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SUMMARY

Background and purpose: As a molecular chaperone, acetylcholinesterase (AChE; EC

3.1.1.7) plays a critical role in the pathogenesis of Alzheimer’s disease (AD). The peripheral

anionic site (PAS) of AChE has been indicated as the amyloid-b (Ab) binding domain. The

goal of this study was to determine other motifs in AChE involved in Ab aggregation and

deposition. Methods and results: The b-hairpin in monomeric Ab is the key motif of

nucleation-dependent Ab self-aggregation. As AChE could induce Ab aggregation and

deposition, we searched AChE for b-hairpin structures. In A11-specific dot blot assay, AChE

was detected by an oligomer-specific antibody A11, implying the existence of b-hairpin
structures in AChE as b-hairpin was the core motif of oligomers. A molecular superimposing

approach further revealed that the N-terminal region, from Glu7 to Ile20, in AChE (AChE

7–20) was similar to the b-hairpin domain in Ab. The results of further dot blot assays, thio-
flavin T fluorescence assays, and electron microscopy imaging experiments, indicated that

the N-terminal synthetic peptide AChE7–20 had nearly the same ability as AChE with regard

to triggering Ab aggregation and deposition. Conclusions: AChE 7–20, a b-hairpin region

in AChE, might be a new motif in AChE capable of triggering Ab aggregation and deposi-

tion. This finding will be helpful to design new and more effective Ab aggregation inhibitors

for AD treatment.

Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative dis-

ease that poses a serious threat to the life expectancy of elderly

people [1]. Except for familial AD caused by mutations in certain

known genes, most cases of AD occur sporadically with unknown

etiology [2]. The neuropathological hallmarks of AD are the pres-

ence of senile plaques (SPs) and neurofibrillary tangles in the

brain [3]. SPs are mainly composed of amyloid-b (Ab), a 40- to

42-amino acid fragment of the Amyloid precursor protein (APP),

surrounded by dystrophic dendrites, reactive astrocytes, and acti-

vated microglia [4]. Although there are intracellular and extracel-
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lular SPs in most AD brains, substantial numbers of SPs are occa-

sionally observed in the brains of nondemented individuals [5].

This suggests that Ab deposition is not the sole cause of dementia

and that there must exist some molecular factors underlying the

amyloidogenic process that make the SPs pathogenic [6].

Recently, a group of proteins have been identified and termed “Ab
pathological chaperones,” due to the ability to promote the con-

formational transformation of Ab and to stabilize its abnormal

structure. Acetylcholinesterase (AChE; EC 3.1.1.7) is one of the

so-called pathological chaperones and has received much atten-

tion in recent years.

AChE plays a critical role in the regulation of cholinergic neuro-

transmission by rapidly hydrolyzing acetylcholine (ACh) [7].

AChE inhibitors have been used for AD therapy throughout the

last decade [8]. In addition to its catalytic activity, AChE has

recently been regarded as an important molecular chaperone for

Ab aggregation. AChE is colocalized with Ab in preamyloid diffuse

deposits, mature senile plaques, and cerebral blood vessels in the

brain of patients with AD [9]. Studies have also found that the

total amount and activity of AChE in AD brains are reduced, while

those in the amyloid plaques are increased [10]. Furthermore, in

vitro studies have revealed that AChE is able to induce Ab aggrega-

tion and form stable AChE–Ab complexes that are more toxic than

aggregated Ab [11–13]. The SPs in the brains of AChE–APP double

transgenic mice emerged earlier and larger than those emerged in

the brains of the single APP transgenic models. Furthermore, the

memory impairment was more severe in the double transgenic

models [14]. Therefore, it is believed that the local increment of

AChE in specific areas of the brain is the culprit to trigger Ab
aggregation and deposition and eventually causes neuropatholog-

ical and behavioral events in patients with AD. However, the

mechanism of the AChE–Ab interaction has not been clearly

defined. The peripheral anionic site (PAS) in AChE has been

determined to be an Ab binding site. AChE is thought to induce

Ab aggregation through PAS by mediating electrostatic interac-

tions with the cationic area of Ab [15]. Recently, the bivalent

ligand strategy has been used to design AChE inhibitors with dual

binding effects, targeting the catalytic and peripheral sites. Such

inhibitors could ameliorate the cognitive deficit by elevating ACh

levels and delaying the formation of SPs in AD models [16]. As Ab
aggregation is a highly complicated kinetic process, establishing

the existence of other interaction motifs aside from PAS is of great

importance for candidate drug and strategy discovery.

AD is considered to be a protein conformational disease,

because it is characterized by the kinetic aggregation of Ab, which

is a typical nucleation-dependent polymerization process [17].

The b-hairpin structure in monomeric Ab is considered to be the

key motif for the nucleation-dependent Ab self-aggregation [18].

As AChE can trigger and promote Ab to aggregate, there is a high

possibility that there are some b-hairpin structures in AChE that

may mediate a conformational binding with Ab. In this study, the

results of a dot blot assay showed that AChE could be recognized

by A11, an oligomer-specific antibody, indicating some oligomer-

like structure may exist in AChE. By superimposing the structures

of AChE and Ab, we discovered that the N-terminal region of

AChE had high structural similarity with the b-hairpin domain of

Ab. Furthermore, the synthetic peptide–AChE7–20, corresponding

to the 14 amino acid residues from Glu7 to Ile20 in AChE, could

also be immunoblotted by oligomer-specific antibody A11. Using

electron microscopy, we observed that AChE7–20 could induce Ab
aggregation, similar to AChE. Taken together, the results suggest

that in addition to PAS, AChE 7–20 may be another Ab binding

motif in AChE that triggers Ab aggregation and deposition. Our

findings may also aid development of new Ab aggregation inhibi-

tors.

Materials and methods

Materials and Reagents

Thioflavin T (ThT, Basic Yellow 1), AChE lyophilized powder of

human source, hexafluoroisopropanol (HFIP), and absolute

DMSO poured over molecular sieves were acquired from Sigma-

Aldrich (St. Louis, MO, USA). Ab1–40 supplied as trifluoroacetate

salt and rabbit polyclonal antioligomer antibody A11 were pur-

chased from Invitrogen (Carlsbad, CA, USA). The synthetic pep-

tide AChE7–20 was synthesized by Chinese Peptide (Hangzhou,

China). Mouse monoclonal antibody 6E10 reactive to amino acid

residues 1–16 of Ab was purchased from Covance (Emeryville,

CA, USA). Horseradish peroxidase–conjugated anti-rabbit or anti-

mouse IgG were acquired from Promega Biosciences (San Luis

Obispo, CA, USA). Water was deionized and double distilled

(ddH2O). Buffers and other chemicals were of analytical grade.

Peptide Preparation

Lyophilized Ab1–40 powder was initially dissolved to 500 lM in

HFIP at room temperature with intermittent vibration for 2 h.

Samples were centrifuged for 15 min at 14,000 9 g. The superna-

tant was transferred to a new tube and subjected to a gentle

stream of N2 for 5–10 min to evaporate HFIP. DMSO was then

added so that the final concentration of Ab1–40 was 2.3 mM and

stored at �20°C. Lyophilized AChE and the synthetic peptide

AChE7–20 were dissolved to 2.875 lM in ddH2O and stored at

�20°C.

ThT-Based Fluorometric Assay

The ThT-based fluorometric assay was performed according to a

published method with some modifications [19]. For the self-

aggregation experiments, Ab1–40 was incubated for 24 h at room

temperature in 0.215 M sodium phosphate buffer (pH 8.0) in a

final volume of 20 lL (final concentration was 125 lM). For

induced aggregation experiments, AChE or AChE7–20 (final con-

centration was 1.25 lM) was added to 125 lM Ab1–40 solutions

and then coincubated for 24 h at room temperature. After incuba-

tion, solutions were diluted with 50 mM glycine–NaOH buffer

(pH 8.5), containing 10 lM ThT, to achieve a final volume of

100 lL. Fluorescence was monitored using a PE LS45 spectropho-

tometer (Perkin Elmer, Waltham, MA, USA), with excitation at

446 nm and emission at 490 nm.

Molecular Superimposing

The nuclear magnetic resonance (NMR) structure of Ab was

retrieved from the RCSB Protein Data Bank (RCSB PDB, access
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code: 2OTK) [18]. The crystallographic structure of AChE was

obtained from RCSB PDB (access code: 2X8B) [20]. All b-hairpin
motifs of AChE were aligned with Ab to calculate the sequence

similarity and then superimposed to estimate the structural root

mean standard deviation (RMSD). All computations were carried

out in Molecular Operating Environment (CCG, Canada).

Dot Blot Assay

Ab (230 lM) was incubated with or without AChE/AChE7–20

(2.3 lM) in 0.215 M phosphate buffer (PB; pH 8.0) at 37°C for

appropriate time. After the incubation period, 5 lL of each sample

was applied to a nitrocellulose membrane (Millipore, Bedford,

MA, USA) and blocked with 3% BSA in Tris-buffered saline

(TBS), overnight at 4°C. The membrane was incubated for 1 h

at room temperature with the oligomer-specific antibody A11

(1 lg/mL in 2% BSA in TBS with 0.01% Tween-20 [TBS-T]), or

anti-Ab antibody 6E10 (1 lg/mL in 2% BSA in TBS-T). After

washed three times, the membrane was incubated with horserad-

ish peroxidase–conjugated anti-rabbit or anti-mouse IgG

(1:10,000) and incubated for 1 h at room temperature. The blots

were developed with chemiluminescence detection kit (Pierce

Chemical, Rockford, IL, USA). The remaining samples were used

for transmission electron microscopy imaging [21].

Circular Dichroism Assay

Far-UV circular dichroism (CD) assay spectra were obtained using

a Jasco J-510 spectropolarimeter (Jasco, Japan) [22]. The syn-

thetic peptide solution (100 lM) in 0.215 M PB (pH 8.0) was

incubated for 2 h, 4 h, 16 h, 24 h, and 48 h at 37°C. The spectra

were recorded immediately after the incubation, with background

spectra recorded in the absence of peptide subtracted from the

sample spectra.

Electron Microscopy

Ab (230 lM) was incubated with or without AChE/AChE7–20

(2.3 lM) in 0.215 M PB (pH 8.0), at 37°C for appropriate time. A

volume of 5 lL of each solution was applied to 150-mesh copper

grids coated with Formvar/carbon film (EM Science, Fort Wash-

ington, PA, USA) for 10 min. Excess solution was absorbed with

filter paper. The grids were then stained with 2% filtered uranyl

acetate for 30 seconds, absorbed with filter paper, washed twice

with ddH2O, dried at room temperature, and then examined with

transmission electron microscope (TEM, JEOL JEM-1230, Japan)

at 80 kV [23]. Alternatively, the grids were stained with 3.5% fil-

tered phosphotungstic acid for 2 min, the excess solution was

absorbed, and the grids were dried at room temperature and

(A)

(B)

Figure 1 AChE induces Ab aggregation and

deposition. (A) ThT assay of AChE inducing Ab

aggregation. Solution of 125 lM Ab in the

presence and absence of 1.25 lM AChE were

incubated in 0.215 M PB (PH 8.0) at 37�C for

24 h. Solutions were diluted with 10 lM ThT

and the fluorescence was monitored on

Varioskan Flash at an excitation of 446 nm and

emission of 490 nm. Data are the mean values

� SEM (n = 4). ***P < 0.001, ###P < 0.001. (B)

Effects of AChE on inducing Ab deposition by

TEM experiments. Ab was incubated alone or

co-incubated with AChE for 7 days at 37�C;
AChE was incubated alone as a control.

Samples were dropped into the grids, stained

with 2% filtered uranyl acetate. Arrows indicate

Ab fibrils, senile plaques and G4 AChE,

respectively. The morphologies were imaged

by JOEL JEM-1230 TEM at 80 kV. The scale bars

represent 100 nm.
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scanned immediately with a transmission electron microscope

(TEM, Hitachi H7650, Japan) at 80 kV [24].

Statistical Analysis

Data were presented as mean � standard error of the mean (SEM)

and were analyzed by analysis of variances (ANOVA) followed by

Dunnett’s test using GraphPad Prism 5.0. Significant difference

was set at P < 0.05.

Results

AChE-Induced Ab Aggregation and Deposition

Fluorescence intensity of ThT indicated the aggregated proteins or

peptides in solution. As shown in Figure 1A, after incubation for

24 h, the ThT fluorescence intensity of Ab was increased from

1.574 � 0.210 to 7.354 � 0.355 (P < 0.001), indicating a self-

aggregation of Ab. When compared with Ab alone, coincubation

of Ab with AChE significantly increased the ThT fluorescence to

11.130 � 0.244 (P < 0.001). However, incubation of AChE alone

only showed weak fluorescence intensity of 0.859 � 0.149, sug-

gesting that AChE could augment Ab aggregation, but could not

aggregate by itself.

For AChE-induced Ab deposition, the morphologies were

observed in TEM experiments. As shown in Figure 1B, incubation

of 230 lM Ab alone for 7 days yielded multiple fibrils. When Ab
was coincubated with 2.3 lM AChE, a mesh of numerous mature

fibrils were intertwined and deposited throughout the visualized

field and that was a reminiscent of the SPs in the AD brain [25].

AChE is prone to form amphiphilic globular tetramers (G4 AChE),

both in vivo and after incubated in vitro [26]. Therefore, AChE-

alone group only showed some oligomer-like structures in the

study.

Identification of the Homologous b-Hairpin
Structure in AChE

b-Hairpin is a crucial intermediate conformation for monomeric

Ab aggregating into fibrils [18], so searching AChE for b-hairpin
structures that can mediate a conformational binding with Ab is

very meaningful. Dot blot assays and molecular superimposing

experiments were used to determine the b-hairpin structures in

AChE in this study. A11 is a conformation-specific polyclonal

antibody usually used for recognizing Ab oligomers [27]. Ab oligo-

mers, the most toxic Ab aggregates, are composed mainly of b-
hairpin structures; therefore, in dot blot assays, we used A11 to

detect the similar conformation. As shown in Figure 2A, Ab incu-

bated alone could only be identified by the A11 antibody at 48 h,

but not at other shorter or longer incubation periods (e.g., 1 h,

72 h, and 120 h). This suggests that the optimal incubation time

for Ab oligomers is 48 h, as A11 could not recognize monomers or

mature fibers of Ab. After being coincubated with AChE, blots

were darker than Ab alone and could always be seen at all the

time points (Figure 2A). Interestingly, AChE incubated alone for

(A)

(B)

Figure 2 Identification of the oligomeric structure in AChE by dot-blot

assay. 230 lM Ab was incubated alone or with 2.3 lM AChE in 0.215 M

PB (pH 8.0) for (A) 1 h, 48 h, 72 h and 120 h at 37�C. (B) AChE was

incubated in the presence or absence of 230 lM Ab for 48 h at 37�C.
Samples were applied to a nitrocellulose membrane and probed with

either oligomer-specific antibody A11 or sequence-specific antibody 6E10.

Buffer was used as control.

Table 1 Sequence similarity and structural RMSD between Ab 16–40 and all the b-hairpin-related structures of AChE

b-Hairpin structure A B C D E F G H

Location 5–29 98–120 131–152 170–202 203–230 311–332 396–431 506–527

Sequence similarity (%) 20.0 8.7 4.5 12.1 10.7 36.4 13.9 13.6

Structural RMSD* (�A) 2.081 4.335 4.723 4.958 4.380 5.144 5.860 2.019

*Root mean standard deviation.
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48 h could be detected by A11, but not by 6E10, which is a

sequence-specific antibody for Ab (Figure 2B). AChE itself, rather

than Ab, seemed to have a stronger affinity for A11, although

AChE was not involved in the catalog of oligomeric proteins rec-

ognized by A11. As b-hairpin is the core structure of oligomers,

the above results strongly suggest that some b-hairpin structures

may exist in AChE.

In molecular superimposing experiments, the b-hairpin struc-

ture of Ab, mainly Ab16–40, was compared with all the b-hairpin-
related structures in AChE. There were eight such structures

aligned with AChE; the locations of them are listed in Table 1.

The sequence similarities, which were calculated by sequence

alignment, ranged from 4.5% to 36.4%, and only one of them

was more than 30%, indicating little homology among them. In

addition, the structural differences calculated as RMSD are shown

in Table 1. The results of structural superposition are depicted in

Figure 3, and it provided direct comparisons between Ab and b-
hairpin-related structures of AChE. It was observed that b-hairpin
A and b-hairpin H in AChE were most similar to b-hairpin struc-

tures in Ab, with a structural RMSD of 2.081 Å and 2.019 Å,

respectively. As b-hairpin H located near the C-terminal domain

of AChE was hidden in the nonamphiphilic soluble tetrameric G4

form, b-hairpin A was considered to be the most possible interac-

tion motif to induce Ab amyloidogenesis in studies above.

Synthesis of the b-Hairpin Structure in AChE

To reveal the effects of the b-hairpin structure in AChE on Ab amy-

loidogenesis, the core structure of b-hairpin A (AChE 7–20) was

synthesized, and the synthetic peptide AChE7–20 was incubated in

water for 2, 4, 16, 24 and 48 h to detect its second structure by CD

assay (Figure 4A). Except for the curve of water that has no absorp-

tion peak, all curves of AChE7–20 were well overlapped, withmaxi-

mum absorption at 215 nm and minimum absorption at 198 nm.

The results, which were calculated automatically by the spectropo-

larimeter, indicated that the proportion of random coil, b-turn, and
b-sheet structures in solution was 59.9%, 25.7%, and 14.4%,

respectively. Moreover, the assays were repeated under different

incubatory pH or salt concentrations and showed the same results

(data not shown), suggesting that AChE7–20 could keep the basic b-
hairpin-like structure well through incubation, which was coinci-

dental with the molecular simulation results. Furthermore, as

shown in Figure 4B, synthesized peptide AChE7–20 also inherited

the ability of AChE,which could be immunoblotted by A11.

Effects of the b-Hairpin Structure in AChE

AChE7–20 inherited the capability of AChE to induce Ab aggrega-

tion (Figure 5A). The ThT fluorescence intensity of the AChE–Ab

(A) (B)

(C) (D)

(E) (F)

(G) (H)

Figure 3 Structural superposition of Ab 16–40

on all the b-hairpin related structures in AChE.

Ab 16–40 was rendered as pink, while the

b-hairpin structures of AChE were rendered as

orange. The structural differences were

calculated as RMSD, as listed in Table 1. (A)

b-hairpin A (5–29) of AChE, (B) b-hairpin B (98–

120) of AChE, (C) b-hairpin C (131–152) of

AChE, (D) b-hairpin D (170–202) of AChE, (E)

b-hairpin E (203–230) of AChE, (F) b-hairpin F

(311–332) of AChE, (G) b-hairpin G (396–431) of

AChE and (H) b-hairpin H (506–527) of AChE.
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coincubation group was significantly increased from

6.237 � 0.409 to 9.698 � 1.019 (P < 0.001) in comparison with

the group of Ab that was incubated alone; this indicates that

AChE7–20 could trigger Ab aggregation in a similar manner to

AChE. Little fluorescence was observed in the group of AChE7–20

alone (0.008 � 0.002), which indicates that self-aggregation did

not occur.

The morphologies of AChE7–20-induced Ab deposition were

observed in TEM experiments. As shown in Figure 5B, coincuba-

tion of Ab with AChE7–20 for 7 days yielded more mature fibrils

than the Ab-alone group. AChE7–20 could also induce fibrils to

intertwine and deposit similar to AChE. No visible structures were

observed when incubating AChE7–20 alone.

Discussion

AChE is one of the molecules that could promote Ab amyloido-

genesis, and it is a so-called molecular chaperone [25,27]. The

results of our ThT assay and TEM experiments showed that Ab
could aggregate by itself after incubation in PB buffer, but the

aggregation process was aggravated, and eventually more senile

plaque-like structures were developed in the presence of AChE

(Figure 1).

A related conformational change exists when Ab begins to

aggregate. The random coil or a-helix structure is the main struc-

ture of Ab in its native condition. When the environment is chan-

ged or chemicals are added, native Ab will convert into b-sheet
structure [28,29]. b-hairpin is a conformation between a-helix
and b-sheet, and it is a crucial intermediate conformation for

monomeric Ab to aggregate into fibrils [18]. PAS of AChE, with its

high negative charge density, can trigger the conformational

change of Ab from a-helix to b-hairpin through electrostatic

effects. Therefore, PAS is regarded as the interaction motif for Ab.
The crystal structure of AChE has been reported widely, and

there is a particularly narrow gorge in the space structure of

AChE, called the active gorge [20,30–32]. At the bottom of the

active gorge, the active site of AChE is located where the hydroly-

sis of ACh occurs. PAS exists near the entrance of the gorge, where

the substrates enter. Therefore, if AChE binds to Ab in the PAS

region, Abmay block the substrates from going through the gorge,

which in turn may decrease the catalytic activity of AChE, espe-

cially when Ab forms extended fibrils. However, our in vitro AChE

activity test produced inconsistent results. Compared with the

control (103 � 6%), coincubating AChE with Ab slightly

decreased the AChE activity to 92 � 9% of control, while coincu-

bating AChE with the PAS inhibitor propidium iodide (PI) could

significantly decrease AChE activity to 80 � 6% of control,

P < 0.05 (data not shown). The results suggest that other Ab bind-

ing sites, besides PAS, may exist, which could induce Ab amyloi-

dogenesis, without interfering with the catalytic effects of AChE.

Indeed, because Ab aggregation is a cascade process, PAS may play

a role in helping the conformational change from a-helix to b-
sheet, as the prolonging or depositing of aggregations seemed to

be triggered by other motifs in AChE.

Alzheimer’s disease is a protein conformational disease, which

shows kinetic nucleation-dependent aggregation, based on a com-

mon morphological b-hairpin amyloid. It is thought that proteins

may form an amyloid structure with Ab through an allotypic

interaction if they have generic b-hairpin structures [17]. Ten

years ago, it was reported that there was a b-hairpin structure near

the C-terminal domain of AChE, which has a similar sequence to

Ab and could aggregate in vitro [33,34]. It was suggested that the

b-hairpin region at the C-terminal of AChE might be relevant to

its interaction with Ab. However, the C-terminal domain of AChE

is hidden inside the nonamphiphilic soluble AChE G4 tetramer,

and G4 AChE is the dominant form that accounts for 80–90% of

the total AChE in the brain [35]. Therefore, it is impossible for

AChE to bind Ab in this area. Although this assumption seems to

lack an overall understanding of the special AChE structure, it still

indicated that we should pursue b-hairpin structures for new Ab
binding motifs in AChE.

As b-hairpin structure is the core of Ab oligomers, we began by

screening for the oligomeric structure. A11 antibody (Invitrogen)

is a conformation-specific antibody for identifying oligomeric

structures. After being coincubated with AChE, Ab was stained by

A11 for the entirety of the incubation time. When Ab was incu-

bated alone, it was dark only at the time point of 48 h, and the

color was lighter than those of the AChE-coincubating groups.

The aggregation process cannot remain at the stage of oligomer, as

more fibrils will form as incubation time continues. As A11 cannot

recognize fibrils, the oligomeric structure of AChE itself contrib-

(A)

(B)

Figure 4 Structural identification of the synthetic peptide AChE7–20. (A)

CD spectra of AChE7–20 secondary conformation. 100 lM AChE7–20 was

incubated in water for 2 h, 4 h, 16 h, 24 h and 48 h at 37�C. The top blue

line was water used as control. (B) Identification of AChE7–20 oligomeric

structure by dot-blot assay. AChE7–20 or Ab were incubated alone in

0.215 M PB (pH8.0) for 48 h, at 37�C. Buffer was used as control. Samples

were applied to a nitrocellulose membrane and probed with either

oligomer-specific antibody A11 or sequence-specific antibody 6E10. One

of five repetitive experiments is shown.
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utes to the dark blots of Ab and AChE-coincubated samples, and it

is then confirmed by hybridizing AChE with A11. Furthermore, in

vivo studies have revealed that SPs could be identified by A11 anti-

body [36]. As more AChE–Ab cosediments are observed in senile

plaques, the recognition of SP by A11 should be attributed mainly

to AChE, other than Ab oligomers. Therefore, although AChE is

not involved in the catalog of A11, some b-hairpin-like structures

seemed to exist in it.

An ideal way to find out whether the oligomeric region exists

would be to dock A11 into AChE. However, the sequence and

structure of A11 are protected as commercial secrets. As Ab aggre-

gation can be induced by itself, which is mainly attributed to its b-
hairpin conformation, it is hypothesized that the exposed b-hair-
pin motif may be an important factor in triggering aggregation. As

a result, an alternate method to find the potential interaction

motif by superimposing Ab and AChE together is utilized. It has

been demonstrated that the N-terminal residues (7–20) of AChE

(AChE 7–20) have a relatively small structural RMSD with Ab,
and this motif is exposed to the solvent (special basis for interac-

tion). Additionally, the location of the N-terminal 7–20 region of

AChE is far from the active gorge and the C-terminal hinge chain.

Consequently, it was supposed that the N-terminal 7–20 region of

AChE could be a new motif involved in Ab aggregation.

To prove this hypothesis, the synthesized N-terminal peptide

was produced and subjected to the described molecular biologi-

cal assays. As the AChE-induced Ab aggregation relied upon a

b-hairpin core, not the whole N-terminal 1–29 region, the b-
hairpin core AChE7–20 was synthesized. The AChE7–20 was char-

acterized for its structural conformation and its ability to induce

aggregation. CD study data showed the secondary structure of

the synthesized peptide was mostly random coil and b-turn. It
almost maintained the same structure in solutions of different

pH levels or different salt concentrations and for different incu-

bation times. The b-turn conformation of the synthetic peptide

AChE7–20 basically inherited the secondary structure of the b-
hairpin region of AChE 7–20, and this formed the structural

basis for the following molecular biological effects. Subsequent

results of AChE7–20 in dot blot assays were coincident with the

supposition that AChE 7–20 was an oligomeric region. AChE7–20

also possessed the capability of AChE to induce Ab aggregation.

The intensity of the fluorescence of ThT increased when Ab was

coincubated with AChE7–20, and the increased amount was

almost equal to that of AChE. Moreover, in spite of slightly less

mature fibrils, Ab–AChE7–20-coincubated samples showed simi-

lar SPs-like morphology as the Ab–AChE-coincubated group.

Self-aggregation did not occur in AChE7–20, because it was just

the core of a b-hairpin region that was too short to self-aggre-

gate easily. Thus, the N-terminal domain of AChE was exactly a

core structure, which was independent of PAS, and could be

another motif in Ab amyloidogenesis.

(A)

(B)

Figure 5 AChE7–20 induced Ab aggregation

and deposition. (A) ThT assay of AChE7–20
induced Ab aggregation. Solution of 125 lM

Ab in the presence and absence of 1.25 lM

AChE7–20 were incubated 0.215 M PB (pH 8.0)

at 37�C for 24 h. Solutions were diluted with

10 lM ThT, and the fluorescence was

monitored on Varioskan Flash at an excitation

of 446 nm and emission of 490 nm. Data are

the mean values � SEM (n = 4). ***P < 0.001,
###P < 0.001. (B) Demonstration of the effects

of AChE7–20 induced Ab deposition by TEM.

230 lM Ab or 2.3 lM AChE7–20 was incubated

alone, or co-incubated for 7 days at 37�C.
Samples were dropped into grids and

immediately stained with 3.5% filtered

phosphotungstic acid. Arrows indicate Ab

fibrils and senile plaques respectively. The

morphologies were imaged by Hitachi H7650

TEM at 80 kV. The scale bars represent

100 nm.
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In conclusion, our results have demonstrated that there is an

oligomeric domain near the N-terminal of AChE, and the syn-

thetic peptide of this region shows similar immunological proper-

ties to AChE, and it is able to promote Ab aggregation and

deposition. Thus, in addition to PAS, the N-terminal region of

AChE (AChE 7–20) may be a new motif involved in Ab pathogen-

esis. Furthermore, considering the relationship between Ab,
AChE and SPs in the AD brain, this finding paves a new way to

design novel and more active Ab aggregation inhibitors for AD

treatment.
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