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Ultrasensitive detection of monomeric B-amyloid peptides (AB) is of fundamental significance for studying the pathological

progression of Alzheimer’s disease (AD). In this article, by facilely engineering gold microelectrode interface, we developed

a novel electrochemical biosensor for sensitive and selective monitoring of AB monomers in cerebrospinal fluid (CSF).

Through the specific Cu**-AB-hemin coordination, AB directed the assembly of Cu?*-PEI/AUNPs-hemin nanoprobes into

network aggregates on microelectrode interface, which promoted the enrichment of AB monomers on microelectrode.

Furthermore, the AuNP aggregate promote the deposition of silver nanoparticles, which were utilized for electrochemical

stripping analysis of AB monomer. The proposed method displayed ultra-sensitivity for AB monomers with the detection

limit down to 0.2 pM. Besides, high selectivity toward AB monomers was observed. Theses remarkable analytical

performance made the electrochemical biosensor available for evaluating the dynamic change of AB monomers level in CSF

of live mice with AD, promoting the investigation of the role that AB monomers play in brain events.

Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder that is
the most common cause of dementia. Aggregation of B-amyloid
peptide (AB) is considered to be the critical event in the
pathogenesis of AD.13> AB monomers in their native forms are
continuously produced by sequential cleavage of amyloid
precursor protein and secreted into the cerebrospinal fluid
(CSF) of the central nervous system (CNS). However, they
trended to aggregate into oligomers or fibrils under various
conditions, promoting the progression of AD.*° Thus, the level
of AB monomers in CSF was suggested to correlate with the
cognitive impairment of AD and quantitatively measuring AR
monomers in CSF is crucial for AD clinical studies. However,
several challenges still existed: (1) to avoid risks of infection at
the puncture site and damage to the brain and spinal cord,
extremely small volume of CSF was taking out from CNS
immediately, (2) the CSF samples possess low-abundance A
monomers, (3) miscellaneous interferences are present in CSF.
Therefore, it is urgent to develop an effective method for
sensitive and selective detection of AB monomers in CSF.
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The current methods for detecting AR monomers mostly rely
on biochemical assays such as polyacrylamide gel
electrophoresis, immunoprecipitation, enzyme-linked
immunosorbent assay. However, the limitations of these
techniques were time-consuming, the requirement of relatively
expensive enzyme-linked antibody and toxic reagents for
detection.®® Although non-biochemical techniques including
surface plasmon resonance, mass spectrometry and capillary
electrophoresis have been employed, they are labor intensive
and require complicated instruments.>12 In this regard,
colorimetric assays with simple manipulation have been
developed.’31* However, the majority of colorimetry exhibited
poor sensitivity for AB monomers in CSF.

Recently, electrochemical biosensors have been widely used
in clinical diagnosis because of their low cost, simplicity and
potential ability for on-site analysis.’>17 Especially, the recent
development of microelectrodes with small size have emerged
as ideal analytical tools for the detection of clinical samples with
small volume.'®1% However, the slow diffusion rate of AB
monomers limited their enrichment at the electrode surface,
which necessitates the fabrication of microelectrodes with high
sensitivity. Currently, metal nanoparticles have been widely
employed as signal amplification strategy for the development
of ultrasensitive electrochemical methods.?° Firstly, metal
nanoparticles can be used as electrochemical probes due to
good electrical conductivity and can provide well-defined
electrochemical signal. Secondly, these metal nanoparticles
exhibited a superficial property similar to metal electrodes,
which can be easily functionalized and engineered to improve
the performance of the electrochemical sensors.?%22 As far as
we know, the exploration of metal nanoparticles on
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microelectrode for monitoring AB monomers in CSF has never
been reported.

Herein, we reported a new electrochemical biosensor for
ultrasensitive monitoring of AB monomers (Figure 1) based on
target-directed assembly of gold nanoparticles (AuUNPs) on Au
microelectrode interface. First, inspired by the important roles

of heme and transition metal ions (i.e.,, Cu?*) in AB
metabolism,?3 dual-functionalized nanoprobes (Cu?*-
PEI/AuNPs-hemin nanoprobes) were prepared through

attaching both Cu?* and hemin onto the AuNPs surface. In the
presence of AR monomers, double molecular recognitions
between the nanoprobes and AB monomers occurred, forming
Cu?*-AB-hemin complex and resulting in AuNPs aggregation in
solution. Then, the gold microelectrode was functionalized with
hemin. Through Cu?*-AB-hemin coordination, AB-mediated
aggregation of Cu?*-PEI/AuNPs-hemin nanoprobes in solution
can be facilely initiated on the solid (microelectrode) - liquid
(electrolyte) interface, resulting in the assembly of nanoprobes
into network aggregates on the microelectrode surface.?*2>
Such architectures promoted the accumulation of AR
monomers on microelectrodes. Besides, the assembly of AuNPs
with large surface area provided abundant active sites for the in
situ deposition of silver nanoparticles.?®28 Through linear-
sweep voltammetry (LSV), the amplified stripping signal of silver
nanoparticles was employed for the electrochemical analysis of
AB monomers.?®31  Accordingly, this analytical method
established a sensitive and selective method for monitoring
dynamic changes of AB monomer in CSF of live mice. To the best
of our knowledge, this is the first report of a gold
microelectrode-based electrochemical biosensor for
ultrasensitive monitoring of AB monomers associated with AD.
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Figure 1. Schematic illustration of the electrochemical
biosensor for measurement of AB monomers. The process of
AB-directed aggregation of Cu?*-PEI/AuNPs-hemin nanoprobes
was transferred to the gold electrode surface and converted
colorimetric assay into enhanced electrochemical analysis.

Experimental

Reagents and Materials

2| J. Name., 2012, 00, 1-3

The B-amyloid peptides were obtained from ChinaRgptides 0.
Ltd. (Shanghai, China). CysteaRfinéd 0. 1039 ethyaq 3
dimethylaminopropyl)carbodiimide hydrochloride (EDC) and
metallic salts were bought from Aladdin. Chloroauric acid
(HAuCl4-4H,0) and copper (II) chloride were supplied by
Sinopharm  Chemical Reagent Co., Ltd. Branched
polyethyleneimine (PEl, Mw=25 kDa), hemin, 1,1,1,3,3,3-
hexafluoroisopropanol (HFIP), dimethyl sulfoxide (DMSO), silver
enhancer solutions, N-hydroxysulfosuccinimide (NHS), glucose,
ascorbate acid (AA), dopamine (DA), 5-hydroxytryptamine (5-
HT), 3,4-dihydroxyphenylacetic acid (DOPAC), lactate, proteins
and amino acids were purchased from Sigma-Aldrich. All
aqueous solutions were prepared with Milli-Q water (18
MQ-cm1).

Instrumentation and Apparatus

The UV-vis absorption spectra were acquired on a Shimadzu UV-
1800 spectrometer. Transmission electron microscope (TEM)
images were obtained with a JEOL JEM-2100 microscope.
Scanning electron microscopy (SEM) images were taken by a
HITACHI S-4800 scanning electron microscope. Zeta-potentials
and dynamic light scattering (DLS) experiments were performed
on a Malvern Zetasizer Nano ZS90. X-ray photoelectric
spectroscopy (XPS) was carried on a Kratos Axis Ultra DLD
spectrometer with Al Ka source (1486.6 eV). Electrochemical
impedance spectroscopy (EIS) measurements were recorded on
a Metrohm Autolab PGSTAT302N potentiostat-galvanostat.
Linear sweep voltammetry (LSV) were collected by a CHI 660C
electrochemical workstation (Shanghai, China). All
electrochemical experiments were performed with a gold
microelectrode as working electrode, Ag/AgCl electrode as
reference electrode and a platinum wire as counter electrode.

Synthesis of the Cu?*-PEI/AuNPs-hemin nanoprobes

Firstly, polyethylenimine (PEI) functionalized gold nanoparticles
(PEI/AuNPs) were prepared as follows: 25 mL of deionized
water and 1 mL of PEIl (1%) were added to HAuCl, solution (1
g/10 mL, 100 pL) under vigorous stir. After stirring at ambient
temperature for 6 h, the color of the solution changed to wine
red.3?2 The resulting PEI/AuNPs solution was stored at 4 °C
overnight. For further functionalization, the PEI/AuNPs solution
was centrifuged at 4 °C, 12000 r/min for 10 min, followed by
redispersing in 26 mL of deionized water. Then, EDC/NHS
activated hemin (0.25 mM, 3 pL) and CuCl, (40 mM, 3 uL) were
added to 200 pL of PEI/AuNPs solution in succession. After
incubation for 1 h, the mixture was centrifuged and
resuspended with 200 puL water to obtain the Cu?*-PEI/AuNPs-
hemin nanoprobes. The resulting nanoprobes solution was
stored at 4 °C before use.

Preparation of AB samples

Monomeric AP were prepared by dissolving lyophilized
peptides in HFIP. The solvent of HFIP was evaporated under
gentle nitrogen steam. The above AB was re-dissolved with
DMSO and stored at -20 °C as the stock solution. AB monomers
were freshly prepared by diluting the stock solutions with NaOH

This journal is © The Royal Society of Chemistry 20xx
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(10 mM) to 2 mM, and then being diluted to the desired
concentrations with PBS (10 mM, pH 7.4). The oligomeric forms
of AR were prepared by incubating AB monomer solution in PBS
at 37°C for 24 h.

Fabrication of functionalized gold microelectrode.

Gold microelectrodes (diameter: 12.5 um) were bought from
CH instruments Co., Ltd. (Shanghai, China). Firstly, the cleaned
microelectrode was immersed in 10 mM cysteamine solution
for 6 h at 4°C, which was symbolized as GME/cys. Subsequently,
it was soaked in EDC/NHS activated hemin solution (0.25 mM)
for 6 h to obtain a hemin-functionalized gold microelectrode
(GME/cys/hemin).

Electrochemical detection of AB monomers

Firstly, GME/cys/hemin was incubated with 10 uL of monomeric
AB solutions (AB.1 : AB.ao : AB.s2 solutions = 3:6:1) for 10 min.33
Then, 100 pL of Cu?*-PEI/AuNPs-hemin solution was added to
the aforementioned monomeric AB solution. The electrode was
incubated with the mixture for additional 40 min. After rinsing
with water, silver nanoparticles was deposited by dropping 10
uL of silver enhancer solutions on the above electrode surface
for 4 min in a dark incubator. Then, the electrode was rinsed
with water and the linear sweep voltammogram (LSV) was
recorded in 1 M KCl solution.

Electrochemical Detection of AB monomer level in CSF

All animal procedures were approved by the Animal Ethics
Committee of East China Normal University and performed in
accordance with the ARRIVE guidelines3* Male C57BL/6J mice
and APP/PS1 double transgenic mice at 3, 8 months of age were
purchased from Shanghai Research Center for Model
OrganisBILITm. The mice were housed on a 12:12 h light/dark
schedule with food and water ad libitum. CSF samples were
taken from the cisterna magna according to the reported
method.3> Briefly, after anesthetized with sodium pentobarbital
(50 mg kg, i.p.), the mouse was positioned beneath a
dissecting microscope. The meninges overlying the cisterna
magna was exposed by removing the musculature from the
base of the skull to the first vertebrae. The tissue above the
cisterna magna is excised carefully and the residual blood or
other interstitial fluid were removed. Finally, CSF samples were
taken from the cisterna magna with a microneedle carefully
avoiding bleeding due to damage to blood vessels. The CSF
samples were diluted 100 times with PBS (10 mM, pH 7.4) for
the following measurements.

Results and discussion
Synthesis of the Cu?*-PEI/AuNPs-hemin nanoprobes

As a starting point of our study, Cu?*-PEI/AuNPs-hemin
nanoprobes were synthesized.3%37 Initially, polyethylenimine
(PEI) functionalized gold nanoparticles (PEI/AuNPs) with an
average diameter of 11 nm were prepared (Figure 2A). Then,
the surface of PEI/AuNPs were covalently modified with Cu?*

This journal is © The Royal Society of Chemistry 20xx

Analyst

and hemin to produce dual-functionalized AuNRS.{EUZs
PEI/AuNPs-hemin). As shown in FigureD2B0CQZ2/eer AUNPEE
hemin remained well dispersed while the average particle size
increased to 15 nm due to the massive assembly of hemin. Zeta
(Q) potential analysis (Figure S1) revealed that the potential
value of PEI/AuNPs was +37.9 mV, which agreed well with the
positively charged amino groups of PEl in PBS (pH=7.4).
Subsequently, the T potential decreased to +29.6 mV upon
addition of hemin, which was negatively charged in PBS. After
chelation with Cu?*, the T potential of the obtained Cu?*-
PEI/AuNPs-hemin nanoprobes increased to +31.5 mV.
UV-visible spectroscopy (UV-vis) has also been carried out to
characterize the synthesis step (Figure 2D). Compared with
PEI/AuNPs (curve a), a red shift of the absorption peak and a
broader absorption band were observed on the UV-vis of Cu?*-
PEI/AuNPs-hemin (curve b), revealing the effect of surface
molecules on metal nanoparticles.3® All these results confirmed
the successful formation of Cu?*-PEI/AuNPs-hemin nanoprobes.

(A) (B)

. .

524 nm
.8 526 nm|

[
Absorbance
e o

400 500 600 700 800
Wavelength (nm)

Figure 2. TEM images of (A) PEI/AuNPs, (B) CuZ*-PEI/AuNPs-
hemin nanoprobes and (C) Cu?*-PEI/AuNPs-hemin nanoprobes
in the presence of 1 uM AB monomers. (D) UV-vis spectra of (a)
PEI/AuNPs, Cu?*-PEI/AuNPs-hemin (b) before and (c) after
incubated with 1 uM AB monomers.

Colorimetric detection of AB monomers

Recent studies invoked that AB can bind with both heme and
Cu?* simultaneously through high affinity. The specificity of the
dual-functionalized nanoprobe (Cu?*-PEI/AuNPs-hemin) was
demonstrated to be applicable to AB monomers (AB_15, AB_40
and AP_s,).3° Figure 3A displayed the color of Cu?*-PEI/AuNPs-
hemin changed from red to purple and then to blue-gray with
the increased concentration of AB monomers. Corresponding
UV-vis spectra displayed the solution of Cu?*-PEI/AuNPs-hemin
had a maximal absorbance at 526 nm. The successive addition
of AB monomers decreased the absorbance peak at 526 nm and
increased absorbance peak close to 610 nm. Control
experiments displayed negligible changes in the spectrum upon
addition of PBS (10 mM) and NaOH (10 mM) (Figure S2).
Notably, TEM image exhibited remarkable aggregation of Cu?*-

J. Name., 2013, 00, 1-3 | 3
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PEI/AuNPs-hemin nanoprobes in the presence of 1 uM AP
monomers (Figure 2C). In addition, the average hydrodynamic
sizes of Cu?*-PEI/AuNPs-hemin nanoprobes changed from ~ 18
nm to ~ 265 nm (Figure S3). These results revealed the spectrum
change was attributable to the AB-induced aggregation of Cu?*-
PEI/AuNPs-hemin nanoprobes. Moreover, no obvious changes
were observed in the UV-vis spectra of PEI/AuNPs, PEI/AuNPs-
Cu?*, and PEI/AuNPs-hemin toward the same concentration of
AB monomers (Figure S4), validating the indispensability of the
dual recognition molecules in the Cu?*-PEI/AuNPs-hemin
nanoprobes for specific monitoring of AB monomers by forming
Cu?*-AB-hemin complex. The ratio of Agig NmM/Asys nm was
utilized for quantification of AB monomers and the detection
range from 50 pM to 1 uM was obtained for this colorimetric
sensor (Figure 3B). However, it is necessary to develop a novel
technique with higher sensitivity for analysis of real sample.

(A) (B)
1.0 1.6
——
08} (I RALRRARAL]
. : =/ﬂ
§°° e %
g 0.4} { uthﬂ monomer
( 02l i * ) ¥,
: £ o5 3
°-2W 500 600 700 800 0 200 400 600 800 1000
Wavelength (nm) C (nM)
Figure 3. (A) UV-vis spectra of Cu?*-PEI/AuNPs-hemin

nanoprobes with different concentrations of AB monomers (a-i:
0,0.05,0.2,1,5, 10, 50, 100, 500 and 1000 nM). (B) Calibration
curve for Asio nm/Aszs nm Vvalue versus AB monomers
concentrations. Inset: photographic images of the color change
of Cu?*-PEI/AuNPs-hemin nanoprobes upon addition of AB
monomers with different concentrations.

Characterization of the Functionalized Electrode

In comparison with colorimetric method, electrochemical
sensing may be an alternative to further improve the sensitivity.
Besides, gold microelectrodes can be engineered with an
interface chemistry similar to that of AuNPs. Therefore, the
process of AB-directed aggregation of Cu?*-PEI/AuNPs-hemin
nanoprobes was transferred to the gold electrode surface and
converted colorimetric assay into enhanced electrochemical
analysis. Initially, cysteamine was immobilized onto the surface
of gold microelectrode through Au-S bond (GME/cys), followed
by the modification of hemin (GME/cys/hemin) using the
EDC/NHS strategy. Electrochemical impedance spectroscopy
(EIS), a widely used technique for characterization of molecular
assembly on electrode surfaces, was employed for investigating
the fabrication procedure.*®4! The diameter of semicircular
portion in EIS was equivalent to the R.; and could be calculated
by fitting Randles circuit. As shown in Figure 4A, the R of
GME/cys decreased (curve b) compared with that of the bare
gold microelectrode (curve a). This may result from the
electrostatic interaction between the positively charged
cysteamine and the negatively charged redox probe
([Fe(CN)¢l3747), which promoted the enrichment of

4| J. Name., 2012, 00, 1-3

[Fe(CN)s]*~4~ on microelectrode surface and thus fagjlitated the
electron transfer of redox probe. DThéh103PHeIANR)IZ280T
GME/cys/hemin remarkably increased (curve c) because hemin
modified on the electrode restrained the electron transfer of
[Fe(CN)g]3/4-. After being exposed to Cu?*-PEI/AuNPs-hemin
nanoprobes in the presence of AB monomers, the Ry of
GME/cys/hemin increased (curve d). X-ray photoelectron
spectroscopy (XPS) exhibited characteristic peaks of Cu 2p
(Figure S6A). Besides, scanning electron microscopy images
(SEM) displayed a remarkable conglomeration of nanoprobes
on the electrode surface (Figure 4D). These results revealed that
GME/cys/hemin could capture AB monomers and Cu?*-
PEI/AuNPs-hemin nanoprobes based on hemin-AB-Cu?*
coordination between the microelectrode and nanoprobes.
Then, surface-tethered Cu?*-PEI/AuNPs-hemin nanoprobes can
capture more AP as well as other nanoprobes, promoting the
aggregation of AuNP on the electrode surface. The above
results confirmed the successful construction of functionalized
microelectrode and the feasibility for enrichment of AR
monomers through the assembly of Cu2*-PEI/AuNPs-hemin
nanoprobes on microelectrode surface, which was favorable for
the monitoring of AB monomers with low-abundance in CSF.

(A) (B)
600 20
oaﬁ;—e 16 B
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a 400 R g 12
£ v S s
N 200 3 < g
: S 4
(5]
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1200 000 003 006 009 012 0.15

Potential (V vs. Ag/iAgCI)
(E)

Figure 4. (A) Nyquist plots obtained at (a) GNE surface, (b)
GNE/cys surface, GNE/cys/hemin surface (c) before and (d)
after being incubated with Cu>*PEI/AuNPs-hemin nanoprobes in
the presence of 1 puM AR monomers. Inset: equivalent circuit
used for analyzing the impedance spectra for electrochemical
sensor. Rs = solution resistance, Ri=charge-transfer resistance,
Cq=double layer capacitance, and Zy=Warburg impedance. (B)
Linear sweep voltammetry (LSV) curves of the deposited silver
nanoparticles on GNE/cys/hemin incubated with Cu?*-
PEI/AuNPs-hemin nanoprobes (a) in the absence and (b)
presence of 1 puM AP monomers. SEM images of (C)
GNE/cys/hemin surface, (D) Cu?*-PEI/AuNPs-hemin-based
architecture on GNE/cys/hemin surface and (E) the silver
deposition on Cu?*-PEI/AuNPs-hemin-based architecture.

To sensitively detect and quantify AR monomers, linear-
sweep voltammetry (LSV), a powerful tool for characterizing
trace metal nanoparticles, was further employed based on the
change of stripping peak current. Compared with AuNPs, silver

This journal is © The Royal Society of Chemistry 20xx
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nanoparticles (AgNPs) can be oxidized at more negative
potential with a sharp peak, which is beneficial for avoiding the
interference of reducing species and improving the detection
sensitivity.*> Considering the large surface area and high
catalysis activity, the Cu?*-PEI/AuNPs-hemin-based architecture
formed on electrode surface can in situ promote the deposition
of AgNPs. Therefore, Cu?*-PEI/AuNPs-hemin-catalyzed Ag
deposition was utilized for further amplifying the
electrochemical signal. Figure 4B showed a small signal was
obtained in LSV in the absence of AB. After treatment with AB
monomers, a large electrochemical signal with sharp peak was
obtained. SEM image illustrated that the particle size in AuNPs
architecture increased obviously (Figure 4E) and a new peak
corresponding to Ag element generated in EDX (Figure S5). In
addition, XPS also confirmed the production of Ag (Figure S7B).
These results verified that the AuNPs-based architecture
induced by AB recognition promoted the deposition of AgNPs
on the microelectrode surface and the signal amplification of AB
monomer detection can be achieved.

Enhanced Electrochemical Detection of AB monomers

Under the optimum conditions (Figure S7), the LSV responses of
AgNPs deposited on the AuNPs-based architecture were utilized
for quantifying AB monomers. Figure 5A displayed that the peak
current increased as the concentration of AR monomers
increased. A good linearity between the peak current and the
logarithm of concentrations of AB monomers exist in the range
from 1 pM to 50 nM [/, (nA) = 13.504+ 2.533logC (nM), R? =
0.995] (Figure 5B). The limit of detection was 0.2 pM, which was
lower than that of Cu?*-PEI/AuNPs-hemin nanoprobes-based
colorimetric method. The excellent sensitivity can be attributed
to the dual signal amplification mechanism. The formation of
AuNPs assembly not only promoted the enrichment of AP
monomers on electrode surface but also induced the in-situ
deposition of AgNPs, which can be detected with LSV for
electrochemical stripping analysis of AB monomers. Compared
with traditional electrochemical method, this technique based
on microelectrode can detect AP solution with small volume (10
uL), which was more suitable for clinical diagnosis of real
samples.
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Figure 5. (A) LSV responses of GNE/cys/hemin treated with
different concentrations of AB monomers (a-k: 0, 1 pM, 5 pM,
10 pM, 50 pM, 0.1 nM, 0.5 nM, 1 nM, 5 nM, 10 nM, 50 nM). (B)
Calibration curve for the peak current value vs AR monomers
concentrations.
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Figure 6. Selectivity and competition experiments of the
electrochemical method toward (A) proteins (1-7: AP
monomers, Tau, Actin, a-syn, Pre, VDAC1, AB oligomers, 1 nM
for AB monomers and oligomers, 0.2 mg/mL for other proteins),
(B) metal ions (1-8: AB monomers, K*, Ca?*, Na*, Mg?*, Fe3*,
Cu?*, Zn?*, 1 mM for K*, Ca?*, Na*, Mg?*; 10 uM for other metal
ions; 1 nM for AB monomers), (C) amino acids (1-12: AB
monomers, Glu, Gly, Phe, Ser, Val, Cys, His, Iso, Arg, Lys, Thr, 10
UM for all the tested amino acids, 1 nM for AB monomers). (D)
other biological molecules (1-8: 1 nM AB monomers, 50 UM AA,
20 uM UA, 20 uM DA, 50 uM DOPAC, 20 pM 5-HT, 1 mM
glucose, 1 mM lactate). The blue bars represent the ratio
between the peak current change induced by potential
interferences and the peak current change induced by AR
monomers. The red bars refer to the peak current change upon
addition of both potential interferences and AB monomers
divided by the peak current change induced by A monomers.
Alg represents the peak current change induced by AP
monomers, Al represents the peak current change induced by
potential interferences or the mixture of potential interference
and AB monomers.

The complexity of the brain system presents a great challenge
for analytical performance not only in sensitivity, but also in
selectivity. Therefore, the selectivity for AB monomers was
examined by determining the peak current change ratio (Al/Alp)
arising from potential interferences against that for AP
monomers (Figure 6). The potential interferences were
checked, including some endogenic proteins, AB oligomers,
metal ions, amino acids and other biological species that
commonly coexist in biological system. These interferences
showed negligible responses. For the competition test, the
electrochemical response for AR monomers exhibited no
significant changes upon the addition of the above compounds.
The high selectivity may be ascribed to the strategy of analyte-
recognition-mediated interfacial regulation, which can avoid
the nonspecific adsorption of potential interferences onto
electrode surface.?! Furthermore, repeatability was measured
by investigating the current responses of six different
electrodes toward the same concentration of AR monomers.

J. Name., 2013, 00, 1-3 | 5
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The relative standard deviation was 1.0%, revealing good
reproducibility of GME/cys/hemin (Figure S8).
Monitoring B-amyloid Peptides in Mouse Cerebrospinal Fluid (CSF)

It has been reported that monomeric AR aggregated into
oligomers or fibrils during the progress of AD. Monitoring the
metabolism of AB monomers in CSF may provide more insight
into AD pathogenesis. The remarkable analytical performance
of the developed method incited us to further monitor AR
monomer level in central nervous system. The variations of A
monomer level in CSF among normal and AD mice were listed
in Table 1. Compared with normal mice, the concentration of
AB monomers of AD mice declined clearly. Furthermore, the AB
monomers level was lowest for AD mice at 8 months of age.
These results demonstrated the peptide accumulation was a
progressive course, and consequently the amount of soluble A
monomers was reduced. Moreover, this method displayed a
potential application for clinical analysis, which was beneficial
for the exploration of AD pathogenesis.

Table 1. Evaluation of the variations in AR monomer levels in
CSF of normal and AD mice (n =5, mean =S.D.)

AB (nM) 3 months age 8 months age
Normal 4.5+0.2 4.1+0.1
AD 3.4+0.1 1.2+0.3
Conclusions

In summary, an ultrasensitive electrochemical biosensor for
monitoring AR monomers was proposed based on the Ap-
induced assembly of AuNPs into structured aggregates on
microelectrode  through the specific = Cu?*-AB-hemin
coordination. The assembly of AuNPs not only facilitated the
enrichment of AB monomers on small-sized microelectrode but
also promoted the deposition of silver nanoparticles for
electrochemical analysis of AR monomers with amplified
electrochemical signal. The present method with remarkable
analytical performance was proved for efficient monitoring of
AB monomers in cerebrospinal fluid. Taking advantages of the
simple principle and easy operation of diverse metal
nanoparticles, the present work can also be extended to
construct  microelectrode interface for ultra-sensitive
monitoring of other biological species related to brain disease,
providing great promise for clinical studies.
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AP monomer directed the assembly of Cu?*-PEI/AuNPs-hemin nanoprobes into network

aggregates on microelectrode interface for enhanced electrochemical analysis.
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