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A B S T R A C T

Amyloid β peptide oligomeFrs (AβOs) have been proved to be crucial biomarkers of Alzheimer's disease (AD). To
explore an applicable method for the determination of AβOs is significant for the early AD diagnosis. Prussian
blue nanoparticles (PBNPs), as one excellent nanomaterials, have the advantages of good stability, favorable
biocompatibility, low cost, easy preparation and controllable shape. PBNPs was found to be of the fluorescence
quenching ability to fluorophores, and the adsorption of DNA onto PBNPs surface occurred via the binding of
phosphate skeleton in DNA to Fe2+/Fe3+ in PBNPs. On basis of this, carboxyl fluorescein (FAM) modified
Aβ40O-targeting aptamer (FAM-AptAβ) was adsorbed onto PBNPs. And FAM-AptAβ@PBNPs-based fluorescent
aptasensor for the determination of Aβ40O was developed. Upon incubating FAM-AptAβ@PBNPs with Aβ40O, the
fluorescence intensity of the FAM-AptAβ@PBNPs obviously increased comparing to the initial fluorescence in-
tensity of the FAM-AptAβ@PBNPs. The changes in the fluorescence intensity of the FAM-AptAβ@PBNPs were
linear with the Aβ40O concentrations ranging from 1.00 nM to 100 nM. Moreover, AD patients and healthy
persons can be distinguished using this method to determine Aβ40O concentrations in human cerebrospinal fluid
samples from AD patients and healthy persons. It demonstrates that this PBNPs-based aptasensor is not only
simple and cost-effective, but also sensitive, selective and more applicable. This fluorescent sensing strategy is
promising for the development of aptasensor in clinical fields.

1. Introduction

Alzheimer's disease (AD) is a major cause of progressive dementia
for the elderly, has always been the focus of research for decades [1–4].
Though there are continuous debates on the pathogenesis of in AD, it
was widely identified that amyloid β peptide (Aβ) aggregates are the
neuropathology characteristics of AD [5,6]. The excessive Aβ oligomers
(AβOs) can cause a series of pathological damage, eventually leading to
the occurrence of AD [7]. AβOs have been reported to be the first in-
dicator of AD [8]. In order to realize the early diagnosis and inter-
vention of AD, more and more researches have proved that the de-
termination of AβOs is meaningful and useful [9]. Many efforts have
been made to explore an applicable method for AβO determination
[10–12]. But it is challengeable to achieve a simple, sensitive and
specific, cost-effective method for sensing AβOs, and therefore for its
application in AD early diagnosis.

In the last years, various aptamer-based devices have been explored
and reported because aptamers as alternatives to antibodies possess

advantages such as ease of engineering and synthesis, good thermal and
chemical stability, low molecular weight, low immunogenicity, and etc
[13–16]. Among them, fluorescent aptasensors have been attracted
more interest because of its inherent ease of operation and high sensi-
tivity [17–20]. Nanomaterials are often used as substrates for sensors
[21–25]. These nanomaterials possess excellent fluorescence quenching
ability to fluorophores and can strongly adsorb single-stranded DNA
(ssDNA) [26–28]. These reported nanomaterial-based fluorescent bio-
sensors have become promising devices with more sensitive and ef-
fective application value. However, to further promote the fluorescent
biosensor's application in the clinic field requires nanomaterials with
advantages of easy synthesis, low cost, good biocompatibility and high
stability.

Prussian blue nanoparticles (PBNPs) as an excellent nanomaterial
have been widely employed in various fields [29], because of ad-
vantages including easy preparation, good stability, biocompatibility,
low cost, and controllable shape. It has been synthesized successfully
using several methods and for various purposes, including Prussian blue
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fluorescent part and other applications [30]. PBNPs exhibit great po-
tential as a new generation of photothermal agents alternative to tra-
ditional agents, because its superior conversion effect [31]. Moreover,
PBNPs as a typical drug in clinic have been approved by USA Food and
Drug Administration (FDA) for treatment of radioactive exposure [32].
Thus, PBNPs possess the clinical biosafety for human body. Due to its
catalytic activity, PBNPs possess high catalytic activity and have been
widely employed to fabricate biosensors and used as nanoenzymes
[33]. Additionally, the basic structure of PBNPs is based on the three-
dimensional network of iron ions (Fe3+), ferrous ions (Fe2+) and cya-
nide groups alternately at cubic lattice positions [34]. Valence electrons
can be transferred between Fe2+ and Fe3+ to create an absorption band
around 720 nm [35]. For its cubic nanostructure, PBNPs have large
specific surface area and high load compared to others. Therefore, it can
be deduced that the presence of iron ions (Fe3+) and ferrous ions
(Fe2+) may result in DNA strands adsorbing onto PBNPs by the reaction
of metal and phosphate skeleton in DNA [36]. Generally, fluorescence
resonance energy transfer (FRET) would occur when the fluorescent
molecule and the quencher are in close proximity [37]. Metal ions and
nanomaterials are often regarded as quenchers in applications, result of
energy transduction and the fluorescence intensity changing [38,39].
The conformational variation of FAM-AptAβ and PBNPs shorten the
distance between the fluorescent molecule (e.g. FAM) and nano-mate-
rials (PBNPs), resulting the fluorescence quenching of FAM. Therefore,
PBNPs as a potential nanomaterial can be used to fabricate the fluor-
escent biosensor.

Considering the superiority of PBNPs such as cost-effective and
shape-controlled and the significant of AβOs, a rapid and simple
fluorescent biosensor for Aβ40O was developed based on the fluores-
cence quenching effect of PBNPs. FAM-AptAβ was served as recognizing
elements for Aβ40O. FAM-AptAβ was absorbed onto PBNPs to form the
FAM-AptAβ@PBNPs. The fluorescence quenching ability of PBNPs to
FAM-AptAβ was observed. However, upon incubation of Aβ40O with the
FAM-AptAβ@PBNPs solution, the fluorescent signal of FAM-AptAβ re-
covered, which resulted from the binding of FAM-AptAβ to Aβ40O and
therefore the separation of FAM-AptAβ from PBNPs. The determination
of Aβ40O was achieved, and furthermore this method is simple, rapid,
cost-effective, biocompatible, sensitive and selective. Moreover, the
Aβ40O concentrations in cerebrospinal fluid (CSF) samples from AD
patients and healthy persons were measured, which is significant for
distinguishing AD patients from healthy persons. This work provides a
meaningful method for the development of aptasensor in the early di-
agnosis of AD.

2. Experimental section

2.1. Materials and apparatus

Aβ40 and Aβ42 were provided by DGpeptides Co., Ltd (Hangzhou,
China). The Aβ40-targeting carboxyl fluorescein (FAM) modified ap-
tamer (FAM-AptAβ, 5′-GCCTGTGGTGTTGGGGCGGGTGCGTTTTTTT
TTT-3′) was purchased from Shanghai Sangon biotechnology
(Shanghai, China). Potassium ferrocyanide (K4[Fe(CN)6]) and ferric
nitrate (Fe(NO3)3) were obtained from Sigma-Aldrich (St Louis, MO).
HEPEs buffer (25.0 mM, pH 7.60) with 100 mM of sodium chloride
(NaCl) and 1.00 mM of magnesium chlorides (MgCl2) was used to
dissolve Aβ40O and AptAβ. Millipore ultra-pure water (18.2 MΩ cm) was
used to prepare all solutions, which were store at refrigerator at 4 °C.

The fluorescent measurements were conducted on the FL-4600
fluorescence spectrophotometer (Hitachi High-Technology Co., Ltd.,
Tokyo, Japan). The fluorescence cell quartz used was 350 μL. The ex-
perimental parameters are set as following: an excitation wavelength of
470 nm, wavelength range of 490–750 nm, and the slit widths of
10.0 nm. Transmission electron-microscope (TEM) images were con-
ducted on a JEM 2010 (JEOL Company Ltd., Japan). A UV-2450
spectrophotometer (Shimadzu, Kyoto, Japan) was used to monitor

UV–visible (UV–vis) spectra. Fourier Transform infrared (FT-IR) spectra
were performed by attenuated total reflectance (ATR) in the range of
400–4400 cm−1, with 4.00 cm−1 resolution using an Agilent
Technologies Cary 630 spectrometer. The Zetasizer Nano ZS Instrument
(Marlvern Instruments, Southborough, U.K.) was used for dynamic-
light-scattering (DLS) measurements.

2.2. Synthsis of PBNPs and preparation of Aβ40O

PBNPs were synthesized by referring to the previous report [40–42].
To begin with, an equal amount of potassium K4[Fe(CN)6] and Fe
(NO3)3 were dissolved in water to obtain 1.00 mM K4[Fe(CN)6] solu-
tion, and 1.00 mM Fe(NO3)3 solution, respectively. K4[Fe(CN)6] solu-
tion was heated to 60 °C under stirring. The Fe(NO3)3 solution was then
added dropwise into K4[Fe(CN)6] solution over 10.0 min and kept
under stirring at 60 °C. The color of the solution changed from colorless
to bright blue during mixing. The reaction was kept for 5.00 min and
then cooled to room temperature under stirring. The resultant solution
was centrifuged at 14,000 rpm for 15.0 min and the precipitate was
dispersed into ethanol solution. The procedure of centrifugation/re-
dispersion was repeated three times. Finally, the freeze dryer (Virtis
Benchtop K, SP Scientific, Gardiner, NY) was used for desiccating it.
Aβ40O was prepared according to reports in our previous work [43],
and the concentration of Aβ40O solution was calculated as equivalent to
the concentration of Aβ40 monomer [10].

2.3. Preparation of the FAM-AptAβ@PBNPs solution

A PBNPs solution (1 mg mL−1) was firstly prepared by dispersing
PBNPs power in deionized water, and it was sonicated for 20.0 min
before used. To obtain the FAM-AptAβ@PBNPs solution, various con-
centrations (50.0, 60.0, 70.0, 80.0, 90.0 μg mL−1) of PBNPs solution
were mixed with the FAM-AptAβ solution (50.0 nM), and incubating the
mixture for 1 h at 25 °C in dark. Subsequently, BSA solutions (500, 700,
900, 1000, 2000 nM) were co-incubated with the FAM-AptAβ@PBNPs
solution to block the free sites on the PBNPs surface.

2.4. Detection of Aβ40O

The initial fluorescence intensity (F0) of FAM-AptAβ@PBNPs solu-
tion was firstly measured. The FAM-AptAβ@PBNPs solution was used to
incubate with Aβ40O solutions with different concentrations for
60.0 min at 25.0 °C in the dark. Afterward, the fluorescence responses
(F) of FAM-AptAβ@PBNPs solution incubated with Aβ40O were mea-
sured. The relationship between changes in the fluorescence intensity of
FAM-AptAβ@PBNPs solution (ΔF= F–F0) induced by Aβ40O and Aβ40O
concentrations was investigated.

2.5. Preparation of cerebrospinal fluid samples

CSF samples of AD patients and healthy persons were gotten from
the Third Xiangya Hospital of Central South University (Changsha,
China). CSF samples were filtered by 30 kDa ultrafiltration membrane
to remove the interference of large-scale protein. The resultant samples
were stored at −80 °C. Before use, they were diluted with HEPEs
(25.0 mM, pH 7.6).

3. Results and discussion

3.1. Principle for Aβ40O detection

The construction and principle of the PBNPs-based aptasensor for
Aβ40O is illustrated in Fig. 1. Herein, FAM modified AptAβ (FAM-AptAβ)
and PBNPs are involved. Cubic shaped PBNPs are firstly synthesized.
The three-dimensional network of iron ions (Fe3+), ferrous ions (Fe2+)
and cyanide groups (CN−) are at cubic lattice positions [34]. FAM-
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AptAβ is absorbed onto the surface of PBNPs because of the binding of
phosphate skeleton of FAM-AptAβ to Fe2+/Fe3+ in PBNPs [36]. The
prepared FAM-AptAβ@PBNPs serves as the fluorescent probe-FAM-
AptAβ@PBNPs for Aβ40O. For the FAM-AptAβ@PBNPs, there is negli-
gible fluorescence signal observed due to fluorescence quenching
ability of PBNPs to FAM. However, after incubating the FAM-AptAβ@
PBNPs solution with Aβ40O, the binding of Aβ40O to AptAβ occurs, re-
sulting in the separation of the fluorophore from the PBNPs surface.
And an obvious enhancement in fluorescence intensity of the FAM-
AptAβ@PBNPs solution produces. Therefore, this strategy is not only
fabrication-simple and cost-effective, but also feasible for the detection
of Aβ40O with high sensitivity and selectivity. The PBNPs-based fluor-
escent sensing plays a potential role in exploring the method for the
early diagnosis of diseases.

3.2. Characterization of PBNPs and FAM-AptAβ@PBNPs

DLS and TEM techniques are used to characterize PBNPs. As shown
in Fig. 2-A, DLS result demonstrates that the size of PBNPs is ca. 68 nm,
which is a hydrodynamic diameter (hydrated state). TEM image of
PBNPs displayed in Fig. 2-B illustrates that the synthesized PBNPs are
cubic-shaped and uniformly dispersed, the size is ca. 50 nm, which is
the actual size at the dried state of sample. These results are consistent
with reports [40], and indicate the successful synthesis of PBNPs.

Additionally, PBNPs and the FAM-AptAβ@PBNPs are further in-
vestigated by the FT-IR spectra. As shown in Fig. 2-C, bands at
3430 cm−1 and 1639 cm−1 are attributed to νOH and δOH of crystal
water [44], respectively (curve a). 2084 cm−1 band belongs to νCN of
PBNPs, 490 cm−1 and 600 cm−1 bands are due to νFe-C or νFe-C]N
[45]. These results further indicate the successful synthesis of PBNPs.
Seen in Fig. 2-b, the band at 1040 cm−1 could be derived from νasPO in
the phosphate skeleton of FAM-AptAβ [46], which confirms that the
successful adsorption of AptAβ onto PBNPs. Moreover, the appearance
of band at 1186 cm−1 could be explained by the performance of metal-
phosphate bond between FAM-AptAβ and PBNPs [47]. This indicates
the adsorption of AptAβ onto PBNPs due to the binding of phosphate
skeleton of FAM-AptAβ to Fe2+/Fe3+ in PBNPs.

Additionally, in order to prove the stability of the FAM-AptAβ@
PBNPs, UV–vis characterizations of PBNPs and the FAM-AptAβ@PBNPs
are carried out, respectively. From Fig. 2-D, an UV–vis spectra with a
maximum absorption at 720 nm is observed, which is the characteristic
adsorption peak of PBNPs [48]. Similarly, the maximum absorption the
FAM-AptAβ@PBNPs solution is at 720 nm. This elucidates that the
immobilization of FAM-AptAβ onto PBNPs cannot affect the basic
structure of PBNPs. All these results indicate the formation and stability
of the FAM-AptAβ@PBNPs.

3.3. Feasibility of the fluorescent aptasensor

Fig. 3 displays the fluorescence intensities of FAM-AptAβ, the FAM-
AptAβ@PBNPs before and after treated with Aβ40O solution. FAM-AptAβ
has an obvious fluorescence signal (curve a). However, the FAM-
AptAβ@PBNPs shows a negligible fluorescence emission at 520 nm
(curve b), which indicates that the successful adsorption of FAM-AptAβ
onto PBNPs surface. It also indicates the quenching ability of PBNPs to
FAM. Upon Aβ40O solutions (30.0 nM, 50.0 nM, 80.0 nM) were in-
cubated with the FAM-AptAβ@PBNPs solution, the fluorescence in-
tensities of the FAM-AptAβ@PBNPs obviously enhanced (curves c, d, e).
The fluorescence recovery of FAM-AptAβ results from the specific
binding of Aβ40O to FAM-AptAβ and therefore the separation of FAM-
AptAβ from PBNPs surface. This FAM-AptAβ@PBNPs based strategy is
feasible for the detection of Aβ40O.

3.4. Optimization of experiments

3.4.1. Molar ratio between FAM-AptAβ and PBNPs
For the FAM-AptAβ@PBNPs system, the optimal ratio between FAM-

AptAβ and PBNPs is essential for the sensor's sensitivity and reprodu-
cibility. In this work, a 50 nM FAM-AptAβ solution was used to incubate
with different concentration of PBNPs solution to prepare the FAM-
AptAβ@PBNPs solutions. And the fluorescent intensities of the FAM-
AptAβ@PBNPs solutions were determined, as shown in Fig. 4-A. It was
observed that the fluorescent intensities of the resultant solutions de-
crease with PBNPs concentration increasing from 50.0 to 90.0 μg mL−1,
and reaching a plate up to 90.0 μg mL−1. This demonstrates that
90.0 μg mL−1 PBNPs can ensure the optimal quenching of 50.0 nM
FAM-AptAβ. Therefore, 50.0 nM FAM-AptAβ and 90.0 μg mL−1 PBNPs
solutions are chosen to prepare the FAM-AptAβ@PBNPs.

3.4.2. BSA concentration
BSA was chosen to block PBNPs unbounded sites and to avoid

competitive adsorption of other-existing substances. A series of con-
centrations of BSA (500, 700, 900, 1000, 2000 nM) were incubated
with the FAM-AptAβ@PBNPs solution and Fig. 4-B showed the fluor-
escence intensities of the resultant solutions. It can be seen that when
BSA concentration was up to 700 nM, the fluorescence signal of the
FAM-AptAβ@PBNPs tend to recover. This demonstrates that 700 nM
BSA was the most suitable for blocking PBNPs unbounded sites.

3.4.3. Temperature, reaction time and pH
The effect of temperature and reaction time were systematically

investigated. Fig. 5-A shows the fluorescent responses of the FAM-
AptAβ@PBNPs to 100 nM Aβ40O under different temperatures (4 °C,
15 °C, 25 °C, 37 °C). It is observed that the reaction temperature has a
distinct impact on the fluorescence intensities of the FAM-AptAβ@
PBNPs, and 25 °C is suitable for higher detection sensitivity. The re-
action time (0 min, 20 min, 40 min, 60 min, 80 min) for the specific
binding of the FAM-AptAβ@PBNPs to Aβ40O was also optimized, as
shown in Fig. 5-B. It is found that the fluorescence intensities of the
FAM-AptAβ@PBNPs increase as time going on, and reaching the max-
imum after 60 min. Thus, 60 min is enough for the incubation of Aβ40O
with the FAM-AptAβ@PBNPs.

Fig. 5-C clearly indicates that the accuracy of detection is obviously
affected by pH, and the highest fluorescence intensity is obtained at pH
7.6. This is due to that acidity affect the secondary structure and active
site of the protein [49]. Therefore, 25 °C, 60 min and pH 7.6 are se-
lected as the optimal conditions.

3.5. Sensing for Aβ40O

Under optimal conditions, the analytical performance of this pro-
posed aptasensor was investigated. Fig. 6-A shows the fluorescent re-
sponses of the FAM-AptAβ@PBNPs to various concentrations of Aβ40O.
It is observed that the fluorescence intensities of the FAM-AptAβ@
PBNPs gradually enhance with Aβ40O concentrations increasing from
1.00 to 200 nM. Fig. 6-B displays the calibration curve of Aβ40O con-
centrations (cAβ40O) with ΔF. ΔF is linearly relative to cAβ40O from 1.00
to 100 nM, and the linear equation is ΔF = 5.45 cAβ40O/nM + 8.57
(R2 = 0.996). This elucidates that the proposed aptasensor for Aβ40O
determination is feasible and highly sensitive. Additionally, comparing
to the representative sensors for AD biomarkers shown in Table 3, it can
be concluded that this present sensor's performance is comparative or
better in sensitivity and accuracy.

3.6. Specificity assay and recovery test

To examine the specificity of this proposed aptasensor, Aβ40M,
Aβ42M, Aβ42O were chosen as possible interferents for the determina-
tion of Aβ40O. Under the optimized experimental conditions, Aβ40M
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(5.00 μM), Aβ42M (5.00 μM), Aβ42O (5.00 μM) and Aβ40O (50.0 nM)
were incubated with the FAM-AptAβ@PBNPs solution, respectively. As
shown in Fig. 7, even if the concentrations of Aβ40M, Aβ42M, Aβ42O are
much higher than that of Aβ40O, their ΔF are still negligible. This
manifests that the aptasensor possesses high specificity.

In order to assess the accuracy of this proposed aptasensor, the re-
covery rates of Aβ40O spiked in ACSF were tested. As displayed in
Table 1, the recovery rates of Aβ40O (30.0 nM, 40.0 nM, 60.0 nM)
spiked in ACSF are 99.6%, 114%, 98.8%, respectively. This proves the
high specificity of this developed aptasensor.

3.7. Testing Aβ40O in CSF from AD patients and healthy persons

To further verify the applicability of our proposed aptasensor, the
determination of Aβ40O in CSF samples has been performed. As shown
in Table 2. Aβ40O concentrations in three AD patients' CSF samples are
15.0 nM, 40.0 nM, and 74.7 nM, respectively. However, Aβ40O con-
centrations in three healthy persons’ CSF samples are 4.39 nM, 6.07 nM
and 8.26 nM, respectively, which are lower than those of AD patients.
Our proposed sensor not only can determine the concentrations of
Aβ40O in real CSF samples, but also may distinguish healthy persons
from AD patients. This fluorescent aptasensor is applicable and reliable
for the determination of Aβ40O in CSF samples.

4. Conclusions

In this work, a fluorescent aptasensor for the determination of
Aβ40O has been developed based on the quenching ability of PBNPs to
the absorbed FAM-AptAβ. Its simple operations and extremely low cost
made the detection method advantageous over many tedious and costly
diagnostics. Moreover, the method has been demonstrated to be

sensitive to detect Aβ40O with the lowest detectable concentration of
1.00 nM Aβ40O. Aβ40O can be specifically identified by the proposed
strategy among Aβ40M, Aβ42M, Aβ42O. More significantly, the de-
termination of Aβ40O in CSF samples from AD patients and healthy
persons has been successfully achieved in this method. According to the
obtained results, and AD patients and healthy persons may be dis-
tinguished. This sensing strategy lays a potential foundation for de-
veloping a simple, cost-effective, sensitive, selective and applicable
method for the early diagnosis of AD. This work is essential for the
development of the PBNPs-based fluorescent biosensor.
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Appendix

Fig. 1. The construction and principle of the fluorescent aptasensor for Aβ40O
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Fig. 2. DLS (A) and TEM images (B) of PBNPs. (C) FT-IR spectra of PBNPs (curve a), and FAM-AptAβ@PBNPs (curve b). (D) UV–vis spectra of PBNPs (curve a), and
FAM-AptAβ@PBNPs (curve b) and Aβ40O/FAM-AptAβ@PBNPs (curve c) in HEPEs buffer (25.0 mM, pH 7.6) solution.

Fig. 3. The fluorescence intensities of FAM-AptAβ (a), FAM-AptAβ@PBNPs before (b) and after incubation with 30.0 nM, 50.0 nM, 80.0 nM Aβ40O (c, d, e).
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Fig. 4. (A) The fluorescence intensities of FAM-AptAβ in the presence of various concentrations PBNPs (50.0, 60.0, 70.0, 80.0, 90.0, 100 μg mL−1), 50.0 nM AptAβ. (B)
The fluorescence intensities of FAM-AptAβ@PBNNPs caused by incubation with BSA (500, 700, 800, 900, 1000, 2000 nM). Error bars were calculated from three
replicate measurements.

Fig. 5. The effect of temperature (A), reaction time (B) and pH (C) on fluorescent responses of FAM-AptAβ@PBNNPs to 50.0 nM Aβ40O. Error bars were calculated
from three replicated measurements.

Fig. 6. (A) The fluorescence intensities of FAM-AptAβ@PBNPs after incubated with various concentrations of Aβ40O in 25.0 mM HEPEs (pH 7.60) (B) The corre-
sponding relationships between ΔF and Aβ40O concentrations. The inset shows the linear relationships between ΔF and cAβ40O. Error bars were calculated from three
replicated measurements.
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Fig. 7. Selectivity of this proposed aptasensor. ΔF of the FAM-AptAβ@PBNPs to 50 nM Aβ40O, 5.00 μM Aβ40M, 5.00 μM Aβ42M, 5.00 μM Aβ42O, respectively. Error
bars were calculated from three replicated measurements.

Table 1
Recoveries of Aβ40O added in ACSF samples.

Sample Addition(nM) Recovered(nM) RSD(%) Recovery(%)

1 30.0 29.9 ± 2.3 7.7 99.6
2 40.0 45.4 ± 2.3 5.1 114
3 60.0 59.3 ± 2.7 4.6 98.8

Table 2
Detection of Aβ40O in 20-fold diluted CSF samples from AD patients and healthy persons, respectively.

Sample Detection amount (nM) RSD(%)

Healthy persons 1 4.39 ± 0.26 2.50
2 6.07 ± 1.62 3.10
3 8.26 ± 0.65 2.80

AD Patients 1 15.0 ± 0.41 2.70
2 40.0 ± 0.47 0.990
3 74.7 ± 0.47 5.10

Table 3
Comparison of representative sensors examples for AD biomarkers.

Detection strategy Detection range Detection limit Characteristic Ref.

AuNPs based Colorimetry 35.0–700 nM 10.0 nM Rapid but less-accurate [10]
Curcumin-Ni based Electrochemistry 0.001–5 nM 1.00 pM Sensitive but complicated [50]
AuNPs based SPR 0.02–1.00 nM 20.0 pM Regenerable but costly [51]
N-terminal Aβ antibody based ELISA 1.00–800 pM 1.00 pM Sensitive but chronical [52]
PBNPs based Fluorescence 1.00–100 nM 1.00 nM Simple and cost-effective this work

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.talanta.2020.120930.

Novelty Statement

Amyloid β peptide oligomers (AβOs) have been proved to be crucial biomarkers of Alzheimer's disease (AD). To explore an applicable method for
the determination of AβOs is significant for the early AD diagnosis. Prussian blue nanoparticles (PBNPs), as one excellent nanomaterials, have the
advantages of good stability, favorable biocompatibility, low cost, easy preparation and controllable shape. PBNPs was found to be of the fluor-
escence quenching ability to fluorophores, and the adsorption of DNA onto PBNP surface occurred via the binding of phosphate skeleton in DNA to
Fe2+/Fe3+ in PBNPs. On basis of this, Carboxyl fluorescein (FAM) modified Aβ40O-targeting aptamer (FAM-AptAβ) was adsorbed onto PBNPs.
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And FAM-AptAβ@PBNPs-based fluorescent aptasensor for the determination of Aβ40O was developed. Upon incubating FAM-AptAβ@PBNPs with
Aβ40O, the fluorescence intensity of the FAM-AptAβ@PBNPs obviously increased comparing to the initial fluorescence intensity of the FAM-
AptAβ@PBNPs. The changes in the fluorescence intensity of the FAM-AptAβ@PBNPs were linear with the Aβ40O concentration ranging from 1.00
nM to 100 nM. Moreover, AD patients and healthy persons can be distinguished using this method to determine Aβ40O concentrations in human
cerebrospinal fluid samples from AD patients and healthy persons. It demonstrates that this PBNPs-based aptasensor is not only simple and cost-
effective, but alsosensitive, selective and more applicable. This fluorescent sensing strategy is promising for the development of aptasensor in clinical
fields.
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