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General information 
1.1 Chemicals and reagents 
All chemical reagents were purchased from commercial suppliers and used without further 
purification. All of extra-dry material (include methanol, ethanol, isopropanol, methoxyethyl, n-
butyl alcohol, 2-chloro-2-oxo-1,3,2-dioxaphospholane), 2-(dimethylamino) ethyl methacrylate, 
FeCl3·6H2O, NaAc, trisodium citrate dehydrate, γ-methacryloxypropyltrimethoxysilane, bis-
acrylamide, azodiisobutyronitrile, PEG was purchased from MERYER CO. LTD (Shanghai, 
China). DiI, DiO, Hoechst 33343, BCA Protein Quantification Kit, and BeyoECL Plus were 
obtained from Beyotime Biotechnology CO. Ltd. (Shanghai, China). Anti-Alix mouse monoclonal 
antibody (ab117600), anti-CD9 rabbit polyclonal antibody (ab223052), anti-CD81 rabbit 
monoclonal antibody (ab109201), antimouse IgG, HRP-linked antibody (ab205719) and antirabbit 
IgG, HRP-linked antibody (ab6721), anti-Salivary alpha amylase rabbit monoclonal antibody 
(ab201450), anti-UMOD rabbit monoclonal antibody (ab207170), anti-GDF15 rabbit monoclonal 
antibody (ab206414) were purchased from Abcam (Cambridge, MA). Anti-CD9 mouse 
monoclonal antibody (11029-MM01), anti-CD63 mouse monoclonal antibody (11271-MM03), 
anti CD81 mouse monoclonal antibody (14244-MM03), and anti-APOB1 rabbit polyclonal 
antibody (10686-T52) were purchased from Sino Biological (Beijing, China). Anti-APOB100 
mouse monoclonal antibody (MAC003Hu22) was purchased from CLOUD-CLONE Coup. 
(Wuhan, China). Dulbecco’s modified Eagle medium (DMEM), RPMI-1640 medium, L15 
medium, fetal bovine serum (FBS), 0.25% trypsin-EDTA, and antibiotics (penicillin-streptomycin) 
were purchased from Gibco (Grand Island, NY). Dulbecco’s phosphate-buffered saline (D-PBS) 
was purchased from Genview (TX, USA). 
 
1.2 Instrumentation  
1H NMR spectra, and 35P NMR spectra were carried out utilizing a Bruker AV 400 (400 MHz) 
instrument with CD3OD as solvent. Mass spectra were carried out utilizing a VG ZAB-HS. FT-IR 
spectra were obtained by Nicolet iS50 (Thermofsher Scientific). Ultracentrifugation was 
performed using the Type 45Ti rotor or SW 41Ti rotor in an Optima XE-100 ultracentrifuge 
(Beckman Coulter). Fluorescence emission spectra were collected on a Hitachi F-4600 fluorimeter. 
The TEM images were obtained from an electron microscope (Talos F200C). The SEM images 
and energy dispersive spectra (EDS) were obtained from a FE-SEM (Apreo S LoVac). The TGA 
measurements were acquired from a TG8121 (Rigaku, Japan). The dynamic size and ζ-potential 
measurements were acquired from a Zetasizer (ZEN1690, Malvern). Particle concentration was 
analyzed by Nanoparticle tracking analyzer ZetaView PMX 110 (Particle Metrix, Meerbusch). 
Confocal fluorescence microscopy images were performed by Nikon A1+ confocal fluorescence 
microscope with a 100× lens. The gels of immunoblotting were observed with a gel image system 
(Azure c600, Azure Biosystems). 
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Figure S1. The ring open reaction of the Me-linked cyclic phosphate with tertiary amine is 
divided into exo-cyclic and endo-cyclic pathways. 
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Figure S2. 1H NMR spectrum of the mixture of CP-Me and its byproducts in CD3OD. Since the 
target CP-Me and its byproduct are of identical molecular weight, chemical structure, and polarity, 
it is difficult to separate them using chromatography and selective precipitation. The peaks at 4.24 
ppm (peak 2’) and 4.11 ppm (peak 1’) are respectively assigned to the methylene protons of the 
cyclic-phosphate anion and the methyl protons of the trimethyl-ammonium cation in the byproduct. 
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Figure S3. 31P NMR spectrum of CP-Me and its byproducts in CD3OD. 31P NMR (δ: ppm, 162 
MHz, Methanol-d4): 18.76, 1.26. The signals at 18.76 ppm (peak 2) and 1.26 ppm (peak 1) are 
respectively assigned to the phosphorus in the cyclic-phosphate anion and CP-Me (reference 41 in 
the main text). 
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Figure S4. 1H NMR spectrum of CP-iPr in CD3OD. 1H NMR (δ: ppm, 400 MHz, Methanol-d4): 
6.16 (s, 1H), 5.72 (s, 1H), 4.66 – 4.63 (m, 2H), 4.56 – 4.50 (m, 1H), 4.37 – 4.33 (m, 2H), 3.90 – 
3.86 (m, 2H), 3.80 – 3.78 (m, 2H), 3.29 (s, 6H), 1.97 (t, J = 1.3 Hz, 3H), 1.31 (d, J = 6.2 Hz, 
6H). 
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Figure S5. 31P NMR spectrum of CP-iPr in CD3OD. 31P NMR (δ: ppm, 162 MHz, Methanol-d4): 
-1.59. 
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Figure S6. Mass spectrum of CP-iPr. ESI-MS: calc. for: C13H26NO6P, [M-H]+ 324.15, found 
324.16. 
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Figure S7. 1H NMR spectrum of CP-Et in CD3OD. 1H NMR (δ: ppm, 400 MHz, Methanol-d4): 
6.16 (s, 1H), 5.72 (s, 1H), 4.66 – 4.61 (m, 2H), 4.35 (s, 2H), 4.22 – 4.13 (m, 2H), 3.99 – 3.91 (m, 
2H), 3.72 (s, 2H), 3.30 (s, 6H), 1.97 (s, 3H), 1.36 – 1.27 (m, 3H). 
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Figure S8. Mass spectrum of CP-Et. ESI-MS: calc. for: C12H24NO6P, [M-H]+ 310.13, found 
310.14. 
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Figure S9. 1H NMR spectrum of CP-MOE in CD3OD. 1H NMR (δ: ppm, 400 MHz, Methanol-
d4): 6.16 (s, 1H), 5.72 (s, 1H), 4.66 – 4.61 (m, 2H), 4.35 (s, 2H), 4.22 – 4.13 (m, 2H), 3.99 – 3.91 
(m, 2H), 3.72 (s, 2H), 3.30 (s, 6H), 1.97 (s, 3H), 1.36 – 1.27 (m, 3H). 
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Figure S10. Mass spectrum of CP-MOE. ESI-MS: calc. for: C13H26NO7P, [M-H]+ 340.14, found 
340.15. 
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Figure S11. 1H NMR spectrum of CP-n-butyl in CD3OD. 1H NMR (δ: ppm, 400 MHz, Methanol-
d4): 6.15 (s, 1H), 5.71 (s, 1H), 4.64 (s, 2H), 3.98 (s, 2H), 3.88 (d, J = 6.7 Hz, 2H), 3.72 (d, J = 10.5 
Hz, 2H), 3.61 – 3.53 (m, 2H), 3.27 (s, 6H), 1.97 (s, 3H), 1.62 (t, J = 7.4 Hz, 2H), 1.46 – 1.40 (m, 
2H), 0.94 (t, J = 7.3 Hz, 3H). 
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Figure S12. Mass spectrum of CP-n-butyl. ESI-MS: calc. for: C14H28NO6P, [M-H]+ 338.17, 
found 338.17. 
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Fig S13. The DLS data of MB, MB-C=C, and MB@CPs bearing different headgroups (including 
Me, Et, iPr, MOE, and n-butyl). The size change of MBs can be used to evaluate the formation of 
MB@CPs and their mono-dispersity. 
 
 
 
 
 

 
 

Figure S14. FT-IR spectra of MB, MB-C=C, and MB@CP-iPr. The peaks at 1725 cm-1 and 
1234 cm-1 correspond to the P-O and N-H bonds in the nanogel shell of MB@CP-iPr. 
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Figure S15. TEM image of MB@CP-iPr characteristic of a clear core-shell structure. 
 
 
 
 
 
 
 

 
 

Figure S16. The EDS result shows the contents of Fe, Si, and P elements in the MB@CP-iPr, 
which correspond to the MB core, SiO2 shell, and CP gel, respectively. Inner: a representative 
SEM image of MB@CP-iPr. 
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Figure S17. TGA of MB, MB-C=C, and MB@CP-iPr in the air atmosphere to evaluate the 
organic content of MB@CP-iPr. 
 
 
 
 
 
 

 
 

Figure S18. The magnetic hysteresis loop of MB, MB-C=C, and MB@CP-iPr. Oe, Oersted; 
emu, electromagnetic unit. 
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Figure S19. X-ray diffraction of MB, MB-C=C, and MB@CP-iPr. 2θ, diffraction angle. 
 
 
 
 
 
 
 

 
 

Figure S20. Zeta potentials of MB, MB-C=C, and MB@CPs bearing different headgroups. Error 
bars, mean±s.e.m (n=5). 
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Figure S21. Cryo-EM image of the model SW620 EVs isolated by UC.  
 
 
 
 
 
 

 
 

Figure S22. NTA measurement of the model SW620 EVs isolated by UC. 
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Figure S23. The plot of isolation efficiency versus different concentrations of MB@CP-iPr for 
isolating SW620 EVs from culture media. Error bars, mean±s.e.m (n=5). 
 
 
 
 

 
 

Figure S24. The plot of isolation efficiency versus different incubation periods for isolating 
SW620 EVs with MB@CP-iPr (1 mg/mL). Error bars, mean±s.e.m (n=5). 
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Figure S25. The plot of isolation efficiency versus different concentrations of EVs isolated by 
MB@CP-iPr (1 mg/mL). Error bars, mean±s.e.m (n=5). 
 
 
 
 
 
 

 
 
Figure S26. (A) Wound healing assays of SW480 cells incubated with SW620 EVs isolated by 
UC and MB at the same vesicle concentrations. Migration was assessed at 24 h time point after 
wounding. The absence of SW620 EVs was set as control. Scale bars: 100 μm. (B) The width of 
the scratches from the different groups in (A). Error bars, mean±s.e.m (n=3, n.s means not 
significant or P>0.05). 
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Figure S27. Agarose gel electrophoresis of total RNAs extracted from the EVs that were isolated 
by UC and MB@CP-iPr, respectively.  
 

 
 
 
 
 
 
 

 
 

Figure S28. Western blotting analysis of CD9 expression on the model SW620 EVs isolated by 
MB@CP-iPr in five cycles. 
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Figure S29. NTA analysis of the EV particle numbers in FBS at different concentrations (0%, 
10%, and 100%) where the EVs were isolated by UC and MB@CP-iPr, respectively. Error bars, 
mean±s.e.m (n=3). 
 
 
 
 

 
 
Figure S30. NTA measurement of the particle size distributions isolated by different methods. (A) 
The model EVs. The EVs isolated from 100% FBS by (B) MB@CP-iPr and (C) UC, respectively. 



 
 

24 
 

 
 
Figure S31. The protein concentrations of EV solutions in different FBS concentration groups 
(0%, 10%, and 100%) where the EVs were isolated by UC and MB@CP-iPr, respectively. Error 
bars, mean±s.e.m (n=3). 
 
 
 
 
 

 
 

Figure S32. Western blotting analysis of the typical biomarkers of EVs derived from different cell 
lines. Each group was loaded with the same volume of EVs that were isolated by UC and MB@CP-
iPr, respectively. 



 
 

25 
 

 
 
Figure S33. NTA measurement of the EVs derived from different cell lines that were isolated by 
MB@CP-iPr. (A) HIEC cell line. (B) SW480 cell line. (C) DLD-1 cell line. 
 
 

 
 

Figure S34. Volcano plot showing up-regulated proteins in 3 kinds of tumor cells. A false-
discovery rate–corrected P < 0.05 and a fold change (FC) >1.5 were used to define upregulation 
(red) and downregulation (green). 
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Figure S35. NTA measurement of the EVs isolated by MB@CP-iPr from different biofluids. (A) 
Serum. (B) Urine. (C) Saliva. 
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Figure S36. Relative mean gray values (MGVs) of the Western blotting bands of CD9 on the EVs 
after isolation from (A) human serum, (B) urine, and  (C) saliva, respectively. The MGVs were 
obtained by ImageJ software. The concentrations of total enriched proteins of the EV samples after 
isolation from (D) human serum, (E) urine, and  (F) saliva, respectively. The protein 
concentrations were determined by BCA kits. The MGVs relative to the corresponding total 
protein concentrations of the EV samples after isolation from (G) human serum, (H) urine, and  (I) 
saliva, respectively, which are expressed as the ratio of MGV to protein concentration. These data 
are presented with three independent experiments. Error bars, mean±s.e.m (n=3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

28 
 

 
 
Figure S37. The ratios of EV particle count to the protein amount after isolating from (A) human 
serum, (B) urine, and (C) saliva, respectively. These data are presented with three independent 
experiments. Error bars, mean±s.e.m (n=3).  
 
 
 
 
 
 
 
 
 

 
 

Figure S38. The relative levels of protein contaminations co-existed with EVs after isolating from 
(A) human serum, (B) urine, and (C) saliva, respectively. These data are presented with three 
independent experiments. Error bars, mean±s.e.m (n=3). 
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Figure S39. The scatter diagrams of CD9 (A) and GDF15 (B) levels on the EVs collected from 
CRC patients (n=24) and healthy donors (n=6). 
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Table S1. Clinical pathological parameters. 
 
ID Gender Age Dukes Stages* 
1 Female 70 C 
2 Male 66 B 
3 Male 69 B 
4 Male 62 C 
5 Male 55 C 
6 Male 52 B 
7 Female 90 B 
8 Female 36 C 
9 Male 77 C 
10 Male 64 C 
11 Male 63 B 
12 Male 81 C 
13 Female 67 A 
14 Female 63 C 
15 Male 67 B 
16 Male 63 C 
17 Female 31 C 
18 Female 66 C 
19 Male 66 B 
20 Male 64 C 
21 Female 62 A 
22 Male 61 B 
23 Male 43 C 
24 Male 72 B 

 
*Dukes stages is a commonly-used clinical staging method for colorectal cancer. A means early 
stage; B means middle stage; C means late stage. 
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Table S2. Comparison of different EV isolation methods (references 64 and 65 in the main 
text). 
 

Isolation 
Technique 

Isolation 
Mechanism Purity Yield Recovery Sample 

Volume 
Processing 

Time  
Ultracentrifugation 

(UC) 
Density Low Low 5-25% 100 s of 

mLs 
8 h 

Density-Gradient 
Centrifugation 

Density Low Low Intermediate Up to 1 
mL 

20 h 

Precipitation Kits Surface 
Charge 

Very low High Low >100 μL Overnight

Immunomagnetic 
Beads 

Antibody-
Antigen 

Interactions 
High > 50% High Up to 1 

mL 
2 h 

MB@CP-iPr  
(This study) 

CP-PC 
Interaction 

> 90% > 90% > 90% Up to 
100 mL 

< 30 min 
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