solution of Aff can be used to prepare
proposed that ganglioside clusters in lipid raft microdomains on both types of fibrils, and (2) the presence of CH,, ether O, and
neuronal cells play a crucial role in the formation of amyloid OH groups chemically mimics the sugar group of GMI. We
fibrils by AB.>* GM1 is an acidic glycosphingolipid abundant in found that the mixture facilitated the formation of Af fibrils
plasma membranes of neurons and has been considered to be with a similar morphology, secondary structure, surface
involved in the pathology of AD.*® Af recognizes and binds to hydrophobicity, and cytotoxicity to M-fibrils. The mechanisms
a GM1 cluster,” changing its conformation from a random coil by which low-polarity environments drive the formation of
to an o-helix-rich structure at lower protein densities on the amyloid fibrils with distinct properties will be discussed.

membrane (Af/GMI1 < ~0.013) and a f-sheet-aggregate
coexists at intermediate protein densities (~0.013 < A/GM1 B MATERIALS AND METHODS
< ~0.044). At AB/GM1 values above ~0.044, the S-structure is
converted to a second, seed-prone f-structure. The seed
recruits monomers from the aqueous phase to form amyloid
fibrils.® Notably, amyloid fibrils formed in membranes (M-
fibrils) are cytotoxic, whereas those formed in aqueous solution
(W-fibrils) are not.” W-fibrils are considered to consist of in-
register parallel -sheets.''" In contrast, the precise molecular
structure of M-fibrils and the reasons why toxic fibrils are

AB. AB-(1—-40) was produced as an ubiquitin extension'”
and purified as described in detail elsewhere."? The protein was
dissolved in 0.02% ammonia on ice, and any large aggregates
which may act as a seed for aggregation were removed by
ultracentrifugation in 500 yuL polyallomer tubes at 540000g, 4
°C for 3 h. The protein concentration of the supernatant was
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determined in triplicate by the Micro BCA protein assay
(Pierce, Rockford, IL). The supernatant was collected and
stored at —80 °C prior to use. Just before the experiment, the
stock solution was mixed with an equal volume of double
concentrated PBS (NaCl 16.0 g/L, KC1 0.40 g/L, Na,HPO, 2.3
g/L, KH,PO, 04 g/L, pH 7.4). Ap-(1-40) assumes a
monomeric state under these conditions."*

Small Unilamellar Vesicles (SUVs). GM1 from bovine
brain was purchased from Larodan (Malmd, Sweden).
Cholesterol and N-acyl-p-sphingosine-1-phosphocholine from
bovine brain (SM) were obtained from Sigma (St. Louis, MO).
SUVs were prepared as described previously.”'> GMI,
cholesterol, and SM were dissolved in a chloroform—methanol
1:1 (v/v) mixture, ethanol, and chloroform, respectively. The
concentrations of GM1, cholesterol, and SM were determined
at least in triplicate by the resorcinol—hydrochloric acid
method,'® the cholesterol oxidase method (free cholesterol E-
test kit by Wako (Osaka, Japan)), and the phosphorus assay,'”
respectively. GM1, cholesterol, and SM were mixed at a molar
ratio of 4:3:3, and the solvent was removed by evaporation in a
rotary evaporator. The residual lipid film, after drying under
vacuum overnight, was hydrated with PBS. The hydrated film
was vortex mixed to produce multilamellar vesicles, which were
subsequently sonicated under a nitrogen atmosphere for 9 min
(3 min X 3 times) using a probe-type sonicator Tomy UD-201
(Tokyo, Japan). Metal debris from the titanium tip of the probe
was removed by centrifugation. The concentration of vesicles
was determined based on the concentration of GML.'® The
vesicles have been characterized in terms of size and
lamellarity."

Estimation of Polarity around Af. AS-(1—40) labeled
with the 7-diethylaminocoumarin-3-carbonyl group at its N-
terminus (DAC-AfS-(1—40)) was custom synthesized and
characterized by Peptide Institute (Minoh, Japan).” The dye-
labeled peptide was always handled in light-protected, capped
tubes under a nitrogen atmosphere to avoid photodegradation.
Fluorescence spectra of 0.5 yuM DAC-Af-(1—40) were
measured in various 1,4-dioxane—PBS mixtures (open circles)
as well as in the presence of raftlike SUVs composed of GM1/
cholesterol/SM (4:3:3) ([GM1] = 50 uM) at 37 °C at an
excitation wavelength of 415 nm on a Shimadzu RF-5300
spectrofluorometer (Kyoto, Japan). Blank spectra (solvent or
SUVs) were subtracted. Highly purified dioxane (>99.7%,
Wako, Osaka Japan) was used to avoid the oxidation of the
protein. The salt concentrations were kept constant in all
samples by use of differently concentrated PBS solutions.

Amyloidogenesis. 50 uM Af-(1—40) was incubated in
PBS, 1,4-dioxane/5xPBS (80:20, v/v,), and raftlike SUVs
composed of GM1/cholesterol/SM (4:3:3) ([GM1] S0
uM) at 37 °C under an argon atmosphere to avoid oxidation.
Amyloid formation by Ap-(1—40) was monitored by the
thioflavin T (Th-T) assay. The sample (final A} concentration,
0.5 M) was added to a S uM ThT solution in 50 mM glycine
buffer (pH 8.5). Fluorescence at 490 nm was measured at an
excitation wavelength of 446 nm at 25 °C.***' The blank
fluorescence (solvent or SUVs) was subtracted.

CD Spectra. The CD spectrum of 15 uM AfS-(1—40) in 1,4-
dioxane/SxPBS (80:20, v/v) was measured on a Jasco ]-820
apparatus at 15 °C to avoid aggregation of the protein. A 1 mm
path length quartz cell was used to minimize the absorbance
due to buffer components. The instrumental outputs were
calibrated with nonhygroscopic ammonium d-camphor-10-
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sulfonate.”” Eight scans were averaged for each sample. The
blank spectrum (solvent) was subtracted.

Preparation of Various Fibrils. Amyloid fibrils were
prepared in PBS (W-fibrils), 20% 1,4-dioxane/80% 1.25xPBS
(v/v, Dyy-fibrils), 80% 1,4-dioxane/20% SxPBS (v/v, D-fibrils),
and raftlike liposomes (M-fibrils). W-fibrils were formed by
incubating S0 M Af-(1—40) in PBS for 1 w at 37 °C. Dy,
fibrils and D-fibrils were produced by incubating 50 uM Ap-
(1-40) in corresponding solvent mixtures for 1 day at 37 °C
under an argon atmosphere. The absence of any oxidation
products was confirmed by mass spectroscopy after dissolution
with 95% dimethyl sulfoxide/4.5% water/0.5% trifluoroacetic
acid. The fibrils were washed with PBS five times. M-fibrils
were prepared by incubating S0 uM Af-(1—40) with raftlike
SUVs composed of GM1/cholesterol/SM (4:3:3) ([GM1] =
50 uM) at 37 °C for 3 days. The fibrils were washed with PBS
three times. The concentration of Af-(1—40) in fibril
suspensions was determined by reverse-phase HPLC after
dissolution.

Transmission Electron Microscopy (TEM). TEM experi-
ments were carried out by the Ultrastructure Research Institute,
Hanaichi Co. Ltd. (Okazaki, Japan). Samples were spread on
carbon-coated grids, negatively stained with uranyl acetate, and
examined under a JEOL JEM-2000EX electron microscope
with an acceleration voltage of 100 kV.

FTIR. Amyloid fibrils were collected by centrifugation
(20000g, 10 min) and washed with water five times. Dry
films of aggregates were prepared by spreading the pellets on a
germanium attenuated total reflection (ATR) plate (80 X 10 X
4 mm) under a stream of nitrogen gas. The residual water was
removed on P,0 under vacuum overnight. Trifluoroacetic
acid, which gives absorption in the amide I region,23 originating
from Ap-(1—40) was completely eliminated by this procedure
because W-fibrils gave FTIR spectra indistinguishable to those
formed by a HCl salt form of AfB-(1—40) (data not shown).
FTIR-ATR measurements were carried out on a BioRad FTS-
3000MX spectrometer equipped with an Hg—Cd—Te detector
and a PIKE horizontal ATR attachment. The total reflection
number was 10 on the film side. The spectra were measured at
a resolution of 2 cm™" and an angle of incidence of 45° and
derived from 256 coadded interferograms with the Happ-
Genzel apodization function. Subtraction of the gently sloping
water vapor was carried out to improve the background prior to
frequency measurement. For ATR correction, refractive indexes
of 4.003 and 1.7 were used for germanium and protein,
respectively.

Surface Hydrophobicity. For estimation of the hydro-
phobicity of amyloid fibrils, an ANS assay was carried out.**
The amyloid sample (final Af concentration, 2.5 uM) was
applied to a S uM l-anilinonaphthalene-8-sulfonate (ANS) in
PBS in a quartz cuvette and mixed by gentle stirring for 1 min.
Fluorescence emission spectra were recorded at an excitation
wavelength of 350 nm with a cuvette holder thermostated at 25
°C.

Cytotoxicity. Human SH-SYSY neuroblastoma cells were
obtained from ECACC and cultured in D-MEM/F-12
containing 10% FBS, 100 U/mL penicillin, and 0.1 mg/mL
streptomycin. After being plated at a density of 7000 cells/well
onto a coverglass base, optical bottom 96-well microplate
(Nunc, Roskilde, Denmark), the cells were incubated for more
than 24 h at 37 °C with 5% CO, to allow cell attachment. The
sample fibril suspension mixed with an equal volume of
medium (final Af-(1—40) concentration, 25 yM) was applied
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to each well and incubated for 24 h at 37 °C with 5% CO,. 100
uL of calcein-AM (final concentration, 1 yM) in PBS was
gently added and incubated for 1 h at 37 °C. Calcein-AM
(calcein tetraacetoxymethyl ester) is a membrane-permeable
dye that is cleaved by intracellular esterases in living cells to
produce the fluorophore calcein. Fluorescence was measured
on a Wallac Envision (PerkinElmer, Waltham, MA). Linearity
between the number of living cells and fluorescence intensity of
calcein (excitation, 485 nm; emission, 535 nm) was confirmed.
The fluorescence intensity of cells treated with only vehicle and
the background fluorescence intensity of each well were defined
as a positive control (viability; 100%) and as a negative control
(viability; 0%), respectively. The statistical analysis was
performed using ANOVA, and the significance was assessed
against a positive control.

B RESULTS

Polarity around Af. The polarity around Af in raftlike
liposomes was estimated by use of DAC-Af-(1-40).
Fluorescence spectra of DAC-AS-(1—40) are sensitive to the
surrounding polarity.” Figure 1 shows the wavelength of
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Figure 1. Dependence of fluorescence spectra of DAC-Af-(1—40) on
the surrounding polarity. Fluorescence spectra of 0.5 yuM DAC-Ap-
(1—40) were measured in various 1,4-dioxane/PBS mixtures (open
circles) as well as in the presence of raftlike SUVs composed of GM1/
cholesterol/SM (4:3:3) ([GM1] = 50 uM, closed circle) at 37 °C at an
excitation wavelength of 415 nm. The salt concentrations were kept
constant in all samples by use of differently concentrated PBS
solutions. The wavelength of maximal intensity is plotted as a function
of % dioxane (v/v). The experiments were performed in duplicate, and
the errors were within 0.2 nm. The polarity around the protein in the
liposomes corresponded to that of 77% dioxane.

maximal intensity as a function of solvent composition. The
wavelength decreased almost linearly with the increase in the
1,4-dioxane content. The polarity around the protein in the
liposomes corresponded to that of 77% (v/v) dioxane.
Therefore, we used a 80% dioxane solution as a membrane
mimic in the subsequent experiments. The polarity around
DAC-AB-(1—40) does not depend on the bound DAC-Af-(1—
40)/GMI1 ratio because when a DAC-AS-(1—40) solution was
titrated with GMI-containing liposomes, each fluorescence
spectrum could be described by a linear combination of the
spectrum in buffer and the spectrum with excess liposomes
(data not shown).

Fibril Formation. The formation of fibrils by Af-(1—40)
was monitored by the Th-T assay (Figure 2). In PBS, an
increase in Th-T fluorescence was observed only after 2 days of
incubation. In contrast, more hydrophobic media (GM1/
cholesterol/SM  (4:3:3) liposomes and 1,4-dioxane/5xPBS
(80:20, v/v)) facilitated the formation of aggregates. The
final level of ThT fluorescence in the presence of GMI-
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Figure 2. Fibril formation by Af-(1—40) in various media. SO uM Af-
(1—40) were incubated in PBS (circles), 1,4-dioxane/SxPBS (80:20,
v/v, squares), and raftlike SUVs composed of GM1/cholesterol/SM
(4:3:3) ([GM1] = S0 uM, triangles) at 37 °C under an argon
atmosphere to avoid oxidation. Fibril formation was monitored by the
Th-T assay. The experiments were performed in duplicate, and the
error bars denote standard deviations.

liposomes was smaller than the other cases. It is underestimated
because of the binding of positively charged ThT to negatively
charged GM1. In the presence of both M-fibrils and liposomes,
ThT molecules competitively bind to M-fibrils and liposomes.
On the other hand, in blank samples containing only liposomes,
all ThT molecules are available to GMI, giving larger
background signals.

The morphology of the fibrils was observed by TEM (Figure
3). The aggregates that formed in 80% dioxane were typical

Figure 3. Negative stain TEM image of Af-(1—40) fibrils formed in
(A) buffer (W-fibrils), (B) raftlike SUVs (M-fibrils), and (C) 80%
dioxane (D-fibrils). The scale bars represent 100 nm.

unbranched fibrils with a width of 12.3 + 2.6 nm (Figure 3C).
Their morphology resembled that of M-fibrils with a width of
11.8 + 0.4 nm (Figure 3B) rather than that of W-fibrils with a
width of 7.9 + 0.6 nm (Figure 3A). A similar width (~8 nm)
was also reported for W-fibrils by other laboratories.>>*°

Secondary structural features of Af-(1—40) in 80% dioxane
were estimated from the CD spectrum (Figure 4). The
measurements were carried out at 15 °C to avoid aggregation of
the protein. The absence of aggregation was confirmed by the
Th-T assay (data not shown). The presence of a minima at
around 220 nm indicates that the protein assumed a f-sheet-
rich structure in this solvent mixture.

FTIR. The secondary structures of various amyloid fibrils was
estimated by FTIR spectroscopy (Figure S). All FTIR spectra
exhibited intense bands at around 1629 cm™ (1629.8, 1629.2,
1628.3, and 1628.5 cm™ for W-, D,,-, M-, and D-fibrils,
respectively), indicating -sheets are major conformations.”” >’
The wavenumber of maximal intensity decreased with solvent
polarity. Minor bands at around 1695 cm™" were discernible in
the spectra of amyloid fibrils formed in low-polarity environ-
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Figure 4. Secondary structure of AB-(1—40) in 80% dioxane. The CD
spectrum of 15 uM Af-(1—40) in 1,4-dioxane/S5xPBS (80:20, v/v) was
measured at 15 °C to avoid aggregation of the protein.
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Figure 5. Secondary structure of various fibrils. FTIR spectra of Ap-
(1—40) fibrils formed in (A) PBS (W-fibrils), (B) 20% 1,4-dioxane/
80% 1.25xPBS (D,yfibrils), (C) raftlike liposomes (M-fibrils), and
(D) 80% 1,4-dioxane/20% SxPBS (D-fibrils) were measured by the
ATR method. The arrowheads indicate minor peaks at around 1,695
cm™". The spectra are normalized to have the same band area.

ments (M-fibrils and D-fibrils),” suggesting the presence of
antiparallel f-sheets,” >’ although this band may not be
unique to antiparallel -sheets.*® The appearance of the minor
peak in the spectrum of D-fibrils was due not to the presence of
dioxane but to the low polarity because it was absent in the
spectrum of fibrils formed in 20% dioxane (D,y-fibrils). The
appearance of the spectrum changed at around 60% dioxane
(data not shown).

Surface Hydrophobicity. The surface hydrophobicity of
various fibrils was estimated based on the binding of ANS. ANS
is only weakly fluorescent in the aqueous phase; however, its
fluorescence intensity increases with a blue shift in hydrophobic
environments. Therefore, the dye is frequently used to monitor
the presence of hydrophobic surfaces in proteins.”* The
addition of Ap fibrils to the ANS solution caused a significant
increase in fluorescence accompanied by a blue-shift in the rank
order D-fibrils > M-fibrils > W-fibrils (Figure 6).

Cytotoxicity. The cytotoxicity of various fibrils against
human SH-SYSY neuroblastoma cells was determined after a 24
h incubation with 25 uM fibrils (Figure, 7). W-fibrils were
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Figure 6. Surface hydrophobicity of various fibrils. Fluorescence
spectra of S yuM ANS in PBS were measured in the absence and the
presence of 2.5 yM W-fibrils, M-fibrils, and D-fibrils at an excitation
wavelength of 350 nm. The experiments were performed in duplicate,
and the error bars denote standard deviations.

nontoxic, whereas M-fibrils and D-fibrils were equally toxic.
The cell viability was reduced to ~50%.
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Figure 7. Cytotoxicity of various fibrils. The viability of human SH-
SYSY neuroblastoma cells in the presence of 25 uM W-fibrils, M-
fibrils, and D-fibrils was determined by the calcein-AM assay after a 24
h incubation at 37 °C (mean + standard deviation, n = 7—18; *p <
0.001 against vehicle treatment).

B DISCUSSION

Membranes have been shown to facilitate the formation of
amyloid fibrils by Af as well as other amyloidogenic proteins.>!
However, the mechanism underlying membrane-induced
formation of amyloid fibrils is not fully understood, although
the local concentration of proteins and the induction of
secondary structures have been proposed. Here, we found that
low-polarity environments provided by membranes play an
important role in not only the acceleration of fibrillization but
also the formation of different types of fibrils from those
formed in aqueous solution.

The polarity around Af-(1—40) in raftlike membranes was
close to that of 80% dioxane (Figure 1). FTIR* and NMR*
studies suggested that Af-(1—40) interacts with the sugar
moieties of gangliosides and lies parallel to the surface of
membranes. Thus, the estimated polarity is considered to
represent that of the sugar region. It is noteworthy that both
membrane and 80% dioxane environments promoted the fibril
formation (Figure 2), even though local concentration effects
are absent in the latter system. Low-polarity environments, in
which the number of molecules capable of forming hydrogen
bonds decreases compared to aqueous environments, facilitate
the hydrogen bonding between Af-(1—40) molecules rather
than between AS-(1—40) and environments, leading to the
formation of secondary structures and eventually amyloid
fibrils. AfS-(1—40) adopts a p-sheetrich structure in both

raftlike membranes”® and 80% dioxane (Figure 4).
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The wavenumber of maximal intensity of amide I band
decreased with solvent polarity (Figure S), indicating that
amyloid fibrils formed in low-polarity environments have larger
numbers of f-strands and/or stronger hydrogen bonds®**®
than those formed in water. The latter interpretation is
reasonable because hydrogen bonds are electrostatic in nature.
In addition, they contain an antiparallel j-sheet structure, as
suggested by the lower peak wavenumbers of the major amide I
bands at around 1630 cm™" and the presence of minor bands at
around 1695 cm™!, respectively (Figure S). A theoretical study
indicated that the 1695/1630 intensity ratio depends on the
number of peptide chains and the number of peptide groups in
the chain. For a single infinite antiparallel-chain pleated sheet,
the ratio was estimated to be 0.085, and the observed value for
polylysine was 0.099.>° M- and D-fibrils exhibited 1695/1630
intensity ratios of 0.075 and 0.15, respectively. Both types of
fibrils have significant antiparallel S-sheet contents, although
they are not identical. Heterogeneous membranes and
homogeneous solutions do not give identical environments,
or M- and D-fibrils are mixtures of fibrils with parallel and
antiparallel -sheets in different ratios because both types of -
sheets appear to be very similar in thermodynamic stability.” In
any case, it is clear that polarity affects the major type of fibrils;
fibrils containing parallel f-sheets were formed in more polar
20% dioxane (Figure S). The two dioxane-containing solutions
having different polarity do not significantly differ in other
physicochemical properties, such as viscosity (0.711 cP in 20%
dioxane vs 0.885 cP in 80% dioxane at 40 °C, close to our
experimental temperature). Such a small difference in viscosity
will slightly affect the kinetics of peptide aggregation but not
the type of fibrils. Indeed, water at 25 °C has a similar viscosity
(0.890 cP) to 80% dioxane at 40 °C, but parallel-type fibrils are
formed in water at 25 °C.

Short Af fragments®”*® as well as the Iowa ApS-(1—40)
mutant®® have been reported to form amyloid fibrils composed
of antiparallel S-sheets. Oligomers of AB-(1—40)*>*" and Ap-
(1—42)* have also been suggested to have an antiparallel S-
sheet structure. The formation of in-register parallel S-sheets is
unfavorable in low-polarity environments because electrostatic
repulsion between charged amino acid side chains in adjacent
p-strands is manifested in media of low dielectric constant.
Furthermore, an antiparallel orientation of macrodipoles of
helices, precursors of S-sheets,® is also preferable in media of
low dielectric constant.

The surfaces of M-fibrils and D-fibrils were more hydro-
phobic than that of W-fibrils (Figure 6). W-fibrils have been
proposed to have in-register parallel f-sheet structures in which
hydrophobic amino acids are effectively sequestered from
water.'”'! In contrast, it appears to be difficult for M-fibrils and
D-fibrils possessing antiparallel f-sheets to completely bury
nonpolar amino acids inside the fibrils. Both the extent of
surface hydrophobicity™ and the presence of antiparallel j-
sheets**** have been reported to correlate closely with the
cytotoxicity of various amyloid fibrils and soluble oligomers.

In summary, ganglioside clusters mediate the formation of
toxic amyloid fibrils of AB-(1—40) with an antiparallel S-sheet
structure by providing less polar environments. The precise
structure of the fibrils is under investigation by use of isotope-
edited FTIR and solid-state NMR.
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B ABBREVIATIONS

Ap, amyloid p-protein; AD, Alzheimer’s disease; ANS, 1-
anilinonaphthalene-8-sulfonate; ATR, attenuated total reflec-
tion; calcein-AM, calcein tetraacetoxymethyl ester; CD, circular
dichroism; FTIR, Fourier-transform infrared; GMI1, mono-
sialoganglioside GM1; D-fibrils, Af fibrils formed in 80% 1,4-
dioxane/20% SxPBS (v/v); D,y-fibrils, A fibrils formed in 20%
1,4-dioxane/80% 1.25xPBS (v/v); DAC-ApB-(1-40), Ap-(1—
40) labeled with the 7-diethylaminocoumarin-3-carbonyl group
at its N-terminus; M-fibrils, Af fibrils formed in raftlike
liposomes; PBS, phosphate-buffered saline; SM, N-acyl-p-
sphingosine-1-phosphocholine from bovine brain; SUV, small
unilamellar vesicle; ThT, thioflavin T; W-fibrils, A fibrils
formed in PBS.

B ADDITIONAL NOTE

“FTIR spectra of proteins are often measured in D,O to avoid
spectral contributions from water. We also measured FTIR
spectra of M-fibrils prepared in D,0O-based PBS. However, their
spectra were very similar to those of W-fibrils prepared in D,0-
based PBS, suggesting that M-fibrils and W-fibrils are very
similar in thermodynamic stability and mutually convertible
following subtle changes in conditions, such as the deutration
of water, which is known to affect the stability of proteins.46
Contributions from bound water, if any, were negligible
because the samples were extensively dried up on P,Og and
the spectra were reproducible.
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