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The spectra for the solutions display a typical band at 510 nm and 520 nm in 

Figures S1a and S1b, respectively. They confirm the presence of nanoparticles in the 

solution, with the band intensity tending to stabilize after 75 min. In the presence of 

chondroitin sulfate (Figure S1b) the band is less intense and wider than expected 

because chondroitin sulfate protects the nanoparticles
45

. The concentration is crucial to 

obtain particles with different diameters, since with the reduction gold nanoparticles 

begins to agglomerate. As stabilizing agents, chondroitin sulfate molecules are located 

around the nanoparticles, preventing uncontrolled growth. By increasing the 

concentration of chondroitin sulfate, agglomeration is hampered and smaller 

nanoparticles form. 

 

Figure S1 - UV-Vis spectra for aqueous nanoparticle suspensions at distinct times after 

starting the synthesis: (a) with Chondroitin Sulfate, (b) without chondroitin Sulfate. (c) 

comparison with the spectra at 75 min from a and b. 
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Figure S2. (a) Scanning Electron Microscopy (SEM) of gold nanoparticles and (b) EDX 

spectrum of chondroitin sulfate synthesized gold nanoparticles.  

Table S1. List of EDX Bands  

Element X-rays (keV) 

carbon 0.27 

oxygen  0.52 

gold 2.12 
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Figure S3. Absorbance spectra for Chi/AuNP-CS film growth 
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Figure S4. (a) Cyclic voltammograms of the films: AuNP-SC and AuNP-SC/Probe in 

the potential range between -0.6 V and 0.6V vs. ECS in K3Fe (CN6) / K4Fe (CN6) 

solution. (b) Nyquist impedance spectra from 100 kHz to 1 Hz for modified carbon 

electrodes with: Au NP and AuNp/Probe 

 

Figure S5. Scanning electron microscopy: a) AuNP-CS, b) AuNP-CS/Probe and c) 

AuNP-CS/Probe-DNA 
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Figure S6. Impedance vs. frequency for AuNP-CS/Probe electrodes immersed in a 

solution of K3[Fe(CN)6] and K4[Fe(CN)6], with different concentrations of non-

complementary sequence. 
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Figure S7. Absorbance spectra for AuNP-CS/Probe exposed to various concentrations 

of non-complementary sequencein PBS solutions. 
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Table S2.  Characteristics of the imbalanced initial datasets generated by the 

segmentation of the images with a specific square window size. 

Size 

(pixels) 
Examples Examples/class 

n o p_0p00001 p_0p0001 p_0p001 p_0p01 p_0p1 p_1p0 

300 192 12 18 24 24 24 36 30 24 

200 480 30 45 60 60 60 90 75 60 

100 1920 120 180 240 240 240 360 300 240 

 

 

Table S3.  Characteristics of the balanced datasets used in the classifications. 

Size 

(pixels) 
Examples Examples/

Class 

300 96 12 

200 240 30 

100 1120 140 
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Table S4. Accuracy obtained in the binary and multiclass classification for the 

dataset with windows size of 100x100 pixels. 

Texture Methods 

Binary Multiclass 

LDA SVM 1-NN LDA SVM 1-NN 

GLDM 98.6 (0.4) 
98.7 

(0.5) 
95.3 (0.9) 

77.6 

(1.1) 
78.7 (1.1) 

46.5 

(1.5) 

Fourier 96.7 (0.6) 
97.2 

(0.5) 
97.8 (0.7) 

67.3 

(1.1) 
69.2 (1.1) 

57.9 

(1.7) 

CNTD 98.3 (0.4) 
98.2 

(0.4) 
89.8 (1.4) 

73.3 

(1.2) 
75.0 (1.3) 

43.7 

(1.5) 

Fractal 95.5 (0.7) 
93.6 

(0.8) 
91.4 (1.3) 

65.0 

(1.2) 
52.9 (1.2) 

40.2 

(1.6) 

AHP 98.5 (0.5) 
97.9 

(0.5) 
95.6 (0.8) 

71.4 

(1.2) 
73.6 (1.3) 

56.8 

(1.5) 

LBP 91.1 (1.4) 
92.7 

(1.3) 
85.9 (1.3) 

64.0 

(1.4) 
65.0 (1.4) 

49.7 

(1.6) 

CNRNN 99.7 (0.2) 
98.2 

(0.5) 
97.0 (0.7) 

81.2 

(1.3) 
75.0 (1.3) 

54.0 

(1.3) 

LCFNN 99.0 (0.4) 
98.9 

(0.4) 
93.2 (0.8) 

81.5 

(1.1) 
80.1 (1.4) 

54.5 

(1.6) 
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Table S5. Accuracy obtained in the binary and multiclass classification for the 

dataset with windows size of 200x200 pixels. 

Texture Methods 

Binary Multiclass 

LDA SVM 1-NN LDA SVM 1-NN 

GLDM 99.7 (0.5) 
99.3 

(0.6) 
98.2 (0.8) 

83.4 

(2.4) 
83.5 (2.3) 

55.1 

(3.0) 

Fourier 90.2 (3.2) 
99.0 

(0.7) 
98.7 (0.7) 

65.0 

(3.2) 
74.7 (2.4) 

65.3 

(2.6) 

CNTD 97.1 (1.8) 
97.8 

(1.0) 
95.9 (1.8) 

76.2 

(2.3) 
80.1 (2.2) 

54.1 

(3.2) 

Fractal 98.2 (1.2) 
97.2 

(1.1) 
96.2 (1.9) 

71.3 

(3.0) 
61.6 (2.7) 

48.0 

(3.0) 

AHP 95.9 (2.0) 
97.9 

(0.5) 
97.4 (1.5) 

75.0 

(2.8) 
80.1 (2.6) 

67.5 

(3.1) 

LBP 95.1 (2.6) 
98.8 

(0.9) 
90.9 (2.0) 

51.9 

(3.7) 
73.2 (2.6) 

62.8 

(3.4) 

CNRNN 95.4 (2.6) 
99.5 

(0.5) 
99.0 (0.7) 

71.0 

(3.2) 
80.4 (2.1) 

65.0 

(2.8) 

LCFNN 99.3 (0.8) 
99.7 

(0.4) 
99.2 (0.7) 

72.7 

(3.4) 
86.9 (2.2) 

72.1 

(2.7) 

 

 


