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Figure S1. Isolation of LEVs, MEVs and exosomes from human plasma and cell 
supernatant. 
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Figure S2. (A, B) NTA, (C) concentration and (D) purity analyses of HeLa and MCF-
7 exosomes. The error bars represent the standard deviation of three replicates. 
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Figure S3. Characterization of AuNPs. (A) SEM image, (B) UV-vis spectra, (C) TEM 
image and (D) the particle size distribution. 
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Figure S4. Schematic illustration of exosomes detection on SERS substrate. 
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Figure S5. SERS signals of HeLa exosomes, HeLa cell supernatant before and after 
UC, the mixture of Trypsin and DMEM with 10% FBS, and the bare substrate of AuNPs. 
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Figure S6. NTA measurement (200 times dilution) of the plasma-derived exosomes 
from (A) an osteosarcoma patient and (B) a healthy control.  
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Figure S7. (A) Concentrations and (B) purities of exosomes isolated from the healthy 
control and the osteosarcoma patient. The error bars represent the standard deviation of 
three replicates. 
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Figure S8. SERS signals of plasma-derived exosomes, EV-free plasma, and the bare 
substrate of AuNPs. 
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Figure S9. (A) The graph represents 30 representative SERS fingerprints of plasma-
derived exosomes isolated from 10 osteosarcoma patients. Three replicates were 
performed for each sample. The adjacent three SERS fingerprints were from the same 
sample. (B) Cosine correlation of SERS fingerprints of plasma-derived exosomes 
isolated from 10 healthy controls (H) or 10 osteosarcoma patients (O). Three replicates 
were performed for each sample. The red box-plots represent the distribution of cosine 
correlation between technical replicates of each sample. The blue box-plots represent 
the distribution of cosine correlation of SERS fingerprints of different clinical samples. 
The boxes show interquartile ranges (IQR), and the whiskers show 95% percentiles; no 
outliers are shown.
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Figure S10. Hierarchical clustering of the SERS fingerprints of plasma-derived 
exosomes isolated from 10 healthy controls (H) and 10 osteosarcoma patients (O) 
shown as heatmap using Euclidean distance measure and Ward linkage. Three replicates 
were performed for each sample. 
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Figure S11. (A) PLS-DA of SERS data of plasma-derived exosomes from 10 healthy 
controls (H) and 10 osteosarcoma patients (O). Three replicates were performed for 
each sample. (B) Significant SERS features identified by PLS-DA from plasma-derived 
exosomes from the 10 healthy controls (H) and 10 osteosarcoma patients (O). 
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Figure S12. (A) The graph represents 30 representative MALDI-TOF mass spectra of 
plasma-derived exosomes isolated from 10 osteosarcoma patients. Three replicates 
were performed for each sample. The adjacent three mass spectra were from the same 
sample. (B) Cosine correlation of MALDI-TOF mass spectra of plasma-derived 
exosomes isolated from 10 healthy controls (H) or 10 osteosarcoma patients (O). Three 
replicates were performed for each sample. The red box-plots represent the distribution 
of cosine correlation between technical replicates of each sample. The blue box-plots 
represent the distribution of cosine correlation of MALDI-TOF mass spectra of 
different clinical samples. The boxes show interquartile ranges (IQR), and the whiskers 
show 95% percentiles; no outliers are shown. 
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Figure S13. Hierarchical clustering of the MALDI-TOF mass spectra of plasma-
derived exosomes isolated from 10 healthy controls (H) and 10 osteosarcoma patients 
(O) shown as heatmap using Euclidean distance measure and Ward linkage. Three 
replicates were performed for each sample. 
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Figure S14. (A) PLS-DA of MALDI-TOF mass spectra of plasma-derived exosomes 
from 10 healthy controls (H) and 10 osteosarcoma patients (O). Three replicates were 
performed for each sample. (B) Important MALDI-TOF MS features identified by PLS-
DA from plasma-derived exosomes from 10 healthy controls (H) and 10 osteosarcoma 
patients (O). 
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Table S1. Assignments of the major SERS peaks of the plasma-derived exosomes 
from a healthy control and an osteosarcoma patient. 
 

Healthy 
 plasma 
exosome 
 (cm−1) 

Osteosarcoma  
Plasma 

 exosomes 
(cm−1) 

Major peak assignment Ref. 

570  Carbohydrate present in cell membrane 1 
642 646 Tyrosine 2 
651  Tyrosine 2 
668 668 T, G(DNA/RNA) 3 
747 751 Adenine (Nucleic acids) 4 
838 822 Tyrosine 2 
892  Stretching (O-C-C-N+), Stretching (C4-N+) 

(Phospholipids) 4 
950  N-Cα-C 2 
984  Tyrosine, Valine 2 
1004 1004 Phenylalanine 2 

1071  Lipids and nucleic acids (cytosine, guanine, 
adenine) 5 

 1078 C–C or C–O stretch (lipid)  
C–C or PO2 stretch (nucleic acids) 5 

1101 1101 Phosphodioxy sym-stretching (PO2
-) 

 (Nuleic acids) 
4 

1128  Proteins: stretching C-N; 
Carbohydrates: stretching C-O 2, 6 

1145 1150 Lipids and nucleic acids 
 (cytosine, guanine, adenine) 5 

1219 1219 U, C ring; sugar puckering 
 (Nuleic acids) 4 

1244 1244 Amide III (β-Sheet) 6 
1257  U, C ring; sugar puckering 

 (Nuleic acids) 4 
1289 1293 Amide III-collagen 5 
1336 1336 Proteins: twisting (CH2, CH3) 6 
1362 1362 Pyrimidine and imidazole rings 

(Nuleic acids) 
4 

 1374 Pyrimidine and imidazole rings A/G stacking 
(Nuleic acids) 4 

1402 1402 Deformation CH3; 
asym-Stretching COO- 6 

1410  DNA bases  
1465 1465 C-H (deformation) 2 
1538  Polyene stretching (C=C) 

(Carotenoids) 4 
1655 1655 Amide I protein band 7 

 1684 Stretching (C=C) (Amide I) 8 
1723  Ester C=O stretch (lipid) 4 
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