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Amyloid plaques, formed from amyloid β (Aβ) peptides (mainly Aβ40 or
Aβ42), are one of the most important pathological characteristics of
Alzheimer's disease. Here, a single D-form proline substitution in the 40-
amino-acidAβ40 peptide can totally change the aggregation behavior of this
peptide. The residue immediately preceding each glycine in Aβ40 (S8, V24,
I32, and V36) was individually replaced by D-form proline (DPro). The
resulting DP-G sequence (the DPro residue and the following Gly residue)
was designed as a “structural clip” to force the formation of a bend in the
peptide, as this sequence has been reported to be a strong promoter of β-
hairpin formation. The mutant peptide with Val24-to-DPro substitution,
named V24P, formed a new amyloid-like β-aggregate at high peptide con-
centration. The aggregate has most of the characteristics of amyloid fibrils,
except fibril morphology. Moreover, the mutant peptide V24P, when mixed
with Aβ40, can attenuate the cytotoxicity of Aβ40.
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Introduction

The structural properties of the major cleaved pro-
ducts of amyloid precursor protein (APP)—amyloid
β (Aβ) 40 and Aβ42, as very likely culprits of Alzhei-
mer's disease—have been studied extensively by
examining the behavior of mutant peptides with
various lengths,1–4 modifications,5,6 and substitu-
tions.7–15 A structural model for Aβ40 amyloid has
been proposed.16 Residues 25–29 contain a bend that
brings the twoβ-strands formed from residues 12–24
(β1) and residues 30–40 (β2) in close contact through
interactions between side chains. Each β-strand
forms a parallel β-sheet by forming hydrogen
bonds with the same strand of another molecule.
On the surface of these two β-sheets, the side chains
ess:

β; APP, amyloid
CR, Congo red; PBS,
,5-dimethylthiazol-2-
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of these residues form ridges, and the spaces between
them form grooves. Sheet-to-sheet packing is stabi-
lized by complementary fitting of these ridges and
grooves. However, this packing arrangement is not
absolute. In the structural model of Aβ42 amyloid,17

parallel β-sheets are formed from residues 18 to 26
(β1) and from residues 31 to 42 (β2), but a two-resi-
due extension at the C-terminus shifts the packing by
three residues toward the C-terminal end. (It should
be noted that Met35 of Aβ42 is oxidized in this study.
Whether the modification affects the resulting amy-
loid structure remains elusive.)17 The different pack-
ing arrangement indicates the structural plasticity of
Aβ peptides. Here, we attempted to create an arti-
ficial bend at different positions in the Aβ40 peptide
to examine whether the bend on the polypeptide
chain can alter the amyloidogenic property of the
peptide. The DPro-Gly sequence has a high structural
proclivity to populate a type II′ β-turn, which favors
the formation of a left-handed β-hairpin,18–23 and D-
form proline has been widely used in designed pep-
tide sequences to form a β-structure. In the amino
acid sequence of Aβ40, Ser8, Val24, Lys28, Ile32, and
Val36 are followed by a glycine residue. Each of these
was individually replaced with a D-form proline to
d.
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create a bend. The mutated peptides were respec-
tively named S8P, V24P, K28P, I32P, and V36P, and,
with the exception of K28P, were prepared by solid-
phase peptide synthesis. The effects of this intro-
duced backbone bending on the amyloidogenic
property of these peptides were then studied.
Fig. 1. Concentration-dependent coil-to-β structural con-
version of V24P. (a) V24P was dissolved in 20 mM sodium
phosphate buffer and 150 mM KCl (pH 7) at a concentra-
tion of 30, 40, 50, or 60 μM(black, red, green, and blue lines,
respectively), and the CD spectrum was recorded imme-
diately. CD spectra of 30 μM (b) and 60 μM (c) V24P at
different incubation times.
Results

Structural conversions of mutated peptides

K28P proved difficult to synthesize. Peptides S8P,
V24P, I32P, and V36P were synthesized and com-
pared with the wild-type Aβ40 peptide to examine
the effect of the introduced bend on amyloid for-
mation by the peptide. Characterized by the forma-
tion of a cross-β structure, amyloid formation can be
detected and quantified by various spectroscopic
techniques:24 the appearance of negative ellipticity
at 218 nm can be detected by circular dichroism
(CD) spectroscopy;25 emitted fluorescence intensity
at 487 nm upon binding to thioflavin T (ThT) can be
detected by fluorescence spectroscopy;26–28 an in-
creased absorption peak at ∼1628 cm−1 can be
detected by Fourier transform infrared spectros-
copy24,29 an increased and red-shifted absorption
peak can be detected by absorption spectroscopy;
birefringence under polarized light upon binding to
Congo red (CR) can be detected by optical micros-
copy30,31 aggregate-induced light scattering can be
detected by spectrofluorometry;32 and fibril mor-
phology can be detected by electron microscopy and
atomic force microscopy. The effects of the DPro
substitution on the amyloidogenic property of Aβ40
were first examined by CD spectroscopy. The DP-G
bend in peptide S8P did not inhibit amyloid forma-
tion by the peptide. This is not surprising as, based
on the previously published structural model,16 Ser8
is in the flexible region outside the amyloid core.
However, the mutations in the C-terminal part of the
peptide had a profound effect. The peptide V24P
remained as a random coil structure at a peptide
concentration as high as 30 μM (Fig. 1b) and formed
a β-sheet structure when the peptide concentration
was increased (Fig. 1a). Moreover, this β-sheet for-
mation was very rapid without lag time (Fig. 1c). For
60 μM V24P, the CD spectra showed no difference at
different incubation times. The thermodynamic
solubility of the peptide was largely increased. By
measuring the peptide concentration in the soluble
portion after centrifugation, the thermodynamic
solubility of Aβ40, S8P, and V24P is determined as
3.48±0.30, 4.52±0.25, and 29.44±0.26 μM, respec-
tively. Apparently, the substitution V24→DP largely
increased peptide solubility. This effect is not only
due to the removal of the hydrophobic side chain of
Val24 but also contributed by the special configura-
tion of D-form proline. Williams et al. have measured
the critical concentrations of various Aβ40 mutants
with the L-form Pro substitution at different
positions.7 The V24→LP substitution also increased
the critical concentration from 0.9 to 8 μM. (It should
be noted that the critical concentration of wild-type
Aβ40 in their measurement is lower than the solu-
bility in our measurement. They used higher cen-
trifugation speed and quantified the concentration by
reverse-phase HPLC.) The D-form Pro substitution in
our study increased the peptide solubility more
greatly than the L-form Pro, suggesting that the
DPro-Gly sequence has a more profound effect than



Fig. 2. Reversibility of the structural conversion of the
β-structure formed by the V24P peptide. CD spectra of
V24P β-structures after threefold dilution. The V24P pep-
tide was dissolved in 20 mM sodium phosphate buffer
with 150 mM KCl (pH 7) at a peptide concentration of
50 μM. The solution was incubated at room temperature
for 20–30 days and then was diluted with 2 vol of the same
buffer. The CD spectra of the solution after dilution were
recorded at different times.
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the LPro-Gly sequence on the stabilization of the
monomer structure.
The β-structure formed from the mutated pep-

tide V24P was unstable and very sensitive to pep-
tide concentration. When the 50 μM V24P solution
was diluted threefold with the same buffer, the
intensity of the negative CD ellipticity at 218 nm
decreased, and a slow transformation into a ran-
dom coil structure was observed (Fig. 2). After
dilution, the final peptide concentration (16.7 μM)
was lower than the thermodynamic solubility of
the V24P peptide (29.44 μM). Therefore, the β-
aggregate was redissolved and converted back to
random coil.
Surprisingly, the aggregate formed from the V24P

peptide did not show fibril morphology under an
electronmicroscope (Fig. 3). Only amorphous aggre-
gate was found. However, this structure was able to
bind various dyes that are often used in amyloid
quantification, such as ThTand CR. Moreover, apple
green birefringence can be observed for the aggre-
Fig. 3. Electron microscopy images of (
gate placed under polarized light (Fig. 4). As shown
in Fig. 5, at a concentration of 30 μM, V24P did not
show ThT fluorescence, as expected from the
random coil structure seen in the CD spectrum
(Fig. 1a), whereas 60 μM V24P emitted high
fluorescence when bound to ThT as the amyloid
fibrils formed from Aβ40 and S8P.
In the CR binding assay, a 30 μM V24P solution

behaved similarly to a wild-type Aβ40 monomer
(peptide sample without incubation before measure-
ment) and the buffer control, with no absorption
increase observed when mixed with CR (Fig. 6a). In
contrast, the 60 μM V24P solution showed a high
absorption increase and red shift of the absorption
peak, suggesting that theβ-structure formedat ahigh
concentration of V24P has a high affinity for CR.
However, the shape of the difference spectrum was
distinguishable from those of amyloid fibrils formed
from wild-type Aβ40 and mouse prion peptide 108–
144,whichwasusedaspositive control. In Fig. 6b, the
60 μMV24P solution showed amaximum at 524 nm,
while the other two had a maximum at 535 nm. The
CR binding assay is less sensitive than the ThT
binding assay to amyloid quantification because the
absorption increase is not as large as the ThT fluo-
rescence increase. However, based on our results, the
CRbindingassayhas theadvantageofdistinguishing
between different β-sheet-rich assemblies.
I32P and V36P showed behaviors similar to those

of V24P, except that a higher peptide concentration
was required for the structural conversion (data not
shown). Therefore, in this study, we only focus on
V24P.

Comparison of Aβ amyloid fibrils and the
β-aggregate formed from V24P

ThT fluorescence, CR-binding ability, and bire-
fringence suggested that the β-structure formed
from V24P has amyloid characteristics. However,
the absence of fibril morphology suggested that the
coil-to-β structural conversion shown in the CD
spectra of the V24P peptide did not come from a
typical amyloid fibril, but was probably due to an
oligomer or polymer with a β-structure stabilized
by intermolecular association. Moreover, less red
shifting in the CR-binding absorption spectrum of
a) Aβ40 (30 μM) and (b) V24P (60 μM).



Fig. 4. Images of the aggregated (a) Aβ40 (30 μM) and (b) V24P (60 μM) under polarized light upon staining with CR.
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60 μM V24P has also pointed out the structural
difference between the β-amyloid fibrils and the
V24P β-aggregate.
It has been proposed that the ThT fluorescence of

amyloid resulted from the restricted rotation of the
two rings in ThT by the hydrophobic pocket
formed by the amino acid side chains of amyloid
fibrils; thus, its fluorescence quantum yield is
increased.33,34 Because the lifetime of a fluorophore
is sensitive to its environment, we employed a time-
resolved lifetime measurement to compare the
amyloid-like β-aggregate of V24P and the amyloid
fibrils formed from wild-type Aβ40 and S8P. A com-
parison of fluorescence intensity decays is shown in
Fig. 7. Using isothermal titration calorimetry, Groen-
ing et al. reported that there are at least two inde-
pendent ThT-binding sites in the insulin fibril
structure.35 Krebs et al. suggested that ThT binds in
the “channel” between every second residue of the
two β-sheets in Aβ, with the long axis of the dye
parallel with the fibril axis.27 Based on this assump-
tion, depending on the length of the β-strands in-
volved in the amyloid core, there may be several
binding channels. The nonlinear decay in the log plot
of Fig. 7 clearly indicates that there was more than
Fig. 5. ThT binding assay of V24P (30 and 60 μM),
Aβ40 (30 μM), and S8P (30 μM). Peptides were dissolved
in 20 mM sodium phosphate buffer and 150 mM KCl
(pH 7) at the indicated concentrations and incubated
before measurement.
one ThT-binding channel in all these β-structures.
The fluorescence decay trace of the S8P fibrils
overlapped very well with that of Aβ40, confirming
that these two amyloid structures have the same
amyloid core and that the N-terminal part of the
Aβ sequence is not involved in the amyloid core
structure. In contrast, the fluorescence decay of the
β-structure formed by V24P was slower, suggesting
that the ThT-binding sites in this β-structure are
different from those in the other two.

Cytotoxicity of V24P

Is the β-aggregate formed from the peptide V24P
cytotoxic? Despite their structural differences, both
30 and 60 μMV24P showed slight toxicity similar to
that found in mouse N2a neuroblastoma cells
(Pb0.0001, compare with untreated cells) (Fig. 8).
The data indicated that the structural conversion of
V24P did notmake itmore toxic.Moreover, although
60 μM V24P could convert into an amyloid-like β-
structure with the same ThT-binding ability as the
Aβ40 fibrils, V24P was significantly less toxic than
Aβ40 (Pb0.0001). Our data indicated that the toxi-
city of Aβ40 might come from a special structure
(probably oligomers; see Supplementary Material)
and is unrelated to its amyloid characteristics. More
interestingly, it seems that V24P is able to prohibit
the wild-type Aβ40 from forming toxic conformers.
When 30 μM Aβ40 was coincubated with 30 μM
V24P, the presence of V24P attenuated the toxicity of
Aβ40. We surmised that the oligomerization of the
Aβ40 peptide was probably diverted by the exis-
tence of V24P.
Discussion

The origin of the term “amyloid” comes from the
spectroscopic properties of a proteinaceous aggre-
gate similar to those of starch (amylose). CR and ThT
binding assays have been widely used in amyloid
identification. There has been some suspicion that
the dye binding assay does not necessarily provide a
quantitative measurement of fibril formation,24,32,36

and thiswas substantiated by our results. Our results



Fig. 7. Time-dependent intensity decay of ThT bound
to Aβ40 fibrils (black), S8P fibrils (green), or V24P
aggregates (red).
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demonstrated that an amorphous aggregate can
possibly be formed and possibly contributed to the
observed ThT fluorescence and CR absorption
signals. Since fibril morphology is generally consi-
dered as a requisite for the protein aggregate to be
described as amyloid, we call our V24P aggregate an
amyloid-like β-aggregate that has most of the spec-
troscopic characteristics of amyloids, except fibril
morphology.
In the present study, we introduced an artificial

bend at various positions in the Aβ40 sequence
by replacing the residue in front of each glycine
with a D-form proline. The introduced bend in
the N-terminal part of the peptide (the S8P
mutant) did not significantly affect the amyloid
formation, consistent with a previous observation
that the N-terminal part of the Aβ peptides is not
involved in the amyloid core structure.7,8,10,11
Accordingly, it is reasonable to assume that the
S8P mutation does not affect the toxicity of the Aβ
peptide (Fig. 8). In contrast, the bend introduced in
Fig. 6. CR binding assay. (a) Absorption spectra after
CR binding to 25 μM Aβ40 monomer solution (black),
25 μM Aβ40 fibril solution (red), 30 μM V24P solution
(green), and 60 μM V24P solution (blue). Amyloid fibrils
formed from mouse prion peptide (108–144) were used as
positive control (cyan). The negative control of CR in the
buffer is shown in orange. (b) Difference spectra from (a).
The buffer spectrum was subtracted from the sample
spectra.
the C-terminal part of the Aβ40 sequence (V24P,
I32P, and V36P) largely increases the thermody-
namic solubility of the peptides. Instead of forming
a nucleus then amyloid fibrils, the peptides rapidly
associated when the peptide concentration was
higher than the threshold. The association created
a kind of β-sheet-rich assembly that, similarly to
amyloid fibrils, was able to bind CR and ThT. The
high ThT fluorescence intensity for the 60 μM
V24P solution suggested that ThT assay does not
necessarily provide a reliable quantitative measure
of fibril formation. We propose that the DP-G
sequence at residues 24 and 25 might induce a
bend in the middle of the peptide. However, one
tight turn is not enough to support β-hairpin
formation. The β-structure is stabilized by further
intermolecular association, which is dependent on
Fig. 8. Comparison of the cytotoxicities of Aβ40, S8P,
and V24P. V24P (30 or 60 μM), S8P (30 μM), and Aβ40
(30 μM) were incubated at room temperature with gentle
shaking for 24 h then added to the cells, and cytotoxicity
was measured usingMTT. Standard errors of the mean are
shown as bars for each sample.



Fig. 9. Illustration of proposed ThT bindingmodes for Aβ amyloid fibrils (left) and the β-aggregate formed from V24P
(right). The fibril elongation direction of Aβ amyloid fibrils is shown by an arrow. Each monomer is colored differently.
Hydrogen bonds are expressed as black dotted lines. ThT molecule is presented as a yellow block.
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the peptide concentration. The resulting V24P β-
aggregate still has hydrophobic channels for ThT
binding. The proposed ThT binding mode in the
proposed V24P β-aggregate structure is shown in
Fig. 9. However, its side-chain pairing is different
from that in Aβ40 fibrils, as reflected in the
difference in ThT fluorescence lifetimes. Moreover,
the less red shift observed in the CR-binding
absorption spectrum of 60 μM V24P also suggested
that these two β-rich structures are different.
Why can a single DPro substitution have such a

dramatic effect on the structural property of the
Aβ40 peptide? In the structural model of Aβ40,16

the two β-strands of the peptide are separated by a
180° bend formed by residues 25–29. Due to its
special configuration, DPro has a ϕ-angle of +60°.
Compared with LPro, which also has a rigid ring
structure, the positive ϕ-angle of DPro is able to
direct the polypeptide chain to the opposite direc-
tion. We suggest that this new bend of V24P inhibits
nucleus packing and subsequent amyloid fibril for-
mation, and largely increases the solubility of the
peptide in aqueous solution.
In the last decade, the identification of an Aβ

oligomer and its cytotoxicity37,38 initiated the discus-
sion of multiple pathways involved in the aggre-
gation of Aβ peptides.9 The population of Aβ
peptides following different pathways, including
the formation of spherical oligomers, worm-like
protofibrils, or mature fibrils, depends on the plastic
nature of the peptides in the environment.9,39–42 Our
findings reinforced the structural plasticity of the C-
terminal part of theAβ peptide.With one single DPro
substitution functioning as a “structural clip,” the
bending in the C-terminal part of the Aβ peptide
clearly changes the structural propensity of the pep-
tide. Whether or not forming the amyloid-like aggre-
gate, the mutant peptide V24P is less toxic than the
wild-type peptide in the cell viability assay. More
interestingly, when coincubated with Aβ40, the
cytotoxicity of Aβ40 is decreased. We surmise that
V24P, with the same hydrophobic segment as Aβ40,
might associate with Aβ40 and prohibit the forma-
tion of toxic oligomers. Based on the amyloid hypo-
thesis, the targets for amyloid-related therapy of
Alzheimer's disease include the following: (1) reduc-
tion of APP expression;43 (2) alteration of APP pro-
cessing44,45 (3) inhibition and reversion of Aβ
aggregation;46 and (4) clearance of Aβ peptides or
plaques.47 We proposed that designing a peptide that
is able to “trap” Aβ peptides or to divert the mis-
folding pathway of the Aβ peptides might be another
strategy in the therapy of Alzheimer's disease.
Materials and Methods

Peptide synthesis

The peptides were prepared by the batch Fmoc
polyamide method.22 After deprotection and purification,
they were characterized by mass spectroscopy, lyophi-
lized, and stored at −20 °C.

CD spectroscopy

The peptides were dissolved at the indicated concentra-
tion in 20 mM sodium phosphate buffer and 150 mM KCl
(pH 7), and the solution was incubated at room tem-
perature. After different incubation times, the samples
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were placed in a 1-mm cell, and CD spectra between 200
and 250 nm were recorded on a J-715 CD spectrometer
(JASCO, Japan). The bandwidth was set to 2 nm, and the
step resolution was 0.05 nm. Two scans were averaged for
each sample.

ThT binding assay

A stock solution of 2 mM ThTwas prepared in 140 mM
KCl and 100 mM sodium phosphate buffer (pH 7.5), and
filtered through a 0.22-μmMillipore filter. A fresh working
solution was prepared by adjusting the dye concentration
to 200 μM. A 30-μL aliquot of the sample was mixed with
30 μL of a 200 μM ThT dye solution for 1 min at room
temperature, then the fluorescence emission between 450
and 600 nm was measured in a 3-mm-pathlength rec-
tangular cuvette on a FP-750 spectrofluorometer (JASCO)
with excitation at 442 nm.

CR binding assay

A 2 mM CR stock solution was prepared in 150 mM
NaCl and 5mMpotassium phosphate buffer (pH 7.4) with
continuous stirring and was passed through a 0.22-μm
Millipore filter. A fresh working solution was prepared by
adjusting the dye concentration to 200 μM. A 30-μL
aliquot of the sample was mixed with 2 μL of 200 μM CR
and 120 μL of the above buffer for 15 min at room
temperature, then the UV spectrum between 380 and
700 nm was recorded on a DU 800 spectrophotometer
(Beckman, USA). The difference spectrum was obtained
by subtracting the control spectrum from the sample
spectrum.

Electron microscopy

Solutions of Aβ40 (30 μM) and V24P (60 μM) in 20 mM
sodium phosphate buffer (pH 7) containing 150 mM KCl
were incubated at room temperature until a β-structure
had been found by CD spectroscopy. Negative staining
was performed on formvar- and carbon-coated 300-mesh
copper grids. The samples were loaded onto the grid, left
for 3 min for absorption, and then stained with 2% uranyl
acetate for 40 s. Extra dye was washed away with water.
After overnight drying in a desiccator, the samples were
viewed on a JEM-2011 electron microscope (JEOL, Japan)
at 200 kV.

CR birefringence assay

Twenty microliters of the CR working solution was
added into 200 μL of the aggregated Aβ40 (30 μM) or
V24P (60 μM) solution, and the mixture was incubated for
1 day. The solution was centrifuged at 15,000g for 10 min
to isolate the aggregates. The aggregated pellet was
resuspended in 30 μL of deionized water. Ten microliters
of the suspended solution was loaded onto a glass
microscopy slide and air-dried. The sample was examined
using polarized light microscopy (Olympus BX50
equipped with a U-POT polarizer and a U-ANT analyzer).

Determination of thermodynamic solubility by amino
acid composition analysis

Solutions of Aβ40 (30 μM), S8P (30 μM), and V24P
(60 μM) in 20 mM sodium phosphate buffer (pH 7)
containing 150 mM KCl were incubated at room tempera-
ture until the structural conversion had reached equili-
brium. The amyloid fibrils and aggregates were separated
from the remainingmonomer solution by centrifugation at
16,000g for 20 min. Two hundred fifty microliters of the
monomer solutions was carefully taken out. Fifteen micro-
liters of 600 μM norvaline was added as internal standard.
Finally, 1.59 mL of HCl/TFA (4:1) solution was added. The
final mixture was placed into the hydrolysis tube. After
being filled with nitrogen, the hydrolysis tube was heated
at 143 °C for 3 h. The hydrolyzed solution was lyophilized
to remove acid. The powder was redissolved in 30 μL of
0.1 NHCl. Amino acid composition was determined using
the Agilent ZORBAX Eclipse AAA kit.

Fluorescence lifetime measurement

A 30 μM solution of Aβ40 in 20 mM sodium phosphate
buffer (pH 7) containing 150 mM KCl was incubated at
room temperature until amyloidogenesis had reached
equilibrium, then the sample was centrifuged at 14,000g
for 10 min at room temperature to remove the peptide
monomer, and the fibrils were suspended in the same
volume of buffer. A sample (100 μL) of the Aβ40 fibril
suspension was mixed with 10 μL of 200 μM ThT dye to
measure fluorescence lifetimes. In the case of V24P, 10 μL
of a 200 μMThTsolution was added to 100 μL of the 60 μM
V24P peptide solution immediately before measurement.
A mode-locked tunable Ti:sapphire laser (Mira 900 opera-
ting at λ= 880 nm, 76 MHz pulse rate, and 200 fs pulse
width; Coherent) was passed through a second harmonic
generator to generate a 440-nm-wavelength light as exci-
tation source. The emitted light was passed through a
bandpass filter (center wavelength, 480 nm; bandwidth,
30 nm) and a double-grating monochromator operating at
480 nm, and detected by a photomultiplier tube. Part of
the laser pulse was directed to a silicon photodiode, which
acted as reference signal. The time interval between the
fluorescence signal and the reference signal was used to
construct the fluorescence decay curves.

Cell viability assay

Mouse N2a neuroblastoma cells (ATCC) were cultured
in Dulbecco's modified Eagle's medium (DMEM)
(HyClone, USA) supplemented with 10% fetal bovine
serum (HyClone) in 5% CO2 at 37 °C. For cell viability
assay, the cells were harvested and suspended at a density
of 350,000 cells/mL in DMEM, and 100 μL was plated in
each well of a 96-well CellBIND polystyrene microplate
(Corning, USA). Because the cytotoxicity experiments
lasted up to 4 days, cell proliferation was blocked using
a medium with no fetal bovine serum. The plates were
then incubated at 37 °C under 5% CO2 for 24 h to allow the
cells to attach. The wild-type Aβ40, S8P, and V24P
peptides were dissolved in DMSO as 6 and 12 mM stock
solutions. Fivemicroliters of the stock solutionwas diluted
with 95 μL of phosphate-buffered saline (PBS; 20 mM
sodium phosphate buffer and 150 mM KCl, pH 7.0), then
the sample was immediately added to 900 μL of fresh
DMEM medium to give a peptide concentration of 30 or
60 μM. To make a mixture of Aβ40 and V24P peptides,
equal volumes of 12 mM Aβ40 and V24P stock solution
were premixed and then diluted into PBS to make a final
concentration of 30 μM for each peptide. The mixture of
S8P and V24P peptides was prepared in the sameway. The
diluted peptide solutions were preincubated for 24 h at
room temperature with shaking (50 rpm) before being
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added to the cultures. The medium in the well of the 96-
well plate was replaced with 100 μL of peptide-containing
medium, and the plate was incubated for 48 h, then cell
viability was determined using the 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide (MTT) toxicity
assay.48 Ten microliters of 5 mg/mL MTT in PBS was
added to each well. After incubation for 4 h, the medium
was removed, and the MTT crystals were dissolved in
100 μL of 90% isopropanol, 0.5% SDS, and 40mMHCl, and
the absorption at 570 nm was measured and background-
corrected. Cell viability was calculated by dividing the
corrected absorbance of wells containing peptide samples
by that of wells without any added peptide, and then
expressed as a percentage of the value with no added
peptide. The average of 16 replicate wells was used for
each sample and control, and the experiment was repeated
at least three times.
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