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15 Table S1. Basic Properties of proteins
Protein MW (kDa) pl

Human serum albumin (HSA) 69.4 5.2
Papain (Pap) 23.0 9.6
Catalase from bovine liver 200-340 8.3
Trypsin (Try) 1:250 24 10.5
Lysozyme (Lys) 14.4 9.6~11
Hemoglobin (Hb) 64.5 6.8
egg Albumin (EA) 44-45 4.6
Mucins from pig stomach 2.098 9.6-11
Human IgG 150-160 7.5-7.8
¥ -Globulins from bovine blood 43 6.85-7.5
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18 2. Preparation of one-dimensional polyacrylamide gel electrophoresis (1-D
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PAGE) and metal NPs-based FL imaging

The nondenaturing 1-D PAGE was performed in a vertical discontinuous gel system,
consisting of separating (7.5%, m/v) and stacking (4.0%, m/v) gels. The average
diameter of the gel pore is about 5 nm. Gel stock solution (30%, w/v) contained 29.2 g
of acrylamide and 0.8 g of Bis, which were dissolved in 100 mL deionized water
using ultrasonic instrument and then filtrated. The separating gel solution (7.5%, m/v)
was prepared by mixing 4 mL of gel stock solution, 4 mL of Tris-HCI (1.5 M, pH
8.80), 8 mL of deionized water, 150 pL of (NH4),S;05 (10%, w/v) and 15 pL of
TEMED. To prepare the stacking one (4.0%, m/v), 0.7 mL of gel stock solution was
mixed with 1.25 mL of Tris-HCI (0.5 M, pH 6.80), 3 mL of deionized water, 40 uL of
(NH4),S,05 (10%, w/v) and 4 uL of TEMED. Here the solution of (NH4),S,05g (10%,
w/v) was prepared daily to ensure the stability. The electrophoresis buffer was
prepared by dissolving 1.5 g of Tris and 7.2 g of glycine in 500 mL of deionized water,
adjusting the pH to 8.30. The protein mixture (15 mg-mL-!, 400 puL) consisting of
HSA, Hb and catalase, was mixed with 200 uL of glycerol (20%, v/v) and 200 pL of
deionized water; the loading volume for each channel was 40 pL. The voltage was set
at 120 V for 30 min when the protein analyte was in the stacking gel, and turned down
to 90 V for about 3 h after it entered into the separating one.

After the removal of the mold (96-well plates) and a washing step, the gels were
separately immersed in the five metal NPs (20 mL) on a shaker at room temperature
for 3 h. Then the gel was illuminated by a bioimaging system for 30 min at an
excitation of 312410 nm, and the data was collected by adjusting 655430 nm as the

collected wavelength, with a 5 seconds exposure.

Table S2. Preparation of five colloidal metal NPs



10

11

12

13

14

15

Precursor Reducing Agent Stabilizing Agent  Reaction Temperature Total Volume

(g) (mL) (@) () (mL)
AuCl3-HCI-4H20 Nz2Ha-H20 PVP microwave
0.0200 0.05 0.0788 heating 1
AgNO3 NzHa-H20 PVP
50 20
0.0085 1 0.2250
CuS04 N2Ha-H20 PVP
80 20
0.0080 1 0.2250
NiSQ4-6H20 N2H4-H20 PVP
85 20
0.0131 1 0.2250
CoS04-TH20 Nz2H4-Hz20 PVP
0.0141 1 0.2250 420 20

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

Precursor Reducing Agent Stabilizing Agent Reaction Temperature Total Volume
(@ (@) ) (mL)
AuCla-HCI-4H20 sodium citrate
0.0100 0.05g - 100 100
AgNO3 NaBHa4 PVP
Room Temperature 100
0.0017 0.01g 0.1000
NiSQ4-6Hz0 NzHs-H20 i
0.0131 1mL - 20
CoS04:7H20 NzH4-H20
0.0141 e - 120 20

3. Cu NPs-HSA Binding Experiments

The titrations of HSA with Cu NPs are carried out on a MicroCal VP-ITC calorimeter
(Northampton, MA), and the data is analysed by a Windows-based Origin software
package, which is also supplied by MicroCal. In the experiments, the reaction cell is
totally filled (i.e., no air spaces) with HSA solution (0.1 mM, 285 puL), and the
titration injector syringe is also totally filled with the Cu NPs (0.5 mM, 300 uL). After
some instrument operation, the titration injector syringe is inserted into the reaction
cell. During the titration, the Cu NPs is titrated to HSA with 30 injections of 10 pL
each spaced 2 min apart. During the spaced 2 min, the system can reach thermal
equilibrium again. After the titration, the measured curve are formed and shown in the

Figure 4A (the upper one), in which the x-coordinate represents the time of titration
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and y-coordinate represents the heat of reaction. With the titration, the heat of reaction
decreases gradually until the reaction tends to balance. At last, with the measured
curve analysed by Origin software package, we can get a solid line in the bottom plot
(Figure 4A) to get the thermodynamic parameters (AH, AS and K) and the titrant-to-
sample molar ratio of near 0.25, which represents the best fit of our data to two-site
equilibrium binding expression and is in accordance with the relevant report.t]
Results and Discussion

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

The differentiation of the five metal NPs can also be realised, according to the pattern
variation of the sensor composed of the ten proteins. As can be seen in Figure S1A,
each metal NPs has its own characteristic “fingerprint” map, which can be used to
recognise the NPs. For instance, the Cu NPs are strongly emissive with the addition of
HSA, catalase, lysozyme, EA and y-globulins, whereas the Cu NPs has low FL with
the other proteins; the Cu NPs is all rose red in the presence of papain, trypsin,
hemoglobin human (Hb) and IgG, and is pale blue in the presence of the other
proteins. By comparison, for Ag NPs, the FL is rather high with the addition of
catalase and Hb while rather low with the other ones; and the colour is pale green with
HSA, white with catalase, brick-red with Hb, bluish-white with lysozyme and EA,
and violet with papain, trypsin, mucins, IgG and y-globulins.

The quantitative analysis experiment is also carried out for the determination of the
sensitivity of the sensor, through the analysis of the fluorescence intensity signal of
proteins by the addition of nanoparticles at different concentrations, while keeping the
concentration of the proteins constant. Here, lysozyme with Cu NPs as well as Hb
with Ni NPs and Co NPs are taken as examples (Figure S2). The limit of detections of
Cu NPs, Ni NPs and Co NPs are determined to be 0.0625 mM, 0.125 mM and 0.125
mM respectively. It can be seen in Figure S2a; that the calibration curve of Cu NPs
bends towards to the concentrations axis at 0.625 mM, which means that the linear
dynamic range of Cu NPs is from 0.0625 mM to 0.625 mM. Similarly, it can be
determined that the linear dynamic range of Ni NPs is from 0.125 mM to 1.25 mM
and that of Co NPs is from 0.125 mM to 2.5 mM.
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Figure S1. (A) FL intensity (1) and colour (2) difference maps for five metal NPs,
with the addition of proteins (a: HSA, b: papain, c: catalase, d: trypsin, e: lysozyme, f:
Hb, g: EA, h: mucins, i: IgG, j: y-globulins). The concentration of each protein is 2
mg mL-! and that of metal NPs is 2.5 mM, the excitation wavelength is 312+10 nm.(B)
FL intensity change patterns of five metal NPs in the presence of ten proteins (the
change patterns are acquired as an average of five parallel measurements). Iy
represents the average FL intensity values of the background, and I represents these of
protein-NPs.(C) Canonical score plot of the first two factors of FL intensity response
patterns, obtained through the sensor against five target metal NPs; the insert is partial

enlargement of the plot.
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Figure S2 (a;, a,, a3) FL intensity change with the variation of NPs concentrations (a;:
Cu NPs, a,: Ni NPs, a;: Co NPs) as an average of five parallel measurements. (by, b,
b;) Correlation of the concentrations of protein with the FL intensity in the linear
dynamic range (b;: Cu NPs, by: Ni NPs, bs: Co NPs). The 95% confidence limit is
marked in the figures. I, represents the average FL intensity values of the background,

and I represents these of protein-NPs.

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

Table S4. The raw fluorescent data of five metal NPs with proteins in gel



Protein Control Cu NPs Au NPs NiNPs AgNPs CoNPs
analytes lo IOl 1 (-l 1 (ko 1 (-ladlo 1 (1-klo
HSA 426 1040 240 1143 18 981 14 1103 1.7 968 1.3
HSA 414 1053 243 1163 18 1016 1.4 1146 1.8 984 1.4
HSA 43.7 1022 236 1150 1.8 1030 15 1135 1.7 976 13
HSA 369 1003 231 1102 1.7 101.7 14 1113 1.7 99.0 14
HSA 40.8 9918 229 1139 17 994 14 1079 16 933 1.2
Papain 41.1 100.3 1.4 924 12 1013 1.5 934 13 1019 15
Papain 41.3 104.3 1.5 914 1.2 1042 1.5 963 1.3 1114 1.7
Papain 40.2 1002 14 950 13 B85B 13 9B6 14 941 13
Papain 42.4 107.5 1.6 836 12 920 12 941 13 1138 1.8
Papain 434 1071 16 986 14 993 14 907 12 1180 1.8
Catalase 42.8 637.0 143 251.6 51 3251 6.8 491.5 10.8 388.9 8.4
Calalase 41.5 645.3 145 263.7 53 3276 6.9 500.0 11.0 380.8 8.2
Catalase 409 650.0 145 2657 54 3326 7.0 5091 11.2 388.3 8.3
Catalase 423 6931 147 2435 49 3213 6.7 4948 109 390.3 84
Catalase 436 586.7 157 2464 49 3284 69 5325 11.9 3928 85
Trypsin 41.0 19249 37 1128 1.7 973 1.3 949 1.3 978 1.4
Trypsin 405 2215 43 1033 1.5 9.6 1.2 940 13 972 13
Trypsin 409 2269 45 103.2 1.5 900 1.2 1005 14 101414
Trypsin 41.3 1939 3.7 1086 1.6 883 1.1 89.7 1.2 885 1.2
Trypsin 412 2752 56 992 14 986 14 974 13 943 13
Lysozyme 405 12295 286 1181 1.8 1488 26 1129 1.7 1745 3.2
Lysozyme 43.0 1265.6 29.5 106.8 1.6 1463 25 1104 1.7 1766 3.3
Lysozyme 426 12349 287 1076 1.6 1508 26 109.3 1.6 1791 33
Lysozyme 42.7 12785 298 1128 1.7 1483 26 1109 1.7 170.8 31
Lysozyme 42.0 1256.5 29.2 1001 1.4 1529 27 1114 1.7 170.0 31
Hb 401 2551 51 5864 131 7180 16.3 6753 153 677.3 153
Hi 394 2497 5.0 5901 13.2 760.0 17.3 6B1.5 154 671.9 152
Hb 38.2 2647 5.4 5905 13.2 736.T 16.7 6756 153 690.2 156
Hi 399 2580 5.2 6019 135 7741 17.7 681.5 151 6681 151
Hb 421 2651 54 6034 135 751.7 171 6527 14.7 673.1 15.2
EA 427 9499 219 1444 25 1591 28 1664 3.0 173.7 3.2
EA 41.0 9561 220 1420 24 1571 28 1638 29 169.1 341
EA 40.8 9615 221 1422 24 1500 26 161.2 29 1733 3.2
EA 41.5 9399 216 1371 23 1521 27 1615 29 1749 3.2
EA 40.6 1010.5 23.3 139.0 23 1612 29 1585 2.8 163.7 28




Protein Control Cu NPs Au NPs NiNPs AgNPs CoNPs
analytes le (-l 1 (bl 1 (ke 1 (ke 1 (-l
Mucins 406 1475 26 10741 1.6 1342 2.2 1233 2.0 1375 23
Mucins 413 1463 25 10641 1.6 1300 21 124.0 2.0 140.0 24
Mucins 420 1425 24 1110 1.7 1346 2.2 1189 1.9 140.0 24
Mucins 431 1492 26 1096 1.6 1305 21 123.0 2.0 1408 24
Mucins 41.8 1450 25 1094 16 1313 2.2 1181 1.8 140.0 24
lgG 40.6 3444 73 2722 56 1475 2.6 1360 2.3 1471 25
lgG 413 3461 7.3 2784 57 1479 26 1400 2.4 1438 25
lgG 41.6 3731 80 2715 55 1438 25 1420 2.4 1467 25
lgG 40.5 3224 6.8 2839 58 1492 26 1403 24 1458 25
lgG 424 3328 7.0 2827 58 1479 26 1469 2.5 1467 2.5
y-globulins 418 657.3 148 91.7 1.2 161.2 29 2929 6.0 1679 3.0
y-globulins 404 697.2 158 956 1.3 1654 3.0 3016 6.3 1641 3.0
y-globulins 423 670.2 151 958 1.3 161.6 29 2937 6.1 169.1 3.1
y-globulins 41,7 696.0 157 91.4 1.2 1658 3.0 3024 6.3 1674 3.0
y-globulins 408 723.8 164 940 1.3 160.8 29 2920 6.0 1625 29

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.

denatured

BSA

(1-lo)llo

8
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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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concentration of each protein is 2 mg mL"! and that of metal NPs is 2.5 mM, the
excitation wavelength is 312+10 nm. (B) FL intensity change patterns of HSA, BSA,
denatured HSA and denatured BSA in the presence of five metal NPs (the change
patterns are acquired as an average of five parallel measurements). I, represents the

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

4. Quantitative analysis of the proteins using the sensor

The quantitative analysis experiment is also carried out for the determination of the
sensitivity of the sensor, through the analysis of the fluorescence intensity signal of
proteins at different concentrations by the addition of nanoparticles, while keeping the
concentration of the nanoparticles constant. Here, HSA and lysozyme with Cu NPs as
well as Hb with Ni NPs are taken as examples (Figure S4). The limit of detections of
HSA, lysozyme and Hb are determined to be 0.288 puM, 1.39 uM and 0.310 uM
respectively. It can be seen in Figure S4a,; that the calibration curve of HSA bends
towards to the concentrations axis at 28.8 uM, which means that the linear dynamic
range of HSA is from 0.288 uM to 28.8 pM. Similarly, it can be determined that the
linear dynamic range of lysozyme is from 1.39 uM to 69.4 uM and that of Hb is from
0.310 uM to 15.5 uM.
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Figure S4. (a;, a,, a;) FL intensity change with the variation in protein concentrations
(a;: HSA, ay: lysozyme, a;: Hb) as an average of five parallel measurements. (b, b,
b;) Correlation between the protein concentrations and the FL intensity in the linear
dynamic range (b;: HSA, by: lysozyme, bs: Hb). The 95% confidence limit is marked
in the figures. I, represents the average FL intensity values of the background, and I

represents these of protein-NPs.



1 5. The discrimination of proteins by metal NPs after changing the NPs synthetic
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Figure S5. (A) FL intensity (a) and colour (b) difference maps for six proteins, with

and without the addition of metal NPs. The concentration of each protein is 2 mg mL"!,
and the excitation wavelength is 312+10 nm. (B) FL intensity change patterns of ten
proteins in the presence of five metal NPs (the change patterns are acquired as an
average of five parallel measurements). I, represents the average FL intensity values
of the background, and I represents these of protein-NPs.(C) Canonical score plot of
the first two factors of FL intensity response patterns, obtained through the sensor

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

Protein Control Cu NPs Au NPs Ni NPs AgNPs Co NPs

analytes lo | (-lWle 1 (lMls 1 Ol 1 (-laMls 1 1=kl
HSA 194 1035 239 1504 26 128.8 21 1789 3.3 463 0.1
HSA 41.4 1089 252 1596 28 1252 20 1878 3.5 448 0.08
HSA 401 4102 255 159.7 2.8 1356 23 1705 3.1 468 0.13
HSA 369 994 229 1487 26 1324 22 1709 3.1 40.7 -0.02
HSA 437 1105 256 1525 27 1313 2.2 1859 35 486 017
Hb 38.2 2557 52 1812 34 632.0 142 2416 4.8 1037 24.0
Hb 406 2604 53 1795 3.3 6240 140 221.7 43 1014 234
Hb 421 2708 55 1768 3.3 6846 155 243.0 4.8 1027 237
Hb 426 2494 50 1856 3.5 680.3 154 268.3 4.3 1088 252
Hb 401 2683 55 1783 3.3 600.6 135 210.2 48 1006 232
1gG 423 3408 7.2 1122 17 1213 19 1223 1.9 3406 7.2
1gG 413 332 7.0 1121 1.7 140.0 24 1271 21 3394 7.2
1gG 416 3518 7.5 1084 16 1412 24 127.0 21 3052 63
1gG 424 3449 7.3 1122 17 1397 24 1294 21 2899 6.0
IgG 428 3297 69 1068 16 1199 19 1232 2.0 2978 6.2

Catalase 40,8 6534 147 2012 38 2131 441 200.0 3.8 1925 3.6
Catalase 426 6428 145 1946 3.7 2195 43 2039 39 191.0 3.6

Catalase 409 6336 142 1929 36 2199 43 2046 39 1974 3.8
Catalase 423 6731 152 1944 3.7 2004 3.8 208.9 4.0 2054 3.9
Catalase 436 6421 145 1988 3.8 1943 3.7 1948 3.7 1866 3.5
Pepsin 409 2517 51 1941 37 2419 48 2966 6.1 4363 9.5
Pepsin 415 2754 56 1966 3.7 2440 49 2913 6.0 458.6 10.0
Pepsin 405 2735 56 1943 3.7 257.0 52 3026 6.3 4126 8.9
Pepsin 39.9 2821 58 1925 3.6 2427 48 2866 59 4194 91
Pepsin 412 257.7 52 1863 3.5 2300 45 3182 6.7 4405 9.6
Trypsin 410 2154 42 1219 1.9 1164 1.8 1978 3.8 160.5 2.9
Trypsin 40,5 2063 4.0 1239 2.0 1140 1.7 1854 3.5 1624 2.9
Trypsin 413 2479 42 1262 20 4113 4.7 1974 3.7 160.0 2.8
Trypsin 406 2045 39 1214 19 1091 1.6 207.5 4.0 158.0 2.8
Trypsin 424 216.0 4.2 1270 21 1124 17 211.0 41 1522 2.7

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

4 6.1. The fluorescence resonance energy transfer (FRET)

12
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Figure S6. Emission spectra of free proteins (excited at 312 nm) and excitation spectra

of the metal NPs.

Here, the emission spectra of free proteins (excited at 312 nm) and the FL excitation
spectra of the metal NPs in solution are detected. As can be seen in Figure S6 that
there is much overlap of the emission band of proteins with the excitation band of
NPs, which suggests that at an excitation of 312 nm, the energy of proteins can be
absorbed by the NPs and consequently the NPs can be excited to be luminescent. This
may suggest the possibility of fluorescence resonance energy transfer (FRET) from
the proteins to the NPs.

6.2. The exclusion of gel components function

In this sensor, it is assumed that the gel is just used to immobilise the proteins and
metal NPs based on its 3-D polymer networks,!”] and has no effect on the metal NPs.
To validate this hypothesis, the five metal NPs are simply mixed with the gel
components (TEMED, (NH,4),S,0g, gel stock solution) individually, and the ratio of
metal NPs to the gel components is the same as in the gel. As shown in Figure S7A,
the FL properties of five metal NPs with gel components are almost identical, and the
intensity of the metal NPs can not be enhanced. Photographs are taken under

ultraviolet light, as shown in Figure S7B, and there are no colour changes, indicating a



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
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Figure S7. FL change profiles of five metal NPs (Cu, Au, Ni, Ag and Co NPs) with or
without the addition of the gel components (a: distilled water, b: TEMED, c:
(NH4),S,0g, d: gel stock solution), with exciation at 312+10 nm.

(A) FL intensity images

(B) FL colour images

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

The FL colours of NPs are transformed into RGB (red, green and blue) numerical
values and the values for the red colour are selected. The data for the red colour are

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

(9]

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

o)

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