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Abstract Exosomes are nanoscale bilayer membrane vesicles actively secreted by cells, which carry abundant cell-specific
substances. They can directly reflect the physiological and functional status of the secreting cells and play important roles in
intercellular communication, physiological and pathological processes. In this work, we combined membrane modification
technique with fluorescence imaging technique and blended CD63 aptamers into a highly stable and universal DNA tetrahe-
dral structure to construct a cell membrane-anchored DNA sensor for real-time monitoring the secretion of exosomes. We
designed four functional toes on each vertex of the tetrahedral sensor, respectively. A signal report toe on the top vertex con-
sisted of fluorophore-modified CD63 aptamer, quencher-modified quencher probe(QP) binding part of the CD63 aptamer,
and block probe (BP) binding the rest of the CD63 aptamer. The other three extended toes on the vertices were immobilized
to the cell membrane by hybridizing with cholesterol-modified anchor probes(AP), which spontaneously incorporated to a
lipid bilayer via hydrophobic interaction between the cholesterol moieties and the cellular membrane. In the initial state, the
proposed DNA tetrahedral sensor was tethered to membrane with fluorophores quenched by QP and CD63 aptamer blocked
by QP and BP. Trigger probes (TP) were add to bind to BP, resulting in the activation of the sensor. Subsequently, CD63 ap-
tamers were specifically bound to the secreted exosomes, leading to the release of QP and concurrent fluorescence restoration
of fluorophore. The intensity of the fluorescent signal in cell membrane was proportional to the amount of exosomes cap-
tured, thus realizing the real-time monitoring of the exosomes by analysis the changes of the fluorescence intensity. The ex-
perimental results showed that the sensor exhibited a good stability and a high capture efficiency for secreted exosomes. This
strategy would provide a potentially useful tool for a variety of applications in biomedical research, drug discovery and tissue
engineering.

Keywords cell membrane-anchored sensor; DNA tetrahedron; exosome; secretion; real-time monitoring; aptamer

* E-mail: binchengyin@ecust.edu.cn; hel_tea@shzu.edu.cn; beye@ecust.edu.cn
Received June 14, 2020; published July 25, 2020.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (Nos. 21822402, 21675052, 31730004).
TiH 52 18 5% [ SRR 3 4 (Nos. 21822402, 21675052, 31730004) % Bl

1076  http://sioc-journal.cn © 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2020, 78, 1076—1081



1 F F ®R

il

1 35l

A0 A A A P A BB 1) P 2 3 Bl R T 4 K )
B FEI(30~150 nm), | IZAFAE T &AM A, 9 i
W, WG RER, PRI, MERAI RN 1987 4F, John-
stone ZEUTERIF 7T R 41 M 1 o 22T A0 it B Ak e o B —
P B A BEEE M NN, a4 o bR, LR K
BF IE) ER, AR IAARA G A A B AS 75 L Rl 4. SR, Bl
FE RN IARTIE FE (R BR N, AR BN b 5 15 40
P S B R RIAZ R, A 2 PR DS TR, A R
KA KR kAR EEAE . R, S Ak
oy bt Fe R AN, A2 ThRE, PO AR St 25 LA
MNP EAEER . B, RE2H0077i%, o
YKL R B L, ek R A B A SRR
WORAR 2 G018 32 B 4 I COR TR S HE AT 1
BT, TCTEXT AN o W AR AT B 25 SE A .

JEH 8 A2 WA T4 et SIC B 1 0 440 i Ao FLAOA
PRRES, MBS0 M FEde it 7o K T B, Hal
JIELAEH 5 S T B AR A 2 AU, Er e s A ISR K
PEAEAE. Hdr, BKPEEG SRS B A ER R, S
AR MRS A, S MR TR 2N
FHU200 J T H [ i L S i () DNA AR gs B T
st pHPY, T EP ATPPISE [y szt Wi, SR,
A 2% B A R 335 95 TR 15 R 2 B A P A TR O T AR 5 TR R
HR 2 0 A% B A 1 T e i Bk — 2 52 . DNA VU T 44 i
Turberfield 252475 2004 SE IR AL, BANITELSEH, G
B G R 2 TR AR LR, SR TR RE, i
N A A 23291,

AL DNA PUTHAR SRR, 256 2 i Bt /K PR &
W AR R AR, M T —F4i R DNA
VOTHARAL B, N T [F) 2 i 2 284 - A/ A A 1) S B
. il 1 B, DHE RS A PRET(AP) B St
i K AE F [ 5 T4 M R 1T, DNA DY ThI A A% B il o
25 bp ILHHIAL S AP 456 18 e T Az mm. v 7
ANUAA () 53k, DY T AR A SR 2% T 8 T F — M 5 Al &

TP
.

AP ...' Chlesterol @ Fluorophore ® Quencher ——e QP

Py B

-%‘mm]'m Sensor /Q,\} Exosome
<‘:)‘

Bl 1 DNA DU A% RS AR s B ST M s 73 b 1) A J 2
24

Figure 1 Schematic illustration of DNA tetrahedral sensor anchoring
and the working principle for real-time monitoring of exosome secretion
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A-F ——————

B-S
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Qr —=

BP

B 2 JEAR MR TR B K (PAGE) S8 1E. TDN-F HUTE . M:
8000 bp DNA Ladder Marker; yki& 1: A-F; Jki& 2: B-S+C-S; #Kki# 3:
B-S+C-S+D-S; ¥ki# 4: TDN-F; ¥ki# 5: TDN-F+QP; ki 6: TDN-F
+QP-+BP(f£/EK4%).

Figure 2 PAGE verified the formation of DNA tetrahedron structure.
M: 8000 bp DNA Ladder Marker; lane 1: A-F; lane 2: B-S+C-S; lane 3:
B-S+C-S+D-S; lane 4: TDN-F; lane 5: TDN-F+QP; lane 6: TDN-F+
QP-+BP(Sensor).
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http://sioc-journal.cn 1077



¥ F R

ST S 3R T SR 28 0, KB TDN-F A7 [ 5 i i 55
T, 1 [FIHZR I0 RP1, RP2, RP3, 4 i 5 22 1 ¢ VeSS
%, 2B TDN-F Y =A™ ZE {35 4% B 42, TDN-F A48
MR A RR. LA R4S SR8, TDN-F = AN ZEf i ik
¥15 AP 454, TDN-F FasE il T a0, hah,
R SAR(CLSM image)4s R 7w, B RP AN,
1 i FBE 2 T 9 D' 5 LS BARAIG, FRATTHEM, TDN-F H 31
—EMBAEIL R, AR T DNA DU A4 A K&
B far S A M R T R R AR R, H AP BRI 4
TE(PEG)EA SRR, AR A ) T e A A
T B JUE ] 2 ) 558 7K R EL PR R RN 85 8 D6 DNAL DY T
RIS A/ DOKsAL ES sR 2 T A R R T, AT
BAE AR o B

Bl 3 (A) TDN-F {EZARBLR I 2 R B &R BT %: (B) RP
e TDN-F S Bk 7R 5 (C) TDN-F [ E (ISR Y 2 S B R
Figure 3 (A) Schematic illustration and CLSM images of TDN-F an-
choring on the cell-surface; (B) Schematic illustration of RP replaced the
extended toe of TDN-F; (C) CLSM images of TDN-F immobilization
verification
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Figure 4 (A) Functional verification of probes in buffer; (B) Response
of sensor to exosomes in buffer
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Figure 5 CLSM images (A) and flow cytometry analysis (B) of cell
membrane-anchored sensor reacted with different concentrations of exo-
somes; (C) Flow cytometry analysis of the single-strand aptamer sensor
and this sensor capture exosomes; (D) Differences of the exosomes cap-
ture efficiency of two sensors.
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Figure 8 (A) CLSM images of the internalization of TDN-F in cell
culture environment; (B) Histogram of cell membrane fluorescence to
total fluorescence ratio
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Figure 9 2.5% agarose gel electrophoresis to verify the stability of
sensor in cell culture environment
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Figure 11 Real-time monitoring of exosomes secretion by different cell
types
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