
1 

 

Supplementary Material 

 

High-performance detection of exosomes based on synergistic 

amplification of amino-functionalized Fe3O4 nanoparticles and two-

dimensional MXene nanosheets 

 

Linlin Zhuang 1,2, Qiannan You 1,2*, Xue Su 1,2, Zhimin Chang 2, Mingfeng Ge 2, Qian 

Mei 2, Li Yang 3*, Wen-Fei Dong 1,2, Li Li 1,2* 

 

1 School of Biomedical Engineering (Suzhou), Division of Life Sciences and Medicine, 

University of Science and Technology of China, Hefei 230026, P. R. China  

2 Suzhou Institute of Biomedical Engineering and Technology, Chinese Academy of 

Science, Suzhou 215163, P. R. China 

3 Chongqing Institute of Green and Intelligent Technology, Chinese Academy of 

Sciences, Chongqing 400714, P. R. China 

 

Corresponding Author 

* E-mail: 

youqn@sibet.ac.cn;  

ylyhp@126.com; 

lil@sibet.ac.cn. 

 

 

 

 

 

 

 

 

 

 



2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1 (A) TEM image of Fe3O4 nanospheres. (B) SEM image of Fe3O4 

nanospheres. 
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Figure S2 (A) EDX spectrum with mapping of Fe3O4 nanospheres. (B) EDX spectrum 

with mapping of Fe3O4-NH2 nanospheres. 
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Table S1.  

Comparison of Fe3O4 and Fe3O4-NH2 on DLS and zeta potential.  

Sample Zeta（mV） Size（nm） 

Fe3O4 -39.3 214.5 

Fe3O4-NH2 +27.9 222.8 
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Figure S3 Photograph of the MXene colloid solution (A) and particle size distribution 

of MXene (B). 
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Figure S4 (A) XPS spectrum of MXene in Ti 2p. (B) XPS spectrum of MXene in C 

1s.   
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Figure S5 (A) FT-IR analysis of MXene-Gly and Gly. (B) XPS spectrum of MXene-

Gly in N 1s. The linkage of amino groups on MXene was realized by MXene-Gly. 
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Figure S6 (A) The NTA data of exosomes derived from 4T1 cells. (B) TEM image of 

exosomes isolated from the culture medium of 4T1 cells. 
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Figure S7 (A) The DPV current of the biosensor tested with different concentrations of 

Apt1, (B) different concentrations of Apt2, (C) different concentrations of MXene, (D) 

different incubation temperatures of exosomes, (E) different incubation time of 

exosomes and (F) different concentrations of Fe3O4-NH2. The concentrations of 

exosomes were 104 particles μL-1. The error bars were calculated from three times 

parallel experiments (*: p< 0.05; **: p< 0.01; ***: p < 0.001; ****: p < 0.0001). 
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Figure S8 The DPV current of MXene-Gly-Apt2/Fe3O4-NH2-Apt1/MGCE (a), 

MXene-Gly-Apt2/exosomes/Fe3O4-NH2-Apt3/MGCE (b), MXene-Gly-

Apt2/exosomes/ Fe3O4-NH2-Apt1/MGCE (c). The concentration of exosomes was 104 

particles μL-1.  
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Figure S9 The DPV current of 9 parallel tests with exosomes extracted in different 

batches. The concentration of exosomes was 104 particles μL-1. 
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Figure S10 The i-t curve of exosomes obtained from 4T1 cells at room temperature in 

0.2V for 12000s. The concentration of exosomes was 104 particles μL-1. 
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Table S2. 

The performance of the designed detection platform for detecting exosomes is 

compared with other reported work. 

References 

 

Materials Strategy 
Detection limit 

（particles/μL） 

Linear range 

(particles/μL) 
Ref 

Ti3C2 Electrochemical 229 5×102-5×105 [22] 

Ti3C2 Fluorescence 1.4 × 10
3

 10
4

-10
9

 [50] 

MXenes-

BPQDs 
Chemiluminescence 37 

1.1×10
2

- 

1.1×10
7

 

[55] 

AuNPs-

Ti3C2 
Chemiluminescence 30 10

2

-10
5

 [56] 

Fe3O4-

Ti3C2 
Electrochemical 43 10

2

-10
7
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