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Part S1 Preparation, characterization and bacterial capture capability of the CNT 

multilayer biosensors

Fig. S1 (a) Absorption spectra of MWCNTs. (b) UV-vis spectra of (MWCNT/PEI)n 

multilayers assembled onto ITO electrode surface. In the range of 350-800 nm, the 

absorbance is gradually increased with the number of bilayers n. The inset shows the 

linear relationship between the absorbance at 400 nm and the MWCNT/PEI bilayer 

numbers, demonstrating that the LBL assembly process is reproducible, uniform and 

stable.
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Fig. S2 Cyclic voltammograms (a) and EIS spectra (b) of [Fe(CN)6]3-/4- at bare ITO 

electrode (black curve), (MWCNT/PEI)4MWCNT multilayers-coated ITO electode (red 

curve), and the anti-E. coli O157:H7 polyclonal antibody-modified 

(MWCNT/PEI)4MWCNT electrode (blue curve). The dot plots are real experiments 

results, while the line curves are fitting results using the inserted equivalent circuit, 

where Rs equals the resistance of solution, Ret is the charge transfer resistance, Rw 

represents Warburg resistance, and Cdl is double layer capacitance.

As shown in Fig. S2a, the [Fe(CN)6]3-/4- redox probe exhibited a reversible 

behavior on the bare ITO electrode. The deposition of (MWCNT/PEI)4MWCNT 

multilayers onto ITO electrode resulted in the obvious increase in oxidation and 

reduction peak currents of [Fe(CN)6]3-/4- probe. This increase can be explained in two 

reasons: (1) MWCNT has good conductivity, which facilitates electron transfer 

between the electrolyte and the ITO electrode; (2) The structure of MWCNT network 

in the multilayer film increase the electrochemically active area. After the 

nonconductive antibody layer attached to (MWCNT/PEI)4MWCNT multilayers 

through covalent bond, the antibody hampers the electron transfer of the redox 

probes, resulting in the decrease in peak current. 

Electrochemical impedance spectroscopy (EIS) also confirmed the stepwise 

assembly of the bacterial biosensors. Fig. S2b illustrates the results of the Nyquist 

plot of the ITO electrode after each modification step. As shown in Fig. S2b, an 
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obvious semicircle was observed at high frequencies, corresponding to the electron 

transfer-limited process. A straight line with a slope close to unity appears at lower 

frequencies, resulting from the diffusion limiting of the redox species from the 

electrolyte to the electrode interface. The generated double layer capacitance (Cdl) 

and the charge transfer resistance (Ret) can be calculated from this spectrum using a 

simple equivalent circuit (the inset of Fig. S2b).1 The Ret value of bare ITO electrode, 

(MWCNT/PEI)4MWCNT multilayers-coated ITO electrode, and the anti-E. coli 

O157:H7 polyclonal antibody-modified (MWCNT/PEI)4MWCNT electrode is about 

75.12 Ω, 28.3±1.7 Ω and 127.13±3.12 Ω, respectively. This result demonstrates that 

the conductive CNT multilayers can dramatically enhance charge transfer of redox 

probes. 
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Fig. S3 (a) Ret of (MWCNT/PEI)4MWCNT/antibody modified ITO electrodes as a 

function of the antibody concentration. (b) Ret of (MWCNT/PEI)4MWCNT/antibody 

modified ITO electrodes as a function of the incubation time. The error bars 

represent the standard deviation of at least three measurements.

The influence of incubation time and antibody concentration during the 

functionalization process on E. coli O157:H7 capture efficiency was evaluated with 

EIS. As shown in Fig. S3a, in the range of 0-10 μg mL-1, with the increasing of the 

concentration of antibody, an increase in the Ret value is observed due to the 

insulating properties of the bacteria attached on the electrode surface. Beyond a 

concentration of 10 μg mL-1, the Ret value increases slowly, indicating that the 

electrode surface reached a saturation point at higher concentration. Next, we 

investigated the effect of the incubation time of the capture efficiency of E. coli 

O157:H7. The prepared sensors are exposed to 105 CFU per mL E. coli O157:H7 

solution for 30, 45, 60 and 90 min, respectively. As shown in Fig. S3b, the Ret value 

increased with the increase of incubation time and reached equilibrium when the 

incubation time was 45 min. Based on above results, a suitable concentration of anti-

E. coli O157:H7 polyclonal antibody was found to be 10 μg mL-1. The optimal 

incubation time for the electrode was 45 min for the target capture.
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Fig. S4 Fluorescent images of different concentration of E. coli O157:H7 captured by 

the biochip before and after culturing for 1 h, 2 h, and 3 h, respectively. (a) 5 CFU mL-

1; (b) 10 CFU mL-1; (c) 100 CFU mL-1. Scale bars are 20 μm.
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Part S2 Analytic performance of the combination microfluidic chip-based LAMP 

coupled with CNT multilayer biosensor

Table S1 Comparison of the proposed method and other E. coli O157:H7 sensors. 

Detection

method
LOD

Linear

range
Reference

Electrochemical 
Detection

8.0×102 CFU mL-1
1.0×103-1.0×107

CFU mL-1
2

Chemiluminescence 103 CFU mL-1 3

Chemiluminescence 1.2×103 CFU mL-1
4.3×103-4.3×105

CFU mL-1
4

An acoustophoresis 
chip-based PCR 

103 CFU mL-1 5

Real-time PCR 102 CFU mL-1 6

microfluidic 
immunosensor

102 CFU mL-1. 7

Impedimetric
immunosensor

2 CFU mL-1 30-3×104 CFU mL-1 8

Impedimetric
immunosensor

1.5×102 CFU mL-1
1.5×102-

1.5×107 CFU mL-1
9

Impedimetric 
sensors

103 CFU mL-1 103-107 CFU mL-1. 10

Enzyme-linked 
immunosorbent 

assay
68 CFU mL-1

6.8×102-
6.8×103 CFU mL-1

11

The proposed 
method

1 CFU mL-1 1-104 CFU mL-1 this study
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Fig. S5 Regeneration of the CNT multilayer biosensor. The concentration of E. coli 

O157:H7 is 50 CFU mL-1.
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