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Abstract
Tau protein plays an important role in Alzheimer’s Disease (AD), especially its hyper-phosphorylated state,
which is involved in aggregating and triggering entangled nerve �bers, eventually leading to neuronal
death. This study investigates whether this hyper-phosphorylated tau can be dephosphorylated by
electrochemical techniques. Aiming at the phosphorylation sites only found in AD brain, we utilized
human tau (pS214) peptide as the target for this study. With the help of electrochemical quartz crystal
microbalance (EQCM) system, we utilized electrochemical methods to trigger interaction between
potential charge and tau protein and monitor the whole reaction on the electrode by QCM. The polyaniline
membrane was then used as a hippocampus-inspired biomimetic device to observe charge-protein
interactions where positive potential attaches phosphorylated tau and negative potential detaches the
phosphoryl group. We successfully found out that 0.5 V can induce complete attachment to
phosphorylated tau and − 0.3 V can achieve dephosphorylation of tau peptide. Furthermore, to
demonstrate dephosphorylation of tau peptide, we performed mass spectrometry to examine the reaction
product and prove our hypothesis. To sum up, this device could be a potential novel treatment for tau-
related neurodegenerative diseases.

Introduction
Alzheimer’s disease (AD) has been the most common cause of dementia for several years [1]. There are
two major causes of the disease. One is the accumulation of β-amyloid around the cerebral cortex to
form plaques and the other is tau protein hyperphosphorylation, triggering tau aggregation and nerve
�bers entanglement, leading to neuronal death [2–4]. These pathological features have caught everyone’s
attention on AD research for decades [5, 6]. In recent studies, β-amyloid became a good target for early
detection and tau seem to be targeted more for its potential to develop treatment [7].

In the past decade, pharmaceutical companies, researchers, and the biotechnology industry have actively
sought solutions to Alzheimer’s disease and synthesized more than one hundred new drugs to �ght
dementia, but the developed drugs were not very effective and had many drawbacks [8, 9]. Most of the
new AD drugs developed by the pharmaceutical companies failed in the second and third clinical trials,
because of their side effects and no signi�cant improvements on patient health [10–12]. Thus, non-drug
treatment seems to be an alternate trend in AD remedy development.

As a marker of AD, tau protein has become an ideal target for treatment development [13]. The formation
of neuro�brillary tangles (NFTs) is composed of abnormally modi�ed tau, which is also known as hyper-
phosphorylated tau [14]. The largest tau isoform (Tau441), contains 85 phosphorylation sites. Among
these, 28 sites are speci�cally found in AD brains [15]. Research on dephosphorylation of these sites is
expected to yield promising results in the treatment of Alzheimer's disease [15, 16].

Polyaniline (PANI) is a good conducting polymer to be used as protein carrier and it is widely used in
electrochemical research and development [17–20]. Recently, it has been used in catheters to stimulate
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nerve growth and recovery of functional neurons[21, 22]. Hippocampus is the part of the brain that
controls short-term memory and the �rst area to shrink in the brain of AD patients [23, 24]. Utilizing these
two concepts, it is hypothesized that polyaniline could be used in hippocampal gyrus nerve regeneration
and repair in the future [25]. Our study explores the possibility of treating polyaniline as a hippocampal
gyrus analog to simulate phosphorylated tau protein attachment and also the removal of phosphate
groups, similar to observing these effect on nerves.

Thus, our research adheres to the goal of developing a tool for treating Alzheimer’s disease, using
conductive polymer polyaniline as hippocampal gyrus analog, and electrochemical methods combined
with quartz crystal microbalance as an observation platform to explore the feasibility of changing
potential to stimulate dephosphorylation on tau protein. Overall, this study is thought to establish a
milestone towards treatment of tau induced neurodegenerative disease.

Materials And Methods

Chemicals
Human tau phosphor S214 peptide was purchased from Abcam (Bristol, UK). Phosphate-buffered saline
(PBS) (10X, pH 7.4) was obtained from Thermo Fisher Scienti�c Inc (Waltham, MA, USA). Aniline (99.5%),
potassium hexacyanoferrate (II), potassium hexacyanoferrate (III), potassium chloride (KCl), and sulfuric
acid were purchased from Sigma-Aldrich (St. Louis, MO, USA). All chemicals were of analytical grade and
used without further puri�cation. All aqueous solutions were prepared with double deionized water (18
MΩ cm, Merck Millipore, USA)

Electrochemical methods
EQCM system was supplied in a three-electrode setup from CH instruments, USA, Model CHI-405C (Fig.
1). Three electrochemical methods were utilized in our study, including chronoamperometry, cyclic
voltammetry, and amperometry. Chronoamperometry (CA) was used to generate polyaniline membrane
on electrode as hippocampus-inspired biomimetic device. The potentials were set at 0.8 V and 0.5 V, and
simulate each potential 8 times in 20 seconds for a cycle, totally simulate 16 cycles. Cyclic voltammetry
(CV) was performed in 5 mM K4Fe(CN)6 / K3Fe(CN)6 (1:1 ratio) in 1 M KCl for the electrode conductivity

test. The potential was provided between +0.1 V to +0.5 V at 10 mV s-1. Amperometry was used with �xed
potential to test different potentials which attach to phosphorylated tau and cause dephosphorylation
effect.

Quartz crystal microbalance
Quartz Crystal Microbalance (QCM) is an extremely sensitive mass measurement tool that can measure
the mass change ranging from nanograms to micrograms. The main body is a thin quartz crystal
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sandwiched between two metal electrodes. By forming an alternating electric �eld across the entire
crystal, the crystal vibrates at its own resonance frequency. At the same time, vibration frequency is
affected by the mass changes of the crystal and electrodes. Monitoring this frequency change in real
time, and then transferring the signal process to the corresponding software, signal output is generated
and digitized. We used this method in the all electrochemical experiments that can perform real-time
monitoring of changes on electrode surface.

HPLC/ESI-MS/MS
Mass Spectrometry (MS) is a technique used to analyze molecular mass of a peptide sequence. After
analyte molecules are converted into ions, they are separated according to their mass-to-charge ratio
(m/z), which can provide qualitative (e.g. structure) and quantitative information (e.g. molecular mass,
concentration) of the target protein. In our study, Electro Spray Ionization-Mass Spectroscopy (ESI-MS)
was used to detect the substrate removal from the electrode, ensuring that the dephosphorylation of tau
peptide was successful. Stock solution was used as standard for the target from HPLC-ESI-MS results.
After phosphor S214 tau peptide was attaching on the electrode, the solution was examined for protein
as negative control. Tau protein content in standard solution and experimental sample were then
compared in order to know the exact progress by the reaction.

Results

Electrochemical synthesis polyaniline membrane
The polyaniline �lm was constructed as described in Section 2.2 after the gold electrode was cleaned
with nitrogen. The result of �lm formation in our study was achieved using chronoamperometry method.
Two potentials, 0.5 V and 0.8 V, were used for 20 seconds each. Each of the potential was stimulated for
8 times, for a total of 16 cycles, and the time setting was decided by the amperometry method which was
tested before with ideal thickness. The average time of synthesis by amperometry method was 160
seconds. We doubled the overall �lm forming time to last for 320 seconds.

The current graph shows that a pulse current would be generated at the exactly the time of potential
switch. Fig. 2a shows that the potential rise would generate a positive current, and the potential drop
generates a negative current. The current intensity increased with polyaniline �lm formation and
gradually increased to 0.01 A, which was constant from that time onwards, meaning that the �lm formed
has good conductivity and sustainability. It can be seen in the Fig. 2b that the frequency dropped sharply
at 0.8 V, while the frequency dropped at relatively slower rate at 0.5 V, appearing in a ladder shaped drop
on the delta frequency graph . After forming the polyaniline �lm, cyclic voltammetry was used to check its
conductivity.

The polyaniline �lm was formed as shown in Fig. 2c. Electrode surface was green in color, and appeared
as a thin green membrane visible with naked eyes. After PANI �lm was formed on the electrode, cyclic
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voltammetry was used to con�rm the conductivity. Fig. 2d shows that the polymer conductivity
performed very well. Comparing this �lm with bare gold electrode and PANI generated by other method
(Fig. 2e), it could be inferred that our PANI �lm had higher current conductivity than bare gold electrode
and more stable current with negligible shift as compared to other method. This shows that using
chronoamperometry to generate PANI �lms had good conductivity and stability, which is good enough to
be used as a hippocampus gyrus biomimetic device.

Positive potential attach p-tau
In addition to the fact that proteins are generally negatively charged, phosphorylated tau are more
negatively charged [26, 27]. In this part, we used positive potential as an auxiliary tool for p-tau
adsorption, and compared with other proteins for natural deposition on the membrane. An additional
positive potential stimulation was provided to observe whether the adsorption could be enhanced, and
hence, to prove that positive potential stimulation can induce the adsorption of phosphorylated tau.

Cyclic voltammetry can be used as a preliminary test for potential adsorption of proteins [28, 29].
Therefore, we �rst added 1 µl of phosphorylated Tau (1 mg / ml) to the electrolytic cell and dissolved in 3
ml of ultrapure water and used cyclic voltammetry to sweep the positive potential range. These results
and oxidation and reduction peak potentials generated from the solution mentioned before could be used
together to establish a preliminary qualitative data for adsorption. As shown in Fig. 3a, after cyclic
voltammetry sweeps the positive potential ranges from 0.1 V to 0.8 V going back and forth in this range.
The range between 0.3 V to 0.6 V seem to be a potential selection choice. The current oxidation peak was
between 0.5 V and 0.6 V, and there was a downward trend in the sweep from 0.6 V to 0.3 V during
frequency change. So, the positive potential range was restricted from 0.3 V to 0.6 V, and this result was
used to do further �xed potential adsorption tests.

After the PANI membrane was formed, four potentials were selected for �xed potential to be used for
adsorbing phosphorylated Tau test. In addition, natural deposition without any additional potentials
provided was included for comparison. The frequency decrease amplitude generated by different electric
potentials is shown in Fig. 3b. 0.5 V adsorption effect was proven to show the highest change where the
frequency dropped by 285 Hz, and the mass change per unit area of the electrode surface was about 1.95
µg/cm2. 0.3 V potential showed the second highest change, where the frequency dropped by
approximately 135 Hz. This change could be calculated into a mass of approximately 0.92 µg/cm2 on
the electrode surface. These results showed that these two �xed potentials were good for adsorption of
phosphorylated Tau. 0.5 V was then used as the primary �xed potential for further experimentation
because of its higher drop.

Based on the results of the previous part of the experiment, phosphorylated Tau adsorption due to
positive potential was reproduced using 0.5 V �xed potential. After the PANI �lm was formed and checked
for conductivity, the adsorption con�rmation test was performed using low-concentration phosphorylated



Page 6/20

Tau (0.33 µg/ml), high-concentration phosphorylated Tau (1 µg/ml), and ultrapure water. These tests
were performed in triplicates and averaged for comparison, and results are shown in Fig. 3c. When using
ultrapure water, the frequency drop averaged at 38 Hz, which was converted into a mass change per unit
area of about 0.26 µg/cm2. When using a low concentration phosphorylated Tau solution for adsorption,
the average frequency drop was 283 Hz, which was converted to the mass change per unit area of about
1.93 µg/cm2. However, for the high concentration phosphorylated Tau, the average frequency drop was
about 933 Hz, which was converted into the mass change per unit area of about 6.38 µg/cm2. As a result,
it can be con�rmed that 0.5 V seems to be the most ideal potential to be used to attach phosphorylated
tau to PANI membrane, as compared to other �xed potentials, and using 0.5 V as �xed potential can
certainly achieve adsorption of speci�c-site phosphorylated tau. 

Negative potential removes p-tau and achieve
dephosphorylation
In this part, we �rst used 3 ml of low-concentration phosphorylated Tau (0.33 µg/ml) for adsorption and
desorption tests. Cyclic voltammetry was applied by screening at different voltages, Fig. 4a shows that
-0.3 V~ -0.5 V has a trend of dephosphorylation in frequency change and charge effect. Thus, we applied
-0.3 V, -0.4 V, and -0.5 V as �xed negative potential to test if dephosphorylation can be achieved.

After positive potential was stimulated to adsorb phosphorylated Tau on the PANI membrane, the
frequency change caused by adsorption was found to be at 350 Hz, and repulsion test was performed by
three negative potentials as mentioned before (Fig. 4b). In the test involving low-concentration
phosphorylated Tau, the frequency change of -0.3 V has a small change of about 450 Hz is detached,
which is converted to mass per unit area of about 3.08 µg/cm2. -0.5 V has the best detach effect. After
the drive is detach, the frequency increases to 800 Hz, which is converted to a mass per unit area of about
5.47 µg/cm2. These results can con�rm that all three potentials have repulsion effects. Among them, -0.3
V is closest to phosphate repelling potential that this study is aiming for. The concentration is increased
for further testing.

In the high-concentration phosphorylated Tau test, the concentration of phosphorylated Tau was
increased where 1 µg/ml of the protein was added to 3 ml of the solution and put into the device, and
controlled by 0.5 V positive potential. the adsorption of phosphorylated Tau can achieve a frequency
change of 1000 Hz. Identical adsorption amount was used to carry out -0.3, -0.4 V and -0.5 V �xed
potential dephosphorylation tests. The results are shown in Fig. 4b. The effect of negative potential to
remove phosphorylated Tau increased the most at -0.5 V, followed by -0.4 V. Frequency change at -0.3 V
increased by 700 Hz, which was converted to  mass per unit area for the removed p-Tau at 4.78 µg/cm2.
The results were similar to those when lower concentration phosphorylated Tau were used. Compared to
the other two negative potentials, -0.3 V was less effective in removing phosphorylated Tau. It also shows
the ability to remove a certain quantity of proteins. However, the main point of this research is to �nd a
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negative potential that can remove phosphate, rather than the entire tau. With reference to the peak
position of the cyclic voltammetry current in the previous part, it is suspected that the possible potential
of dephosphorylation is -0.3 V.

Finally, in order to ensure the desorption effect and reproducibility of -0.3 V, and to con�rm that the
repelled protein is phosphorylated Tau or phosphoryl group, in this part, we carry out three repetitive
experiments. After the PANI �lm was formed, 0.5 V was used as adsorption potential, and then removal
by -0.3 V potential. The result can be seen in Fig. 4c. During adsorption, the phosphorylated Tau was
adsorbed at a �xed potential of 0.5 V and decreased at an average frequency of 933 Hz, which was
converted into a mass change per unit area of approximately 6.38 µg/cm2. During repulsion,
phosphorylated Tau or only phosphate group was removed by -0.3 V and produced an average frequency
increase of 793 Hz, which is converted into a mass change per unit area of approximately 5.42 µg/cm2.
Compared with the standard deviation of the adsorption frequency, the frequency of the repulsion was
relatively stable. This is considered to be affected by the hydrogen ion interference, but the overall
performance was still stable and reproducible. 

Mass spectrometry to examine the solution
After the successful repulsion test at negative potential of -0.3 V, the frequency change measured by
quartz crystal microbalance showed that the material on the electrode can be driven into the solution at
this negative potential. However, it cannot be ensured if the corresponding substance is phosphate or the
entire phosphorylated Tau. Therefore, to investigate the repelled substance, in this part of study, the
solution containing of the repelled substance was detected by high performance liquid chromatography
mass spectrometer (HPLC-MS).

First, in order to determine the mass-to-charge ratio and molecular weight of phosphorylated Tau used in
this study, stock solution purchased from the manufacturer was analyzed using HPLC-MS. As shown in
Fig. 5a, the target peptide was separated by HPLC. After being extracted, the molecules were ionized by
the ion source of mass spectrometer, and the mass analyzer separates them according to their mass-to-
charge ratio to produce results. Fig. 5a shows that there are three sharp peaks, namely 562, 702 and 936.
After deconvolution and back-calculation, it can be seen that these three peaks correspond to p-tau
peptides used in the experiment. The m/z size was about 2806, and the signal strength was 2.5 × 106,
with the detection limit of about 0.6~0.3 ppm.

In this study, in order to minimize error and to eliminate interference, deionized water which was used for
solution preparation in experiments was also tested by mass spectrometer as a negative control group
with no Tau added to it and the result can be seen in Fig. 5b-I. The largest signal is obtained at 705, a
peak with an intensity of 1.6 × 104. However, in terms of mass spectrometer results, this signal is too
small and can be neglected. In the previous part of the standard, there was no obvious signal generated
at the three peak positions. It proves that negative control does not contain any substance that may
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interfere with the experiment, and subsequent experiments would be able to compare and con�rm
phosphorylated Tau with the three peaks measured by standard mass spectrometer.

In order to con�rm that the phosphorylated Tau is adsorbed on the polyaniline �lm electrode, this part
operated an additional mass spectrometry test on the waste liquid after the adsorption was completed
with a positive potential of 0.5 V in the experiment to check whether the solution still contained any
phosphorylated Tau or not, and the result is as shown in Fig. 5b-II. As compared to the standard product
in Fig. 5a, there was no obvious phosphorylated Tau peak in the solution, and the dominant signal was
the impurity peak. This can help prove that most of the phosphorylated Tau added to the solution was
adsorbed. So the signal value of phosphorylated Tau cannot be detected in the solution.

The sample composition for the third part of this experiment is as shown in Supplementary Figure 1. The
solution containing the substance removed by negative potential -0.3 V was used as the experimental
target, and the phosphorylated Tau stock solution was diluted as the control group. Results are as shown
in Fig. 5c, in both experimental group and control group, there was a main peak of 936. The signal
intensity of the control group was 3.8 x 105, and the signal intensity of the experimental group was 1 ×
105. The difference was about four times between the two samples, and this peak was identical to the
trivalent peak results in Fig. 5a. Therefore, it can be con�rmed that this peak represents phosphorylated
Tau. It also showed that the positive adsorption potential and negative potential used in this study
remove phosphorylated Tau were true, and the phosphorylated state can be measured using a mass
spectrometer.

Beside the phosphorylated Tau signal, there are two obvious peaks at m/z 861 and 839. According to
prior studies [30, 31], these two peaks can be presumed as unphosphorylated and dephosphorylated Tau
respectively. After rearrangement, the results shown in Table 1 display these three peaks by their intensity
and percentage. Using the overall Tau percentage, it can be found that the ratios of phosphorylated Tau
detected by mass spectrometer in the two groups are similar, while the ratio of dephosphorylated Tau in
the experimental group is much higher than that in the control group. The ratio of unphosphorylated Tau
is relatively small. It is noteworthy that the unphosphorylated Tau of the control group is about 11 times
as compared to the experimental group, while the dephosphorylated Tau of the control group is double as
compared to the experimental group. The dephosphorylated Tau in the experimental group has been
greatly increased, which proves that -0.3 V potential used in this study not only removes the
phosphorylated Tau, but also achieves the dephosphorylation effect. This part also con�rms that the 0.5
V positive potential used in this study also has the effect of adsorbing phosphorylated Tau on PANI
surface, and when -0.3 V negative potential was used, it not only drove away phosphorylated Tau, but
also dephosphorylated phosphorylated Tau peptide. 

Table 1

Comparison of control and experimental mass spectrometry results. Phosphorylated tau,
unphosphorylated tau and dephosphorylated tau intensity and ratio are compared



Page 9/20

Peak Meaning Control Experimental

Intensity Percentage Intensity Percentage

936 [M+3H]3+ 3.8×105 52% 1×105 58%

861 [M+3H]3+ - PO3
2- 2.5×105 34% 0.2×105 12%

839 [M+3H]3+ - H3PO4 1×105 13% 0.5×105 29%

* “-” means a minus sign here

* % (Percentage) is calculated by the signal intensity ratio of the three peaks

Discussion
In this study, an electrochemical platform was used to simulate the pathogenesis of tau protein in the
brain of AD patients, including phosphorylated tau aggregation and dephosphorylation tests. Polyaniline
polymer �lm was used as a hippocampus gyrus mimic. The standard parameters and conditions of
electrochemical methods were successfully established to make the PANI �lm preparation reproducible.
PANI �lm was formed as a protein carrier, with good conductivity and stability. The properties and the
establishment of successful �lm forming conditions make the �lm forming time longer and allow it to
become a more stable structure.

As the memory center of the brain, hippocampus is the �rst area in the brain of AD patients that begins to
shrink, playing an important role in many AD studies [32, 33]. Additionally, hippocampal gyrus is the
earliest site of nerve �ber entanglement caused due to the hyperphosphorylation of tau protein [34], which
makes dephosphorylation of tau more important as research target. For the choice of hippocampal gyrus
mimics, as mentioned in previous section, PANI has good electrical conductivity and biocompatibility, and
to some degree, they have many biologically relevant similarities. Therefore, it is suitable to be used to
simulate the adsorption and dephosphorylation effects of phosphorylated Tau as a hippocampus mimic.

In the current electrochemical analysis of phosphorylated proteins, electrodes are mainly used for
monitoring phosphorylation process. Speci�c phosphorylated proteins were captured by immunosensors
and antibodies, and then detected using electrochemical impedance method. In order to detect
phosphorylated proteins, electrode can also be used as a phosphorylation tool [35, 36]. After adsorbing
the protein, the protein is phosphorylated through an enzymatic reaction, electrochemical impedance
analysis and other methods are used to achieve protein concentration estimation and other applications
related to phosphorylation of tau protein[37]. In addition, there are studies combining phosphokinase with
electrodes to phosphorylate proteins through enzyme biosensors [38], and electrochemically drive the
phosphorylation of organic molecules [39]. Therefore, electrochemical applications of phosphorylated
proteins are quite diverse. Our study expects to achieve the dephosphorylation effect of phosphorylated
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peptides with slight changes in potential, and real-time monitoring of effect analysis by combining them
with a quartz crystal microbalance.

The electrochemical research of tau protein is mainly focused on detection, i.e., the detection target for
AD [40, 41]. On the other hand, there are some studies on the electrochemical real-time monitoring of the
phosphorylation process of tau protein. One of the studies used the electrochemical impedance method
to monitor the entire phosphorylation process, from the adsorption of tau on the electrode to the
phosphorylation reaction using phosphokinase and adenosine triphosphate [42]. As the enzyme kinetic
was analyzed by different concentrations of phosphokinase and adenosine triphosphate, a square wave
voltammetry current signal and electrochemical impedance method were used to monitor and simulate
the phosphorylation cascade reactions to study the continuous phosphorylation process of tau protein
[43].

Our study intends to use positive potential stimulation to trigger the adsorption of speci�c-site
phosphorylated tau, on the hippocampal gyrus, and to subsequently trigger dephosphorylation effect with
negative potential. The reason why �xed potential is mainly used in this study is that it can achieve
adsorption effect more stably. Compared with the protein adsorption without additional application of
potential or the application of variable potential, the adsorption frequency change of �xed potential
shows a relatively stable decline, and in some other studies, also utilize �xed potential as a protein
adsorption method [44]. Therefore, our study used cyclic voltammetry method to screen through the front-
end potential and use different �xed potentials to test which could better stimulate adsorption. The
adsorption effect test was carried out to �nd an optimal adsorption potential which was found to be 0.5 V
for phosphorylated Tau. This potential was then used as an auxiliary to facilitate the adsorption of
different concentrations of phosphorylated Tau for con�rmation experiments.

According to the forward results, the positive potential electrode can indeed achieve the effect of
adsorbing phosphorylated Tau peptides. In this study, a variety of electrochemical methods were
combined to determine the best adsorption potential. The adsorption effect was then observed at a �xed
potential ranging between 0.3 ~ 0.6 V. An electrochemically combined quartz crystal microbalance
system was used to achieve real-time observation of frequency and quality changes on the membrane. At
the same time, high and low concentrations of phosphorylated Tau were tested respectively. The results
showed that 0.5 V was the best adsorption potential for phosphorylated Tau protein. Appropriately, the
since the adsorption effect for phosphorylated Tau is highest, it can show reproducibility and
consistency. Therefore, it may be possible to use this positive potential as a strategy for adsorbing
phosphorylated Tau proteins in the future. This method can also be considered to be used for further
testing in biological experiments. Using this method, hyperphosphorylated Tau could be eliminated, and
when applied to the brain of patients with Alzheimer's disease, it could potentially slow down the disease
process.

In the low concentration tests, the frequency change after negative potential release is higher than the
adsorption frequency, which is mainly due to the fact that the PANI �lm used in this study has good
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conductivity, and the hydrogen ions would be repelled by the positive potential during positive potential
adsorption. The removal would make the decreasing frequency reduced, compared to the actual
adsorption, but the removed subunit would not be affected by this. Instead, it would be catalyzed by the
negative potential to generate gas, which would increase the frequency even further [45], thus causing the
frequency change higher than the adsorption frequency. When the concentration of phosphorylated tau
increases to make the frequency change more signi�cant, this problem could be eliminated [46].

Finally, the purpose of this study is to remove phosphate on phosphorylated Tau with negative potential.
Cyclic voltammetry was used to perform potential screening, and a �xed potential ranging from -0.3 to
-0.5 V was then used to monitor the repelling effect. In terms of potential selection, complete Tau protein
was not used. Abandoning the result that the peptides are all driven away, therefore, the partial repellent
potential of -0.3 V was selected. These results showed that the negative potential can successfully
achieve partial repelling effect. Mass spectrometry is used to detect the solution of the repelled subunits.
Solution was successfully detected using phosphorylated Tau peptides and change in the ratio of Tau
peptides after dephosphorylation. Con�rming that this negative potential has a dephosphorylation effect,
it is expected to achieve the effect of removing phosphate group on the Tau peptide with negative
potential, which is bene�cial for future research in AD treatment.

Conclusions
The recent emerging treatments for Alzheimer’s disease are no longer limited to drug treatments, and non-
drug treatment methods are booming. Our study focuses on real-time electrochemical monitoring of
different potential changes for adsorption and dephosphorylation of speci�c site- phosphorylated tau
peptides. Phosphorylated tau peptide effect, which is the main cause of Alzheimer's disease, can be
dephosphorylated by using �xed potential method, which can be combined with transcranial magnetic
stimulation and other electrical signal-related treatments in the future. In summary, our study successfully
used 0.5V to attach phosphorylated tau and -0.3V to remove tau and dephosphorylate at the same time.
This device could be a potential novel treatment in the �eld of tau-related neurodegenerative diseases.
With appropriate application, our �ndings can become a complete treatment for AD patients.
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Figures

Figure 1

Schematic diagram of electrochemical analysis device
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Figure 2

Using chronoamperometry to generate a polyaniline �lm on the electrode (a) A plot showing current
versus time dynamics while using chronoamperometry to make a polyaniline �lm on the electrode, (b) A
plot showing delta frequency versus time dynamics while using chronoamperometry to make a
polyaniline �lm on the electrode, (c) Image of PANI �lm formed by chronoamperometric polymerization of
aniline (d) Cyclic voltammetry 0.1 V to 0.5 V �fty times inside Fe(CN)64- / Fe(CN)63- solution to test the
conductivity of the PANI membrane made by chronoamperometry (e) Comparison of Cyclic Voltammetry
sweep in Fe(CN)64- / Fe(CN)63- solution after different PANI �lms were attached and bare gold electrode.
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Figure 3

Using positive potential to attach p-tau (a) Cyclic voltammetry to �lter positive potential. I) Cyclic
voltammetry swept the positive potential window from 0.1 V to 0.8 V. II) The protocol of solution change
in the cell (b) Using different positive potential to attach p-tau (c) Using 0.5 V to attach different
concentration p-tau solution
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Figure 4

Fixed negative potential was used to dephosphorylate p-tau (a) Cyclic voltammetry to �lter negative
potential. I) Cyclic voltammetry sweep for the negative potential range from -0.8 V to -0.1 V. II) The
protocol for solution change in the cell (b) Negative potential to remove p-tau or phosphoryl group (High
concentration and low concentration) (c) Frequency change on the electrode due to p-tau attaching and
leaving from membrane
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Figure 5

Mass spectrometry results (a) Standard and stock solution HPLC/HRESI-MS result. I) The stock solution
was separated and puri�ed by HPLC. II) The target peptides were separated according to m/z ratio. Three
obvious peaks are shown, namely 562(i), 702(ii) and 936(iii). III) The MS result was deconvoluted and
back-calculated, and con�rmed that the target peptide m/z size was about 2806(iv). (b) Negative control
MS results. I) ddH2O, which was used for solution preparation. II) Waste liquid, which was the leftover
solution after the positive potential attachment experiment (c) Control and experimental sample HRESI-
MS results.


