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Abstract: MicroRNA-21(miR-21), one of the earliest discovered miRNAs in the human genome,
provides crucial information for the early diagnosis, drug treatment, and prognosis assessment of
cancer. To address the issues of low miRNA abundance and complex background interference, this
study developed a light-controlled, cascade amplification sensor (CHA-DNAzyme) by combining ul-
traviolet light-triggered DNA strand cleavage with catalytic hairpin assembly (CHA) and deoxyribo-
zyme (DNAzyme) amplification techniques. The initiation strand of CHA was initially blocked by a
hairpin strand containing a photolysis bond. Only under the combined action of ultraviolet light and
target miR-21 could the initiation strand be released and the CHA reaction initiated. Meanwhile, in-
active DNAzyme fragments were integrated into the metastable CHA hairpin reactants, forming active
DNAzyme during the CHA process. The active DNAzyme cyclically cleaved the substrate strand S,
achieving signal amplification. Under optimal conditions, the platform exhibited a good linear rela-
tionship within the range of 0. 3-10 nmol/L, with a detection limit of 189 pmol/L. Additionally, the
platform demonstrated high specificity for different base-mismatched sequences and was successfully
applied to the detection of miR-21 in diluted serum samples. In conclusion, this platform holds
great potential for high-sensitivity miRNA analysis.
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G Tk ARG, XTI SC R P A NG PR . Northern BV FRIEE A%, FHATIHIK . $4IE
FeRNER PRI ST, HAXRERA o S BRI Al e e R U A 2 s RT-
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CHAY WL o P28 HI/H2 AT i A R AR TS PE B9 DNAzyme, 1% DNAzyme X EEW1 56 S (Wi 7
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1.1 KFELEE

FALEI(KCD) . S4B (NaCl) . EAbEE(MeCL,) . =¥ H FEEIE H e dh IR 3R (Tris-HCD) | B BREL
(APS) . #hW (HCD X HBTHL T 2vw] (P L) deflt, oxHimBEg EAEZ i VI . 4SGelred 10 000x7K
B . IXTE 200 . DEPC ALK DL 10<TBE FiR A AR B A TAY) TR Eilg (et ) AR A . 1Y
HILZ ZHE(TEMED) . N N/ H FEXUP BRI DL K P9I eI 34 th 22 sa bR AE Ak 20w (i) 312
it H AR R ALK (18. 2 MQ - em) BEHIT . AWEZE H BT B DNA SEAZ R34 B AR TAE
P TR g OB ) AR 2 w5 it atifh, BARFII5T# 1,

PTG H RF-6000 563 JE N BT (B A |, HAD)MNE . FRNMEBENLEE ik (PAGE) 7E
DYCZ-24F kAL (AL —ERHE AR A, ) B 7. SEZ TRV E @R LMkt
PETE Oxford (AN EY, JEE) I XE .

1.2 BRRAGHREERE XS (PAGE)

BHO, HO, H1., H2{EiB 'k 52V 2% i (20 mmol/L Tris—=HCI, 150 mmol/L NaCl, 5 mmol/L MgCl,,
pH 7. 9)H M 95 ‘CE 25 °C. LI-1.3 C/miniR KIE A ELH), BT 4 COKRIMRIESH .

PAGE SZES A S 85 . MO P IIAN 2 wL H1-2(2. 5 pmol/L) . 2 pL H2-2(2.5 pmol/L) . 1 pL
BHO(1 wmol/L) . 1 pL miR=21(1 wmol/L), H W 2% %5 (20 mmol/L Tris—HC1, 50 mmol/L KCI, 100
mmol/L NaCl, 30 mmol/L MgCl>, pH 7. 9)%P5 % 10 pL, EAMGEGESE: I K R 365 nm B UV 4
ANREEET, ThR A 42 W, HGTEEE A 4.2 em, HRETHSE)OA 30 s FESHZE37 CHFE S he BEIRTE 130 V
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Table 1  Nucleic acid sequences involved in the experiment

Primer Sequence(5'-3") Length/nt
HO0-9 GAAACACCACCCACGCTAGCCTTCAACATCAGTCTGATAAGCTAAGGCTAGC 52
H1-2 GGGTCTGAAGGCTAGCGTGGGTGGTGTTTCACCATGTACAACACCACCCACGC 53
H2-2 GCGCTGGGTGGTGTTGTACATGGTGAAACACCACCCACTACAACGACTTGCTCAG 54
BHO GAAACACCACCCACGCTAGCCTTCAACATCAGTCTGATAAGCTAAGGCTAGC/iPCLink/GTGGG 57
S FAM-CTGAGCAAG/rA//rU/TCAGACCC-BHQ1 19
miR-21 UAGCUUAUCAGACUGAUGUUGA 22
Mut-1 UAGCUUAUCAGACUGAUGUUCA 22
Mut-2 UAGCUUAUCAGACUGAUGAAGA 22
Mut-3 UAGCUUAUCAGACUGAUGUACT 22
HO-7 GAAACACCACCCACGCTAGCCTTCAACATCAGTCTGATAAGCTAAGGCTA 50
HO-11 GAAACACCACCCACGCTAGCCTTCAACATCAGTCTGATAAGCTAAGGCTAGCGT 54
HO-13 GAAACACCACCCACGCTAGCCTTCAACATCAGTCTGATAAGCTAAGGCTAGCGTGG 56
H1-1 GGGTCTGAAGGCTAGCGTGGGTGGTGTTTCCCCATGTACAACACCACCCACGC 53
H1-3 GGGTCTGAAGGCTAGCGTGGGTGGTGTTTCATCATGTACAACACCACCCACGC 53
H1-4 GGGTCTGAAGGCTAGCGTGGGTGGTGTTTCATAATGTACAACACCACCCACGC 53
H2-3 GCGTGGGTGGTGTTGTACATGATGAAACACCACCCACTACAACGACTTGCTCAG 54
H2-4 GCGTGGGTGGTGTTGTACATTATGAAACACCACCCACTACAACGACTTGCTCAG 54
miR-221 AGCUACAUUGUCUGCUGGGUUUC 23
miR-155 UUAAUGCUAAUCGUGAUAGGGGU 23
miR-17 CAAAGUGCUUACAGUGCAGGUAA 23
miR-10b UACCCUGUAGAACCGAAUUUGUG 23

1.3 CHA-DNAzyme t£ 2284 Il miR-21

Sy MIBEL 2 WL 2.5 wmol/L H1-2, 2 pL 2.5 wmol/L H2-2, 1 wL 1 pmol/L BHO, 1 wL 1 wmol/L miR-
21, 1 pL 10 pmol/L S, LK 1 pL 10XV ZZhisi, LLDEPC/KANSA 10 L, MBBHAERIRIES]. F
SRTE 37 °C PCRAXHIEE 5 h, LLARHIE CHA-DNAzyme ZRIRY 4 52 W 7543 64T . B L5 WG, 10804
PN DEPC /K, K5 B Ak £ SR ARANST 2 100 pL, 1R25). XV RIEFTE 6 BRI . 8k I K
3490 nm, FENEFHGHERFIRETEE A 510~710 nm, FEAETERE 10 nm,,
1.4 $RMESWH

TEEAT R S o A s, R B A T ik B A B L 2 0 (Mut—1, Mut=2, Mut=3) L& Hofth 3 miRNA
(miR-10b, miR-221, miR-155. miR-17) 0% Lk KW H i miR-21, HBWAAERIRIRS) . FEMEE
SNEERRST IS, 37 ‘CWEE 5 h, M DEPC/KANSFZ 100 wL, $%HEE “1.37 3@ % 6k 25 K )7 vk k4T
I
1.5 KBREEmIT

Ryt VRS TR S A AR R AR R AR R ) SE PR AT R, A ARV EERR L) miR-21 b
7 TR 2 5% (R ML ZL T, JR5) . H miR-21 bR VR EERE A 1. 5. 10 nmol/L 34~
BEEE . R AWM ) CHA-DNAzyme f£/8%EE , XA DIFRFE S ) miR-21 W EE A T3 B . &
ANV AR BE R IIRRAE 38 50 3 2P A 7555

2 #HRI5iITR

2.1 £5MNEEiER CHA-DNAzyme £ B8 H03E

AMEITE ) CHA-DNAzyme ZRIEY WL IR A BN 1 R . TR MBI, CHA 5%
5Bk T4 B & Je BHO [ & Je 25448, H1 I H2 DIAERHZE B S 2L 7E, 43245 10-23 DNAzyme
A AT R HI L Je 02 i, AR RS TFUUERIRES

SAMEET T, A& Je BHO DGR EBRIT L, — B 5N B 557 9 R e A AN B e T B & fil
B, RIS RIEAN & J2 HO, HO 5#UFR miR-21 HAMIEM G, CHA MBI R)FHIg 2R, %ol k)F
HN 0TIt toehold -5 BB I8 SR, HE PR TR FF 45 & & J2 H1 I toehold, JE )8 HO/H1 AU, LB,
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Fig. 1 Schematic diagram of the sensor for detecting miR—21 based on the ultraviolet light-activated CHA-DNAzyme

cascade amplification

2.2 ZE5MEER CHA-DNAzyme £ BLBE B AT 1T 1436 E

S AMEIE 1) CHA-DNAzyme A= P15 828 1) 020 12 4 TR0 48 A6 03805 A miR-21 fi4b i) CHA 3™
W H R PAGE SEIRIIE T 4R /MGIAE 1) CHA (LIS iz . B 2A IR, TEJE miR-21 4%
HMEHRT (UGB 5B, HBLT — 4T ias it H A VGERS R B, WM HI/H2 BUEE, FHH CHA 5]
RIFIWARE BT %I BHO . AU miR-21 B{UERSMDGRUIN , CHA PRt ) Seiietigs . MWL
PHARIUBRRS(GKIE 6. 7). MHELZ T, MEIMEAI miR-21 [ fEAER (KIE 8), HI1FIH2 f) 5T 3%
P, I B RIS HI/H2 AUESHE . XS L RIER 1 GIE0E I CHA RS i Ihig T

Wfife, BE—B R SR aAT, LIS S EEIR A CHA-DNAzyme fZ AN miR-21 iy 0]
itk SEIRZRME 2B TR, MW KAMEIUTRY, JRIRE B miR-21, BPRIREIHBAPOEE
(FAM)ZER(ES, RHLFPEA AL BATEEN DNAzyme, SAMGEEEG, AR miR-21 H)HFH
T, 2L A A, RIIZEESN T R E SRR FAE/MEIRE M miR-21 FNfAER, 8
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Fig. 2 Feasibility verification of ultraviolet-activated CHA-DNAzyme sensor
A. gel electrophoresis experiment of CHA sensor activated by UV light, B. fluorescence spectral verification of the sensor of CHA-DNAzyme acti-
vated by ultraviolet light (A. 484MGITE 1) CHA MR BATTINEERS IKIRIE, B. $4MEIEE Y CHA-DNAzyme {& FEZR N TN T IIE) 5
Lane 1: HI1; Lane2: H2; Lane 3: BHO; Lane 4: miR-21; Lane 5: HI+H2+BHO; Lane 6: HI1+H2+BHO+miR-21; Lane 7: H1+H2+
BHO+UV; Lane 8: H1+H2+BHO+miR-21+UV; Lane 9: DNA marker
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2.3 FIlfi
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Fig. 3 Optimization of the total number of GC bases in the H1 ring area(each data point represents the average value of three sets
of parallel experiments, average value + standard deviation)(A) , sequence optimization of the HO stem region(B)

Lane 1: H1-2+H2-2; Lane 2: H1-2+H2-2+H0-13; Lane 3: H1-2+H2-2+H0-13+miR-21; Lane 4: H1-2+H2-2+HO0-11;

Lane 5: H1-2+H2-2+HO-11+miR-21; Lane 6: H1-2+H2-2+H0-9; Lane 7: H1-2+H2-2+H0-9+miR-21;

Lane 8: HI1-2+H2-2+HO0-7; Lane 9: HI1-2+H2-2+HO-7+miR-21; Lane 10: DNA marker
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WL . ROV IE) . Mg RS i RALIZAR RS R IVERE , X BRI EE T RAL . nlE 4A FrR,
BE#E H1 A H2 M EER)IE NN, SIN SeTt i G FeAiRe I, e+ S/N {8 B i I B & Je B H A H2 R, Rl
0.5 pmol/L, VENIAEMREE . FEE RV HI 4 h B2 7 h, ARG S/N 2£BUE EFHE TR
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sfE S TR . Mg BT LI i DNA WUEERY RS E M, HLRESE i DNAzyme fEALIEE, WA 4C PR,
B354 30 mmol/L Mg™ Ve SOV 254
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Fig. 4 Optimization the concentration of H1 and H2 concentration(A), reaction time(B) and the concentration of Mg* (C)
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2.5 ZIMEEIER CHA-DNAzyme f& 2% 28 B0 ) 14 Bk
LERALRORRI A AE R, A T 42008 ) CHA-DNAzyme (S IESSRORAIERE . 58 T Al e e
(0. 3~50 nmol/L)miR—21 (55 JEM N, FHEi0 AR 386 B G . e sA iR, R I3E e ey
B miR-21 W AR INTTRE NN, JFAE 10 nmol/LBIK P& o PEIEHREE 5 miRNA VREEFE 0. 3~10 nmol/L 8
BBl RV R R, AR 7 RE R F=1 053. Sc,,,+11 745. 0 SB) , AHEZ%L(4) 40,991 7, 5@t *
FRALCH UV IS . e miR-21) B9 P15 S0 b 3 AR 2518045t HAS PR (LOD) 2 189 pmol/L.,

1A 0 nmol/L B
25 0.3 254 oo s anies: .
S
k 1 [ 1
20 1 201 Y
“ — - 1 1 D -
) = 1 L r’=0.9917 ?
T 15 — > 3z 1 1 S 20
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Fl5  AIFREE miR-21 BIZEN (A ), FEEIRE 5 miR-21 IR EEHISE R (B)

Fig. 5 Fluorescence responses of miR—21 at different concentrations(A ), the relationship between fluorescence intensity and

different concentrations of miR-21(B)

each data point represents the average value of three sets of parallel experiments, average value+standard deviation (RN p K = 4117 5L5;

PP, PR 2E)
2.6 E5MEETERI CHA-DNAzZyme fE RS R4 B4
AR miR-21 5 AREARF A X 5368 12 SE R S T 0 0 . ARIF 70 28 T35 T SRSt 58 A4
A miR-21 28/ (Mut-1. Mut-2. Mut=3) L % At B i #H 26 miRNA (miR—10b, miR-221, miR-155 fil
miR-17), Pl TiZE RN miR-21 R, E 6 R, RATESEEVCEL A miR-21 fF7ER), %K
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B, AZRIF 6 A NI R B e
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Fig. 6 Specificity of ultraviolet-activated CHA-DNAzyme sensor
A. fluorescence spectrogram, B. corresponding bar charts; the concentration of all miRNAs was 100 nmol/L, each data point represents the aver-

age value of three sets of parallel experiments, average valuetstandard dev iation(A. Z&EYEIEE, B. XTFE’]BE’U’(%*EU A miRNA R 5
47100 nmol/L, EANEHE s A 3 A PA TSI 396, “FIEARIfERZE) ;" p<0.001

2.7 ANIMBFHEARDH
FIVEAR 1% A% TGS AE SE BRI A AR A R 0 o PR RN BT SE 0, 3E4T 7 IAR IS SE 3R . K5 1. 00,
5.00, 10.00 nmol/L B miR-21 JIANE] 5% MG FEMLIEFEAS . IR 2 B, miR-21 B [IE A 96. 1%~

102%, AHXIFRIENRZZ(RSD) Ay 1. 9%-~4. 2%, LIRS RAIBRAIE 1 %7 ARG B R MLTE bR AR+
ORI E Sy E
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2 RS MRS miR-21 AR (n=3)

Table 2 Recoveries of miR-21 in diluted serum samples(n=3)

Sample Added/(nmol - L.™") Found/(nmol - L") Recovery/% RSD/%
5% Human serum 1.00 0. 96 96. 1 4.2
5.00 5.04 101 3.8
10. 00 10. 16 102 1.9
LY
3 & it

ARSI T —FhEE T CHA-DNAzyme ZRIKT R B GITE AR WAL B, SEBL T miR-21 1 & REK
FEREIN o BRI Z A AET . ZAGEANAELR /NG SHbR miR-21 3L [F VR T A REDIMIS, LT
SHE R “FTE” . FE, FIHEAR S Tih& DNAzyme (D23, PSS, DNAzyme #F—2 5
BUIEIDNA Yy, SCBUE S RBEOR, BRI R . Heoh, SRS EF S INE AR, o
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