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1. Protocols for fabrication of the stainless steel immunosensor

The sensing interface was fabricated in a step-wise fashion. Firstly, SS ribbons with the 

length of 1 cm were rinsed with copious amount of deionized water, acetone, ethanol and 

deionized water, respectively, to degrease and clean the surface. Then clean SS ribbons were 

activated by immersion into the piranha solution (H2SO4:H2O2 = 3:1, v/v) for 30 min to 

generate a hydroxyl-enriched surface. After the reaction, the SS ribbons were rinsed with 

deionized water and dried under nitrogen stream before being immersed in a 1 mg mL-1 

aqueous solution of dopamine (pH=11) for 24 h. The substrates were then rinsed with copious 

amount of deionized water to remove the unreacted dopamine monomer to achieve the SS-

PDA surface. The immobilization of the alkyl bromine ATRP initiator on SS-PDA substrates 
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was conducted in anhydrous CH2Cl2 solution (10 mL) with the help of TEA (0.5 mL) and BIBB 

(0.45 mL) under argon atmosphere for 2 h in ice bath. The resulting SS-Br substrates were 

rinsed with deionized water and stored under nitrogen atmosphere. 

    The grafting of PEGMA brushes on SS-Br surface was carried out using PEGMA, CuBr, 

CuBr2 and bpy (molar ratio, 100:1:0.2:2) in methanol/water (1:1, v:v) solution at 35 ℃ for 4 h. 

Firstly, 38.36 mg of the ligand bpy was placed in a clean flask and dissolved using 10 mL of 

1:1 methanol/water (v/v) mixture at 35 ℃ under argon atmosphere. Next, 5.5 mg of CuBr2 was 

added into the solution and allowed to dissolve. Thereafter PEGMA (4 mL) was added to the 

solution with stirring under argon flow for 10 min before the addition of 17.68 mg of the 

activator CuBr, which could dissolve under argon flow. After gently purging with argon for 10 

min, the SS-Br was immersed in the solution for 4 h to achieve the polymer brush surface (SS-

PEGMA), which was washed with ethanol and deionized water, and dried under nitrogen 

stream before the next step of treatment. In order to have the densely packed polymer brush, 

the above process could be repeated to get SS-PEGMA II and SS-PEGMA III.

    Before immobilization of IL-1β polyclonal antibody on the substrate surfaces, the SS-

PEGMA substrates were immersed in 1 mL of dried DMSO, containing 0.04 g CDI and 0.04 

g DMAP for 24 h at room temperature to give rise to the SS-PEGMA-CDI surfaces. Then the 

substrates were rinsed with copious amounts of THF and deionized water before incubation in 

0.1 mL PBS solution containing 2 μg mL-1 IL-1β polyclonal antibody. The immobilization 

reaction could proceed at 4 ℃ for 24 h to produce the SS-PEGMA-Abs sensing interfaces, 

which were rinsed with PBS solution and deionized water before usage.

2. Protocol for characterization of stainless steel device 
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    The attenuated total reflectance-Fourier transform infrared spectra (ATR-FTIR) was 

measured on a Nicolet FTIR Spectrometer. The reported spectra were the accumulated average 

of 32 scans at 4 cm-1 resolution from 500 to 4000 cm-1. 

    Static water contact angles of various substrate surfaces were measured at 25 ℃ and 60% 

relative humidity with 5 µL water droplet by Drop Shape Analyzer-DSA30. The contact angles 

reported were the mean values of ten tests from different surface locations.

3. Optimization of the polymer brush modified SS surfaces

The successfully synthesized SS-PEGMA polymer brushes were characterized by ATR-

FTIR. As shown in Figure S1, the aromatic peak of SS-PDA indicated successful coating of 

PDA on SS. And the C=O peak in SS-PEGMA demonstrated the successful grafted PEGMA 

brushes on the surface of SS-PDA. 

Figure S1. ATR-FTIR figures of SS, SS-PDA and SS-PEGMA.

    The strong light signals from SS were eliminated by three approaches (Figure S2), including 

replacement of substrate, surface coating of substrate and usage of special fluorophores. Figure 

S2a shows results of the replacement of substrate where both copper and platinum show strong 

light signals. Figure S2b shows that after surface coating, both SS-PDA and SS-PEGMA 

continue showing light signals. We then explored selected fluorophores applied on SS as shown 

in Figure S2c, to verify if their signal is able to overcome the SS background. FITC showed 
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very weak fluorescence contrast. However, the contract for NBD was improved, and PE and 

NR beads showed high contrast. 

Figure S2. (a) The scattering of different metals; (b) the scattering of SS, SS-PDA, SS-

PEGMA; (c) different fluorophores on SS (PMT:600 volts, pinhole: 3.0, concentration: 100 µg 

mL-1).

The calibration curve of the fluorescence intensity versus the concentration of secondary 

antibody is shown in Figure S3; the fluorescence intensity linearly increased with the secondary 

antibody concentration, and the linear regression equation was y=9.43×106c+919295 with a 

correlation coefficient of 0.995. 
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Figure S3. The calibration curve of the fluorescence intensity versus the concentration of secondary 

antibody.

In order to study the influence of the length and density of PEGMA polymer brushes, SS-

PEGMA I, SS-PEGMA II and SS-PEGMA III were produced.1 As shown in Figure S4a, with 

the increase of repeating times, the fluorescence intensity of SS sensing interface decreased. 

The possible reason was due to the instability of polymer brushes, whereby the high graft 

density manifests as a large entropic force due to chain stretching (mechanical instability) 

strong enough to weaken the metal-organic interface. Therefore, SS-PEGMA was used in our 

current research.

The incubation time of the antibody-antigen binding in this immunoassay was also 

investigated. The SS device was incubated in 200 pg mL-1 IL-1β solution with different 

incubation times. As shown in Figure S4b, the fluorescence intensity increased significantly 

with the increased incubation time from 0 to 120 min and then slightly changed after two hours, 

indicating that the binding reaction was nearly finished at that time. Compared with our 

previous research for the detection of IL-6 (200 pg mL-1), the best incubation time of Liu et 

al’s optical fibre test strip2 was 30 min, and the best incubation time of Zhang et al’s optical 

fibre immunosensor3 was 60 min. The possible reason for the difference of incubation time for 
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IL-6 was due to the difference of immunosensing system. However, in our present research, 

the best incubation time was 120 min; the possible reason was due to the antifouling properties 

of PEGMA polymer brushes, which slowed down the antibody-antigen binding reaction. The 

fluorescence intensity in 30 min was about half of the fluorescence intensity in 120 min, 

indicating that 30 min is also suitable for the detection of IL-1β. If lower cytokine concentration 

was applied, the best incubation time would be shorter. In Zhang et al’s optical fibre 

immunosensor4 for the detection of IL-6, the best incubation time was 30 min when the 

concentration of IL-6 was 5 pg mL-1. In addition, Zhang et al’s optical fibre immunosensor3 

for the detection of IL-1β, showed a best incubation time of 30 min when the concentration of 

IL-1β was 10 pg mL-1. Therefore, the sensor system and cytokine concentration will both 

influence the incubation time. 

Figure S4. (a) The fluorescence intensity of SS immunosensor with different length of 

PEGMA brushes; (b) the optimization of SS immunosensor’s incubation time.

4. Bland-Altman Plot between herein fabricated assay with ELISA

The Bland-Altman Plot of cell experiment is shown in Figure S5. The difference between 

two measurements were all located in the 95% limits of agreement, indicating the two methods 

could be used interchangeably. 



S7

Figure S5. The Bland-Altman Plot of cell experiment.

5. Real photo of SS ribbon

    This is the real photo of SS ribbon, which was got by microscope, and the width of SS 

ribbon is 0.5 mm.

Figure S6. The microscopy image of SS ribbon.

6. Comparison of the analytical performances of herein immunosensor with other 

recently reported sensors for IL-1β detection

Table S1. Comparison of the analytical performances of herein immunosensor with other 

recently reported sensors for IL-1β detection.
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Sensors Linear range 

(pg mL-1)

Detection limit 

(pg mL-1)

Sample types Minimum sample 

volume (µL)

Year Reference

ELISA kit 31.3-2000 5 Cell culture supernates, 

serum, EDTA plasma

50 2019 R&D

Optical fibre based 

biosensor

3.13-400 1.12 Rat spine cord NA 2019 [1]

Impedimetric 

immunosensor

0.01-3 0.001 Serum and saliva NA 2018 [2]

Optical fibre based 

biosensor

3.9-500 1.2 hippocampus NA 2018 [3]

Electrochemical 

immunosensor

0.5-100 0.38 Serum 2.5 2017 [4]

Impedimetric 

immunosensor

1-15 NA NO NA 2017 [5]

Amperometric 

microfluidic array

50-500 0.01 Serum 5 2015 [6]

Dendrimer-based 

assay

0.98-250 1.15 No 100 2010 [7]

Microarray technology 11.7-175 11.7 No No 2010 [8]

Plasmon resonance 

sensor

50-10000 21 Synovial fluids 200 2010 [9]

Surface plasmon 

resonance sensor

103-105 290 Cell culture medium NA 2005 [10]

SS based biosensor 

here

12.5-200 4.7 Plasma, whole blood 1 NA This work
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