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Fig. S1. Flow chart of multivariable model steps
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Fig. S2 Absorption spectrum of silver nanoparticles, with a maximum absorption peak at 416 nm. The inset shows the corresponding transmission electron microscopic (TEM) image. Scale bar=100 nm.
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Fig. S3 UV-Vis absorption spectra of mixed plasma with concentrated silver colloid at different volume ratios (1:4, 1:2, 1:1, 2:1 and 4:1)

Figure S3 Comparison of absorption spectra from solutions with different volume ratios between blood plasma mixed with concentrated silver colloid, as well as the bare AgNPs (bottom curve), all the absorption results from the mixed solution show a red shift pattern. As the localized surface plasmon resonance (LSPR) wavelengths closely shift toward 785 nm; however, intense strength of SERS signals is not expected. The most intense SERS spectrum occurs when the LSPR is blue-shifted from the 785 nm excitation.
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Fig. S4 SERS spectra of blood plasma mixed with concentrated silver colloid at different volume ratios (1:4, 1:2, 1:1, 2:1 and 4:1)
SERS spectra of mixed plasma with concentrated silver colloid at different volume ratios to were evaluated to explore the SERS performance difference under different conditions (as shown in Figure 3). It was found that the SERS spectrum yields the greatest intensity enhancement and relatively the most excellent signal-to-noise ratio (SNR) when the concentrated AgNPs was mixed with the blood plasma sample at a 1:1 volume ratio.
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Fig. S5 Comparison of Raman spectra obtained from blood plasma with or without filtration. (a), Conventional Raman spectrum of blood plasma; (b), SERS spectrum of blood plasma mixed with concentrated AgNPs at a 1:1 volume ratio; (c), SERS spectrum obtained from plasma ultrafiltrate and mixed with concentrated AgNPs at a 1:1 volume ratio. Spectra have been offset vertically for the sake of visual clarity.

Figure S5 compares the typical Raman spectra of filtered and unfiltered blood plasma. The black curve shows the conventional Raman spectrum of the blood plasma, whose weak Raman peaks indicate that Raman signals from blood plasma suffers from the limitations of low sensitivity due to the macromolecules presented in blood plasma, particularly when interrogated under non-dry conditions. The red curve shows the conventional SERS spectrum obtained through mixing the blood plasma with the Ag NPs in a 1:1 volume ratio, compared with the conventional Raman spectra, SERS signal greatly improves as the Ag NPs was introduced, and the blue curve shows the SERS spectrum of the filtered plasma and Ag NPs mixture at a 1:1 volume ratio. The results indicate that filtration can effectively remove high molecular weight proteins which might greatly influence the spectral pattern and intensity of Raman signals and thus highlights the overall SERS enhancement. It can be seen that the Raman characteristic peaks in the range of 400-1800 cm-1 are obviously enhanced and the signal-to-noise ratio is also greatly improved. Moreover, compared with the SERS spectrum without filter treatment, the high-protein ultrafiltration not only does not affect the SERS spectral peak information, but also brings about 8 times intensity enhancement than that without the filter treatment.
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Fig. S6. The 3D bar chart of intensity of 1098 cm-1 from the SERS spectra of plasma of thyroid patients filtered with filter-membrane with different sizes (10kDa, 30kDa, 50kDa and 100kDa) and mixed with concentrated AgNPs at different volume ratios (1:4, 1:2, 1:1, 2:1, and 4:1)

To comprehensively compare the performance of SERS spectrum with varying filter membrane size, 300 uL of plasma samples were loaded into 10 kDa, 30 kDa, 50 kDa, and 100 kDa filter tubes respectively, and then centrifuged at 10,000 rpm for 18 minutes. The supernatant was collected and then mixed with concentrated AgNPs at 4:1, 2:1, 1:1, 1:2, and 1:4 volume ratios respectively prior to the subsequent SERS detection. The Raman characteristic peak at plasma 1098cm-1 was selected as a reference band for SERS performance evaluation and comparison. It is obvious that SERS performance improve as filter-membrane was involved, and varies with different size of filter-membrane as well as different volume ratio between blood plasma with AgNps. In terms of the whole aspect of spectral SNR and the spectral intensity, the optimized SERS signal was achieved when the blood plasma was filtrated by the 50 kDa filter membrane and mixed with concentrated AgNPs at 1:1 volume ratio.



