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1 PAGE) and metal NPs-based FL imaging

2 The nondenaturing 1-D PAGE was performed in a vertical discontinuous gel system, 

3 consisting of separating (7.5%, m/v) and stacking (4.0%, m/v) gels. The average 

4 diameter of the gel pore is about 5 nm. Gel stock solution (30%, w/v) contained 29.2 g 

5 of acrylamide and 0.8 g of Bis, which were dissolved in 100 mL deionized water 

6 using ultrasonic instrument and then filtrated. The separating gel solution (7.5%, m/v) 

7 was prepared by mixing 4 mL of gel stock solution, 4 mL of Tris-HCl (1.5 M, pH 

8 8.80), 8 mL of deionized water, 150 µL of (NH4)2S2O8 (10%, w/v) and 15 µL of 

9 TEMED. To prepare the stacking one (4.0%, m/v), 0.7 mL of gel stock solution was 

10 mixed with 1.25 mL of Tris-HCl (0.5 M, pH 6.80), 3 mL of deionized water, 40 µL of 

11 (NH4)2S2O8 (10%, w/v) and 4 µL of TEMED. Here the solution of (NH4)2S2O8 (10%, 

12 w/v) was prepared daily to ensure the stability. The electrophoresis buffer was 

13 prepared by dissolving 1.5 g of Tris and 7.2 g of glycine in 500 mL of deionized water, 

14 adjusting the pH to 8.30. The protein mixture (15 mg·mL-1, 400 µL) consisting of 

15 HSA, Hb and catalase, was mixed with 200 µL of glycerol (20%, v/v) and 200 µL of 

16 deionized water; the loading volume for each channel was 40 µL. The voltage was set 

17 at 120 V for 30 min when the protein analyte was in the stacking gel, and turned down 

18 to 90 V for about 3 h after it entered into the separating one. 

19 After the removal of the mold (96-well plates) and a washing step, the gels were 

20 separately immersed in the five metal NPs (20 mL) on a shaker at room temperature 

21 for 3 h. Then the gel was illuminated by a bioimaging system for 30 min at an 

22 excitation of 312±10 nm, and the data was collected by adjusting 655±30 nm as the 

23 collected wavelength, with a 5 seconds exposure. 

24

25

26

27

28

29 Table S2. Preparation of five colloidal metal NPs
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2 Table S3. Preparation of four colloidal metal NPs in a different way 
3 from the one in Table S2

4

5 3. Cu NPs-HSA Binding Experiments 

6 The titrations of HSA with Cu NPs are carried out on a MicroCal VP-ITC calorimeter 

7 (Northampton, MA), and the data is analysed by a Windows-based Origin software 

8 package, which is also supplied by MicroCal. In the experiments, the reaction cell is 

9 totally filled (i.e., no air spaces) with HSA solution (0.1 mM, 285 μL), and the 

10 titration injector syringe is also totally filled with the Cu NPs (0.5 mM, 300 μL). After 

11 some instrument operation, the titration injector syringe is inserted into the reaction 

12 cell. During the titration, the Cu NPs is titrated to HSA with 30 injections of 10 μL 

13 each spaced 2 min apart. During the spaced 2 min, the system can reach thermal 

14 equilibrium again. After the titration, the measured curve are formed and shown in the 

15 Figure 4A (the upper one), in which the x-coordinate represents the time of titration 
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1 and y-coordinate represents the heat of reaction. With the titration, the heat of reaction 

2 decreases gradually until the reaction tends to balance. At last, with the measured 

3 curve analysed by Origin software package, we can get a solid line in the bottom plot 

4 (Figure 4A) to get the thermodynamic parameters (ΔH, ΔS and K) and the titrant-to-

5 sample molar ratio of near 0.25, which represents the best fit of our data to two-site 

6 equilibrium binding expression and is in accordance with the relevant report.[1]

7 Results and Discussion

8 1. The differentiation of the five metal NPs by the ten proteins

9 The differentiation of the five metal NPs can also be realised, according to the pattern 

10 variation of the sensor composed of the ten proteins. As can be seen in Figure S1A, 

11 each metal NPs has its own characteristic “fingerprint” map, which can be used to 

12 recognise the NPs. For instance, the Cu NPs are strongly emissive with the addition of 

13 HSA, catalase, lysozyme, EA and γ-globulins, whereas the Cu NPs has low FL with 

14 the other proteins; the Cu NPs is all rose red in the presence of papain, trypsin, 

15 hemoglobin human (Hb) and IgG, and is pale blue in the presence of the other 

16 proteins. By comparison, for Ag NPs, the FL is rather high with the addition of 

17 catalase and Hb while rather low with the other ones; and the colour is pale green with 

18 HSA, white with catalase, brick-red with Hb, bluish-white with lysozyme and EA, 

19 and violet with papain, trypsin, mucins, IgG and γ-globulins. 

20 The quantitative analysis experiment is also carried out for the determination of the 

21 sensitivity of the sensor, through the analysis of the fluorescence intensity signal of 

22 proteins by the addition of nanoparticles at different concentrations, while keeping the 

23 concentration of the proteins constant. Here, lysozyme with Cu NPs as well as Hb 

24 with Ni NPs and Co NPs are taken as examples (Figure S2). The limit of detections of 

25 Cu NPs, Ni NPs and Co NPs are determined to be 0.0625 mM, 0.125 mM and 0.125 

26 mM respectively. It can be seen in Figure S2a1 that the calibration curve of Cu NPs 

27 bends towards to the concentrations axis at 0.625 mM, which means that the linear 

28 dynamic range of Cu NPs is from 0.0625 mM to 0.625 mM. Similarly, it can be 

29 determined that the linear dynamic range of Ni NPs is from 0.125 mM to 1.25 mM 

30 and that of Co NPs is from 0.125 mM to 2.5 mM.
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2 Figure S1. (A) FL intensity (1) and colour (2) difference maps for five metal NPs, 

3 with the addition of proteins (a: HSA, b: papain, c: catalase, d: trypsin, e: lysozyme, f: 

4 Hb, g: EA, h: mucins, i: IgG, j: γ-globulins). The concentration of each protein is 2 

5 mg mL-1 and that of metal NPs is 2.5 mM, the excitation wavelength is 312±10 nm.(B) 

6 FL intensity change patterns of five metal NPs in the presence of ten proteins (the 

7 change patterns are acquired as an average of five parallel measurements). I0 

8 represents the average FL intensity values of the background, and I represents these of 

9 protein-NPs.(C) Canonical score plot of the first two factors of FL intensity response 

10 patterns, obtained through the sensor against five target metal NPs; the insert is partial 

11 enlargement of the plot.

5



1

2 Figure S2 (a1, a2, a3) FL intensity change with the variation of NPs concentrations (a1: 

3 Cu NPs, a2: Ni NPs, a3: Co NPs) as an average of five parallel measurements. (b1, b2, 

4 b3) Correlation of the concentrations of protein with the FL intensity in the linear 

5 dynamic range (b1: Cu NPs, b2: Ni NPs, b3: Co NPs). The 95% confidence limit is 

6 marked in the figures. I0 represents the average FL intensity values of the background, 

7 and I represents these of protein-NPs.

8 2. The discrimination of proteins by Linear Discriminant Analysis (LDA)

9

10

11

12

13

14

15 Table S4. The raw fluorescent data of five metal NPs with proteins in gel    
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2 3. The discrimination of HSA, BSA, denatured HSA and denatured BSA

3 To determine whether the sensor can be used to discriminate between proteins with 

4 similar properties, HSA, BSA, denatured HSA and denatured BSA are studied. The 

5 HSA and BSA are denatured by boiling in water for 1 h. It can be seen in Figure S3 

6 that the patterns of the four proteins are nearly identical, indicating that the 

7 discrimination of the four proteins via this sensor is not possible. 

8

9 Figure S3. (A) FL intensity (a) and colour (b) difference maps for HSA, BSA, 

10 denatured HSA and denatured BSA, with and without the addition of metal NPs. The 
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1 concentration of each protein is 2 mg mL-1 and that of metal NPs is 2.5 mM, the 

2 excitation wavelength is 312±10 nm. (B) FL intensity change patterns of HSA, BSA, 

3 denatured HSA and denatured BSA in the presence of five metal NPs (the change 

4 patterns are acquired as an average of five parallel measurements). I0 represents the 

5 average FL intensity values of the background, and I represents these of protein-NPs.

6 4. Quantitative analysis of the proteins using the sensor

7 The quantitative analysis experiment is also carried out for the determination of the 

8 sensitivity of the sensor, through the analysis of the fluorescence intensity signal of 

9 proteins at different concentrations by the addition of nanoparticles, while keeping the 

10 concentration of the nanoparticles constant. Here, HSA and lysozyme with Cu NPs as 

11 well as Hb with Ni NPs are taken as examples (Figure S4). The limit of detections of 

12 HSA, lysozyme and Hb are determined to be 0.288 μM, 1.39 μM and 0.310 μM 

13 respectively. It can be seen in Figure S4a1 that the calibration curve of HSA bends 

14 towards to the concentrations axis at 28.8 μM, which means that the linear dynamic 

15 range of HSA is from 0.288 μM to 28.8 μM. Similarly, it can be determined that the 

16 linear dynamic range of lysozyme is from 1.39 μM to 69.4 μM and that of Hb is from 

17 0.310 μM to 15.5 μM. 
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1

2 Figure S4. (a1, a2, a3) FL intensity change with the variation in protein concentrations 

3 (a1: HSA, a2: lysozyme, a3: Hb) as an average of five parallel measurements. (b1, b2, 

4 b3) Correlation between the protein concentrations and the FL intensity in the linear 

5 dynamic range (b1: HSA, b2: lysozyme, b3: Hb). The 95% confidence limit is marked 

6 in the figures. I0 represents the average FL intensity values of the background, and I 

7 represents these of protein-NPs.

8

9

10

11

12

13

14

15

10



1 5. The discrimination of proteins by metal NPs after changing the NPs synthetic 

2 method

3                      
4 Figure S5. (A) FL intensity (a) and colour (b) difference maps for six proteins, with 

5 and without the addition of metal NPs. The concentration of each protein is 2 mg mL-1, 

6 and the excitation wavelength is 312±10 nm. (B) FL intensity change patterns of ten 

7 proteins in the presence of five metal NPs (the change patterns are acquired as an 

8 average of five parallel measurements). I0 represents the average FL intensity values 

9 of the background, and I represents these of protein-NPs.(C) Canonical score plot of 

10 the first two factors of FL intensity response patterns, obtained through the sensor 

11 against six target proteins.
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1 Table 5. The raw fluorescent data of five metal NPs with six proteins in gel         

2

3 6. The mechanism of the variation in the FL properties of the metal NPs

4 6.1. The fluorescence resonance energy transfer (FRET) 
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1

2

3 Figure S6. Emission spectra of free proteins (excited at 312 nm) and excitation spectra 

4 of the metal NPs.

5 Here, the emission spectra of free proteins (excited at 312 nm) and the FL excitation 

6 spectra of the metal NPs in solution are detected. As can be seen in Figure S6 that 

7 there is much overlap of the emission band of proteins with the excitation band of 

8 NPs, which suggests that at an excitation of 312 nm, the energy of proteins can be 

9 absorbed by the NPs and consequently the NPs can be excited to be luminescent. This 

10 may suggest the possibility of fluorescence resonance energy transfer (FRET) from 

11 the proteins to the NPs.

12 6.2. The exclusion of gel components function

13 In this sensor, it is assumed that the gel is just used to immobilise the proteins and 

14 metal NPs based on its 3-D polymer networks,[2] and has no effect on the metal NPs. 

15 To validate this hypothesis, the five metal NPs are simply mixed with the gel 

16 components (TEMED, (NH4)2S2O8, gel stock solution) individually, and the ratio of 

17 metal NPs to the gel components is the same as in the gel. As shown in Figure S7A, 

18 the FL properties of five metal NPs with gel components are almost identical, and the 

19 intensity of the metal NPs can not be enhanced. Photographs are taken under 

20 ultraviolet light, as shown in Figure S7B, and there are no colour changes, indicating a 
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1 red-shifting effect on metal NPs. Therefore, there are not effective interactions 

2 between the gel components and the metal NPs to affect the FL properties. 
3

4

5 Figure S7. FL change profiles of five metal NPs (Cu, Au, Ni, Ag and Co NPs) with or 

6 without the addition of the gel components (a: distilled water, b: TEMED, c: 

7 (NH4)2S2O8 , d: gel stock solution), with exciation at 312±10 nm. 

8 (A) FL intensity images

9 (B) FL colour images

10 7. The discrimination of serum samples by the metal NPs based on gel

11 The FL colours of NPs are transformed into RGB (red, green and blue) numerical 

12 values and the values for the red colour are selected. The data for the red colour are 

13 then subjected to LDA to better discriminate the serum samples (Figure S8). 

14
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1 Figure S8. Canonical score plot of the first two factors of FL colour response patterns, 

2 obtained through the sensor against five normal sera, five hepatocellular carcinoma 

3 (HCC) sera and five thalassemia sera.

4                  
5 Figure S9. FL intensity (a) and colour (b) difference maps for sera from healthy men 

6 (A) and thalassemia patients (B), with and without the addition of metal NPs.
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