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Abstract

Alzheimer’s disease, as a most prevalent type of dementia, is quickly becoming one of the most expensive, lethal, and bur-
dening diseases of this century. Though there are still no efficient therapies, early diagnosis and intervention are important
directive significance to clinical works. Here, we develop a portable electrochemical micro-workstation platform consisting
of an electrochemical micro-workstation and integrated electrochemical microarray for simultaneously detecting multiple
AD biomarkers including Ap40, ApP42, T-tau, and P-taul81 in serum. The integrated electrochemical microarray is mainly
used for droplet sample manipulation and signal generation. The micro-workstation can regulate signals and transfer the
signals to a smartphone by Bluetooth embedded inside. This portable electrochemical micro-workstation platform exhibits
excellent analysis performance. The LODs for Ap40, AB42, T-tau, and P-taul81 are 0.125 pg/mL, 0.089 pg/mL, 0.142 pg/
mL, and 0.176 pg/mL, respectively, which satisfies the needs of detecting AD biomarkers in serum. The combination of
portable micro-workstation and integrated electrochemical microarray provides a promising strategy for the early diagnosis
of Alzheimer’s disease and personal healthcare.

Keywords Electrochemical micro-workstation - Portable micro-workstation - High-throughput detection - AD biomarkers -
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Introduction is an important and effective strategy [1, 2]. Therefore, early

diagnosis is essential for clinical treatment. The positron-

Alzheimer’s disease is a most prevalent type of dementia,
occurring mainly in aged people, and has become a critical
threat to human life and health [1]. Although no reliable
treatment for AD is available so far, a great deal of research
demonstrated that early intervention in the early stage of AD
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emission tomography (PET) and the level of f-amyloid peptide
(Ap40, Ap42), T-tau, and P-taul81 in cerebrospinal fluid (CSF)
are gold standard of AD clinical diagnosis [1, 3]. However, the
detection based on PET and CSF biomarkers is difficult to
use for general screening in the public because of high cost,
invasivity, and unavailability. Therefore, establishing portable,
low-cost, and noninvasive quantitative detective methods of AD
blood markers, such as Ap40, Ap42, T-tau, and P-taul81, is
required [4, 5]. In the blood, the physiological concentration
of AD blood markers is level of approximate picograms per
milliliter, which is out of measurement limit of a classic method,
enzyme-linked immunosorbent assay (ELISA). To date, a great
deal of analytical method has been developed to detect AD
blood biomarkers (AB40, Ap42, T-tau, and P-taul81), including
ion mobility-mass spectrometry (IM-MS) [6], colorimetric [7],
electrochemical [8-10], fluorescence [11, 12], and surface-
enhanced Raman spectroscopy (SERS) [13]. Among them,
electrochemical biosensors exhibited great potential for disease
diagnosis and personal healthcare because of high sensitivity,
rapid response, low cost, and easy miniaturization.
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Microarray-based sensing technologies have been
widely used in drug discovery, biosensors, and high-
throughput analysis [14—18]. The traditional array sens-
ing technologies use 96-, 384-, or more well plates as a
carrier. The samples are restricted in microcavities so that
solution manipulation and signal collection is limited [19,
20]. By contrast, open-channel droplet-based sensing plat-
forms is used for biosensing due to easy droplet control,
low sample consumption, and multiple signal acquisition
[21-28] Recently, open-channel droplet sensing platforms
based on mini-pillar have achieved 3D cell cultures and
high-throughput analysis [29, 30], which was easy to form
stable droplet arrays regardless of the extremely physical
and chemical properties. Most mini-pillar sensing plat-
forms acquire signals in droplets by colorimetry or fluo-
rescence [29]. Recently, our group reported an integrated
electrochemical microarray sensor based on mini-pillar
for detecting biomarker of disease [9, 19]. Each electro-
chemical unit is separated by mini-pillar, which reduces
the interferences compared to the typical electrode arrays
that all the electrodes were in the same sample solution
[31, 32]. Although these electrochemical microarray sen-
sor platforms exhibited excellent performance, they also
need electrochemical workstation in laboratory so that
they cannot be difficult to use for point of care test or
personal healthcare at home.
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In this work, we developed a portable electrochemical
micro-workstation platform consisting of an electrochemical
micro-workstation (size: 2 cm X 1 cm X 0.5 cm) and mini-pil-
lar-based electrochemical microarray (size: 4 cm X4 cm) for
simultaneously detecting multiple AD biomarkers in blood
(Fig. 1a). The electrochemical microarray based on mini-pil-
lar is used for droplet sample manipulation and signal gener-
ation. The micro-workstation is applied to signal regulation
and collection. Moreover, the signals are also transferred
to a smartphone by Bluetooth embedded inside. As shown
in Fig. 1, this electrochemical microarray integrates 4 X 4
mini-pillar array (J1 to J16)-embedded three-electrode and a
circuit for high-throughput analysis. On the surface of mini-
pillar, each electrochemical unit can acquire electrochemical
signals in droplets, and all the electrochemical units based
on a three-electrode system are integrated together and form
a high-throughput electrochemical microarray platform.
Each electrochemical unit based on mini-pillar is individual,
which eliminates signal interference and cross-contamina-
tion. In this portable sensing platform, the micro-worksta-
tion is used for signal regulation and collection, and then, the
signals are transferred to a smartphone by Bluetooth embed-
ded inside. Figure 1b shows the circuit of the electrochemi-
cal microarray and internal structure of micro-workstation.
As can be seen in Fig. 1c, the micro-workstation consists
of a microcontroller (1), resistance—capacitance (2), linear

c) RE, CE, WE:
electrochemical signal
|

_

Microcontroller (1)
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Fig. 1 a The schematic illustration of portable electrochemical micro-workstation platform. b A real picture of this electrochemical microarray.
¢ Internal structure of micro-workstation. RE, CE, and WE represent reference electrode, counter electrode, and working electrode, respectively
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voltage regulator (3), and Bluetooth transceiver (4). Based
on this portable electrochemical micro-workstation plat-
form, we successfully accomplished highly sensitive multi-
ple AD biomarker (Ap40, Ap42, T-tau, P-taul81) detection
in serum. This portable electrochemical micro-workstation
platform exhibits excellent analysis performance, providing
a promising strategy for the early diagnosis of Alzheimer’s
disease and personal healthcare.

Experiment section
Apparatus and reagents

AP peptides (Ap40 and AB42), T-tau, P-taul81, and their anti-
body were obtained from Abcam (Hong Kong) Ltd., and were
stored at —20 °C. DNA aptamer of T-tau (5'-SH-(CH2)6-CAG
CACCGTCAACTGAATGGGTTGGCCGGGCAGCGGGGG
GTAGGC TTGGTGATGCGATGGAGATGT-3') screened by
Tan et al. [33] was synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China), and was stored at 4 °C. The antibody and pro-
tein, and DNA bovine serum albumin (BSA), ferrocene, sodium
chloride (NaCl), potassium chloride (KCl), Na,HPO,¢12H,0,
potassium ferricyanide/ferrocyanide, and KH,PO4 were pur-
chased from Sigma-Aldrich. The polydimethylsiloxane (PDMS,
Sylgard 184) was purchased from Dow Corning. All chemicals
were of analytical grade. Ultrapure water (Milli-Q, 18.2 MQ cm)
was used in all experiments.

Characterization and measurement

The electrode surface morphology was characterized using
field emission scanning electron microscopy (SEM, FEI
Apreo S, USA). All the electrochemical measurements were
performed by portable electrochemical micro-workstation.
The electrochemical micro-workstation was customized from
Refresh Al Biosensor Co., Ltd. according to our design.

Fabrication of electrochemical microarray

The electrochemical microarray consists of mini-pillar plat-
form, and an electrochemical circuit consists of many sens-
ing units. The electrochemical microarray was fabricated
according to ref. [19]. Briefly, PDMS and curing agent with
a ratio of 16:1 were mixed and stirred. Then, the bubbles
were pumped out by means of vacuum-drying oven. Next,
the PDMS prepolymer was dumped on the polytetrafluoro-
ethylene (PTEE) template (4 X 4), and the three electrodes
(Au as working electrode, Pt wire as counter electrode, and
Ag/AgCl as reference electrode) were embedded in the pre-
polymer. After 6 h solidification at 60 °C and stripping the
template, the PDMS mini-pillar with electrode arrays was
obtained.

Preparation of electrochemical biosensor based
on microarray

The construction of electrochemical biosensor based on
microarray was performed according to the following steps.
Firstly, all the Au electrode surface was modified with nano-
Au by electrodeposition in 10 mM HAuCl,. The deposi-
tion voltage is — 1.4 V, and deposition time is 300 s. Then,
the antibody (Ap40, ApP42, P-taul81) and DNA aptamer of
T-tau (10 pM) were dropped onto the surface and incubated
for 1 h at 37 °C. Then, bovine serum albumin (BSA, 1%) was
used to block the nonspecific binding sites. Finally, 10 pL
antigen solution was added to the mini-pillar surface (1 h at
37 °C). After each step, the mini-pillar surface was washed
three times with phosphate-buffered solution (PBS) (0.01 M,
pH=7.4). The measurement of antigen was performed by
a portable electrochemical micro-workstation. The elec-
trochemical assay was carried out by chronoamperometry
(the working potential was —0.05 V) and differential pulse
voltammetry (DPV, the working potential ranges from 0 to
0.4 V). After incubation with different concentrations of the
antigen, the variations of current (Al) were recorded cor-
respondingly and were used for quantifying antigen (Ap40,
Ap42, P-taul81, T-tau) level. The selectivity of sensor was
investigated in PBS buffer containing BSA, Ap40, Ap42,
Tau441, and P-taul81.

Human serum sample test

The performance of this portable electrochemical micro-
workstation platform in human serum was carried out by
chronoamperometry and DPV. (Human serum was obtained
from Shenzhen University General Hospital.) Simply, 10
pL sample (2 pL serum diluted with 8 pL. PBS buffer) was
added to each mini-pillar surface and incubated for 1 h at
37 °C. The portable sensing system was placed in a constant
humidity box against droplet evaporation. At last, the Al
signals were recorded.

Results and discussions

Fabrication and characterization of portable
electrochemical micro-workstation platform based
on mini-pillar

The electrochemical microarray was fabricated according
to our previous report [19]. The procedures of integrating
circuit unit and PDMS mini-pillar are shown in Fig. 2a.
Firstly, the mini-pillar and circuit board were glued, and
then, the three electrodes (Pt wires as counter electrode,
Au wires as working electrode, and Ag/AgCl as reference
electrode) were embedded in the mini-pillar, and the
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Fig.2 Design and construction of the mini-pillar-based portable elec-
trochemical sensing. a Assembly of the electrodes in the PDMS mini-
pillar. b-d the morphology characterization of nano-Au structures

bottom of electrode wires was welded with the integrated
circuit board. By now, an electrochemical microarray
based on mini-pillar was prepared. To further improve
the sensitivity of this electrochemical microarray, the
Au wire electrode surface was modified with nano-Au
by electrodeposition. The deposition voltage is— 1.4 V,
and deposition time is 300 s. Then, the morphology of
obtained nano-Au was characterized as shown in Fig. 2b-
d, and a nano-dendritic structure was observed. This
nano-dendritic Au structure can decrease the limit of
detection and improve the sensitivity of sensor due to
higher density and larger electroactive area. Afterwards,
antibody or DNA aptamer was modified on the surface
of nano-Au.

@ Springer

on the surface of working electrodes. e The schematic illustration of
portable electrochemical sensing platform for detecting AD biomark-
ers

To explore the ability of anchoring droplet, PDMS and
curing agent with different ratios (8:1, 10:1, 12:1, 14:1,
16:1, 18:1) was prepared for mini-pillar array. The adhesion
force was measured as shown in Fig. S1, and the results
demonstrated that the maximum adhesion forces gradually
enhanced with the increasing ratio of PDMS and curing
agent. When the ratio exceeds 16:1, the maximum adhe-
sion forces have little changed. Therefore, we select the
ratio of 16:1 for preparing the PDMS mini-pillar. Moreover,
PDMS mini-pillar also displayed outstanding ability against
complex samples such as juice, coffee, milk, and serum
(Fig. S2a). In addition, the PDMS mini-pillar exhibits an
excellent anchor droplet ability regardless of rotation of 90°,
even 180° (Fig. S2b, c). In order to apply aforementioned



Microchim Acta (2022) 189: 91

Page50f9 91

electrochemical microarray directly to POCT or personal
healthcare, a portable electrochemical micro-workstation
capable of connecting to a smartphone via Bluetooth was
customized. The detection result could be shown in a smart-
phone app (Fig. 2e). Finally, the portable electrochemical
micro-workstation platform for detecting AD biomarkers
was constructed by the combination of the micro-worksta-
tion and electrochemical microarray.

Analytical performance of portable electrochemical
micro-workstation platform

The analytical performances of the portable electrochemi-
cal micro-workstation platform were systematically char-
acterized as shown in Fig. 3. Firstly, the electroactive area
of working electrodes was evaluated by cyclic voltam-
metry (CV), and the result showed electroactive area of
nano-Au is much larger than that of Au wires (Fig. 3a).
Moreover, the CV was carried out at different scan rates
varied from 50, 100, 150, 200, to 400 mV/s in 10 pL PBS
(10 mM, pH 7.4) containing 0.1 M KCI and 10 mM potas-
sium ferricyanide/ferrocyanide. As can be seen in Fig. 3b,
a linear relationship between the peak current and scan
rate with a correlation coefficient of 0.993 was observed,
and the oxidation and the reduction peak currents were
nearly symmetric, which indicated that the redox process
on the mini-pillar surface was a diffusion-limited process.
To investigate the uniformity of each electrochemical unit,
CVs under the same conditions were performed by elec-
trochemical micro-workstation. The results show that the
peak currents of each electrochemical unit (J1 to J16) have
no significant differences, indicating an excellent uniform-
ity of this portable electrochemical micro-workstation
platform (Fig. 3c and Fig. S3).

To obtain better sensing performance in the detection of
target protein (Ap40, AB42, T-tau, P-taul81), the concentra-
tion of antibody (Ap40, AB42, P-taul81) or DNA aptamer
(T-tau) was optimized. As shown in Fig. S4, an optimal anti-
body concentration was 50 ng/mL, and an optimal DNA
aptamer concentration was 10 puM.

Under the optimal conditions, the as-fabricated
portable electrochemical micro-workstation platform
was applied to quantitatively simultaneous detect four AD
biomarkers including Ap40, AB42, T-tau, and P-taul81
by DPV and chronoamperometry. For Ap40, ApB42, and
P-taul81, the corresponding antibody was modified on
the nano-Au surface, and then, the BSA was used to
block the nonspecific adsorption sites. Next, the different
concentration of antigen (AP40, Ap42, P-taul81) was
dropped on the electrode surface and incubated for 1 h
at 37 °C. Finally, the HRP-labeled antibody was added
to the corresponding electrode surface. These AD
biomarkers including AB40, AP42, and P-taul81 are

detected by chronoamperometry. As shown in Fig. 3d,
horse reddish peroxidase (HRP) catalyzes the breakdown
of H,O,. When the potential is —0.05 V, the instantaneous
current change reaches the maximum. The concentration
of target proteins is measured by instantaneous current
change (Al) at—0.05 V before and after adding H,O,.
The detection of T-tau is based on the resistance change
of nano-Au electrode surface as shown in Fig. 3e. The
DNA aptamer specifically recognizes T-tau resulting in
a conformational change, which increases the surface
resistance causing signal reduction. The concentration of
T-tau was measured according to the peak current change
at 0.21 V before and after adding T-tau.

The electrochemical signals of multiple AD biomarkers
including AP40, Ap42, T-tau, and P-taul81 were recorded
by electrochemical micro-workstation platform. As can be
seen in Fig. 3f and g, the current variation (AJ) enhanced
as the target antigen concentration increased. The Al and
logarithm of target antigen concentration exhibited a good
linear relationship from 0.1 to 1000 pg/mL. The detection
limit of this electrochemical micro-workstation platform
for AB40 is about 0.142 pg/mL (S/N=3). The sensitiv-
ity of this sensor for Ap40 is 134 (uA/pg mL™")/cm?.
(slope/electrode area) [34]. The limit of detection (LOD)
is calculated by three times the standard deviation of the
blank [10, 35, 36]. The response of the blank is shown in
Fig. S5. Similarly, the LOD of T-tau, Ap42, and P-taul81
is 0.089 pg/mL, 0.125 pg/mL, and 0.176 pg/mL, respec-
tively. The sensitivity for T-tau, Ap42, and P-taul81 is
560.3 (nA/pg mL~1/em?, 91.72 (uA/pg mL~1)/cm?, and
86.6 (nA/pg mL~")/cm?, respectively. Moreover, the limit
of quantification (LOQ) is also calculated by measuring
the signal of the blank plus ten times standard deviation
of blank. The LOQ of this sensor for Ap40 is 0.199 pg/
mL. Similarly, the LOQ of T-tau, AB42, and P-taul81 is
0.212 pg/mL, 0.182 pg/mL, and 0.293 pg/mL, respec-
tively. In blood, the physiological concentration of Ap40,
Ap42, T-tau, and P-taul81 was about several to hundreds
of picograms per milliliter. This result demonstrated that
our developed electrochemical micro-workstation plat-
form satisfied the needs of detecting AD biomarkers in
blood. As a comparison, a classical method, ELISA, was
used to verify the electrochemical micro-workstation
platform. The ELISA calibration curve was constructed
by plotting the optical density of antigen (AB40, Ap42,
T-tau, P-taul81) at 450 nm (TMB as substrate). As can
be seen in Fig. S6, the linear range of sensing unit for
AB40 is 10-1000 pg/mL. Similarly, the linear range for
Ap42, T-tau, and P-taul81 is 10-800 pg/mL, 10-500 pg/
mL, and 10-500 pg/mL, respectively. The LOD was cal-
culated, and the LOD of this sensing unit for AB40, Ap42,
T-tau, and P-taul81 was 18.6 pg/mL, 9.6 pg/mL, 8.9 pg/
mL, and 16.88 pg/mL, respectively. Compared with typical

@ Springer



91 Page60f9

Microchim Acta (2022) 189: 91

a) b)ZOD - c)
401 E / 1
——Nano Au % 0 160
100-{& -
_ ———Bare Au - s <
T 201 < 5150 \ 2120
3 3 -
= = 02 04 06 <
c o c 0- (Scan rate/ V-s"l‘f‘ j e
£ £ —— = 4 S 804
5 £ = ——o040Vis |3
o (3] S
20 020vis |x
-100 ——0.15VIs g 40
0.10V/s
-40 ——0.05VIs
T T T -200 T T — Y — T T T T T T
0.0 0.1 0.2 03 04 -0 0.0 0.2 0.4 0.6 DD B PP L © PR AU A2O
Potential (V vs. Ag/AgCl) Potential (V) DIOTIDITIIND
LR
Znl w\\\\

= T-tau
AB40 —BsA
124 +  P-tau181 2'2' P-tau181
_ Ap42 2 T-tau
ERY £ —Ap42
3 3 4 AB40
4
-6
0
13 12 1 10 9 20 25 30 35 40
Time (s)
Lg C (9/mL)
i)o )] k) 0
484 Control
\ ——BSA 2::‘2 1] ——BSA
Py AB40 - - ——AB42
T B < 36+ AB40 < AB40
bot P-tautd1 | = P-tau1s1| = -2
§ -2 T-tau § % —— T-tau E’ T-tau
5 ——AB42 5 241 ) £ —— P-tau181
o [3) O 3]
31 / 121 \ |
-4 . R
o ¥
20 25 30 35 0 00 01 0.2 0.3 0.4 20 25 30 35 40
Time (s) Potential (V vs. Ag/AgCl) Time (s)

Fig.3 The analytical performance of the portable electrochemi-
cal sensing platform for the detection of AD biomarkers. a CVs of
bare Au and nano-Au in 5 mM K;[Fe(CN)gl/K,[Fe(CN)¢] solution
containing 0.1 M KCI at 100 mV-s~!. b CVs of each electrochemi-
cal sensing unit at different scan rates ranging from 0.05 to 0.40 V/s.
¢ the peak currents of CVs measured by each electrochemical sens-
ing unit (J1 to J16) d The mechanism of electrochemical detection

ELISA, our developed electrochemical micro-workstation
platform based on mini-pillar exhibited lower LOD and
wider linear range. A comparison between our method and
previous reports’ method is shown in Table 1.

@ Springer

of AP40, Ap42, and P-taul81. (The working potential is—0.05 V).
e The detection mechanism of T-tau (The peak potential is 0.21 V).
f Electrochemical signals of different concentration biomarkers
(magenta: T-tau; green: AP40; blue: P-taul81; purple: Ap42;). g The
corresponding calibration curve. h—k The selectivity of this portable
electrochemical sensing platform

Selectivity and stability

In biological application, the stability and specificity are
very crucial factors for the construction of biosensor. The
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Table 1 Comparison of

. Methods Target LOD Reference

developed electrochemical
micro-workstation platform Fluorescence AB42, taud41, p-taul8l, 340.07, 669.44, 493.79 pg/mL [37]
with other methods for detecting gy o opemical Tau, p-taul81, AB42, ABA0  2.45,2.72,2.13,2.20 fM (38]
AD biomarkers

SERS Tau, Ap42 oligomers 42x107* pM [39]

3.7x1072nM
Electrochemical miRNA-101, ApoE4, Tau, Af 91.4 pM; 591 % 1071 7.14x 1071 [9]
8.6x 10712 mg/mL

LSPR AP40, Ap42, T-tau 34.9 fM, 26 M, 23.6 tM [40]

Electrochemical Ap42 0.146 fg/mL [34]

Multiplex biosensor AP, tau 0.2fM, 2.2 fM [41]

FET sensors Tau 10 fg/mL [42]

Electrochemical Ap 1 pg/mL [43]

Electrochemical

T-tau, p-taul81, Ap40, Ap42

0.125, 0.089, 0.142, 0.176 pg/mL This work

selectivity and stability of our developed portable elec-
trochemical micro-workstation platform was assessed. As
shown in Fig. 3h, when the 100 pg/mL Ap40 existed on
sensing unit detecting AB40, an obvious signal response
of 6.21 mm? was observed. On this sensing unit surface,
while the concentration of other protein is 100-fold higher
than that of Ap40, the Al for BSA, P-taul81, Ap42, and
T-tau was 0.18, 0.35, 0.60, and 0.43 pA, which accounted
for 2.89%, 5.63%, 9.66%, and 6.92% of the Al for AB40,
respectively. Similarly, for AB42 sensing unit, the signal
response is about 2.78 pA. Al for BSA, P-taul81, Ap40, and
T-tau was 0.08, 0.16, 0.26, and 0.22 pA, which accounted
for 2.87%, 5.75%, 9.35%, and 7.91% of the AI for Ap42,
respectively (Fig. 3i). Likewise, for T-tau or P-taul81, the
corresponding sensing unit both exhibited excellent selectiv-
ity (Fig. 3j and k). These results showed that the selectiv-
ity of this electrochemical micro-workstation platform was
acceptable. Moreover, the stability of portable electrochemi-
cal micro-workstation platform was evaluated by conducting
multiple trials of 100 pg/mL antigen (Ap40, AB42, T-tau,
P-taul81) detection (Fig. S7). The result proves that this
electrochemical sensing platform has excellent stability.

The application of electrochemical platform
in human serum

To further evaluate the clinical potential of the portable elec-
trochemical micro-workstation platform, Ap40, Ap42, T-tau,
and P-taul81 of three human serum samples were detected
by our designed sensing platform and typical ELISA. The
results are shown in Table 2. In human serum samples, Ap40
and AP42 can be both detected by typical ELISA and our
sensing platform, and they had negligible difference. This
result indicated that our developed portable sensing platform
could be used for detecting the clinical samples. Moreover,
T-tau and P-taul81 were detected by our method, but was
not detected by typical ELISA, which demonstrated that

Table2 Comparison between our portable electrochemical micro-
workstation platform and typical ELISA for AD biomarkers in human
serum sample

Sample Biomarkers Average measured concentration (pg/
mL)
This electrochemical ELISA
sensing platform
1 AP40 167.75+10.63 172.50+8.68
Ap42 12.42+1.03 12.12+0.96
T-tau 2.59+0.15 /
P-taul81 2.32+0.12 /
2 AP40 224.58 +12.48 222.65+8.33
AP42 20.88+1.12 21.26+0.88
T-tau 3.80+0.16 /
P-taul81 2.03+£0.15 /
3 AP40 347.90+15.36 360.32+8.62
AP42 15.69+1.16 16.08+0.82
T-tau 5.46+0.14 /
P-taul81 3.25+0.12 /

this portable sensing platform has lower LOD than typi-
cal ELISA. These results proved that this portable electro-
chemical sensing platform can be applied to the detection
of multiple AD biomarkers in biological sample. To sum
up, the portable sensing platform exhibits excellent ana-
lytical performance; there are some limitations such as long
incubation time. In a follow-up study, we try to improve
the reaction speed by ultrasonic agitation, decreasing the
incubation time.

Conclusions
In conclusion, we combined an electrochemical micro-

workstation with integrated electrochemical microarray
and developed a portable, high-throughput electrochemical
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micro-workstation platform for simultaneously detecting
multiple AD biomarkers in serum. This portable electro-
chemical micro-workstation platform displayed outstanding
analytical performance with a lower detection limit and a
wide linear range. The LOD of each sensing unit for Ap40,
Ap42, T-tau, and P-taul81 was 0.142 pg/mL, 0.125 pg/mL,
0.089 pg/mL, and 0.176 pg/mL, respectively. This result
satisfies the need of detecting AD biomarkers in serum. In
addition, the portable electrochemical micro-workstation
was not only used for signal regulation, but also for trans-
ferring signals to the smartphone by Bluetooth embedded
inside. The portable electrochemical micro-workstation plat-
form provides a promising strategy for the early diagnosis of
Alzheimer’s disease and personal healthcare.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00604-022-05199-4.
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