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Figure S1. (a) HAADF-STEM image of the AgNPs-rGO composite; Corresponding elemental maps of 
silver (b); carbon (c). 

 

Figure S2. Raman spectra of the AgNPs-rGO1 substrate with high and low input laser power at 
wavelength of 514 nm (a); 633 nm (b). The raw data was shown for the background verification. 
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Figure S3. (a,b) Raman spectra of R6G solutions with different concentrations on the AgNPs-rGO1 
SERS substrates; (c) Intensity plot of the 612 cm−1 as a function of R6G concentration in logarithmic 
scale. Red line is the linear regression equation. 

For the enhancement factor (EF) calculation, ISERS = 20.97, Ibulk = 580.27 at 612 cm−1. 
Nbulk was calculated as follows [1], 

Nbulk = Ahρ/M   (1) 

where A is the laser spot area (1.81 μm2), h is the laser penetration depth (22.9 μm for 633 nm), ρ and 
M are the density (1.26 g/cm3) and molecular weight (479.02 g/mol) of R6G, respectively. Thus, Nbulk 
= 1.09 × 10−13 mol. 

Nsers was calculated as below [1], 

NSERS = CVA/S  (2) 

where C is the R6G concentration (10 nM), V is the sample volume (1 μL), A is the laser spot area (1.81 
μm2), and is the sample area (2.24 mm2). Thus, NSERS = 8.08 × 10−21 mol. 

Based on the calculation, EF = (20.97/580.27) × (1.09 × 10−13)/(8.08 × 10−21) = 4.88 × 105. 

 
Figure S4. Reproducibility of the AgNPs-rGO1 SERS substrate. (a) SERS spectra of R6G from 
randomly selected 50 points. Five samples were measured with 10 points per the each sample; SERS 
intensity distribution of the R6G at the Raman peaks of 612 cm–1 (b); 773 cm–1 (c); 1362 cm–1 (d); 1650 
cm–1 (e). Different colors represent the five each sample. 
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Figure S5. Stability test of the AgNPs-rGO1 SERS substrate. (a) The SERS spectra of 1 μM R6G 
solutions during a month; (b–e) The SERS intensity of R6G at the 612 cm−1, 773 cm−1, 1362 cm−1, and 
1650 cm−1 over time. 

 
Figure S6. Alexa Fluor 488 dye conjugated antibodies on the substrates. The anti-EpCAM antibodies 
was functionalized on the substrate through avidin-biotin interaction. The functionalization layer 
with thickness of ~10 nm involving the uniformly distributed antibodies adhere to the cell surface of 
3-D structure resulting in the Raman enhancement of cell components near the substrates. 

 
Figure S7. Fluorescence microscope images of the MCF7 cells stained with DAPI (blue) for nuclei and 
rhodamine-phalloidin (red) for actin filaments on the various SERS substrates after 1 hour capture 
time. The SERS substrates were fabricated using the AgNWs-GO mixture films with the different GO 
contents (top) and different applied electric fields during the process (bottom). 
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Figure S8. (a) Contact angle of the AgNWs film and the AgNWs-GO1 film. Inset photographs are 
water droplets on the films; (b) Stiffness of the AgNWs film and the AgNWs-GO1 film. The films was 
tested in indent depth of 100 nm. 

 

Figure S9. Comparison of the enhanced and non-enhanced Raman spectra. (a) Raman spectrum of a 
MCF7 cell on the AgNPs-rGO1 SERS substrate (red line) and on a microscope slide (blue line); (b) 
Raman spectrum of a MCF10A cell on the AgNPs-rGO1 SERS substrate (green line) and on a 
microscope slide (blue line). Inset is the MCF7 and MCF10A cell on the microscope slides. 

Table S1. Comparison of LOD of R6G and the other methods. 

 
Liquid 

Chromatograph
y 

Solid-phase 
Extraction 

Fluorescence 
Sensor 

Other SERS 
Method 

This Work 

LOD 2.7 nM [2] 
2.1 μg/L [3] 

(4.4 nM) 0.26 μM [4] 0.1 nM [5] 2.0 nM 
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Table S2. Molecular assignment of Raman bands of the MCF7 and MCF10A cells. 

Raman Shift 
(cm−1) 

Molecular Assignment Cell Type References 

621 C−C twisting mode of phenylalanine (proteins) MCF7 6,7,8 
630 Glycerol MCF10A 9 
662 C−S stretching mode of cystine (collagen type I) MCF10A 6,10 
702 Cholesterol, cholesterol ester MCF7 9 
709 ν(C−S) trans (amino acid methionine) MCF10A 11 
782 Thymine, cytosine, uracil MCF7 8 
802 Uracil-based ring breathing mode MCF10A 12 
831 Asymmetric O−P−O stretching, tyrosine MCF10A 13 
842 Glucose MCF7 7 
877 C−C−N+ symmetric stretching (lipids) MCF10A 8 
883 ρ(CH2) (protein assignment) MCF7 14 
893 Backbone, C−C skeletal MCF10A 13 
957 Hydroxyapatite, carotenoid, cholesterol MCF10A 7 

970 
Phosphate monoester groups of phosphorylated 

proteins and cellular nucleic acids MCF7 15 

980 C−C stretching β-sheet (proteins) MCF10A 8 
1003 Phenylalanine, C−C skeletal MCF7 13 
1007 Phenylalanine, carbamide MCF10A 16 

1040 
Formalin peaks appearing in the fixed normal and 

tumor tissues MCF7 17 

1043 Proline (collagen assignment) MCF10A 18,19 

1131 Fatty acid MCF7, 
MCF10A 

9 

1155 C−C (and C−N) stretching of proteins (also 
carotenoids) 

MCF7 6,7 

1173 Tyrosine (collagen type I) MCF10A 9 

1237 
Amide III and CH2 wagging vibrations from glycine 

backbone and proline side chains MCF7 15 

1330 Typical phospholipids MCF7 20 
1350 Carbon particle MCF10A 21 
1359 Tryptophan MCF10A 10 
1409 νs COO− MCF10A 22 
1413 ν(C=O)O− (amino acids, aspartic and glutamic acid) MCF7 11 

1445 
CH2CH3 bending modes of collagen and 

phospholipids MCF10A 23,24 

1472 Paraffin MCF7 15 
1525 In-plane vibrations of the conjugated −C=C− MCF10A 25 
1528 Carotenoid (absent in normal tissues) MCF7 26 
1554 Amide II MCF10A 27 
1573 Guanine, adenine, TRP (protein) MCF7 7 
1585 C=C olefinic stretch (protein assignment) MCF7 28 
1602 Phenylalanine MCF10A 23 
1607 Tyrosine, phenylalanine ring vibration MCF7 22 
1653 Lipid (C=C stretch) MCF10A 7 
1656 Amide I (proteins) MCF7 22 
1725 C=O lipids MCF10A 29 
1738 Lipids MCF7 15 
1745 Lipids MCF10A 30 
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