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Figure S1. Schematic of the steps followed for the fabrication of silicon nanowires decorated with (a) 
Ag dendrites or (b) Ag aggregates. 
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Figure S2. Top view SEM image of 500-nm long Si nanowires decorated with approximately 150-
nm long Ag aggregates. 
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Figure S3. (a) Net SEF spectra received for a calibrator containing 100 pg/mL survivin from Ag/Si 
substrates with aggregates (red line) or from Ag/Si substrates with dendrites (blue line). (b) SERS 
spectra received for a calibrator containing 100 pg/mL survivin from Ag/Si substrates with aggre-
gates (red line) or from Ag/Si substrates with dendrites (blue line). 

 

Calculation of SERS enhancement factor (EF) 
For the calculation of the SERS Enhancement Factor (EF) we used the method pro-

posed in ref. 34. This method is based on the following formula: 𝑎𝐸𝐹 = 𝐼ௌாோௌ/ሺ𝑃ௌாோௌ × 𝑇ௌாோௌ × 𝑁ௌாோௌሻ𝐼ோௌሺ𝑃ோௌ × 𝑇ோௌ × 𝑁ோௌሻ  

where ISERS expresses analyte Raman scattering intensity on SERS-active substrates (Ag 
aggregates in our case) and IRS expresses the Raman intensity from the analyte deposited 
on a non-enhancing surface (plain Si wafer). PSERS and PRS represent the power of an exci-
tation laser, which in our case is the same for SERS-active and non-active substrates, TSERS 
and TRS are the acquisition times for each case respectively. NSERS and NRS are the number 
of molecules illuminated by the incident laser spot sampled on the SERS-active substrate 
and the non-enhancing substrate, respectively. We used the same optical parameters (the 
wavelength of 514 nm, the 20× objective lens, spectrometer) to acquire all spectra. In order 
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to detect Raman signal at the non-enhancing surface we used a significantly higher ana-
lyte solution. The measured SERS spectra after smoothing and baseline correction normal-
ized according to the formula above are displayed in Figure S3. 

 

Figure S4. Normalized SERS for crystal violet (CV) with 514 nm laser on Ag aggregates (upper plot) 
and Si-reference (lower plot). For the case of Ag aggregates substrates, a series of 60 measurements 
with 1 sec acquisition time were taken. 

Table S1 shows the results for the aEFs for some of the intense crystal violet (CV) 
Raman bands displayed in Figure 1 for Ag aggregates. The highest aEF, 1.8 × 108, of the 
Ag aggregates was found at 1586.78 cm-1. 

Table S1. Calculated SERS aEF values for the surface with the Ag aggregates for the several peaks 
observed in the CV spectrum. 

Peak wavenumber (cm−1) Calculated aEF value (× 108) 
914.16 1.4 (±0.1) 

1174.51 1.5 (±0.2) 
1370.89 1.2 (±0.1) 
1586.78 1.8 (±0.2) 
1619.19 1.6 (±0.2) 
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Figure S5. SEF signals obtained from nanostructured Ag/Si substrates with Ag dendrites for the 
zero calibrator (orange columns) and a calibrator containing 50 pg/mL (green columns) using the 
following buffers for the preparation of capture antibody solution: (1) phosphate buffer 50 mM, pH 
7.4; (2) carbonate buffer 50 mM, pH 9.2; and (3) Tris-HCl buffer 10 mM, pH 8.25, 0.1 M NaCl Each 
point is the mean of three samples ± SD. 
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Figure S6. Survivin calibration curves obtained from nanostructured Ag/Si substrates with Ag 
dendrites using as assay buffer phosphate buffer 50 mM, pH 7.4 (triangles) or Tris-HCl buffer 50 
mM, pH 8.25 (squares). Both buffers contained 10 g/L BSA, 9 g/L NaCl, 0.5 g/L NaN3. Each point is 
the mean of three samples ± SD. 
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Figure S7. Raman spectra received from Ag/Si substrates with aggregates for survivin calibrators 
with concentration 0 (black line) and 50 pg/mL (red line), as well as the net signal for the 50 pg/mL 
calibrator (blue line) using as label 4-MBA-Au-streptavidin (a) or streptavidin labelled with 
peroxidase in combination with TMB precipitating substrate (b). Each point is the mean value of 5 
measurements from 3 replicate samples ± 3SD. 

 
 
 

   
(a) (b) (c) 

Figure S8. Characteristic top view SEM images received prior to (a) and after the application of TMB 
substrate for 5 (b) or 30 min (c) onto Ag/Si substrates modified with anti-survivin capture antibody 
which were incubated with a 200 pg/mL survivin calibrator and a 25 ng/mL streptavidin-peroxidase 
solution. 
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Figure S9. Survivin ELISA calibration curve. Each point is the mean of four replicates ± S 
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Figure S10. (a) SEF calibration curve received with survivin calibrators in human serum. (b) SERS 
calibration curve received with survivin calibrators in human serum. Each point is the mean value 
of 5 measurements from 3 replicate samples ± 3SD.  
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Table S2. Percent recovery values of survivin added to human serum determined by the SEF assay. 

Initial concentration 

(pg/mL) 

Concentration added 

(pg/mL) 

Concentration determined 

(pg/mL) 

%Recovery 

 

20 

10 9.5 ± 0.6 95.0 ± 6.0 

20 22.5 ± 1.0 112 ± 5.0 

40 37.0 ± 2.0 92.5 ± 5.0 

 

75 

30 32.0 ± 2.0 107 ± 6.7 

75 73.0 ± 2.0 97.3 ± 2.6 

150 160 ± 3.0 107 ± 1.9 

 

Table S3. Percent recovery values of survivin added to human serum determined by the SERS assay. 

Initial concentration 

(pg/mL) 

Concentration added 

(pg/mL) 

Concentration determined  

(pg/mL) 

%Recovery 

 

20 

10 12.0 ± 0.5 120 ± 5.0 

20 17.0 ± 1.0 85.0 ± 5.0 

40 43.0 ± 1.0 107 ± 2.5 

 

75 

30 28.0 ± 2.0 93.3 ± 6.7 

75 78.0 ± 1.0 104 ± 1.3 

150 135 ± 5.0 90.0 ± 3.3 

 

 
 


