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ABSTRACT: The abnormal deposition and aggregatiorgefmyloid (A3) on brain tissues are considered

to be one of the characteristic neuropathological features of Alzheimer’'s disease (AD). Environmental
conditions such as metal ions, pH, and cell membranes are associated AvitBpasition and plaque
formation. According to the amyloid cascade hypothesis of AD, the depositiorpd® Aligomers as
diffuse plaques in vivo is an important earliest event, leading to the formation of fibrillar amyloid plaques
by the further accumulation of solublg3Ainder certain environmental conditions. In order to characterize
the effect of metal ions on amyloid deposition and plaque growth on a solid surface, we prepared a
synthetic template by immobilizing/Aoligomers onto &-hydroxysuccinimide ester-activated solid surface.
According to our study using ex situ atomic force microscopy (AFM), Fourier transform infrared
spectroscopy (FT-IR), and thioflavin T (ThT) fluorescence spectroscopy, &w Zrf" ions accelerated

both AB40 and A342 deposition but resulted only in the formation of “amorphous” aggregates. In contrast,
Fe*t induced the deposition of “fibrillar” amyloid plagues at neutral pH. Under mildly acidic environments,
the formation of fibrillar amyloid plagues was not induced by any metal ion tested in this work. Using
secondary ion mass spectroscopy (SIMS) analysis, we found that binding Cu ioflsdepasits on a

solid template occurred by the possible reduction of Cu ions during the interactigf wité Cu?+. Our

results may provide insights into the role of metal ions on the formation of fibrillar or amorphous amyloid
plagues in AD.

Amyloid deposition, which occurs as a result of the takes place predominantly on the membrane of neuronal cells
conformational change of solubfeamyloid (AS)! peptides and in the walls of cerebral blood vesseds 10). Thus, the
into insoluble amyloid plaques on a surface, is considered interaction with a solid surface can be an important envi-
one of the key pathological processes in Alzheimer’s diseaseronmental factor that can influence amyloid deposition in
(AD) (1). Recently, there has been growing interest in the vivo, leading to A6 conformational changes onto predepos-
role of metal ions as a driving force to modulate the ited A5 plaques.

precipitation of soluble & (2—4). Metal ions such as C, In our recent work, we successfully simulated the ag-
Fe’r, and Zrt" were found in high concentrations-400, gregation and deposition process g8 peptides by using a
~950, and~1100 uM, respectively) within the core and  5pjid template that was prepared through the immobilization
periphery of senile plaque deposi 6). of oligomeric A3 seeds onto A-hydroxysuccinimide ester-

Previous studies had mainly focused on the morphological (NHS-) activated solid surfac& ). The study demonstrated
properties of & aggregates and the kinetics ofAggrega-  that the interaction between humarg A&nd the template
tion in the “free solution” phase. Recent reports indicate that g face coated with A oligomers can induce a conforma-
Af3 deposition on the “surface”, rather thaif Aggregation  tional change and lead to the growth of amyloid fibrils on
under free solution conditions, is more physiologically the template surface. While the use of a “natural” amyloid
relevant 6—8). In vivo Aj deposition as amyloid plaques  template to study amyloid deposition is extremely difficult
and cumbersome, amyloid deposition and plague growth
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APTS, (3-aminopropyl)triethoxysilane; DS®,N'-disuccinimidy! car- ties of amyloid deposits formed on the synthetic template
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mass spectroscopy. force microscopy (AFM), Fourier transform infrared
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(FT-IR) spectroscopy, thioflavin T- (ThT-) induced fluores-
cence, and secondary ion mass spectroscopy (SIMS).

EXPERIMENTAL PROCEDURES

Materials.Human amyloid8 (AfS) AB42 and A340 were
obtained from rPeptide Co. (Athens, GA). Bovine serum
albumin (BSA), (3-aminopropyl)triethoxysilane (APTS),
N,N'-disuccinimidyl carbonate (DSC), 1,1,1,3,3,3-hexafluoro-
2-propanol (HFIP), CuGi2H,0, and FeGlwere purchased
from Sigma-Aldrich (St. Louis, MO). ZnGlwas obtained
from EMD Chemicals Inc. (Gibbstown, NJ). Micro-cover
glasses were obtained from VWR Scientific (West Chester,
PA).

Preparation of 4 Solution with or without Metal lons.
To get a uniform, monomeric 42 or A542, lyophilized
peptides were first solubilized in 100% HFIP, followed by
sonication in a water bath for 3 min. Then, the peptide
solution was aliquoted in sterile microcentrifuge tubes. After
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buffer (pH 7.4) containing 5% M&O with or without metal
ions at 37°C. After incubation, the solid samples were
cleaned with deionized water and dried with fér further
analysis.

Ex Situ Atomic Force Microscopy (AFMJhe visualiza-
tion of Aj deposits grown on a solid template (4.5 mm
7 mm) was performed using ex situ AFM. The surface of
the solid samples was scanned using a Nanoscope Il
Multimode AFM (Digital Instruments Inc.) under ambient
conditions. Each image was acquired in the tapping mode
and under the following conditions: scan rate;2lHz; an
“E” scanner; resonant frequency range of AFM tips, 306
444 kHz; number of pixels, 51% 512. The quantitative
analysis of AFM images was achieved in terms of the volume
and height distributions of the /A deposits using SPIP
software (Image Metrology). To obtain representative images
in each case, different samples and five spots in the entire
surface areas were scanned.

the HFIP solvents were evaporated in a vacuum using Reflectance Fourier Transform Infrared (FT-IR) Spec-
Corning Pyrex brand vacuum desiccators (Fisher Scientific troscopy. Samples were prepared for FT-IR analysis by

International Inc.), the remaining peptide film was stored at
—20°C. Immediately prior to use, the peptide was dissolved
in dimethyl sulfoxide (MgSO) and diluted with phosphate-

incubating a solid template (4.5 msm 7 mm) in a solution
containing A342 (6 uM) dissolved in 20 mM Tris buffer
(pH 7.4) containing 5% MO with or without metal ions

buffered saline (PBS) or a 20 mM Tris buffer in the presence at 37°C for 24 h. After incubation, the samples were cleaned
or absence of indicated substances, pH 7.4, to a requirec@nd dried before FI-IR measurements were taken. Solid
concentration. All metal ions were dissolved in the 20 mM Samples were directly placed on a rounded diamond crystal.

Tris buffer.
Surface Treatment for the Solid Templakdicro-cover

glasses were chemically treated for the covalent attachmen
of A oligomer seeds to a glass slide. The surface of the

glass slides was treated with a piranha solution of 70% H
SO;:30% HO, (7:3 viv) for more than 12 h, rinsed with
deionized water, and dried by,NSubsequent treatment of
the slides was carried out with a 3% solution of APTS in
ethanol/water (95:5 v/v) for 1 h. The aminopropylated glass
slides were placed in 100% ethanol and cured at°T1éor

IR measurements of the solid samples were preformed on a
Nicolet Nexus 470 spectrometer (Thermo Nicolet Corp,

Madison, WI) equipped with an attenuated total reflection

(ATR) accessory. Absorbance spectra of differenf A
samples were collected at a resolution of 4.0 trby
subtracting the background spectrum of a plain glass from
the sample spectra.

Thioflavin T- (ThT-) Induced Fluorescence Analysitie
formation of amyloid plaques on a solid template in the
absence and presence of metal ions was quantitatively

1 h. The slides were cooled at room temperature and washed:haracterized by ThT-induced fluorescence. A solid template

with 95% ethanol. The activation of the glass surfaces with
a N-hydroxysuccinimide ester (NHS) was obtained by
incubating the slides in a 20 mM DSC solution in a sodium
bicarbonate buffer (50 mM, pH 8.5) fo3 h at room

(8 mm x 18 mm) was incubated in a freshly prepared\d
Ap42 solution with or without metal ions at 3T for 24 h.
The AB42 solution was prepared by dissolvingG42
peptides into 20 mM Tris buffer (pH 7.4) with 5% M®O.

temperature. After incubation, the slides were washed with After incubation, the template samples were put diagonally

deionized water and dried with,N

Preparation of the Solid Template ang Aeposition on
the TemplateThe preparation of a solid template was carried
out as described in our previous wodklj. Freshly prepared
ApB42 or AB40 (30uM) in a pH 7.4 PBS buffer containing
5% MeSO (v/v) was incubated for 12 h at 3C. A 7 uL
(AFM samples) or 30uL (SIMS and ThT fluorescence
samples) aliquot of the 12 h preincubatefl dligomers was
uniformly placed onto a NHS-activated glass slide. After a
few minutes of incubation, the remaining solution on the
glass was blown off by N The solid template, immobilized

into the 10 mm long path of a quartz cuvette containing
2 mL of 50 uM ThT solution in a Tris buffer (pH 8,
20 mM). The fluorescence analysis was performed with a
spectrofluorometer (Model RF5301; Shimadzu Co.) by
measuring emission intensities at 482 nm with excitation at
450 nm. Each measurement was done in triplicate. The
average and standard deviation were calculated for data
analysis.

Secondary lon Mass Spectroscopy (SIMS) Analyigis.

Cu ion presence of Ct-induced A342 deposits (1 cnx
1 cm) was characterized using SIMS (CAMELA IMS-3f).

Ap oligomers on a solid surface, was transferred to a solution A primary ion (O) beam at an impact energy of 12.64 keV

of 0.1% BSA in a 50 mM phosphate buffer (pH 7.5) to block
the remaining functionalities. Aoligomers weakly bound

sputtered the sample surface in the vacuum chamber.
Secondary ions generated from the top few monolayers of

to the template were removed by washing the template with the sample were analyzed by either an electron multiplier

a 50 mM phosphate buffer (pH 7.5) for 1 h. The template

or a faraday cup. Secondary ion images of Cinduced

was then washed with deionized water for 45 min and dried AB42 deposits and a plain glass were compared to find out

with N2. The dried template was further incubated in freshly
prepared 842 (6 uM) or AB40 (30uM) in 20 mM Tris

the metal component of Ctrinduced A342 deposits on a
glass template.
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AP42 + Fe'

AP42 + Zn*

Ficure 1: Representative AFM images 0f3A2 deposits formed on a solid template in the absence or presence of metal iong34the A
deposits were obtained by incubating freshly prepar8d2A(6 «M) in a 20 mM Tris buffer containing 5% M&O (v/v) (A) without metal
ions, (B) with 100uM FeClk, (C) with 100uM CuCl,, or (D) with 100uM ZnCl, at 37 °C for 24 h. The template was prepared by
immobilizing 12 h preincubated 42 (30uM) in a pH 7.4 PBS buffer containing 5% M®O (v/v) at 37°C on an NHS-activated solid
surface.

RESULTS AND DISCUSSION Fe* Zo? cu

Effect of Metal lons on p42 Aggregate Formation on a
Synthetic Templatélo investigate the effect of metal ions
on A8 aggregate formation on a solid template, we prepared| '®M
a synthetic template by immobilizing /42 oligomers on
an NHS-activated solid surface. According to an AFM
analysis of the immobilized seeds, the averagdeeight of
the seeds was in the range ofi42 nm (data not shown),
which indicates that the seeds consisted @f digomeric
species. The solid template was incubated in a freshly
prepared 42 solution in the presence of metal ions,
followed by the analysis of the template surface with ex situ
AFM. Figure 1 shows the morphologies offAleposits that
formed on the surface after a 24 h incubation period in the
presence of each metal ion. As a control experiment, a solid| 10um
template was incubated in a freshly prepargl2 solution
in the absence of metal ion, in which case most of the _
aggregates that formed on the template surface were founcFIGURE 2. Effect of metal ion concentration (100, 50, Bl) on

to have *fibrillar” morphology (Figure 1A). This observation template-directed 42 aggregation and deposition. The conditions

suggests that our synthetic template can induce the conforor the template preparation and the AFM analysis were the same
mational change of 42 dissolved in the incubation as in Figure 1. The size of each AFM image is<35 um.

solution, leading to the formation of fibrillar plaques on the

template surface. When a template was incubated ii42A To investigate the effect of metal ion concentration on the
solution containing F&, much denser aggregates with template-directed f42 aggregation and deposition, we co-
fibrillar shape were observed on the template surface incubated 442 monomers with F&, Zr?*, or C#* at
(Figure 1B). In contrast, no fibrils were observed bg4® different concentrations (10, 50, 1@®1) in the presence of
incubated in the presence of either?Zmor CL?, in which solid template. As shown in Figure 2, the total amount of
case only spherical or nonfibrillar “amorphous” deposits were aggregates slightly decreased with the decreasing amount
found (Figure 1C,D). These observations suggest thdt Fe of metal ion in the incubation solution. In the case of'Fe
can be one of the key mediating factors inducing fibrillar or Zr?*, the morphologies of aggregates formed on the
B-sheet amyloid deposition, but the interaction ofZior template surface were similar regardless of their concentra-
Cuw* with AB42 may inhibit the formation of amyloid tions. In contrast, Ci did not induce amorphous deposits
aggregates in fibrillar form. any longer at lower concentrations of 10 or &8B! in the

50 uM
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Ficure 5: FT-IR spectra of £42 deposits induced by different
metal ions. A freshly prepared/V A 342 solution in the absence
or presence of 10@M Zn?*, Cl2*, or Fé+ was incubated in a
20 mM Tris buffer containing 5% M&O (v/v) (pH 7.4, 37C, 24

p ¥ Sk h) with a solid template.

Ficure 3: Effect of NaCl concentration (150, 75, 0 mM) on the 0.005
aggregation and deposition 0ffA2 on a solid template. The42
deposits were obtained by incubating a freshly prepargd2A
(6 M) in 20 mM Tris buffer containing 5% M&O (v/v) in the
presence 10@M metal ions at 37°C for 24 h. The size of each
AFM image is 5x 5 um.
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Ficure 6: ThT fluorescence analysis of342 deposits induced
by different metal ions. A freshly preparedt® A 542 solution in
the absence or presence of 1B Zn?*, Cw?*, or Fé+ was
incubated in a 20 mM Tris buffer containing 5% B&O (v/v)
(pH 7.4, 37°C, 24 h) with a solid template.
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accelerated by the presence of NaCl whed"Zf10 uM)
was co-incubated with NaCl up to 150 mM concentration.
The variance of our results from the work seems to be due
Height (nm) to the much higher concentration of Zn(1004M) used in
FIGURE 4 Quantitative analysis of AFM images shown in this study. Considering that Zh was found at a high
Figure 1. The data acquired by using SPIP software were fitted concentration of~1100uM near the senile plaque deposits
with %aUSSi?m _Ctollrvesd l')nsgtfif Total V0|lff_“e 0/349-hdep€|>$dit5 Off according to previous reportg,(5), the results presented in
e e v gy i study may be more physiologially elevan, but urher
deposits on a template. investigations are needed. _

In order to evaluate the effect of metal ions ofp4®
incubation solution. Those results indicate that'Zinduces deposit formation in a quantitative way, AFM images in
the amorphous aggregation o342 on the solid template  Figure 1 were analyzed in terms of height and frequency
in much higher strength than €u using SPIP software. According to Figure 4, the addition of

To observe the effect of ionic strength, we carried out the metal ions into the solution increased the amounts gf A
template-directed 42 aggregation in a solution containing deposits that formed on the template surface in the order of
NacCl (0, 75, 150 mM) and metal ion (1QM). According CW* < Zn?" < Fe**, which were indicated by the shift of
to our analysis with AFM (Figure 3), the presence of NaCl Gaussian curves to higher values. By summing the total area
did not change the morphology of aggregates formed on theunder each Gaussian curve in Figure 4, we measured the
template surface; i.e., €t or Zr?* resulted only in the  total volume of A342 deposits that formed on the template
formation of nonfibrillar, amorphous aggregates whilé'Fe  in each case (Figure 4, inset). The overall volume g#2
induced the deposition of fibrillar amyloid plaques in the deposits increased in the presence of metal ions compared
presence or absence of NaCl. The total amount of metal ion-to the control experiment, which was performed without any
induced aggregates formed on the template surface was alsonetal ions in the solution phase.
not significantly affected by the presence of NaCl. According  Those results show that Fecan accelerate the deposition
to Huang et al. 12), Zr*™-induced A3 aggregation was  of fibrillar amyloid plaques in AD among the metal ions.

0.000 A bia o
0 30
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FiIGURE 7: Comparison of a SIMS analysis of a plain glass an&"@aduced A342 deposits. (A) SIMS spectra of a plain glass. (B) SIMS
spectra of C&-induced AS42 deposits. Cit-induced A342 deposits were formed after 24 h incubation of a solid template in freshly
prepared £42 (10uM) containing 1 mM Cé".

According to Maynard et al1@), the concentration of Fé maintained its original conformation without the transition
within the core and periphery of senile plaque deposits into a thermodynamically irreversibfgsheet conformation
increases with a person’s age. Their observations sugges{12). Furthermore, Cif-induced aggregates were reported
that the concentration of Femay be an important factorin  to be fully reversible by the repeated change between pH
the formation of fibrillar amyloid plaques in vivo. On the 7.4 and pH 6.6, indicating the lack of cro8ssheet structure
contrary, ZR" and Cé* increased the rate of/Adeposition, (19).

but mostly only in an amorphous morphology. According  FT-IR and ThT Fluorescence Analysis @f4® Aggregates

to previous studies, the binding of3Ao C#* or Zr?*, which Induced by Metal lonsThe secondary structure of deposits
was mediated by histidine residues in positions 13 and 14,formed on a solid template was analyzed by FT-IR spec-
accelerated the aggregate formation gf(A4, 15). However, troscopy. Figure 5 shows FT-IR spectra of42 plaques

according to our results, Z2ntAf or CPT-AfS aggregates  grown on the template in the presence or absence of metal
may not be central mediators to induce fibrillar amyloid ions. A spectrum of the A42 aggregates formed in the
plaques. These observations are supported by previous irpresence of Fe clearly shows an amide | band with a
vitro AS aggregation studies. For examplgd Bound to ZA* relatively strong absorption peak at 1632 @émwhich
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Ficure 8: Effect of metal ions of amyloid plaque growth with
Ap40. (A) Representative AFM images offA0 deposits on the
solid template in the presence or absence of different metal ions.
A solid template was incubated in a freshly prepareg:/BDA 340
solution with no metal ions, 106M Zn?*, 100uM Cu?*, or 100

uM Fe3t. (B) Quantitative analysis of AFM images as a function
of aggregate thickness (i.e., height) and frequency. Inset: Total
volume of A340 deposits without metal ions or40 deposits
mediated by different metal ions on the solid surface. The template
was prepared by immobilizing 12 h preincubateG48 (30uM)

in a pH 7.4 PBS buffer containing 5% MO (v/v) on an NHS-
activated solid surface. The size of each AFM image is 5um.

indicates the presence of a dominant crssheet structure

in the amyloid aggregates. According to a previous study
(16), an absorption spectrum in amide | and Il bands is
dependent on changes in the secondary structure /of A
peptides. 442 deposits without any metal ion produced a
spectrum with relatively reduced absorption peaks around
1632 cml. The predominant amide | peaks at 1652 and
1670 cn?! for Zn?"- or CW*-induced A342 deposits are
associated with predominant-helix or random coil
structures.

Amyloid aggregates formed with or without metal ions
were further characterized with a ThT fluorescence assay.
It is known that ThT specially binds with amyloid fibers
having a crosg-sheet structure, giving rise to a new
emission maximum around 482 nrh7). ThT fluorescence
intensity at 482 nm is proportional to the mass of amyloid
fibrils. According to Figure 6, the changes in ThT fluores-
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Ficure 9: Effect of pH on A342 deposition mediated by different
metal ions on a solid template. Representative AFM image$dPA
deposits on a solid template at pH 7.4, 6.0, or 4.6 in the presence
of 100uM Zn2*, 100uM Cu?*, or 100uM Fe** are shown here.
The size of each AFM image is % 5 um.

to the ThT fluorescence emission patterns’Faecelerated
amyloid aggregate growth while €uand Zr¢* suppressed
amyloid formation.

Detection of Cu lons within Cd-Induced 442 Ag-
gregates Using SIMS AnalysiSecondary ion mass spec-
troscopy (SIMS) has been widely used to detect unknown
secondary ions produced by bombarding a sample with a
primary ion beam 18, 19), which has been rarely applied
for the study of A6 plaque deposition. In the present work,
we investigated the presence of Cu ions withjf4& deposits
induced by C&" with SIMS in order to confirm whether
the binding of a Cu ion to A is associated with the formation
of deposits on the solid template. To avoid any nonspecifi-
cally adsorbed Cu ions to a sample surface, the samples were
extensively cleaned with a phosphate buffer and deionized
water. When we analyzed a plain glass that did not have
any A342 deposits, the spectrum showed the presence of
Zn isotopes at mass-to-charge ratios of 64, 66, 67, and 68
(Figure 7A). In the case of the solid template samples with
Cw?*-induced A342 deposits, the peaks for the Cigotopes
were observed at mass-to-charge ratios of 63 and 65
(Figure 7B). But the detection of Cusotopes from 42
deposits induced by the presence ofCmay not indicate
the reduction of Cti to Cu" by AS42. Using SIMS, it is
not possible to differentiate the existence of either ©@u
Cu?* bound to A342 deposits. According to a previous report
(20), it was proposed that the reduction of €uo Cu' by
ApB42 may generate #,, which represents the mechanism
of AS-mediated oxidative damage in AD. In order to check
the possibility of “nonspecifically” bound Cu ions ornpA2
deposits after through washing, we prepared gd2Adeposit
sample in the absence of Cu ion, followed by further
incubation in Cu ion solution. When we analyzed the surface
of the sample with SIMS after washing the sample with
buffer solution, we could not observe any peaks responsible

cence intensities at 482 nm are consistent with the resultsfor Cu ions (data not shown). The result indicates that

obtained by an ex situ AFM analysis in Figure 1. According

nonspecific binding of Cu ion was negligible.
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Effect of Metal lons on A40 Deposition.Although the
main components of the earliest detected deposits (called
diffuse plaques in vivo) are A2, it is known that fibrillar
amyloid plaques are matured by further depositions of the
Ap40 peptide 1). In this study, we observed the effect of
metal ions on the morphology of /0 deposits using the
solid template system. Our results show that botfzmd
CW?" disrupt the formation of fibrillar amyloid aggregates
regardless of & monomer types (i.e., 40 or A542)
(Figure 8A). AFM images indicate that €uis a stronger
inducer for amorphous deposits compared to?'Zn
(Figure 8A). With the same concentrations of40 and
metal ions, C&" completely prevented the formation of
fibrillar amyloid plaques compared to Zn The formation
of AS40 fibrillar amyloid plaques induced by Zh might
be due to a relatively increased concentration ratio ¢gH@]/
[Zn?*] compared to that of [842]/[Zn>]. [AS]/[metal ion]
concentration ratios may be important to induce the formation
of fibrillar amyloid plaques. In addition, a quantitative
analysis of AFM images in terms of height and frequency
shows that Ct and Zr#™ were able to accelerate40
deposition (Figure 8B). Calculated volumes of differepia
deposits that formed on a solid template also indicated
relatively higher amounts of 240 deposit formation in the
presence of CU or Zr?™ compared to &40 alone
(Figure 8B, inset).

Effect of pH on £42 Deposition Induced by Metal lons.

It is known that a slightly acidic pH influences the generation
of Ag triggered by the abnormal processing of the amyloid
precursor protein (APP)2Q). Also, pH is considered an
important environmental factor affecting the conformational
change of & peptides 22). Here, we characterized the
morphology of A342 aggregates formed on a solid template
incubated at pH 7.4, 6.0, or 4.6 in the presence of different
metal ions. AFM images (Figure 9) show a considerable
difference between amyloid aggregates formed at neutral pH
(7.4) and mildly acidic pHs (6.0, 4.6) in the presence of metal
ion, especially F&. It was revealed that lowering the solution
pH from pH 7.4 to pH 6.0 or 4.6 caused the substantial
reduction of Fé&™-induced fibrillar aggregates, resulting in
the formation of mostly nonfibrillar deposits. Furthermore,
the mildly acidic pHs were not effective in inducing the
formation of fibrillar amyloid plaques in the presence of
CW" or Zr?t (Figure 9). These results suggest that a low
pH environment may not be favorable for the formation
of fibrillar amyloid plaques in the presence of metal
ions.

According to Miura et al. Z3), metal binding modes of
Ap are pH dependent. They suggested that insoluble ag-
gregates of Ctf-Af can form in mildly acidic conditions
(pH ~6), but not at pH 7.4. Mildly acidic conditions in vivo
(pH ~6) take place in an aged brain and in response to
inflammation @4). A previous in vitro study reported that
Ap aggregation was markedly accelerated at slightly acidic
conditions (6.5< pH < 7.0) in the presence of i and
the biggest differential in A aggregation was observed at
pH 7.4 in the case of Zn (13). In our current study, we
examined the morphology differences ofs Aaggregates
formed on a solid template incubated at different pHs in the

presence or absence of metal ions. Our results show that the

formation and deposition of the fibrillar/A2 aggregate was
suppressed at mildly acidic pHs of 4.6 and 6.0 in the presence

Ha et al.

of any metal ion tested in this work. Further investigations
are needed to determine environmental factors to change
CWw?*- or Zret-induced amorphous aggregates into fibrillar
amyloid plaques.

In conclusion, our work shows that €uand Zri#" may
not be key elements to accelerate the formation and deposi-
tion of Ag fibrillar plagues in both neutral and mildly acidic
pH conditions. These metal ions may interfere witsheet
formation via their binding to A peptides. In contrast, the
interaction between Fé and A3 at a pH of 7.4 increased
the amounts of fibrillar amyloid plaques. According to recent
works 25—27), diffuse aggregates have higher neurotoxicity
than fully grown amyloid fibrils. Considering those reports,
the formation of C&™- or Zr?*-induced amorphous A
aggregates observed in this study may have a relevance to
AD pathology. Also, further studies on the effects of multiple
metal ions or the sequential treatment of metal ions gn A
deposition are expected to elucidate the possible role of metal
ions in the formation of amyloid plaques in vivo.
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