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Functionalization of interdigitated microelectrodes 
 

Figure S1. (a) Schematic depiction of IME functionalization. (b) Fluorescence intensity of A antibody 
functionalization and BSA binding to block nonspecific. 
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Measurement system 
 

Figure S2. Schematic diagram of the IME impedance measurement system. 
 
Interactions between the A antibody and A were measured using the impedance measurement system for IME 
sensing. The system was designed with a signal cancellation and amplification system to block noise from parasitic 
capacitance and measure low-level signals. The noise was attributed to the biomolecule-containing solution and 
relatively long IME length. In Figure S2, Zbiomolecule and Zliquid represent the impedance of the biomolecule and 
solution, respectively. Zbiomolecule and Zliquid are dominant (approximately 1000–2000-fold greater) compared with 
other impedance components. We developed a cancellation and amplification embedded measurement system to 
remove Zliquid and other impedance components. The functional electrode, which could detect the impedance of 
biomolecules and liquids, and the reference electrode, which could detect only the impedance of liquids, were 
prepared in solution. In the same conditions, after measuring the two impedimetric signals using the functional 
and reference electrodes, the two signals were subtracted to obtain the changes that were due to biomolecules. 
The amplification process was applied after cancellation.  
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The linear relation of sensitivity for A detection 

 
Figure S3. The logarithmically linear relationship between sensitivity and A for 0.1 to 100 pg/mL A. (a) The 
calibration lines were fitted to |∆Z/Z0| = (0.06018 ± 0.00325) * log(A concentration) + (0.25072 ± 0.0074) for 
IME impedance with ICP preconcentration(R2 =  0.98556). (b) |∆Z/Z0| = (0.01471 ± 0.00212) * log(A 
concentration) + (0.06141 ± 0.00408) without ICP preconcentration (R2 = 0.90447). And 98.55 % and 90.44 % 
of the total variation in impedance change can be explained by the linear relationship between A concentration 
and impedance change. 
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Selectivity for A detection 

Figure S4. To examine the selectivity of A detection, IME functionalized with the A antibody was prepared. 
The target sample was injected into the IME sensor without the ICP preconcentrator. Impedance changes of 7.38 
± 0.94%, 1.27 ± 0.21% and 1.11 ± 0.22% respectively, were measured for 10 pg/mL A, 10 ng/mL PSA, and 10 
ng/mL brain-derived neurotrophic factor (BDNF) with A antibody functionalized IME. And impedance change 
of 1.41 ± 0.47% were measured for 10 μg/mL A with PSA functionalized IME. The impedance change from the 
A reaction was greater than that for other biomolecules (one-way ANOVA). (***, p < 0.001, n = 5) 
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A preconcentration 
 

Figure S5. Performance of A ICP preconcentration along with operating voltage for IME. A preconcentration 
factor of approximately 25-fold was observed at 200 V using a fluorescent microscope. The preconcentration plug 
was localized on the IME during preconcentration and interactions between the A antibody and A 
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LOD calculation 
 

Figure S5. Limit of detection (a) with and (b) without ICP preconcentration. The LOD were evaluated using 
suggested LOD evaluation method.1-4 The dashed line of upper and lower 95 % confidence interval (CI) were 
respectively described. The intersection between upper 95 % CI and standard sensitive curve with and without 
ICP preconcentration were calculated about 36.8 and 509.8 fg/mL. 
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XPS spectra of antibody functionalized surface 

 

Figure S6. XPS spectra of antibody immobilized SiO2 surface. (a) XPS peak of antibody immobilized surface. 
(b) The peak fitting curves of C1s peak. 
 
The XPS spectra of the functionalized surface revealed that C and N peaks in the wide range (Figure 
S6 (a)), while no or very small peak was founded in bare SiO2 surfaces. 5-6 Particularly, the narrow 
spectra of C1s which can be deconvoluted by oxygenated groups and a C–N binding. Moreover, the 
presence of N1s peak indicates that chemical modifications of SiO2 surfaces included crosslinking 
with APTES and glutaraldehyde as well as the existence of immobilized proteins (Figure S6 (b)).  
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