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Abstract: The properties of eumelanin-like particles (EMPs)
and pheomelanin-like particles (PMPs) in regulating the pro-

cess of amyloid formation of amyloid-beta 42 (Ab42) were
examined. EMPs and PMPs are effective both in interfering

with amyloid aggregation of Ab42 and in remodeling ma-
tured Ab42 fibers. The results suggest that some (but not
all) molecular species consisting of melanin-like particles
(MPs) are responsible for their inhibiting property toward

amyloid formation, and the influence is likely manifested by

long-range interactions. Incubating preformed Ab42 fibers
with catechols or MPs leads to the formation of mesh-like,

interconnected Ab42 fibers encapsulated with melanin-like
material. MPs are kinetically more effective than catechol

monomers in this process, and a detailed investigation re-
veals that 4,5-dihydroxyindole, a major intermediate in the
formation of melanin-like species, and its derivatives are
mainly responsible for remodeling amyloid fibers.

Introduction

Aberrant aggregation of proteins into amyloids—fibrillar ag-

gregates rich in cross-b-sheet structures—has been connected
to the pathologies of many fatal diseases. Soluble oligomeric

species that form during aggregation or those equilibrating
with insoluble fibers were shown to be cytotoxic, and thus

have been considered central in the pathology of amyloid dis-

eases.[1–3] For decades, enormous efforts have been made to
discover small molecules to inhibit the formation of amyloids

or to remodel/disaggregate them. Polyphenols, among others,
have received consistent interest, after the representative case

of (@)-epigallocatechin gallate (EGCG), which was shown to in-
hibit and remodel the aggregation of pathological proteins

(e.g. amyloid-b and a-synuclein).[4–7] Many relevant studies

using other polyphenols or catechols, such as baicalein,[8–11]

taxifolin,[12] epicatechin,[13] and brazilin[14, 15] for different amyloi-

dogenic proteins/peptides showed similar results. In particular,
the role of dopamine-one of the simplest biologically occurring

catechols-in amyloid aggregation and the resultant pathology

of Parkinson’s disease (PD) has been an important subject of

studies,[16, 17] as PD occurs at a dopaminergic neuron-rich
domain of a brain, the substantia nigra, and a significant

amount of dopamine is found in Lewy bodies-the hallmark
proteinaceous aggregates of PD.[18, 19] Yet natural polyphenols

have been originally suspected, recent results collectively sug-
gest that (i) catechol is the minimal molecular unit that can in-

terfere with protein aggregation, (ii) its influences are general,

with slightly different degrees, for many amyloidogenic pro-
teins, and (iii) the O2-driven auto-oxidation of catechols is

somehow deeply involved in such influences. However, de-
tailed molecular scale-explanations on how catechols perturb

the aggregation kinetics of amyloidogenic species and its bio-
chemical ramifications have not been made, due to the com-
plicated natures of chemistries of amyloids and catechols.

In the presence of oxygen, dopamine self-oxidizes and un-
dergoes several further transformations including cyclization
and tautomerization,[20] leading to the formation of poorly de-
fined heterogeneous oligomeric mixtures often described as

“melanin-like species”. This chemistry (or those relevant to it)
has become especially useful for materials science, as such

melanin-like species, at certain conditions, form thin films
(“polydopamine” films) on any kind of surfaces in a material-in-
dependent manner.[21, 22] Quinone-a two electron-oxidized form

of catechol-moieties embedded in polydopamine films can
then be selectively cross-linked with biological nucleophiles

(e.g. , amines and thiols), which in turn enables substrate-inde-
pendent covalent modification. Polydopamine shares many

physicochemical properties (e.g. , monotonic light absorption,

photothermal properties, antioxidant ability, and permanent
radical properties) with melanins, which have versatile roles in

diverse biological contexts.[23–26]

Emerging evidences collectively suggest the presence of

perplexing, multifaceted interactions between amyloidogenic
proteins (and their aggregation process) and catechols (and
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their oxidative polymerization process). A few of hypotheses
relying on the adduct formation between quinone groups of

oxidized forms of catechols and amines or thiols of the protein
residues have been proposed by mass spectrometric stud-

ies.[12, 27] In order to further investigate catechol-amyloid inter-
actions, this work examines the properties of size-controlled

melanin-like particles (MPs; eumelanin-like particles (EMPs) and
pheomelanin-like particles (PMPs)) to perturb the aggregation
process of amyloid-beta 42 (Ab42), and to remodel its pre-

formed fibers. Metal[28–31] or non-metal[32–33] nanoparticles have
been incorporated to perturb amyloid aggregation, but cur-
rently there is no report that used those of catechols. We in-
tended to examine influences of MPs, as opposed to simple

catechols, on amyloid aggregation with the following consider-
ations: (i) quantitative kinetic analysis on amyloid formation

relies mainly-if not exclusively-on Thioflavin T (ThT) fluores-

cence assay, which is an indirect measurement sensitive to the
amount of b-sheet components. Catechols, however, possibly

compete with ThT for binding to b-sheet structures, obscuring
quantification of amyloid structures.[34] (ii) We suspected that, if

the reversible amine-quinone adduct formation mentioned
above was the major contributor to the inhibitory effect, EMPs

would bind to Ab42 and perturb its aggregation much stron-

ger than catechols would, thanks to their multivalent nature.
(iii) In such a case, the size of EMPs would be a critical factor,

since the adduct formation is a surface-driven phenomenon,
and varying the size of EMPs will also largely vary their surface

area given the same mass concentration.

Results and Discussion

Size-controlled synthesis of MPs

Size-controlled EMPs were synthesized via a water-ethanol co-

solvent method according to a previous work.[35] PMPs were
synthesized by simply adding cysteine to the synthetic proce-
dure of EMPs to the desired ratio (Figure 1 a).[36] The synthe-

sized MPs were analyzed by scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and X-ray pho-
toelectron spectroscopy (XPS) for their size and atomic compo-
sition, respectively. The synthesized EMPs and PMPs had a

spherical shape with a narrow range of diameters (Figure 1 a).
The size of particles could be controlled by varying the

amount of ammonium hydroxide used in each synthesis (Fig-
ure 1 b and Figure S1, S2). XPS analyses confirmed that EMPs
and PMPs had the desired atomic compositions (Figure S3). Dy-

namic light scattering (DLS) analysis was conducted for MPs,
and showed a similar trend in diameter with that determined

by SEM images. Notably, EMPs and PMPs were similar in their
surface zeta potential (Table 1).

Influences of the size of EMPs on their inhibitory ability to
Ab42 aggregation

We initially sought to compare the inhibitory influences of

EMPs with various diameters (135, 210, 315, and 450 nm) and
catechol single molecules on the amyloid formation of Ab42.

We first added catechols and their derivatives in the aggrega-

tion process of Ab42 (6.25 mm). Since a molar concentration
could not be readily used for EMPs, we used mass concentra-

tions stoichiometrically equivalent to the molar concentrations

of Ab42. Consistent with previous reports, dopamine and l-
dopa (2.8 mg mL@1; 0.1-fold of the mass-equivalent of 6.25 mm
of Ab42 were very effective in decreasing the ThT fluorescence
caused by amyloid aggregation (Figure 2 a). The same amount

of tyrosine had a marginal influence (less than 10 % in intensi-
ty) on the fluorescence intensity, indicating that catechol moi-

eties are central in interacting with the process of amyloid for-
mation. The influence of dopamine was highly dose-depen-
dent (Figure 2 b); high concentrations (0.1-fold and 1-fold of

Ab42, respectively) of dopamine led to both the reduction of
ThT fluorescence intensity and a delay in aggregation kinetics,

whereas lower concentrations had influences on ThT fluores-
cence but less so on the aggregation kinetics. It is well known

that the initial concentration of amyloidogenic protein deter-
mines the lag time of the aggregation process.[37] This result
suggests that dopamine, when its concentration is high

enough, is likely able to interact with monomeric Ab42 and in-
hibit its aggregation from the beginning, consistent with the

previously reported amine- or thiol-quinone adduct forma-
tion.[8, 9, 12]

Figure 1. (a) TEM images of EMPs of a diameter of 315 nm (EMP315 ; left) and
PMP (right). The scale bars are 200 nm. (b) Diameters of EMPs synthesized
with different concentrations of NH4OH.

Table 1. Summary of physical properties of MPs.

Diameter-SEM
[nm]

Diameter-DLS
[nm]

PDI Zeta Potential
[mV]

EMP135 134.57:7.94 194.3 0.147 @25.3
EMP210 210.27:9.85 290.4 0.120 @23.3
EMP315 314.43:14.36 513.4 0.234 @33.7
EMP450 450.45:12.98 572.1 0.269 @34.5
PMP 118.45:9.79 165.4 0.062 @21.7
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Next, we examined the influences of EMPs on the aggrega-

tion of Ab42. For the 0.1-fold conditions, we fit the fluores-
cence data to a sigmoidal curve to obtain kinetic parameters

to describe the aggregation processes (Table S1). EMPs inhibit-

ed the Ab42 aggregation, but with a less dose-efficiency than
that of catechols (Figure 2 c). Notably, altering the size of EMPs

had less influence in their inhibiting properties, implying that
the surface-driven interactions are not the major contributor in

inhibiting amyloid formation (Figure S4). Also, addition of
EMPs caused a dose-dependent decrease in ThT fluorescence

intensity, but little change in the lag time of the aggregation

process even at the high concentrations (Figure 2 d). Taken to-
gether, the results indicate that EMPs likely interact with Ab42

only after they form ThT-responsive (i.e. , b-sheet-containing)
species, and such interactions would be long-range (e.g. , elec-
tron transfer), rather than direct surface binding. We also sug-
gest that only a subset of EMP’s constituents are active for in-
teracting with amyloids, since dopamine monomers, which

have potential to evolve to any component in the polydopa-
mine-formation process, were much more effective than EMPs
for preventing the formation of ThT-active species.

PMP regulates Ab42 aggregation in a way different to how
EMP does

Pheomelanin in nature, primarily rich in lips, nipples, and red
hairs, is formed by a pathway similar to that of eumelanin,[38]

except the involvement of cysteine as an additional ingredient.
Addition of cysteine results in reddish hue of the final material,

and more importantly, largely different chemical properties,
such as higher photosensitization tendency[36, 39] and more oxi-

dative redox potential, compared to eumelanin.[40, 41] We asked

if PMPs would inhibit amyloid formation in a way similar to
how EMPs do. PMPs were added to the aggregation pathway

with the same concentrations used for EMPs. Alike EMPs, PMPs

also showed a dose-dependent inhibition of Ab42 aggregation.
They, however, were more dose-effective than EMPs, indicating

that PMPs contain more species reactive to amyloid. Notably,
PMPs were more effective than EMPs both in decreasing fluo-

rescence intensity and extending the lag time of Ab42 aggre-
gation (Figure 2 e), suggesting that PMPs interact with Ab42 in

a different fashion to how EMPs do. Alike dopamine, PMPs

seem to be capable of interacting with Ab42 monomers effec-
tively. Figure 2 F compares the fitted values of maximum ThT

intensities (Fmax@F0) when dopamine and MPs were added at
the same concentration (0.1 X), showing that MPs are generally

less dose-efficient than dopamine, yet PMPs are more efficient
than EMPs. Such a difference between EMPs and PMPs can be

explained by their different redox properties; EMPs tend to
give electrons, whereas PMPs prefer to receive electrons.[42, 43]

This implies that electron transfer plays an important role in

the interactions between MPs and amyloid species.

Additions of EMPs and PMPs to Ab42 result in different
structures

To visually inspect the influences of MPs and catechols on
amyloid formation, we utilized TEM to directly observe species

formed by aggregation of Ab42 in the presence of MPs and
catechols. Ab42 was incubated with catechols or MPs for 24 h,

and prepared for TEM analysis. In contrast to control samples
and those treated with tyrosine (Figure 3 a and 3 b), Ab42 incu-

Figure 2. (a) ThT emission spectra with Ab42 (6.25 mm) in the absence or presence of catechols (2.8 mg mL@1; 0.1-fold of the mass-equivalent of Ab42). (b-
e) Dose-dependent inhibition of Ab42 aggregation by (b) dopamine (DA), (c) EMP210, and (e) PMP. (d) Normalized spectra of (c) in respect to the maximum
value of each. (f) Normalized maximum ThT intensities (Fmax@F0) in the presence of DA, EMPs and PMP (2.8 mg mL@1; 0.1-fold of the mass-equivalent of 6.25 mm
of Ab42) in respect to the control sample.
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bated with l-dopa and dopamine (28 mg mL@1; 1-fold of the
mass-equivalent of 6.25 mm of Ab42) showed amorphous ag-

gregates without fibrillary structures (Figure 3 c). However, in-
cubation with various sizes of EMPs (1X) led to the formation

of a few, but clear fibrillary structures (Figure 3 d–g). This was
unexpected, considering that we observed almost no ThT sig-

nals at these conditions. Compared to the thickness of bare

Ab42 fibers (Figure 3 a; 9.36:1.27 nm), those formed with
EMPs were slightly thicker (Figure S5; 12.60:1.75, 11.21:1.68,

10.40:1.87, and 12.63:1.95 nm for EMPs with diameters of
135, 210, 315, and 450 nm, respectively). EMPs were primarily

observed as intact morphologies, but in some cases they were
partially dissolved within fiber structures nearby, forming poly-

dopamine-fiber composites (Figure 3 d and 3 g). These results

suggested the possibility that the fibers were coated with mo-
lecular species that came out of EMPs. When incubated with

PMPs, there were neither intact PMP structures nor Ab42
fibers. Instead, PMPs were completely fragmentized and
formed amorphous, mesh-like structures with Ab42, as the
case of catechol monomers (Figure 3 h). These results explain
the above results of ThT assay: EMPs react with preformed

amyloid species, whereas PMPs can react with the monomeric
state. This is in line with previous reports in which pheomela-
nin-like species were shown to behave self-destructively when
undergoing redox reactions.[44] TEM analyses further supported

that EMPs and PMPs interact with Ab42 and modulate its ag-
gregation by chemically different mechanisms.[45]

MPs and 5,6-dihydroxyindole (DHI) remodel matured Ab42
fibers faster than catechols do

Catechols or polyphenols that inhibit the aggregation process

of amyloidogenic proteins are often also active in remodeling
(or disassembling) preformed amyloid fibers. Kelly et al. specifi-

cally focused on such a property of EGCG toward various
forms of amyloids, and suggested that hydrophobic interac-

tions between surface of amyloids and EGCG would be the
major driving factor.[46] Despite a quite large amount of efforts,

it is still unclear how catechols interact with matured amyloid
fibers in respect to the following points: (i) Is there a general

mechanism that can explain all the interactions between cate-

chol-containing molecules and amyloids of different proteins?
(ii) Do catechols indeed disassemble cross b-sheet structures in

amyloids, or just make them invisible to ThT fluorescence?
(iii) Is there a single mechanism that underlies both catechol-

based inhibition of amyloid aggregation and catechol-based
remodeling of amyloid fibers? To examine the interactions be-

tween catechols/MPs and matured amyloid fibers, we first gen-

erated matured amyloid fibers of Ab42, and incubated them
with an excess amount of ThT for 8 h to saturate the binding

sites of ThT on fibers. ThT-saturated fibrils were centrifuged at
15 000 rpm for 10 min for removing unbound ThT. The fibers
(6.25 mm) were then treated with catechols (1-fold of 6.25 mm
of Ab42-equivalent) and MPs (1-fold of 6.25 mm of Ab42-equiv-

alent). As shown in Figure 4 a and 4 b, catechols (dopamine, l-
dopa, and epinephrine) and MPs of various sizes decreased the
ThT fluorescence of the Ab42 fibers gradually. Tyrosine was
not effective, indicating that catechol moieties are, again, cru-
cial in fiber-remodeling properties. Here, all the catechol-treat-

ed samples showed an initial bump (2–5 h, approximately)
where the fluorescence intensity did not decrease significantly,

whereas treating MPs caused an immediate decrease of ThT
fluorescence upon addition (Figure 4 b). Differences between
EMPs and PMPs were not noticeable. These results imply that
catechols are initially inactive to fibers, and they have to react
each other to generate molecular species capable of disrupting

ThT binding to fibers. MPs, on the other hand, seem to already
contain such species, which are likely one of the components

Figure 3. TEM images of Ab42 (6.25 mm ; 37 8C, 10 mm PBS 7.4) incubated for 24 h in the absence (a) or presence of tyrosine (b), dopamine (c), EMPs (d–g),
and PMPs (h). The scale bars are 200 nm.
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of polydopamine species, or intermediates during its synthesis.
To this end, we chemically synthesized DHI, which is known to

be one of the major intermediates in polydopamine (and eu-
melanin) formation (Figure 4 c), and asked if it differs from cat-

echols in interacting with amyloid fibers. Addition of DHI (1-

fold of 6.25 mm of Ab42-equivalent) caused an extremely fast
decrease in ThT signal, which was even faster than the cases of

MPs (Figure 4 d). O2-driven auto-oxidation of dopamine leads
to the formation of DHI, which is then self-polymerized and

complexed to form polydopamine (or, melanin-like species).
Based on this, we could speculate that DHI or its small oligo-
mers are primarily responsible for interacting with Ab42 spe-

cies. This explains the different inhibition efficiencies between
dopamine and EMPs, as EMPs contain a small portion of DHI
and its oligomers, whereas dopamine would eventually turn to
DHI, which are captured by Ab42 species, driving the compro-

portionation equilibrium toward DHI. When incubated with
soluble Ab42, DHI inhibited the formation of amyloid fibers in

a dose-dependent manner, remarkably without a delay in the
lag time (Figure S7). This result implies that DHI primarily inter-
act with b-sheet-containing species, as the case of MPs.

When observed via TEM, Ab42 fibers incubated with cate-
chols or DHI showed mesh-like structures (Figure 4 e and 4 f).

However, the structures were different from the amorphous
aggregates shown in Figure 3, as they were composed of clear

fibrillary structures densely coated with dark melanin-like spe-

cies, by which the fibers were interconnected. Fibers incubated
with EMPs also showed similar mesh-like structures (Figure 4 g

and 4 h). In this case, EMPs were partially disintegrated and
permeated to the surrounding Ab42 fibers. These results sug-

gest that, for both cases (incubating with catechols and MPs),
DHI-based melanin-like species were formed preferentially near

the fibers, resulting in ThT-invisible fiber-melanin composites.
This is reminiscent of the process of melanin biosynthesis,

where a kind of amyloid fibers composed of an intramelanoso-
mal protein-Pmel17-is involved as a catalytic scaffold. Amyloid

fiber matrix of Pmel17 is known to recruit and sequester po-

tentially harmful intermediates of melanin by an unclear mo-
lecular mechanism.[47, 48] Our results imply that there is an in-

trinsic favorable interaction between DHI species and amyloid
structures, which is simultaneously responsible for the regula-

tory role of Pmel17 amyloids in melanin biosynthesis and the
frequently seen modulation of amyloid species by catechols.

Conclusions

In this work, we examined the influences of catechols and MPs
on the process of amyloid formation and their capability of re-

modeling matured amyloids. The results show that (i) MPs par-
tially contain molecular species that can interfere with amyloid

species (but not the monomeric state) likely by non-surface-
driven interactions. (ii) PMPs differ largely from EMPs in their in-
teractions with Ab42, and perturb Ab42 aggregation from its

monomeric state. (iii) Adding MPs or catechols to matured
Ab42 fibers does not disassemble them, but rather leads to

the formation of mesh-like structures composed of the fibers
encapsulated by melanin-like species, invisible by ThT. (iv) MPs

are more effective than catechol monomers in such influences,

likely because DHI-related intermediates in polydopamine for-
mation are the major species reactive to Ab42 fibers. Thanks

to their biocompatibility (Figure S8 shows MPs are also bio-
compatible) and accessibility, using catechols or polyphenols

as a candidate to suppress amyloid species and their patholog-
ical influences has received great interests. This idea, however,

Figure 4. Normalized ThT emission spectra of ThT-saturated Ab42 fibers treated with (a) catechols or (b) MPs (28 mg mL@1; 1-fold of the mass-equivalent of
6.25 mm of Ab42). (c) Schematic illustration of polydopamine formation. (d) Normalized ThT emission spectra of ThT-saturated Ab42 fibers treated with DHI
(28 mg mL@1; 1-fold of the mass-equivalent of 6.25 mm of Ab42). (e–h) TEM images of matured Ab42 fibers incubated for 24 h in the presence of (e) dopamine,
(f) DHI, (g) EMP135, and (h) EMP315. All samples were incubated at 37 8C, and the scale bars are 200 nm.
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would become feasible only with understanding the molecular
mechanism by which catechols interact with the characteristic

supramolecular structure of amyloids-considering that amy-
loids made of various proteins have interactions with catechols

in common, it is likely that the amyloid structure (rather than a
single domain/sidechain/functional group) is reactive to cate-

chol species. Results of the current work and others clearly in-
dicate that catechols have inherently multifaceted and compli-

cated interactions with amyloids, which would obscure their

applications mentioned above. In addition, the linkage be-
tween extracellular amyloid species and the onset of neurode-

generative diseases is being frequently doubted.
Nonetheless, the findings of this work suggest that amyloid-

catechol interactions merit further interests from the field of
chemistry. Amyloid-catechol interactions appear in melanin
biosynthesis, where functional amyloid fibers made of Pmel17

are active in facilitating melanin biosynthesis, sequestering
toxic intermediates, and other functions.[37] Influences of cate-

chols on amyloid aggregation or remodeling may be one
aspect of amyloid-catechol interactions, leaving more poten-

tially important and chemically interesting areas unexplored. In
particular, chemical functionality—toward catechols, in this

case—that arises by the supramolecular structure of amyloid

fibers can be the key to understand the chemistries of func-
tional amyloids and the chemical origins of amyloid-based cy-

totoxicity.

Experimental Section

Materials

Dopamine hydrochloride, l-cysteine, tyrosine, (@)-epinephrine, ThT,
and potassium permanganate (KMnO4) were purchased from
Sigma–Aldrich. 3,4-Dihydroxy-l-phenylalanine (l-dopa) and phos-
photungstic acid hydrate were purchased from Alfa-Aesar. Ab42
was purchased from Anaspec.

Synthesis of MP

EMPs were prepared using a 1:2 water-ethanol co-solvent system.
A desired amount of aqueous ammonia solution (28 to 30 %) was
added to 130 mL of the solvent, and the mixture was stirred gently
for 30 min. 0.5 g of dopamine-hydrochloric acid was dissolved
completely in 10 mL of distilled water, and then added to the
mixed solution. The solution was initially yellowish brown and
turned black gradually. After incubating for 24 h at room tempera-
ture under vigorous stirring, EMPs were rinsed with distilled water
and spun down at 15 000 rpm. PMPs were synthesized by using
water as a solvent. 70 mg of l-dopa was completely dissolved in
50 mL of distilled water under heating, followed by addition of
85.6 mg of l-cysteine and 360 mL of 1 n KMnO4. The reaction was
proceeded for 24 h under vigorous stirring. The products were
then spun down at 15 000 rpm and redispersed in 50 mL distilled
water. 1 N hydrochloric acid was added slowly to sequester Mn2+

in the solution, and then the products were rinsed with distilled
water three times with centrifugation. The synthesized MPs were
lyophilized and stored at room temperature until usage. The SEM
images were acquired on a Hitachi S-4800 FESEM with a cover
glass. The hydrodynamic diameter of particles and zeta potentials
were measured by DLS using a Malvern Nano ZS ZEN3690 instru-

ment. Measurements were averaged over 18 runs in deionized
water.

Analyses of Ab42 aggregation and remodeling of fibers

Ab42 was first dissolved in an aqueous solution of ammonium hy-
droxide (NH4OH, 1 % v/v), aliquoted, and lyophilized for storage at
@80 8C. The lyophilized peptide was dissolved in 10 mL of 1 %
NH4OH and diluted with water to prepare a stock solution (
&100 mm). The peptide stock solution was then diluted in phos-
phate buffered saline (pH 7.4) to desired concentrations by meas-
uring absorbance at 280 nm using Eppendorf BioPhotometer D30
(extinction coefficient: 1490 cm@1·M@1). For visualizing amyloid spe-
cies, ThT was diluted to a final concentration of 6.25 mm. When the
aggregation was complete, the solution containing fibers was cen-
trifuged at 12 000 rpm to remove unaggregated Ab42. Here, the
concentrations of unaggregated Ab42 remaining in the superna-
tant was measured by using the spectrophotometer, which gave
the concentration of Ab42 fibers as well. The measured concentra-
tions were cross-checked by using the bicinchoninic acid assay
(BCA assay). MPs or catechol monomers were added to solutions
of Ab42 and then ThT fluorescence (450 nm excitation, 490 nm
emission) was measured while incubating for 24 h at 37 8C. For the
fiber-remodeling experiments, MPs or catechol monomers were
added to solutions of matured Ab42 fibers, which were synthe-
sized by agitation at 200 rpm for 24 h at 37 8C.

Synthesis of DHI

The methods is similar to those reported.[49] An aqueous solution
(400 mL) of 3,4-dihydroxy-l-phenylalanine (98 + %; 804.9 mg
(4 mmol)) and an aqueous solution (48 mL) of potassium ferricya-
nide (5.268 g, 16 mmol) and sodium bicarbonate (2.0162 g,
24 mmol) were separately degassed by purging with N2 flux for
10 min. The two solutions were then mixed and stirred at room
temperature. After 2 h, when the reddish color of the solution dis-
appeared, sodium metabisulfite (3.9543 g, 20.8 mmol) was added.
The resulting solution was extracted with ethyl acetate (three
times with 240 mL). The combined extracts were washed once
with brine (80 mL), and dried over anhydrous sodium sulfate. The
solvent was removed by rotatory evaporator, and residual brown
oil was dissolved in acetone (2.4 mL) and benzene (24 mL) first,
and then hexane (16 mL) was added. The black melanin precipitate
was removed by filtration and the resulting brown solution was
gradually mixed with hexane (100 mL) to get colorless DHI crystals.
The mixture was kept overnight at 4 8C and the crystals were fil-
tered and dried to give the final product (40 % yield).

TEM analysis

FCF200-CU grid were treated with samples (10 mL, 6.25 mm Ab42)
for 2 min at room temperature. Excess sample was washed with
distilled water. The grid was stained with phosphotungstic acid hy-
drate (1 % w/v, distilled water, 5 mL, for 1 min), then washed and
dried for 5 min at 60 8C in a dry-oven. TEM images were taken by
using JEM-2100F (JEOL) transmission electron microscope (200 kV).

Cell culture

Human neuroblastoma SH-SY5Y were obtained from Korean Cell
Line Bank (Seoul, Korea), grown in MEM medium supplemented
with 10 % fetal bovine serum, 1 % antibiotics at 37 8C and 5 % CO2.
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Cytotoxicity assay

Cells were plated in 96-well plates at a density of 40 000 cells per
well containing growth medium, and cultured for 24 h. For the
assay, the cells were incubated with a desired concentration
(28 mg mL@1) of MPs in 200 mL of medium supplemented with 3 %
fetal bovine serum for 24 h at 37 8C. After the treatment, medium
was removed and the cells were wash with DPBS for three times.
cell viability was measured by WST-1 assay. Briefly, 10 mL of the
WST-1 solution was added to each well with 100 mL of fresh
medium and incubated for 1 h at 37 8C. The absorbance was mea-
sured at 450 nm with a microplate reader.
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