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S.1. Electrochemical Responses at Different Frequencies
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Figure S1. The rate of capacitance change of 100 fM, 1 pM, and 10 pM ctDNA solutions and 0.05x
PBS was detected at 1 kHz and 20 kHz using the method of Au-S bonding immobilized probes.

The method of Au-S bonding immobilized probes was used as an example, a chip
with a size of 5 pm x 5 pm was used, the AC signal voltage was set at 100 mV, and the
frequencies were set to 1 kHz and 20 kHz. ctDNA solutions of 100fM, 1pM, and 10pM
concentrations were tested, and 0.05 x PBS was used as a blank control. The test results
are shown in Figure S1. The small differences in the test results for the 100 fM, 1 pM, and
10 pM ctDNA solutions at the two different frequencies indicate that the test results are
relatively insensitive to frequency, and thus the ACET effect dominates the test proce-
dure. In addition, the rate of capacitance change was more pronounced at 20 kHz;
therefore, the applied AC signal frequency was set to 20 kHz for all subsequent experi-
ments.



S.2. Electrochemical Responses at Different Chip Sizes
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Figure S2. The rate of capacitance change of ctDNA solutions of (a) 100 fM, (b) 1 pM, and (c) 10 pM
was detected using the method of Au-S bonding immobilized probes under four size chips.

By analyzing the conductivity of the background solution 0.05x PBS, it is known that
the ACET effect dominates in this study. The microcurrent velocity of ACET is expressed
as [1]:
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where & is the dielectric constant of the solution, 0 is the conductivity of the solu-
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tion, V is the magnitude of the voltage to which the AC signal is applied, k is the thermal
conductivity of the solution, 7 is the viscosity of the solution, r is half of the electrode gap,
and T is the absolute temperature.

From equation (1), the ACET microfluidic velocity is only affected by the size of the
fork-finger electrode gap, independent of the width of the fork-finger electrode. Four
chip sizes of 5 um x 5 um, 10 pm x 5 um, 10 pm x 10 um, and 20 um x 10 um were tested
by the Au-S bond fixation probes method as an example. The frequency and voltage of
the AC signal were set to 20 kHz and 300 mV. 100 fM, 1 pM, and 10 pM of ctDNA solu-
tion were tested using these four chip sizes, and 0.05xPBS was used as a blank control.
The test results are shown in Figure S2. From the test results in Figure S2(a), Figure S2(b),
and Figure S2(c), when detecting different concentrations of ctDNA solutions, the change
of electrode width does not affect the normalized capacitance change rate when the elec-
trode gap r is fixed. The smaller the electrode gap r, the larger the rate of change of
normalized capacitance. This is because the decrease of r increases the ACET microfluidic
velocity, which causes more ctDNA to flow to and bind to the probe fixed on the elec-
trode surface per unit time, resulting in a rapid change of normalized capacitance.
Therefore, subsequent experiments were performed using chips with a size of 5 um x 5
um.

S.3. Electrochemical Responses at Different Voltages

(a) =

dC/dY(%e/min)

0.05%PBS
1000

®) >

dC/dt(%/min)

0.05<PBS
10pM

(c) =

dC/dt(%/min)

0.05%PBS
1pM

Voltage

100mV

200mV

Voltage

300m

v

00mV 200mV 300m

Voltage

v

100mV

Figure S3. The rate of capacitance change of (a) 100 fM, (b) 1 pM, and (c) 10 pM ctDNA solutions at
four voltages was detected using the method of Au-S bond fixation probes.

From Equation (1), the voltage amplitude V of the applied AC signal is also an im-
portant factor affecting the ACET microcurrent speed. The method of Au-S bond fixation



probes was used as an example, using a chip with a size of 5 um x 5 um, while the fre-
quency was fixed at 20 kHz. The ctDNA solutions of 100 fM, 1 pM, and 10 pM were de-
tected at four voltages of 100 mV, 200 mV, 300 mV and 400 mV, with 0.05 x PBS as blank
control. The test results are shown in Figure S3. From the test results in Figure S3(a),
Figure S3(b), and Figure S3(c), the normalized capacitance change rate of ctDNA solu-
tions of all three concentrations increased with the increase of voltage when the applied
voltage of AC signal increased from 100 mV to 300 mV. This is because the increase in
voltage causes the ACET microfluidic velocity to increase, thus allowing more ctDNA to
flow to and bind to the probe fixed on the electrode surface per unit time, resulting in a
rapid change in normalized capacitance. However, when the voltage was further in-
creased to 400 mV, the rate of change of the normalized capacitance decreased for the 3
concentrations of ctDNA solution compared to 300 mV. This may be since further in-
crease in voltage leads to excessive ACET microfluidic velocity, which washes out the
probe fixed on the electrode surface, causing less ctDNA to bind specifically to the probe
per unit time and thus resulting in a lower rate of change of normalized capacitance.
Therefore, the applied AC signal voltage amplitude was set to 300 mV for subsequent
experiments.

S.4. Time Response of the Biosensor

Taking 10pM ctDNA as an example, the response of the biosensor reaches about 80%
at 60 seconds (Figure S4), therefore we intercepted the 60s response value as the final
response of the biosensor.
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Figure S4. Time response characterization of ctDNA biosensors based on the ACEK effect.



S.5. Comparison of Different Electrochemical Biosensors

Table S1. Comparison of different electrochemical biosensors for PIK3CA ctDNA detection.

Hot spot mu-  Electrochemical  Linear Response LOD: Assay

Bindi h Ref.
tation Method Range Time inding Method Cost €

Base complemen-

10 fM-1 90fM  1mi About
E540K Normalized capaci- 0 OpM >0 i tary pairing bout $50 This
t h t B 1 - k
ance change rate 10 M-10 pM 194fM  1min D2S€ Comp .emen About $60 wor
tary pairing
E542K SWV?b 50-10000 fM 10 ftM 30 min Immune response - [2]
PIK3CA e.:xon 9 EISe 220 M 0.65 "M 40's Base Com}:?lfzmen- B 3]
mutation tary pairing
E545K DPVe 5pM-05nM  3pM  30min Dose complemen- [4]
tary pairing
E545K DPV 10 fM-5 nM 8.3 fM _ Basecomplemen-— 5]
tary pairing
2 LOD: limit of detection.
b SWV: Square wave voltammetry.
¢ EIS: Electrochemical impedance spectroscopy.
4 DPV: Differential pulse voltammetry.
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