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1. Measurement of Debye Diffraction Ring 
 

 
Figure S1. (a) A photograph and (b) measurement of Debye diffraction ring. The particle spacing (d) 

of the 2DPC hydrogel can be calculated according to a formula 𝑑 4λ 𝐷/2 ℎ / √3𝐷 , in 

which λ is the laser light wavelength, D is the Debye ring diameter, and h is the distance between the 

2DPC array and the bottom screen. 



 

 
2. The Effect of the Modified-Aptamer Concentration on the Particle Spacing Changes 

 

Figure S2. The particle spacing changes for the different concentrations of aptamer functionalized 

2DPC hydrogel sensors under the same preparation conditions as sample DNA-H1-960 in the 500 μM 

lysozyme solution. 

 

3. XPS Characterization 

 

Figure S3. The XPS of DNA-H1-960 before and after response to lysozyme. The peaks at 227.02 eV 

and 163.33 eV were derived from the S2s and S2p, respectively, demonstrating the response of the 

photonic hydrogel aptasensor toward lysozyme. 

 

4. Calculation of LoD 

The LoD of the 2DPC hydrogel aptasensors was calculated from the formula LoD = 3σ/k, in 

which 𝜎  is the standard deviation of blank measurements, and 𝑘  is the slope of the linear 

relationship between CLYs and the particle spacing change of the aptasensors. 
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  (1)

(1) DNA-H1-960 

Sample 1 2 3 4 5 Average 

Particle spacing change (nm) −1.235 −1.641 −1.134 −1.615 −1.028 −1.325 

For the particle spacing change measurements, the five blank and their average are shown in the 

above Table. 

Then σ was calculated as follows: 

𝜎
0.0081 0.0999 0.0365 0.0841 0.0882

5 1
0.2814 

The linear correlation of the
 
particle spacing change and lysozyme concentration is y = -11.4283 – 

0.4428CLYs (Figure 7b). Thus the LoD can be calcultated as follows:
 

𝐿𝑜𝐷DNA-H1-960
3𝜎
𝑘

3 0.2814
0.4428

1.8 nM 

(2) DNA-H1-698 

Sample 1 2 3 4 5 Average 

Particle spacing change (nm) -6.823 -5.809 -6.759 -5.208 -6.934 -6.307 

Then σ was calculated as follows: 

𝜎
0.2663 0.2480 0.2043 1.2078 0.3931

5 1
0.7615 

The linear correlation of the
 
particle spacing change and lysozyme concentration is y = -11.4283 – 

0.0406CLYs (Figure 7d). Thus the LoD was as follows:
 

𝐿𝑜𝐷DNA-H1-698
3𝜎
𝑘

3 0.7615
0.0406

56.3 nM 

(3) Hydrogel H1 



 

Figure S4. (a) The particle spacing changes of the H1 after reaction with different concentrations of 

lysozyme (CLYs): (b) The linear relationship between the particle spacing changes and CLYs. 

 
5. The Particle Spacing Changes of Aptasensors at Different Lysozyme Concentrations 

 

Figure S5. The particle spacing changes of DNA-H1 hydrogel aptasensors fabricated from different 
diameters of PS microspheres upon exposure to different concentrations of lysozyme solution. Clearly, 
the particle spacing changes of DNA-H1-960 are larger than those of DNA-H1-698 at same lysozyme 
concentration. It indicated that the photonic hydrogel aptasensor fabricated from larger PS 
microspheres occurred clearer shrinkage, which is helpful to the detection of lysozyme.    

 

6. Sensitivity of DNA-H1-500 for Detecting Lysozyme 



 
Figure S6. (a) The particle spacing changes of DNA-H1-500 when exposed to different 
concentrations of lysozyme solutions (CLYs) and (b) the linear relationship over a range of 200-1000 
nM. The particle spacing decreased with an increase in the lysozyme concentrations and there is a 
good linear correlation between the particle spacing changes and the lysozyme concentrations. The 
limit of detection (LoD) was found to be 97.0 nM (LoD = 3σ/k, in which σ is the standard deviation of 
blank measurements, and k is the slope of the linear relationship between CLYs and the particle spacing 
change of aptasensors). 

7. Detection of Lysozyme in Human Serum 

The response of DNA-H1-960 was validated in human serum. The commercial human serum was 

diluted 10-fold with PBS solution. Then, the known concentrations lysozyme was spiked into the 

diluted human serum as testing solutions. The detection of lysozyme in the testing solution was 

similar to that in PBS solution. The particle spacing of DNA-H1-960 was recorded before and after in 

response to a testing solution to evaluate the practical applicability of DNA-H1-960 (Table S1). 

  The raw data for detecting lysozyme in human serum are provided in Table S1. 

 

Table S1. The Raw Data of DNA-H1-960 for the Detection of Lysozyme in Human Serum (n=3). 

Samples 
Testing solution 

containing lysozyme 
concentration (nM) 

Initial particle 
spacing (d) 

Particle spacing after 
reaction with testing 

solution (d') 

Particle spacing 
change(d=d-d') 

Found CLYs * 
(nM) 

Human 

serum 

20  

d=1403.522 

s=4.046398 

d'=1382.647 

s=2.281306 

d=-20.875 

s=3.284638 
21.33  

d=1407.023 

s=3.935175 

d'=1386.199 

s=2.30601 

d=-20.824 

s=3.225158 
21.22  

d=1397.428 

s=2.616653 

d'=1376.457 

s=3.523263 

d=-20.971 

s=3.103245 
21.55  

50  

d=1392.718 

s=2.730183 

d'=1359.301 

s=4.86 

d=-33.417 

s=3.941668 
49.66  

d=1409.098 

s=2.408436 

d'=1375.308 

s=1.762199 

d=-33.79 

s=2.110203 
50.50  

d=1406.269 

s=3.796502 

d'=1372.817 

s=2.141248 

d=-33.452 

s=3.082075 
49.74  

80  

d=1414.956 

s=4.729316 

d'=1366.736 

s=3.548515 

d=48.214 

s=4.180813 
83.08  

d=1405.67 d'=1357.063 d=-48.607 83.96  



s=2.939129 s=2.734192 s=2.838511 

d=1437.563 

s=4.014542 

d'=1389.894 

s=4.326105 

d=47.669 

s=4.173232 

81.84  

*The found value of CLYs was calculated from the linear relationship y = -11.4283 – 0.4428CLYs. 

 

8. Table S2. Detection Performance Comparison of Different Sensors for Lysozyme Detection 

Detection Method Materials Linear range LoD Ref. 

Debye ring 

measurement 
2DPC hydrogel  10 – 100 nM 1.8 nM This work 

Fluorometry Au nanoparticles (AuNPs) 1 – 25 nM 10 nM [1] 

Fluorometry Silver nanocluster 2 – 25nM 5.6 nM [2] 

Fluorimetry Grapheme oxide 50 – 300 nM 11 nM [3] 

Colorimetry Ag nanoparticles 3 – 150nM 1.5 nM [4] 

Colorimetry CdTe/AuNPs 4 – 60nM 4.0nM [5] 

Colorimetry DIC-Au NPs 100 – 800nM 8.7 nM [6] 

Colorimetry AuNPs 10 –200 nM 8.7 nM [7] 

Colorimetry Cu/Au NPs 100 nM – 1 mM 60 nM [8] 

Colorimetry AuNPs 5 – 50 nM 0.1 nM [9] 

Colorimetry AuNPs 4.4 – 200 nM 4.4nM [10] 
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