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ARTICLE INFO ABSTRACT

Soft material fabricated with DNA origami or peptide cross-linking technique may be promising theranostic
platforms in the future; however, their naturally occurring counterparts, such as the peptide aggregates in the
neurodegenerative diseases, constitute an increasingly burdensome issue of public health. Thus, a design of
artificial peptide nano-network biosensor is conceived, in an attempt to combat the natural pathological pep-
tides, by mimicking their pathogenesis process. Specifically, periphery platelet can secrete A-beta and induce its
cross-linking & aggregation to form a surface peptide nano-network, resulting in large numbers of poly-tyrosine
strands being covalently trapped in the network to serve as an efficient signal amplifier, through the electro-
chemical oxidation of tyrosine. This method is sensitive and quantitative in the range of normal and pathological
periphery platelet distribution and can effectively discriminate Alzheimer's disease (AD) patients based on the
detected potential neurodegenerative activity of platelet. These results may point to some future perspective of
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this method in the early screening of AD.

1. Introduction

Soft matter such as biomaterial fabricated via DNA origami or
amino acid cross-coupling enable bio-compatible theranostic platforms
for targeted and smart drug delivery, biosensing, establishing artificial
cell-cell contact, etc. On the other hand, such high order nano-assembly
also occurs in the cellular life, sometimes in a menacing manner as in
the neurodegenerative diseases. The social and economic burden of
neurodegenerative diseases such as Alzheimer's disease (AD) are more
and more keenly felt by many a country experiencing population ageing
(Igbal et al., 2016; Przedborski, 2017; Saudou and Humbert, 2016;
Singleton and Hardy, 2016). Although these diseases are currently
without effective treatment, the early diagnosis of these conditions may
still help to alleviate the accompanied social burden. Traditionally,
diagnosis is based on symptoms such as memory loss and dementia, and
confirmed by autopsy of patients' brain to spot the amyloid-like plaques
(Hughes et al., 2017; Mortamais et al., 2017; Takahashi et al., 2017).
Less invasive methods are gradually established, for example, elevated
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amyloid beta (A beta) in the cerebrospinal fluid (CSF) is a reliable
marker of AD; but the collection of CSF still requires lumbar puncture,
often a painful experience on the part of the patients (Toledo et al.,
2013). Reliable non-invasive detection of the amyloid plaque in brain
has recently been established using positron emission tomography
(PET) to track injected labels that can bind with aggregates of A beta
with high affinity (Toledo et al., 2013). Although non-invasive, this
method also requires exposing the patients to radiation strong enough
to ionize the injected label for signal readout, besides the high cost of
the instruments (Toledo et al., 2013). Moreover, apart from this diffi-
culty in achieving low-cost and non-invasive detection, there is a more
fundamental issue concerning the amyloid plaques or aggregates,
namely the major target in the above detection methods: these ag-
gregations may rather be the end product of AD development, than the
previously supposed major source of AD-associated neurotoxicity
(Ferreira et al., 2015; Schuster and Funke, 2016; Sengupta et al., 2016;
Smith and Strittmatter, 2017; Viola and Klein, 2015). For AD often has
a prolonged preclinical phase lasting, in some cases, for two to three
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decades, during which process misfolded A beta already exists in the
forms of soluble monomer, dimer and oligomers (Ferreira et al., 2015;
Schuster and Funke, 2016; Sengupta et al., 2016; Smith and
Strittmatter, 2017; Viola and Klein, 2015). Under inflammatory con-
ditions such as oxidative stress, such soluble A beta can combine with
metal ion and other bioactive cofactors to engage in a self-amplifying
and vicious circle of neurodegenerative oxidative damage (Li et al.,
2016). It is such mechanism, in force early on, that promotes the AD
development, into amyloid plaques with memory loss and dementia as
the symptoms, marking a somewhat advanced and uncontrollable stage
of AD. Therefore, a non-invasive method that can detect such early
activity of A beta may be greatly welcomed as a new means for AD risk
evaluation and early screen.

Interestingly, assaying the activity of such soluble A beta (Janelidze
et al., 2016; Pérez-Grijalba et al., 2013; Rissman et al., 2012; Ruiz et al.,
2013; Song et al., 2011) may actually open up new opportunity for cost-
effective and non-invasive means of detecting AD. Although the cytotoxic
activity of such soluble A beta is dominantly observed in the central
nervous system, evidences, although sporadic and isolated, also indicate
similar activities observed in the platelets (Catricala et al., 2012; Chen
et al., 1995). In fact, platelet, possessing the full range of A beta-proces-
sing enzymes of the central nervous system, may be viewed as a periphery
model of AD, mirroring that condition in all the steps of its development
(Gowert et al., 2014). Platelet can be readily collected via peripheral
blood sampling, which is conventionally considered non-invasive;
meanwhile, platelet is in fact downsized and anucleated cell, proven to be
easier to analyze than the neurons. When platelet is activated to process
and release A beta (Casoli et al., 2010; Smirnov et al., 2009), the ac-
companying oxidative stress results in self-catalyzed cross-linking. This
self-propagated A beta assembly and covalent coupling to form two-di-
mensional peptide network can be employed to mimic the neurotoxic
activity of A beta. This activity-driven formation of peptide network
provides a nano-sensing surface for effective signal amplification.

Here, this design rationale is employed, and a bioassay is designed
to evaluate the neurodegenerative capability of platelet-secreted A beta
in forming and catalyzing oxidative cross-linking. Biosensing surface
modified by peptide-based probes, containing both A beta-targeting
sequence (Lowe et al., 2001) and the A beta 25~35 fragmented
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sequence (Scheme 1a), is brought to interact with platelet fractioned
from blood sample (Scheme 1b). The A beta 25~ 35 sequence, upon
contact with platelets, can activate them to secrete A beta (Scheme 1c),
and can also elevate ROS (reactive oxygen species) production and
other cytotoxic reactions (Canobbio et al., 2014; Shen et al., 2008). The
platelet-secreted A beta can then be captured by the targeting sequence
on the peptide probes (Lowe et al., 2001) (Scheme 1c). Both A beta and
the activated platelet can employ the ROS generated to modify them-
selves, to cross-link and to aggregate (Gowert et al., 2014), paralleling
the neurodegenerative process of A beta fertilization and aggregation.
To characterize this process, poly-tyrosine (40 ~200) is added to the
biosensing system (Scheme 1d), as a co-substrate of the oxidative
modification and cross-linking. So that platelets of higher neurode-
generative potential may result in more extensive cross-linking and
immobilization of poly-tyrosine (as well as platelet-secreted A beta)
onto the surface-tethered peptide (Scheme 1le), through the same di-
tyrosine cross-coupling mechanism as observed in A beta (Al-Hilaly
et al., 2013) and many other proteins (Alhilaly et al., 2016; Diehl and
Brown, 2014; Faccio et al., 2014; Minamihata et al., 2011). The cova-
lent linkage so formed then allows thorough and violent rinsing to be
applied to remove absorbed interfering species. This surface peptide
network can then yield amplified signal readout through electro-
chemical oxidation and decomposition of the large numbers of tyrosine
moieties (Gao and Cranston, 2010). It is also worth noting that the
sequence of the designed biosensor (Fig. S1), also contains a single
tyrosine residual as anchor points of the cross-linked product. And the
surface density of these probes can be regulated to a relatively low
level, so as to prevent the direct cross-linking between them, as will be
described below.

The blood sampling and platelet fractionation are simple, well-es-
tablished and everyday clinical practice, while the proposed method
only involves one-step incubation and reaction before the collection of
signal readout. Using this simple protocol, blood samples from AD pa-
tients and healthy volunteers are compared and the detected sensing
signal may to some extent parallel the progress of AD. This method may
hold the promise to be further validated in progressive studies on AD
development in the future, and may one day afford a new means for AD
preclinical detection and risk evaluation.

Scheme 1. The proposed method using platelet-

driven formation of peptide network to evaluate

the degenerative activity of A beta. For clearance,

{ poly-tyr is shown added after platelet incubation,

- but the standard procedure proposed here is to

mix this co-substrate with the platelet sample be-

fore incubation with the ITO slide. Not drawn to
scale.
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2. Experimental
2.1. Chemicals and biological materials

Peptide probe (11-Mercaptoundecanoic acid (MUA)-KLVFFEEEEEE
-Y-GSNKGAIIGLM) was custom-synthesized as lyophilized powder,
purity > 95%, by Congbeibio Co, Ltd. Poly-tyrosine (10,000
-40,000 Da, around 50-200 tyrosyl moieties) and thioflavin-T were
purchased from Sigma-Aldrich. Platelet samples employed as the ana-
lyte were sampled from healthy volunteers, for the design validation
and optimization of experimental conditions, and from patients for
clinical sample detection, following the standard protocol: 5mL blood
was vein-sampled into the yellow cap tube containing 39 mM citric
acid, 75mM sodium citrate, and 135mM glucose, pH 7.4; followed
immediately by 190 g centrifugation at room temperature for around
15 min, the upper fraction (roughly 2ml) was rich of platelet. This
upper fraction was collected, counted and centrifugated at 2500 g at
room temperature for 5min, finally resuspended with 10 mM phos-
phate buffered saline (PBS) (pH 7.4). For detection, the platelets were
short-termed cultured in 24 well culture plates at a density of
1 x 10° cells/cm?, co-incubated with thrombin for gradually longer
time at 37 °C. All the other chemicals were of analytical-grade. The
solutions of the peptide biosensor were prepared by dissolving the
powder to 10 uM with 10 mM phosphate buffer solution (PBS) (pH 7.4),
poly-tyrosine was dissolved with the same solution to a nominal con-
centration of 200puM using 25,000Da to represent the molecular
weight. All solutions were prepared with double-distilled water, which
was purified with a Milli-Q purification system to a specific resistance
of 18 MQ+cm. MDA-MB-231 (ATCC) was maintained in Leibovitz's L-15,
10% fetal bovine serum, and in a humidified atmosphere with no extra
CO, at 37°C. MCF-7, HEK293T were received as a gift from Prof.
Jiadong Huang of the School of Life Sciences of the University of Jinan.
For detection, the cells were seeded in 24 well culture plates at a
density of 1 x 10%cells/cm? The cells were then collected, diluted
(each sample contains roughly 1 x 10°cells) and fractioned using a
nuclear extraction kit. The cytoplasmic samples were then used for
detection. For the detection of clinical samples, serum samples were
collected from AD patients at Shandong Tumor Hospital after elected
consent by the local ethical committee; platelet was fractioned ac-
cording to the above description.

2.2. Electrode treatment

Transparent Au slides (ITO slides ion-sprit with roughly 100A Au
layer) were cut to fit the size of the cuvette used for fluorescence
measurement. These slides were cleaned by ethanol sonication for
5min, and dried under a mild stream of high purity nitrogen, followed
by immerging in the assembly solution (5uM probe 5mM Tris (2-car-
boxyethyl)phosphine hydrochloride (TCEP) in 10 mM PBS, pH 7.4) at
4°C for 16 h, TCEP was to prevent disulphide between probes. The
slides were then immerged in 9-mercaptononanol (MN) solution
(1 mM MN in 10 mM PBS, pH 7.4) at room temperature for 3 h.

2.3. Detection

Fractioned and diluted platelet was mixed with 200 uM poly-tyr-
osine at a 1:1 ratio and was incubated with the slide for 1 h at 37 °C, the
slides were then thoroughly rinsed with Sodium dodecyl sulfate (SDS)
for electrochemical measurements.

2.4. Experimental measurements

Isothermal titration calorimetry (ITC) measurements were con-
ducted using a MicroCal ITC200 System (GE healthcare life sciences).
The titration was conducted at 25 °C. The titration schedule consisted of
38 consecutive injections of 1 uL with at least a 120 s interval between
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injections. Heats of dilution, measured by titrating beyond saturation,
were subtracted from each data set. All solutions were degassed prior to
titration. The data were analyzed using Origin 7.0 software.
Fluorescence emission spectra of surfaces were measured using a QM-
4/2005 fluorescence spectrometer (Photon Technology International,
Inc., Birmingham, NJ) equipped with a xenon lamp. This light source
and the detector were in the same plane at right angle to each other.
The slides were kept in a water-filled cuvette at 60° from the base of the
cuvette for fluorescence measurements. The surface with gold film was
kept away from the light source and towards the detector. Activating
peak wavelength for dityrosine is 325nm, while that for 3,4-
Dihydroxyphenylalanine (DOPA) is around 360 nm. Surface plasma
resonance (SPR) measurements were performed with an Autolab
ESPRIT system (Echo Chemie B.V., Netherlands) equipped with a
670 nm monochromatic p-polarized light resource. Electrochemical
measurements were carried out on a CHI660D Potentiostat (CH
Instruments) with a conventional three-electrode system: the modified
electrode as the working electrode, a saturated calomel electrode (SCE)
as the reference electrode and a platinum wire as the counter electrode.
Square wave voltammograms (SWVs) were recorded in 10 mM PBS, pH
7.4, which was deoxygenated by purging with nitrogen gas and main-
tained under this inert atmosphere during the electrochemical mea-
surements. The experimental parameters for EIS: bias potential, 0.224 V
vs. SCE; amplitude, 5 mV; frequency range, 0.1 Hz ~ 10 kHz electrolyte
solution: 5 mM Fe(CN)g> =74~ with 1 M KC. The data are obtained from
at least three times of repetition of independent experiment, error bars
are shown in the figures. Circular dichroism (CD) spectra were obtained
using a JASCO J-750 circular dichroism spectrometer, at wavelength
and scan speed of 190-260 nm and 500nm/min, respectively. Fourier
transform infrared (FT-IR) spectroscopy was conducted and the FT-IR
spectra were obtained on a Nicolet iS10 (Thermo Nicolet, America).
The spectra were recorded at room temperature in transmission mode.
Dynamic light scattering (DLS) measurements were conducted on a
particle size analyzer (Brookhaven 90Plus, USA) under the batch mode
(scattering angle, 15°) and at 25 °C.

3. Results and discussion
3.1. The working principle

The proposed method, as illustrated in Scheme 1 and described
above, is first validated using electrochemical impedance spectroscopy
(EIS) (Fig. 1ac), since drastic change of surface resistance can be in-
duced during the proposed detection procedure, and this may be most
conveniently characterized by this method. The sensing surface is in-
cubated with platelet sample (mixed with the poly-tyrosine co-sub-
strate), or with poly-tyrosine alone; following the standard sensing
procedure as depicted in Scheme 1. The resulted EIS are compared
(Fig. 1a), the spectrum in the absence of platelet (curve B) shows a
resistance insignificant compared with that obtained after surface cross-
linking after incubation with target platelet (curve A), indicating no
retention of poly-tyrosine on the sensing surface without platelet se-
cretion of A beta and subsequent peroxidase-like activity. On the con-
trary, following violent detergent rinsing step, the residual impedance
of the experimental group (curve A) is still evidently larger than the
control, indicating covalent retention of platelet-secreted A beta and
the poly-tyrosine co-substrate. The incubation with platelet & poly-tyr
mixture is stopped after gradually longer time of incubation. Without
rinsing, the surface is immediately brought to EIS measurement. The
resulted spectra (Fig. 1b) show only moderately evident difference with
respect to incubation time; all the recorded impedance seem to indicate
large amount of platelet in contact with the surface. In contrast, if the
same steps are repeated, but with violent rinsing before each EIS
measurement, the results show a gradual increase with incubation time
(Fig. 1c¢), indicating gradual accumulation of covalently retained spe-
cies. These results are mirrored by the SPR sensorgrams (Fig. 1d1 ~3),
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Figure 1. (a) ~(c) Electrochemical impedance spectra (EIS) recorded on the peptide based biosensor modified electrode under various conditions: (a) incubation
with 100 x 10°/mL platelet, with the incubation in the blank buffer as a control, inset of panel a shows the initial part of the blue Curve A, unit of both axis is ohm.
(b) incubation with the same target for gradually longer time, without further rinsing before EIS recording, (c) after the same operation as in (b), followed by
thorough detergent rinsing. (d) SPR sensorgrams obtained by flowing platelet (the above concentration) across a sensing surface modified by the peptide probe, from

d3 to d1, the addition of detergent starts gradually later.

in which, the same accumulation time of platelet results in almost the
same “on-off” time curve, while gradually longer incubation before
violent rinsing results in larger retention (from d3 to d1). Together,
these results confirm that only after the activity of platelet can poly-tyr,
and perhaps also amyloid-beta secreted by platelet, be covalently re-
tained.

3.2. Optimization of experimental conditions

Key steps of the sensing procedure are particularly investigated to
further consolidate the above results. After incubation with platelet
(without poly-tyr), the surface is subject to gentle detergent rinsing
using 5% tween-20. The possible presence of surface captured A beta
secreted by the platelet is examined using thioflavin-T, a dye targeting
A beta (Xue et al., 2017). Although the gentle rinsing, by removing the
platelet, may at the same time also remove some of the surface captured
A beta, the electrochemical response of thioflavin-T can still be evi-
dently observed (Fig. 2a), increasing with platelet concentration, in-
dicating capture of platelet secreted A beta while the ability of the
biosensor and thioflavin-T to specifically bind with A beta is also con-
firmed using isothermal calorimetry (ITC) (Fig. 2b, left and right, re-
spectively). Following the standard procedure in Scheme 1, in the fi-
nally resulted surface product, fluorescence of di-tyrosine is present
(Fig. 2c), in parallel with platelet concentration used, confirming the
existence of covalently cross-linked product, the di-tyrosine linkage
(Andreev et al., 2002; Mahmoud and Bialkowski, 1995) between the
tyrosine containing A beta and poly-tyr. To further specify this, after
incubating with platelet but without poly-tyr, tandem tween-20 mild
rinsing, some cross-coupling can be observed (Fig. 2d, curve A), in-
dicating platelet catalyzed and perhaps A beta self-catalyzed A beta
cross-linking. After further incubation with gradually more

concentrated poly-tyr in the presence of H,0,, evident cross-linking can
be observed (Fig. 2d, curve B~F), suggesting a possible major con-
tribution of A beta catalysis to the above observed cross-linking during
the incubation with the platelet & mixture. Taken together, these results
also confirm that both the platelet —secreted A beta and the platelets
themselves are responsible for surface covalent cross-linking of A beta
and poly-tyr.

By electrochemical oxidation, the tyrosine moieties of the surface
cross-linked poly-tyr can generate large electrochemical peak response
(Fig. 3). As a control, the single tyrosine residual in the biosensor
peptide can also generate a small background of tyrosine oxidation (Fig.
S3). Formation of the poly-tyr network and the destruction by elec-
trochemical oxidation are examined using various methods (Fig. 4).
Destruction of the peptide network after tyrosine electro-oxidation is
morphologically evident on AFM graphs (Fig. 4a, Fig. S2). Surface
density of the probe has also been investigated, as shown in Fig. S5,
which shows an average distance around several hundreds of nan-
ometers separating two surface-immobilized probes, so the possibility
of direct cross-linking between probes can be eliminated. To further
characterize the poly-tyr network, it is electrochemically “peeled” off
the sensing interface using potential scanning over proper range
(Widrig et al., 1991), only the “anchoring points” of Au-S bonds on the
peptide probes are selectively open up. The collected suspension is
studied using DLS, CD and FT-IR spectroscopy (Fig. 4b~d). The DLS
data shows evident decrease of the mean size of individual network
patches as well as wider size distribution after electrochemical oxida-
tion (Fig. 4d). CD spectrum of the network before electrochemical di-
gestion shows predominant beta-sheet structure that can be attributed
to both poly-tyr and A beta (positive peak at 195 nm with much weaker
216 nm negative peak)(Greenfield, 2006), while free coil (negative
peaking at 200 nm)(Greenfield, 2006) rises to much more evident after
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Fig. 2. (a) Electrochemical peak responses of Thioflavin-T characterizing A-beta captured after incubation with gradually higher concentrations of platelet. Panel (b)
shows the results of Isothermal titration calorimetry (ITC) titration of 0.5 mM peptide probe into 0.05 mM A beta (left, sub-panel b1) and of 1 mM thioflavin-T into
0.1 mM A beta (right, sub-panel b2) The solution adopted is 10 mM PBS, pH 7.4. The top row displays the raw data of power versus time. The bottom row is the
corresponding data by integrating enthalpy values versus the molar ratio of titrant: titrand. These data are fit using Origin 7.0 software, the resulted fitting curve is
also shown in the lower row. (c) Fluorescent responses of dityrosine detected after the same treatments in (a). (d) Similar dityrosine responses obtained under control
conditions: at the bottom is after incubation with platelet but without poly-tyr co-substrate, the rest is obtained after further incubation with gradually higher amount

of poly-tyr as listed on the graph.

the digestion (Fig. 4b), indicating lost of the repeating poly tyr pattern
after digestion and the accompanied lost of hydrogen bonding between
residuals. On the FT-IR spectra (Fig. 4c), the network peptide before
cleavage shows evident amide A peak around 3000 cm™, associated
with extensive hydrogen bonding (Wang et al., 2008); the amide I peak
locating at around 1630 cm™ coincides with the CD result, confirming
dominant presence of beta sheet structure (Wang et al., 2008); the peak
near 1518 cm™ is corresponding to ring-OH(Rosu et al., 2016); while a
small peak at 1075cm™ (di-tyrosyl) suggests relatively low level of
cross-linking (Rosu et al., 2016). After digestion, the amide A peak near
3000 cm™ dropped evidently, together with evident dropping of amide I
and the enhancing of Amide II around 1510 cm™, associated with free
coil (Wang et al., 2008), these results may suggest a conformational
change into this type of unordered existence. The original ring-OH also
decreases dramatically with corresponding evident increase around
1075 em’}, confirming the oxidation of poly-tyr. Together, these results
confirm the above electrochemical evidences on the supposed me-
chanism of peptide network formation, and also the digestion. The
stability of the assay has also been studied: peptide probe modified
electrode has been kept at 4°C for different time before brought to
biosensing steps, and the resulted signal readouts are compared, as
summarized in Table S1, which shows satisfactory stability.

3.3. Assay performance

The quantitative performance is first examined using both serially
diluted platelet mixture samples and platelet samples subject to gra-
dually longer time of pre-activation®*. The results (Fig. 3a and b) show
signal responses growing in parallel with the platelet concentration or
activation time. Linear ranges can be established, with the standard
deviation of all repetitive measurements less than 5%. The quantity
directly assayed by the proposed method is the number of Abeta-se-
creting platelet, to relate this quantity to the usually quoted Abeta
concentration, we have employed a standard ELISA assay for human
Abeta provided by invitrogen to calibrate our assay: the supernate
containing secreted Abeta has been separated and the Abeta content has
subsequently been quantified by the standard assay. It can be observed
that the two mostly diluted samples in Fig. 3a show almost the same
ELISA response, the two mostly concentrated samples show a similar
trend, this suggests our method has both a larger dynamic range and a
lower limit of detection when compared with the standard assay. This
result is summarized in Table 1, with the performance of our assay
converted into equivalent Abeta concentration (pg/mL), as calibrated
by the standard assay.

Similar di-tyrosine cross-linking has been observed and associated
with cellular apoptosis process, so possible interference from these
sources has also been considered (Fig. 3c and d). Immortalized normal
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Fig. 3. Analytical

performance of the proposed

method in the (a) quantitative detection of serially
diluted platelet, and (b) 10 x 10%/mL platelet pre-
activated for gradually longer time. The error bars
indicate standard deviation (n = 3). (c) Specificity
represented by incubation with various cell lines
as the control, and (d) incubation with the same
set of cell lines directed to apoptosis, as a control.

seem negligible compared with that induced by platelet activity. If
apoptosis are induced in these cells, the cross-linking effect becomes
more evident (Fig. 3d), to some extent comparable with that of the
platelet. This is not surprising, since the platelet, after activation,
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Fig. 4. The peptide network before and after digestion characterized by various methods: (a). Surface morphology examined by AFM (b). Peptide conformation
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Table 1
Method Dynamic range Limit of Detection Standard deviation
ELISA 15.6 ~1000 pg/ml < 10pg/m < 5%
This method 3.3~3300 pg/ml < 1pg/ml < 5%
40 -
3.5
3.0 L
2.5~ *

I/10°A
L L]
%

05 : ;

Volunteers Patients

Fig. 5. Box charts showing the distribution of the signal responses in fractioned
platelet from healthy volunteers and AD patients. The raw data is included as a
column scatter plot to the left of each box. A curve corresponding to normal
distribution is also displayed on top of the scatter plot.

undergoes similar apoptotic process; the membrane becomes leaking,
while oxidative stress accompanying the process promotes the cross-
linking. Since in the blood the platelet is separated with such oxida-
tively stressed tumor cells in the primary tumor sites, the above results
in Fig. 3d may not constitute a major source of interference. These
analytical performances are obtained under optimized experimental
conditions. The incubation time for the platelet with the electrode is
optimized (Fig. S4a), showing 60 min as an optimal time for the in-
teraction between the platelet sample and the surface probe, noting that
this reaction is subsequent to and independent of the pre-activation of
platelet shown in Fig. 3b, cases of incubation both shorter and longer
than this result in reduced signal response. The concentration of poly-
tyr is found to be optimal around 100 uM (Fig. S4b), due to signal lose
induced by excessive cross-linking.

3.4. Clinical samples assay

To examine the performance in analyzing clinical sample, the blood
sample from AD patients and healthy volunteers are collected and
fractioned, the platelet fraction is finally reconstituted to the same
count per ml, and the signal response is finally compared between the
disease and the control groups (Fig. 5). The difference is statistically
relevant to the grouping, suggesting possible link between periphery A
beta activity with AD, consistent with previous reports and postulations
(Catricala et al., 2012; Chen et al., 1995) of using periphery A beta as a
marker for the development of AD.

4. Conclusion

In this work, we have established a new method for the early
screening of possible development of Alzheimer's Disease based on the
detection of A beta in the circulating blood sample. Specifically, platelet
from the periphery blood sample is collected and activated, then the
platelet belonging to potential AD victim will release amyloid beta that
can trigger peptide cross-linking on a peptide probe modified biosen-
sing surface. The cross-linked peptide network can then give rise to
amplified electrochemical signal response, enabling sensitive detection
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of clinical blood samples. Compared with assays using ELISA, our
strategy has both a larger dynamic range and a lower limit of detection.
Additionally, our nano-network biosensor utilizes poly-tyrosine strands
being covalently trapped in the network to serve as an efficient signal
amplifier, which provides notable advantages compared to the “label-
free” methods. We anticipate that our novel nano-network biosensor
could potentially be utilized as an effective biochemical or biomedical
technique for AD early screening after improving its stability and re-
peatability.
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