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Figure S1. Equipment setup for photocurrent measurement.
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Table S1. FTIR-peak (cm™) assignments for pure OA, a mixture of GO and OA (1:5 weight ratio), and pure GO~

OA Mixture of GO and OA GO Band assignment Reference
1076 1078 C-O stretching, alkoxy [S1]
1265 C-O stretching, epoxy [S1]
1358 C-O stretching, COOH [S1]
1398 1396 C-N stretching [S2]
1525 1537 Amide II N-H vibrating [S3-55]
1639 1635 Amide I C=0O stretching [S3-S5]
1657 C-C=C symmetric stretching [S1]
1714 C=0 stretching [S1]
3289 3292 3375 Hydrogen-bonded O-H stretching [S1,56]

¢ Data from the FTIR spectra shown in Figure 2.
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Figure S2. AFM (a, b) topographic images and (c, d) sectional profiles of a GO-OA complex linker deposited on

aminated mica. Sectional profiles were analyzed along the white dotted lines on the topographic images. To

prepare the AFM sample, GO was mixed with an excess weight amount of OA. After 2.5-h incubation at 4 °C, the

mixture was drop-coated on APPA-coated mica for 2 h, washed with deionized water, and then subjected to
AFM analysis. Scan size: (a, ¢) 5 pm and (b, d) 1.1 um. The red dotted box in (a) and the arrows in (b) indicate the

sectioned area for the 1.1-um scan and OA granules, respectively.
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Figure S3. Deconvoluted Raman spectra of ITO electrodes fabricated with (a) APPA, (b) GO-OA complex liker, (c)
b-PM, (d) SpA, (e) anti-E. coli antibodies, and (f) E. coli K-12 cells at the top. The b-PM surface prepared via the

complex linker and subsequently washed with a microfluidic shear flow was used for the analysis as well as in

the following coatings. Bis(NHS)PEG2 was used for SpA conjugation. A PeakFit deonvolution program was used

to identify the bands in each spectrum.

Table S2. Raman-band (cm™) assignment for the ITO electrodes fabricated with different topmost layers”.

APPA (écji- b-PM  SpA A:::i_f(');;h E.coli  Band assignment References
209 211 209 215 219 215 ITO -
331 331 341 355 327 345 ITO -
431 422 453 459 445 453 ITO -
561 562 559 560 563 565 ITO -
664 668 670 672 C-S stretches/Tyr [S7-S8]
770 751 ITO -
776 779 776 776 Trp [S7-S9]
861 871 875 871 Tyr [S7-59]
963 946 952 961 963 973 ITO/E. coli -/[S10]
1093 1090 1087 1089 1085 1089 ITO -
1219 1231 1204 Amide III [S7,58,511]
C-C-H in-plane
1310 bends, retinal [512]
1326 E. coli [S10]
1329 Amide III [S11]
1360 Trp [S7-S9]
1454 CH, deformation [S11]
1463 E. coli [S10]
1516 C=C str.etching, [S12]
retinal
1552 1546 Trp [S7,58,511]
1659 Amide I [S11]

@ Data from the deconvoluted Raman spectra shown in Figure S3.



Table S3. Effects of prior microfluidic washing on the relative averages and relative standard deviations (RSDs) of
the total photocurrent densities of the chips fabricated with different topmost layers-.

Without prior microfluidic washing? With prior microfluidic washing®

Topmost layer
Average (%) RSD (%) Average (%) RSD (%)

b-PM 100.00 5.18 100.00 2.99
SpA 40.31 12.80 82.09 2.38
Anti-E. coli 39.43 16.53 69.84 1.71
antibody
10+ CFU/mL E. 39.19 37.27 38.24 6.35
coli
10 CFU/mL E. 36.57 13.76 23.46 3.01
coli

2 All the data represent the results of three chips of a single kind. The averaged total photocurrent density of the b-PM
chips of each kind was used as the standard to calculate the relative averages of the total photocurrent densities of
the other chips fabricated with different topmost layers.

*b-PM chips without prior washing with a microfluidic flow were analyzed and used for the subsequent coatings.
¢b-PM chips washed with a microfluidic flow were analyzed and used for the subsequent coatings. Data originated
from Figure 6b.

S4



10> CFU/10 mL 10° CFU/10 mL

10° CFU/10 mL

10 CFU/10 mL

(a) 1 CFU/10 mL

20 ym

10° CFU/10 mL

(b) 1 CFU/10 mL 10 CFU/10 mL 10° CFU/10 mL

10* CFU/10 mL 10° CFU/10 mL 10° CFU/10 mL 10" CFU/10 mL

10* CFU/10 mL

10° CFU/10 mL 10" CFU/10 mL

-

Figure S4. Fluorescence microscopy analysis of (a) E. coli, (b) L. acidophilus, and (c) S. mutans immunosensing chips
that had been incubated with (a) E. coli K-12, (b) L. acidophilus, and (c) S. mutan E. coli K-12 cultures, respectively, at
different indicated concentrations (1-107 CFU/10mL). b-PM chips prepared via the GO-OA complex linker and
washed with a microfluidic flow were used to prepare the immunosensing chips. Bis(NHS)PEG2 was used for SpA
conjugation. The captured bacteria were stained by SYTO 9 green fluorescent nucleic acid stain and then examined
using an Olympus IX73 inverted microscope (Tokyo, Japan). No fluorescent signal was observed on each
immunosensing chip incubated just with the blank cell-binding buffer.
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Table S4. Comparison of various selective SpA-based immunosensors for microbial detection.

. Label- Detection Dynamic
. Direct .. Assay
Technique assa free limit range time Reference
Y assay  (CFU/mL)  (CFU/mL)
Bacteriorhodopsin
-based
ased yes yes 10 101-106 <40min  This study
photoelectric
immunosensor
Flow bead-
injection optical no no 3x101 3x103-4x107 =17 min [S13]
immunosensor
Impedance-
coupled quartz ~1h
crystal no yes 102 n.a. ) [S14]
microbalance real-time
immunosensor
Nanoparticle- no no 100 100-10° long [S15]
labeled
electrochemical no no 100 101-106 45 min [S16]
immunosensor
Quartz crystal <30 min
microbalance yes yes 108 7x102-7x108 ) [S17]
immunosensor real-time

aNot available.

Table S5. Sensitivity of E. coli, L. acidophilus, and S. mutans immunosensing chips on the detection of pure E. coli K-12,
L. acidophilus, and S. mutans cultures, respectively, in different ranges of cell concentration”.

Cell-concentration range (CFU/mL)

Chip
10°-10*  10%-10> 10>-10° 105-10¢
E. coli 4.96 + 0.85> 8.34 +0.09 14.77
L. acidophilus 8.89+0.35
S. mutans n.a.c 1.49 9.59 £0.32

aSensitivity was defined as the slope of the calibration curve, i.e., photocurrent reduction level (%)/log (cell
concentration (CFU/mL)). Data originated from Figure 7a.

b Data represent the mean + standard deviation of the slope resulting from the linear regression of the mean-value
points in each cell-concentration range of the calibration curve.

<Not available.
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Table S6. Ratios of the peak photocurrent values between the light-on and light-off responses of the chips fabricated
with different topmost layers for the detection of different cells”.

|I Peuk—onl _ Rp,oﬁ‘

|I Peak-off | B RP,OH

Topmost layer E. coli L. acidophilus S. mutans
b-PM 1.26+0.04 1.21+0.03 1.28+0.03
SpA 1.23+0.03 1.16+0.07 1.22+0.02
anti-E. coli antibody 1.20+0.03 1.19+0.01 1.25+0.12
Cells (CFU/mL)
0.1 1.26+0.04 1.07+0.05 —b
1 1.15+0.02 1.13+0.02 -
10 1.17+0.02 1.17+0.08 1.27+0.16
102 1.20+0.06 1.17+0.08 1.28+0.05
103 1.15+0.03 1.08+0.12 1.28+0.08
104 1.09+0.06 1.05+0.13 1.17+0.15
105 1.05+0.06 1.15+0.07 1.22+0.17
106 1.09+0.04 1.12+0.04 1.24+0.10

*Data show the averaged ratio of the peak photocurrent values between the light-on and light-off responses of three
chips of a single kind with one standard deviation.

b Not available.
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Figure S5. Storage effect on the photocurrent reduction levels of the L. acidophilus immunosensing chips on the

detection of a 10* CFU/mL L. acidophilus culture. After the preparation, the antibody-coated chips were either
immediately used to detect the culture or stored in a 10 mM phosphate buffer containing 150 mM NaCl (pH 7.4) at 4
°C for 2-8 days. All fresh and the subsequently stored immunosensing chips produced similar total photocurrent
densities (1.56+0.04 pA/cm?). Each datum point represents the average of three chips of a single kind with one

standard deviation.
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