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16 Other substrates for electrochemical detection of ALP
17 Other substrates, such as L-ascorbic acid phosphate (AAP) 1 and p-nitrophenyl phosphate 

18 (PNPP) 2 are also commercially available. The difference in potentials for detection between the 

19 substrate and the enzymatic product is sufficient, so that the substrate and the enzymatic product can 

20 be electrochemically differentiated. However, these chemicals are unsuitable for the present system 

21 because these enzymatic products, L-ascorbic acid (AA) and p-nitrophenol (PNP), are unsuitable for 

22 redox cycling-based detection. Although ferrocene-derived substrates was reported,3-5 these 

23 substrates are not commercially available, and some of them require electrode modification, which is 

24 time-consuming.

25

26 Evaluation of the etching process
27 The connection of electrodes to a digital voltmeter is shown in Fig. S1. Detailed discussion 

28 is shown in the main text.

29

30 Simulation model for redox cycling
31 The configurations of the model are shown in Figs. S2 and S3. Detailed discussion is 

32 shown in the main text.

33

34 Calibration curve for FcCH2OH
35 The connection of electrodes to the potentiostat is shown in Fig. S4. Detailed discussion is 

36 shown in the main text.

37

38 Imaging process
39 The detailed scheme of the imaging process is shown in Fig. S5.

40

41 Simulation of electric field strength for DEP
42 Electric fields around electrodes were calculated using COMSOL Multiphysics (ver. 5.1; 

43 COMSOL Inc., USA). A three dimensional model was fabricated. The configuration of the model is 

44 shown in Fig. S6A. The model consists of a glass substrate, a SU-8 layer, a nanocavity, and top and 

45 bottom ring electrodes. The model is filled with a 0.2 M sucrose solution. The relative permittivity 

46 (εr) of the glass substrate, the SU-8 layer and the 0.2 M sucrose solution were set to 4.0, 3.3 and 78, 

47 respectively, according to the SU-8 3000 data sheet and the references.6, 7 Opposite electrostatic 

48 potentials (effective value: ± 7.07 V) were applied to the ITO and ring electrodes. The cross-

49 sectional image of the electric field strength was shown in Fig. S6B. In the near of the nanocavity, 

50 the electric field strength is over 1 kV/cm. When the distance from the inside wall of the microwell 

51 became large, the electric filed strength decreases dramatically.
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63

64 Figure S1
65 Connection of electrodes to a digital voltmeter for measurement of the resistance between the top 

66 and bottom electrodes to evaluate the etching process.
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87 Figure S2
88 Configuration of the simulation model for redox cycling mode.
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101 Figure S3
102 (A) Configuration of the model for simulation of non-redox cycling mode. (B) Chronoamperometry 

103 of 1.0 mM FcCH2OH at 0.50 V.
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120 Figure S4
121 Connections of electrodes to the potentiostat for the calibration curve. Three working electrodes of a 

122 multichannel potentiostat (WE1, WE2 and WE3) were used for detection.8-10 All electrodes were 

123 held at 0.00 V using WE3. The potential of a column electrode was stepped from 0.00 V to 0.50 V to 

124 oxidize ferrocenemethanol (FcCH2OH) to FcCH2OH+ at the column electrode using WE2 and a 

125 switching matrix. The oxidation product, FcCH2OH+, was reduced back to FcCH2OH at the row 

126 electrodes. The reduction current of FcCH2OH+ at a row electrode was monitored through WE1 and 

127 the switching matrix. The reduction current indicated the redox cycling-based electrochemical signal 

128 from a single sensor.
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148 Figure S5
149 Imaging process for the detection of p-aminophenol (PAP) produced after alkaline phosphatase 

150 (ALP) reaction. A multichannel potentiostat consisting of three working electrodes (WE1, WE2, and 

151 WE3) was used for imaging.8-10 The potentials of the row and column electrodes were controlled by 

152 changing the connection of the row and column electrodes to WE1, WE2, and WE3 through a switch 

153 matrix.8-10 The row electrodes were used for potential control and data acquisition, and the column 

154 electrodes were used only for potential control. Arrows indicate a measurement point. Firstly, all 

155 electrodes were held at -0.30 V. The first column electrode was then stepped from -0.30 to 0.30 V to 

156 oxidize PAP to p-quinone imine (QI) only at the first column electrode. QI was then reduced back to 

157 PAP at the row electrodes. After current stabilization was achieved, the reduction current of QI at the 

158 first row electrode was acquired. By changing the electrodes using the switch matrix, the reduction 

159 current at the second row electrode was then acquired. After the responses at the first column 

160 electrode were acquired, the potential for the first column electrode was stepped back from 0.30 to -

161 0.30 V, and the potential for the second column electrode was stepped from -0.30 to 0.30 V, so that 

162 the electrochemical signals at the sensor points of the second column electrode could be sequentially 

163 acquired. After electrochemical detection was completed, a 2D electrochemical image consisting of 

164 the electrochemical signals was constructed. The scanning process was performed automatically 

165 using a LabVIEW program.
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183 Figure S6
184 Simulation of electric field strength during DEP. (A) Configuration of the model (not to scale). (B) 

185 Cross-sectional image of electric field strength in the sucrose solution.

(A)

(B)

Glass: εr = 4.0

SU-8: εr = 3.3

Sucrose solution: εr = 78
ITO electrode: 7.07 V

50 µm

230 nm

150 µm

225 µm

1.0 × 105 (V/m)

0 (V/m)

>1.0 × 105 (V/m)

260 µm

Bottom ring electrode: -7.07 V
Top ring electrode: -7.07 V



S9

187 Movie S1
188 Device during etching of the sacrificial Cr layer described in Fig. 5. The movie is a 64 time-speed 

189 movie.

190

191 Movie S2
192 EBs during the DEP process shown in Fig. 9. The flow rate just after inducing flow was estimated to 

193 approximately 1.5 mm/s from the Movie S2.
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