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Abstract

This study aims to develop a novel electrochemical biosensor with signal amplification based on
isothermal enzyme-free catalytic hairpin assembly (CHA) technology. Silver nanoclusters prepared
using DNA as a template (DNA-AgNCs) are used as signal probes to specifically detect miRNA. Firstly,
let-7a miRNA is selected as the analysis object. A pair of hairpin strands H1 and H2 that are partially
complementary to the target let-7a miRNA in terms of base sequence are designed. Among them,
strand H1 is rich in cytosine and can serve as a template for synthesizing DNA-AgNCs with good
electrical conductivity. Hairpin strand H2 is designed to have an amino group at the end. As a cap-
ture probe, H2 can be modified on the surface of a glassy carbon electrode modified with gold na-
noparticles (dpAu/GCE) through the Au-NH bond, enabling specific recognition and capture of the
target let-7a miRNA. When the target let-7a miRNA and DNA-AgNCs are drop-coated on the surface
of the modified electrode, hairpins H1 and H2 open, triggering the CHA reaction. DNA-AgNCs (fluo-
rescent groups) with good electrical conductivity are modified on the electrode surface, which can
significantly enhance the current signal. The experimental results show that this biosensor exhibits
a good linear response to let-7a miRNA within the concentration range of 50 pM to 1000 nM, with a
detection limit as low as 16.67 pM, and has excellent specificity. It provides a new strategy for the
application of electrochemical biosensors in the field of miRNA detection.
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1. 5|8

miRNA £ —BAEEY LR A A Z AR E  RNA, KIEZLN 20~24 MEHRR[1], W2
RIBEUESE T miRNA fEAY) 22 K S A2 Ok 8 B A5 15 5 T BE[2], miRNA fE4Ih R £E &S
BURIE R, AR EER R, WEAE3] [4]. O M ZEPIR[5]. FERIR[615%, #ut, K miRNA 1EH
PRSI AR A, A miRNA 7E 40 A R 2 /K22 9509 53 )2 W v B 3 R A - (H
F miRNA 72755 41)/b | [RIR M s Fl 2 S (RRF [ 7], 72 08 B HT A U miRNA (1) — KHE 21, #01 miRNA
() 3 B VE A SEIN Ot E B R A i R BRI (qRT-PCR %) [8] [9]+ R %13%[10] [11]F0 Northern E[JiZEyZ:
(12155, BT HEREE AR FERHK HAE oA = 55 R BR 1, DR R g 57— Fh ] S Rod A 201 miRNA
N papr

AR R B (CHA)BOR T 2008 4FEHT YIN &85 Hi[13], 52— FhJo s B 3T B SR AX Ry 19 U7 ik,
Hi NAZNT I, AT I8 — X & SR 55 H Y DNA 8454 RIATS2B8L N 55 55 1140 HAk
HAFE MR REIR . MRS SRR AREA R E SR, IR T HESEARE A oA
N5 ARG E H . HENZBOR CRATA I [15]. AksA[16]. HEik[17]5 2 Ml 7B, 22—
FZ DR TTSEMH AR . AT L AgNCs 9K E AWM EHISIWE N RIEM M KL, 454 CHA BORMEEH
5T BORKENE Ny H A AR e A, TR let-7amiRNA . 504iE | CHA 454 HLAL A% JEAar
miRNA (R AT 1, B P s i i (o L .
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BT, BEE X B BB AN R AR HL L H2, —E ARt iR . 4 AR
let-7amiRNA fF7ERT, BPA[flR CHA M. H1 RIEWN 3w E & Hmsne, a] HFREMRYK % (DNA-
AgNCs), 1 H2 K IR AR, LA let-7amiRNA {E8 HFsY, 1 /e ik R m s — 2 S8
PERIFIIGIK S, SR Au-NH 806 H2 (&1 2 AR, A IAE Rkt . B IR E 0 fa Al 00 3d ML
BUE, Y EF R, [E45T R DNA-AgNCs-H2 XU E &), #m5l kK CHA RN, iy, BRHR
I 5 HLVE ) DNA-AgNCs (SOGHE N W B I B AR T, MR ln ES, ol REEEH, (2R N A
T, RATIE ST .

2. SCIOERSy
2.1. EEUH{5IRAN

SVC-SOOOVR =ik fE 4 H Al i L ay (B 5L SR AA R A F])s JA1203N HEF RSP X
AR A F]); CHI660E HLALZ: TAFER( i RAERHEA R A H]); JEM-2100 &5 B+ 2445 (H 4% JEOL).

THER AR (A gNOs) FIT A AL BI(NaBH.) W [ B 2455 40 5 2B A BR Al s SACER(KCDIW R T 7K R AL
LA PR A ] s R FAL R (KaFe(CN)e 3H0) 8 H R TR AL )5 BEUL R (KsFe(CN)3) Il H i
B T SEER A TR 6-Fidk - 1-BE(MCH) W B L e A LRI A R A A AR (ALO;S, 50 nm)
PR B S SL A RAF], BT AR R i FGA R, REFIRAL . FICR A 4% KoK
Be o S8 FH K38 M aliig oK

FER T H B TAMBEARER ARG Rt fits. &gy cdiraitk. 7
N 1 pon, BT FH 55 DNA/RNA YONURTF# A7, AR AT 26 B OALEL 4000 rpm A # ES O
J&, MGG B B Al K& A RIS, BT WRE GG IR & M AMEH R EDG IR . 52
5 v i 211 PBS H E AT .

Table 1. Base sequences of the designed DNA oligonucleotides
7% 1. DNA B H BRI E FF 51

HZH R JF5(5'~3")
DNA AACT ATAC AACC TACT AC TTGTATAGTT GCT AATCG TG CCAC CCAC CCTT
H, NH:-(CH2)s-GGGG TGGG GTGG GGTG GGA GA CGATT AACT ATAC AACC TACT AC TTGT
ATAG TT GCT
let-7a UGAG GUAG UAGG UUGU AUAG UU

miR-21 UAGCUUAUCAGACUGAUGUUGA

miR-221 AGCUACAUUGUCUGCUGGGUUUC

miR-378 ACUGGACUUGGAGUCAGAAGG

2.2. DNA & RIER & AR IRAAK AR

UL DNA AR, A0 JEES &R K % . 158, B 15 uL DNA (200 uM). 30 pL (1) Mg(NOs)2
(90 mM)F1 200 pL 1] 20 mM PBS (pH = 7.0)Z MR H IR G, FFINABERLE 1 10uL AgNOs (600 uM)¥
W, 76 4°CF¥E 30 min, ff Ag'5 K% DNA & FIEFEEANCX G R4 6. A HIIEE R 30 uL
NaBH, (600 uM)IINIB S, RIZIED 2 %, IREJGAE 4°C REDE A 2 h 55316 % et R
DNA-AgNCs, M AR, HCEEIR 4°C T ROLIRAARIT] .
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2.3. BEEYERSRNTIE

HLAL 2 AR A AR B 2 ] 1 P, B g BB R AR(GCE, P42 1 mm) H AL R 4R 4T B 6 =
MR — 8, ZM/KIEEE =R N BT, HIEH R BN e H i =k ae, 8 it 7 BhL
WEZEAELE 0.1V AP, Ui B HARALBE T34 . B0 AR IR BE R 3% M A &I, 7£-0.2V HLET
130 Fb, (ERIRR SIS 2 — Z 5 M90K e, fEXRBF/KPEESE, H143 dpAw/GCE; A5 Fl Bt
B S uL %N 0.5 umol/L H2 MR T kR, #0E, HT4CTFMEdR, 1§ H2/dpAuw/GCE;
SRJE, HU5 uL 1 mmol/L i) MCH IR EMB MR b, #E 60 min, 15%] MCH/H2/dpAuw/GCE; /5
TERE R T 14 % 5 ul i) DNA-AgNCs #1 let-7amiRNA, ZEiRIEH 60 min. &EESH &Ry, T
WA DA AR K P BEDE,  DABR 23R R B R o

T rL TS T

& os Q
el S
@ MCH DNA-AgNCs + miRNA >
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Figure 1. Schematic diagram of the sensor preparation
1. S SERIBE R

2.4. BLERIE

KRR L (CV) I 2 Bk 25, B I s AT RAF B AT UL N 8R4, RS IS RO BRs R
Bh TAE R, MATH R AN S L), R 22 iR AE o Bt . B S48 BALVERN-0.2 V~0.6 V,
FRGEEE N 0.1 V/is, BN 4 Ko FIFHZ /Kb iR 2223 DP V) TESFAL S E R Hh HET 2 2R, 360
FAL 226 R A, DPV BLAZF3EYE N 0.3 V0.1 V, RIB B E N 0.01 V, AN 2 s. DNA-AgNCs
KA EHE ] TEM 34T TS EALE -
3. &RE5itie
3.1. DNA-AgNCs KB S RAE

1 F 3% 5 H0 - A (TEM) ST 9% 6 5 ] DNA-AgNCs IS RIRFEEAT RAE(JE 2). DNA-AgNCs
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A RIUFHDERE YA . DNA-AgNCs G0KKLT (IR 5 K52 DNA BIRR#], i & R 9K
PR DL A BIE S A RSE 8 5], & TR K.

Figure 2. TEM image of DNA-AgNCs
[& 2. DNA-AgNCs BIiE ST B EE

3.2. {EIBRRARAYRAEARIE

R AR AR 223 (CV )X i il 26 B 2R W A TR A AT LA 23R A, 11 3 7R . GCE (12 a) R A A
REMAEEF DI, SIA—EGRER, bTHERRTERMELFEE, 53 7 BHRE ST
R BT T (i 2k b). FIUA] Au-NH 0K H2 [ Bk, [ DNA &Y K51, St
BOK, Bl CV BALSA(E SRR IR(IZL o). [FIEE, f#H] MCH kit P ARRE IR LS S AL, 55 KR
TRE(HZE d). PRSI SURAT A TUHBLAR, R W12 A% IR ) 25 1

80
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a: GCE, b: DpAu/GCE, c: H2/DpAu/GCE, d: MCH/H2/DpAu/GCE.

Figure 3. CV curves of different modified electrodes

3. TEMEIREIRMTEARRE
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3.3. SCIO AL

R SEIRAG A AE AR SR AT BT R R MR R IR S AL, AR T 0T A B 1A i 2 AU AR A 2% A e T 1 ATl
Motk & EER T HFRYIXS BT il 46 1 s 248 B3R B A5 S PR, e T 7EA T8 HARY) miRNA 1500 R 1%
53 Bk AR 2215 (DP V) HL IR N o

N T E B ARSI SR, AT RGH R T A MK R BB (CHA) R B E](5+ 10+ 304 45+ 60,
90. 120 Zr#iiH LA ERE IR M. SLIR BRI 4(B) AR, BEEIE B I I B RE K,  H gt mg AR IZ T b
Fro P ERIEAR] 60 ZrEhE, FRI I R IA BIAR R RS HON R KE . IXRITEZE ] £, CHA R
78317, DNA-ARYIKFE(DNA-AgNCs)5 HFRY) let-7amiRNA (WIRFE 1:1)7E FAR R THI i [ B IA B B A
A

BT ERSZIGEE R, A A%k DNA-AgNCs Al let-7amiRNA (1:1)i 0T B b &1 5, %
IE 60 B E NSRS . TEZAIET, fRERER RO S vt 5 (R o AT PERE,  REfE N5 2R 1A
M TAER AR . TS EHE SR
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Figure 4. Optimization of experimental conditions. (A) Effect of target; (B) Effect of reaction time

Bl 4. SSRFEHRILA) BARIRIRNE(B) K R AT E AR

3.4. FEVHS

AT RS T HORFIAL A AL I miRNA,  FEARFEME A A AR (CHAYER . HZ 0 JFRBAE T
BIE S BLRT i H AR BT ] 26 (0 B AL 22 AR RS i A5 55 P AR R . 20 Bk AR 25 (DPV) B B s ) R
Uz, KA DPV EAT T HARY miRNA i 1 HL AT R o

M 4(A) B SIS R REWs ELOUME H, AERISINEARIMEOL T, AR a8 D2 B AR 9 g5 1 s A
1555, 2R W LI FELRR 3R 10T ) PG 2 e ISR B AR o T 24 R0 A4 R I AR EE D 1:1 ) DNA-SR 2K % (DNA-
AgNC)NEZIR L] let-7a 2K miRNA J5, WM E &5 08, P4 TEORIE S . X—IRFTES
Y, BRI B AR R T A AR T IR BRI AL 2 SN, 51k T R IR . PSR A
R T H AL 05 5 B BER, W WEE 7 A B e T, MAizs
W2 DG IRES BEAT R DN 5206 B A T AT I, JE 823§ CHA £ORH) miRNA Kl it e fit 74 7710 s
WAEATT A1 4R 51 -

B PIRAIRTOZAR RS I TAEHL], 70 0 HOBAE T I ik IR 45 M 5 CHA . (4 13 ]
YE,.CHA BORRFYIL T 2008 SEHER M, AL T 5 HABEARSE &5 2 E Mtk R RS ML B, oy —
KT WP 1T PR, BB Bk ELANRC X (R e A R B HT L H2, A DLFLE let-7amiRNA Y
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SIREE. FIH HI R IAK 3505 & X — M S5 AR, 8T — RAML A G 2R LA
P 1) DNA-AgNCs; 1 H2 WG THR 5"t E & SN, 5 — R I A 2 R R R 450 . 7E4)
IR T, DNA-AgNCs Fl H2 Wiy & e AR AT HF I o] A2 A AR [ — IR R b, 458 H AR miRNA H I
B, miRNA SIS B AN R ) 5 DNA-AgNCs SEHURF 454, DNA-AgNCs JEA ZEPR S5 M1 4T T
J5 B 1 teoheld X 248K, A miRNA-DNA-AgNCs IE &%, & 1 F@; /5 DNA-AgNCs # %
5 H2 HAMOFS, 5 H2 RitERKumsE4ss, R DNA-AgNCs-H2 2432 XUk, n@ittT; i #Ehs
miRNA #REHE S5 T —% CHA RN, FEHH T e, RN S B REL ) DNA-AgNCs
WABMTE R T, TOFIR.

WK 5 s, B2 0GR, EACH KE K DNA-AgNCs-H2 4, % miRNA B4R E080%, [H#5
TEHLR R 1) DNA-AgNCs # 2 UK, IABESY I E K. VB TES, TR0 FiRamT
KA BREZBY WREL, BABGRN RS SRR,
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Figure 5. Comparison of signals before and after CHA’s autonomic response

& 5. CHA BEEXx R NAIFES T

3.5. L4

Wk EIR ARSI AR T, M RKRE N miRNA [0 S 6 R, K DPV k3 MR 78 i 4k
AL R R BUE . 7E 50 pM~100 nM Y IR E PN, DPV [F1IE SR I FRE8 K (5 6(A)), JF 2R T
Rk R (K 6(B)), LMEJTFEN I(A) = 19.2711gC(pg-mL™") + 1.6592, XA 1T miRNA AW & 5] & &
Z K CHA ], BifHMg L ) DNA-AgNCs #i[@ %, G SH4RT, 76 100 nM iKE FIAT| &
mEfET. &5, KHRS/N=23)K16.67pM, FHIRE(R)HN 0.9715. 124 TRl HH A AR AR D PR AN
W ESAENTEE, Eon 770 R BRI .

3.6. EEFERR

VAL IZAA 22 75 REAE T IR H AR let-7amiRNA FIFFFH, AR ARSI AT, =4
AFEFFFIAR) miRNA(mMIR-21, mi-221, miR-378) AT IE FEME LS, S5 HARIAH LG, HAh =20 R 3EAREE 1 H
PRI IR 5 O T R R (] 7). SRR B, BT CHA S S5 3 ) 45 P A 2% AR ) A ks R
A let-7amiRNA FEBS At & IF 7= AL g I N, 177 HoAth miRNA B ARSI (1015 5 560 B o0 SE BUAH B = B
TR SE T 1) 4% 1) AL AL SR B X let-7amiRNA S (1) 26 B VE I 70 28 0 1 B O R 45 51
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Figure 6. (A) Electrochemical signal in the concentration range of 50 pM~100 nM (a-g: 0.05, 0.1, 0.5, 2, 5, 50, 100 nM); (B)
Calibration curve between the current peak and the logarithm of the concentration of miRNA in the concentration range of 50
pM~100 nM

6. (A) 50 pM~100 nM ;R ESEEI A (a-g: 0.05, 0.1, 0.5, 2, 5, 50, 100 M) L FIES; (B) 50 pM~100 nM iRESEEA
FRIEES miRNA KRB 2 BRI RER 2
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Figure 7. Study of the selectivity of the CHA method
7. CHA 5 7ARE MRS

4. BFR5SH

L EPTIR, ARG G AT SRR DI AT DNA-FRZNK AN S IR TG0 R e 3 24
BRI BT B A 2 R AR RS, H T let-7a miRNA BRI o 38 I 38 B vk e 5 A 15 0 F1 il DNA-AgNCs
L ERE, SCEL T X H AR miRNA IR R P IR AIE 580K . 2 AEYME SR LE 0.5 nM~1000 nM K £35S
FEl Y X6} let-7a miRNA B A R UL, RNRIKE 16.67pM, HEA RIGFHR 7M. BRetMmER
Mo BRIV TE— X B Bt AN & e HI AT H2. HI HLAA 1 DNA-AgNCs (18 5184, AR itk
MU —Z dpAu, IS, H2 (H3REREN BT Au-NH 8 EEHBMEMHERRE, 706 AR let-Ta
miRNA F1 DNA-AgNCs It}, % CHA 5, % DNA-AgNCs B BB R0, 774 Bk S0 A oK
M55 o 1AL AR AR B BRI B AN R4 i RS SR T R T B3 GERIE IR, A
(R 55 B ARAS D44 P9 B B 1) Tet-7a miRNA HARYIFEHE 720K, A EBAE AR B 22 U 19 205 32
(AR ST AR
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