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Figure S1 

  



 

 

 

 

 

 

 

 

 

 

Figure S1 

  



 

 

 

 

Figure S1. Characterization of SERS substrates.  

(a) Representative SEM images of GNP aggregates that were prepared with 

different concentrations of GNP solution. The concentrations of GNP are 0.29 (I), 

0.58 (II), 1.45 (V), and 2.9 mM (X), respectively. The scale bars indicate 10 µm. (b) 

SERS spectrum from 1 µM R6G molecules on substrates that were prepared with 

GNP of different concentration. (c) Changes in the intensity of R6G Raman spectra 

at 1511 cm-1 as a function of GNP concentration (ranging from 0.29 to 2.9 mM). 

(Spot: 19.625 mm2 SERS active site) Spot means the area of PDMS well. 
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Figure S2 

  



 

 

 

 

 

 

 

 

Figure S2. Optimization of GNP size for better enhancing viral SERS signal.  

(a) The quality of SERS spectra highly depended on the GNP size. GNP substrates 
were applied at the same concentration independent of their size and aggregated at 
10 mM CuSO4. (b) SERS intensities measured at 740 cm-1, and 1107 cm-1. Each 
error bar corresponds to the half standard deviation of ten independent 
measurements. Raman signals from VWSN HA+NA were measured. 

  



 

 

 

 

 

 

 

 

 

 

 

 

Figure S3 

  



 

 

 

 

 

 

 

 

 

Figure S3. SERS signals of influenza viruses (a) VCAL HA+NA (b) VWSN HA+NA 



Since raw Raman signals include random noises and other signals such as the 

substrate, not only the signal of target molecule, they have been handled by baseline 

subtraction and noise removal in a majority of researches for Raman detection.1-4 

After postprocessing, Raman spectroscopy is more powerful for molecular sensing, 

because specific peaks can stand out vividly against the baseline. Postprocessing 

has generally been used by manual methods or Fourier transform, but we used, here, 

modified baseline estimation and denoising using sparsity, or BEADS which has 

been used for chromatography.5 Simply speaking, it automatically tracks the 

baseline of raw Raman signal and subtract the baseline from the raw signal, and the 

high or low pass filter is used for noise canceling. Below is an example of our 

postprocessing (Figure S4). 

 

Figure S4. Postprocessing method of SERS signals. 

 



 

Figure S5. The effect of SERS with GNPs to make “hot-spot” via SERS.  

(a) Schematic diagram of the influenza virus detection via SERS. (b) Calculated 
electric field distribution at the plane parallel to xy plane (z=40 nm). The diameter of 
GNPs is 80 nm, the gap size between GNPs is 10 nm, and the wavelength of laser is 
785 nm. (c) The effect of GNP enhancing Raman scattering. The SERS signal 
intensity of VCAL HA+NA was 2919 fold enhanced at 1573 cm-1 by 80 nm GNPs 
compared with the case without GNPs (thereby the enhancement factor was 2919). 

  



 

 

 

 

 

 

 

Table S1. Genomic and infectious titers of virus samples. Each type of virus was 
independently packaged and quantified three times. As shown, virus samples 
packaged in the absence of envelope proteins did not contain a significant level of 
infectious particles. Based on that the fraction of analyzing spot over the whole 
nanoparticle substrate area was chosen at 1/2.25E+06 and virus samples were well 
spread on the substrate, the number of virus genomic particles that likely contributed 
to generating SERS signals was also theoretically calculated and shown in the last 
column. 

 

  



 

 

 

 

 

 

 

 

Table S2. Summary of the Raman peaks for each virus. 


