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Abstract: MicroRNA-21 (miR-21), one of the earliest discovered miRNAs in the human ge-
nome, provides crucial information for the early diagnosis, drug treatment, and prognosis assess-
ment of cancer. To address the issues of low miRNA abundance and complex background interfer-
ence, this study developed a light—controlled, cascade amplification sensor (CHA-DNAzyme )
by combining ultraviolet light—triggered DNA strand cleavage with catalytic hairpin assembly
(CHA) and deoxyribozyme (DNAzyme) amplification techniques. The initiation strand of CHA
was initially blocked by a hairpin strand containing a photolysis bond. Only under the combined ac-
tion of ultraviolet light and target miR—21 could the initiation strand be released and the CHA reaction
initiated. Meanwhile, inactive 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 plat-
form exhibited a good linear relationship within the range of 0.3-10 nM, with a detection limit of
189 pM. Additionally, the platform demonstrated high specificity for different base—mismatched se-
quences and was successfully applied to the detection of miR-21 in diluted serum samples. In conclu-
sion, this platform holds great potential for high—sensitivity miRNA analysis.

Key words: Catalytic hairpin assembly; DNAzyme; Signal amplification; Ultraviolet light activa-
tion; miR-21
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Table 1  Nucleic acid sequences involved in the experiment

Bl S1MFs (5'-3") K/t

HO0-9 GAAACACCACCCACGCTAGCCTTCAACATCAGTCTGATAAGCTAAGGCTAGC 52
H1-2 GGGTCTGAAGGCTAGCGTGGGTGGTGTTTCACCATGTACAACACCACCCACGC 53
H2-2 GCGTGGGTGGTGTTGTACATGGTGAAACACCACCCACTACAACGACTTGCTCAG 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
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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.
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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. Lane 1: HI1; Lane2: H2; Lane3: BHO; Lane4: miR-21; Lane5: HI+H2+BHO;
Lane 6;: HI+H2+BHO+miR-21; Lane7: HI1+H2+BHO+UV; Lane8: HI+H2+BHO+miR-21+UV; Lane9: DNA Mark-

er. (B) Fluorescence spectral verification of the sensor of CHA-DNAzyme activated by ultraviolet light.
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Pifto DKIE 1: H1-2+H2-2; JKiE2: H1-2+H2-2+HO0-13; JKiH3: H1-2+H2-2+H0-13+miR-21; ki 4: H1-2+H2-2+
HO-11; JKiE5: H1-2+H2-2+HO-11+miR-21; JKki& 6: H1-2+H2-2+H0-9; ¥Kili7: H1-2+H2-2+H0-9+miR-21; kil

8: H1-2+4H2-2+HO0-7; Jki9: HI1-2+H2-2+4HO-7+miR-21; %Kit 10: DNA Marker.
Fig. 3 (A) 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) . (B) Sequence optimization of the HO stem region.
Lane 1: H1-2+H2-2 Lane 2: HI1-2+H2-2+H0-13 Lane 3: HI1-2+H2-2+H0-13+miR-21 Lane 4: H1-2+H2-2+HO0-11
Lane 5: HI1-2+H2-2+HO-11+miR-21 Lane 6: HI1-2+H2-2+H0-9 Lane 7: HI1-2+H2-2+H0-9+miR-21 Lane 8: HI1-2+
H2-2+H0-7 Lane 9: H1-2+H2-2+HO-7+miR-21 Lane 10: DNA Marker.
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Fig. 5 (A) Fluorescence responses of miR-21 at different concentrations. (B) The relationship between fluorescence in-

tensity and different concentrations of miR-21. Each data point represents the average value of three sets of parallel experiments

(average value + standard deviation) .
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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 nM. Each data point represents the average value of three sets of parallel experi-
ments (average value + standard deviation) .
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Table 1~ Recovery rates of miR-21 in diluted serum samples (n=3)

Sample Added (nM) Found (nM) Recovery (%) RSD (%)
1. 00 0.96 96. 1 4.2
5% Human serum 5.00 5.04 100. 8 3.8
10. 00 10. 16 101. 6 1.9
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ST AR RRE TS TR . FIRE, RHBEARS Tk DNAzyme HZH%E, FfJS, DNAzyme i
— @ IE DNAEY ifjﬂﬁv%é&ﬂﬂik PRI REE b, W%’%%%%’%%I)\EE
B, PIAE37 CAHMARIE T o8kl , EFE ARMPIEIRRET , AR VR oA . B8 T Lok
VAR SHAGE TR T, PGS G LI ¥ERY  REIR SALRA ISRt 1R

SHMEHTE A e B A28/ I FAS R R I W A5 TR DI 52 B miR—-21 A A

(RIERZFPREBeAb2: R, TR 110819)

FE . MicroRNA-21 (miR-21) YA AKIEH AR A I miRNA 22—, HIRER HIH s . 25
PGy T MBS PR PRI EE B B A miRNA AR, R TIE RSN, A H LM%
DNA i, 4Gk ke B4H%E (CHA) HIAMZERE (DNAzyme) JOREIAR, #E T Mok . &
BRI R AL f&%S (CHA-DNAzyme) . CHA 95| & SR 0L & C 2R RN & e bt 1, (NAELR MR
FrmiR-21 HEEM T, 51RO B3 CHA KUY . [ENF, FEHEALIG TR DNAzyme Fr BES> 1) %%
BT IFRZSH CHA &I Oy, 76 CHA IIREHIE R DNAzyme . 15 1PER) DNAzyme JEMVIEIIEY)8ES, 55

PUE SR . EREEMT, % FETE0.3-10 nM B N IR FRLIELE R, KBB4 189 pM. 1t
Ab, %G RAREIEAE TR A A mhe e, B FFRB L AR miR—21 ORI, B, %
F-H7E miRNA & RS HA R G N .

K bk JE H %S, DNAzyme; {59780K; SAMGEGH; miR-21

Research on a UV—Activated Catalytic Hairpin Assembly/Deoxyribozyme Cascade Amplification Sensor for
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the Detection of miR-21

(Department of Chemistry, School of Science, Northeastern University, Shenyang, 110819, China)

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 ultraviolet light-triggered
DNA strand cleavage with catalytic hairpin assembly (CHA) and deoxyribozyme (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, inactive 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 relationship within the range of 0. 3—10 nM, with a detection
limit of 189 pM. 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.

Keywords:  Catalytic hairpin assembly;  DNAzyme;  Signal amplification;  Ultraviolet light
activation; miR-21

P/ZNRNA (miRNA) J&—28 K BER 19-25 ME IR FEER SIS RNA, fERERIDURR . $Etmiads
SRR R AE SRR Y AR BIEE R, miRNAJLPAERTA IR 34 5 263k ), wl R
o5 B L2 I A S PR A O AR bRt 7 Hoh, miR-21 FERE . LIRSS 2 A R vp o R
1%, HRBAE SR 5 RPUG B YIRS, B miR—21 ARSI BA 5 S R S
Z5 Rk, MPRECEIFR T Northern FVEE M BBE IR 0 R3S B 5 ARG 4E Y. (RT-
qPCR) " SRR4E 71k . ARINT, X LETTEAESEhR B P T Pk . Northern EDERVEERAEE 2%, T4l
HIVK IR R 5B AR IC P IR, BANRESRAG 0 BA R DR A RoAS I R SR A R B0
ANiE; RT-qPCR 5 BEHOMOHSRIRAE | EORMPIRIR AR 2 5. Wb, JPR—FPERfERifE . 146E
HTHER) miRNA AL 6 A 2R S

MRS TTERRIR , 2R RS BRI T miRNA K . R e B 23S (Catalytic
Hairpin Assembly, CHA) A:H S5 REERIRITIF &I HI1 FIH2, JEdaE BEEE &Y, [HEH St E
HoRVEN T4 S 4 EOR . CHA AR EABAERE . THRADEIRFE, HE—CHAR
JHZ B AR BRT H A R B8R . AR — A2, WREE K CHA 5844 (RCA, WRER
Joehtg) B e AR AL EER Y, (HCR) ' 7 LRSS A g (EDC) " 4 Hoptnd 48 75 54
gy, PR TR HER, RS HMHTRECEG . B (DNAzyme) fER—FP A& A
REVERZIR,, WIAEMg™ . Mn™ SR8 E S8 & FAAAE TAL SR 1 > il &R B R 25 5855
51, DNAzyme (ESEAR A AIDIE H B H RGP . K DNAzyme 15 CHA 25 S ERIBICRIE R, WA
SRAMA— CHA § BARCRA R I HkEE . CHA/DNAzyme ZR I 1S REME B G0 1 6} 1R 2 1 il S P A
BORR, HERVER . Bt RIG, XA HAET R AR A BRI 52 7 i 07 R BLHE R . AR
K, FET CHA/DNAzyme ZHRY 48 miRNA AL BORIEHUS 1 SWP I b . SR, X RAF A% IR IR
PIWIEAT “WRZER” IRZS, B S EEYIS PR AR F A SRS, REETEREY
EERARBHPEZE R = 2 e, R R 2 T AR ORI, SO miRNA RS v b & A, 475
e % U PR

EEXE FaR) R, ARSCHEE T —Fh LT CHA/DNAzyme 48486 (Ultraviolet, UV) G WL RS,
AT miR=-21 64 REALN o 1%°F G 7EA B S BHO H S IO, SCBL 7 HMRIRE R “1%
oo ZEEAMDCIRSE, BHO HEDGAREENT, FUG M 5 ANBEE P91 B TC A T2 1As e B U s
V%, BEFYHO, SRR ETEAR miR-21 B, miR-21 5K Je HOARAE, R B ) CHA 5]
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RIFA, Jadi CHAY ¥RV . 7= H1/H2 ZH3ETE %A @ AL TG P ) DNAzyme . 1% DNAzyme X} Ji%
YrgkS (Pidm sy AEPEEIE A SR BEATIEERYIE], ik B0 Y . Uik R Ra R
PR miR-21 B A SAMCHRSTI . CHA 51K BUE TER L5, ARG R DIBE . i 58
HMIETTE 520K CHA/DNAzyme ¥ W SRMKAH LS 75, AST7 iRt Sl 1 i R0 . SRE kM) miR-21 &
R

1. SRSy
1.1 UEHE5iEF

FAksr (ke . Zfed (NaCl), &AbEE (MeCl) . = IEEFEH Ledh iRl (Tris-HC) | 25}
ek (APS). #hl2 (HCD ¥Pyhi T 20w (e i) $fit. oxHIMEER EAEZZ i VII, 4SGelred
10000x /KW . IXTE 2200 . DEPC ZLFIK DL K2 10XTBE FIR A A B 24 TAY TR Eilg (B A
BT, WIHEEZ % (TEMED) . N, N'=F H X s IR DL K PR A e e 24 R 22 s iR AR Ak 25220 )
(b B 124, HARPFARRISMERMaEK (18.2 MQ-cm) ECHIM . ABF5EH B B A DNA 254%
HRRHY M AETAY TR RS () BRAFRS Gk, BRFHTFE 14,

PENIEIE L RTE RF-6000 7800 0 TH (i, HA) . RINEBHIZEERCHLYK (PAGE) 7E
DYCZ-24F Wk (Abxt, HE) BT, ZAZHFRRAHE A Nanodrop 2000 (44, FE) WIE .

E W RS SR 2

Table 1 Nucleic acid sequences involved in the experiment

EIRZERS 5195 (5-3") K/t
HO-9 GAAACACCACCCACGCTAGCCTTCAACATCAGTCTGATAAGCTAAGGCTAGC 52
H1-2 GGGTCTGAAGGCTAGCGTGGGTGGTGTTTCACCATGTACAACACCACCCACGC 53
H2-2 GCGTGGGTGGTGTTGTACATGGTGAAACACCACCCACTACAACGACTTGCTCAG 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
HI-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

1.2 RRAKHERERBIXSH (PAGE)

BHO. HO, HI., H2{ER KWL (20 mM Tris—HCI, 150 mM NaCl, 5 mM MgCl,, pH 47.9)
H95°CE25°C, ~1. 3°C/min IR KTRMERE L), BT 4 COKFRIRAE S ] . PAGE SEZAf ikl & . 10] 29
ODEPIIN2 pLHI-2 (2.5 uM), 2 pLH2-2 (2.5 uM)., 1 pLBHO (1 uM). 1 pL miR-21 (1 pM),
PR 22 b (20 mM Tris—HCI, 50 mM KCI, 100 mM NaCl, 30 mM MgCl., pH}7.9) #h5%E 10
who EAMGEEHESE: B A 365 nm ) UV SEAMREELT, TR K42 W, BEFES A 4.2 om,
HEURTIRFB) 47 30 s AESRZR37°CIETE 5 ho BERCAE 130 VAEE HUE T, 0. 5XTBE 221 i 3217 60 min, i
Jei, F4SGelred YLRHLOA%IE 10 min, BE RS AT RGE %A%

1.3 CHA-DNAzyme & B854 miR-21

RS E 2 WL 2.5 WM H1-2, 2 wL 2.5 wM H2-2, 1 wL 1 uM BHO, 1 pL 1 pMmiR-21, 1 pL 10
RM'S, DLJZ1 pL 10x M, i DEPC /KA 2 10 pL, HBBHEAEWRIIRS). FEMTE37°C PCR
AXCHFE 5/, LLORIE CHA-DNAzyme ZRIRY B4 I 7043 64T . WEE ARG, 105008 NN DEPC
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K, KRR R BARFRNF R 100 pL, 1R25) . KOV IR RBETHGHE BRI . 3% A 490 nm, 2
Nk ARG TE R 510-710 nm, L& FERE 10 nm.,
1.4 $H5RMESH

A TR SR AT, RAM R BT 5] (Mut-1. Mut-2, Mut-3) PR HALFHE miRNA
(miR-10b, miR-221, miR-155, miR-17) B LW ) miR-21, HBBARRIRIRS] . SHEME
LHMNERSTE, 37CHERE S h, I DEPC/AKANFZE 100 pL, #8131 H @ PR 2%, # 1.3
B TR
1.5 SKEREESH

Shy ik A BT S A A IR AR A A W B I i SRR A BT PR RE KR AS IV EEBE B miR-21 b
SR A N LA 5% (R N LTS b, TR2). Hop miR-21 bRifE SR EE R E S 1 M, 50M., 10
nM Z=ABERE . RIS Y CHA-DN Azyme 1J83% , XHEEAN DITBREE S 00 miR-21 3 3 HEA 7RG 1
) ARSI o AV R Y IR Sl 38 1 =P A TEE 5
2. B 5HE

A0 EER CHA-DNAzyme 15 B85 H 32

LRI EEEIE B CHA-DNA zyme 2R G 34 A AL IS A0 A TN IR 1 B s . TCSRAMEIRSTIY , CHA (5]
%) 8 E T4 B & e BHO (9 & Je 2544 ), H1 L H2 DL AH R B2 @ B9 G db 4, 43 248 10-23
DNAzyme P53 A AT R e HI ML e H2 o MR RS FUTERIRZS

SAMEEU T, A& Je BHO DGR ERIT R, — B S NI B 557 9 R e A AN B e Th B & fil
B RGN & 2 HO, HO S58UkR miR-21 HAMIEXHE, CHA MBI L R RE. %5155
H 038 3T toehold A5 I BE B 00 B, IR B R4 5 & 2 H1 B toehold, JE2 % HO/H1 AU4%E . bR,
miR-21 BB, "S5 T 806, [\, HPHsaigEn) el —231 kK H2, JEKH1I/H2
Wk, CHA SRR A A HE H1ATH2 PN 73 2489 10-23 DNAzyme Jy BOHH B SEFF43E, TR R
B e ARALIE VLR DNAzyme . 7E M@ 72 7E . DNAzyme 5 2GRV EN 4k S, (28 G 5L 55 14 K Jk
B, M REOONE T 5Ll SRR S SE SRR &, M miR-211)
T R

2.1

UV activation CHA-DNAzyme
{ q{
ﬁ Inactive
sro () " E
D i o
PC-linke
inker o 11T ||||||q>€
11111 .
— & € uv S
o, L] -l
e DNAzyme rA, rU
CHA L 4
initiator H
miR—le /
/ H1 H1-H2
HO ——— b) [TTTITTTTTTTTTT
TIr—" -
miR-21 S / HO  cHa
initiator FAM |
] * BHQ1
Y, .//
Bl 1RGSR CHA-DNAzyme ZRIEY 18 RO AL BRI miR—21 (/R .

Fig. 1

amplification.

Schematic diagram of the sensor for detecting miR—21 based on the ultraviolet light-activated CHA-DNAzyme cascade
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2.2 ZE5MEER CHA-DNAzyme £ BLBE B AT 1T 1436 E

LHMGITE B CHA-DNAzyme A= P15 R a8 0 T 32 47 M1 48 ZM B I 3476 Al miR-21 #4011 CHA 3
W, FRATE JCA H PAGE SEIRINIE T 28 /NGRS ) CHA ARSI e th it . K 2A Frs, #E 76 miR-
21V FIEANERUE (UGB S) B, RBLT —4& T fes 0H H B uaERS R AR, K HI/H2 W8, X
W CHA B 51 % RIS 8T &I BHOH . ANA miR-21 BRI GRS, CHA FEH0 ) 2%
Wss, RUMEEESRFFUIERIRZS (UkiE 6. 7). MHILZ T, MEIMEHI miR-21 [ AE7ERT (JkiE
8), H1FIH2 )& B W55, [N B EHRA HI/H2 BUESHT . Xegh AL [EEH T GIdE i)
CHA BRI BB T o

B o, Fedi 1k — 7986 K ST, LA KNG ITE ) CHA-DNAzyme ) 4% 85 15 )
miR-21 a5 . SERRZE RN 2B Frn, SIA LM, it obrmiR-21, #RA K
FIHEA FAM ZEE(ES, R FRAAZEE HAEMEN DNAzyme, KAMNERIE G, FEARIImiR-
2UMEBL T, 2N E LA Ak, RINZEEER T =G 58K, HA LM HRST R miR-21 [F]
IFELERT, REMEMERR R EMNZENAES, KRB CHA R, KIhZH3E DNAzyme LIVIENEY) S, XLE
ZESUIER T AT E8) CHA-DNAzyme (&G ANFE IS G A S (G 5 m , SEL 7 X miR-21 il
TR B TR T 4

A B
UV(-) miR-21(-)
—— UV[) miR-21{+)
= UV(+) miR-21(-)
H1/H2 —— UV(+) miIR-21(+)
LLITY UL |'.'/— =
o
H -
H1 H
r BHO

vz mr21T 0 K

520 560 600 640 680
Wavelenath (nm)

2 ERAMEEEEE) CHA-DNAzyme (IS 0 ATIEIGIE . (A) SRAMGITEE CHA LR IC I BEIRT LYK IR IE . YiGE 1
H1; JkiE2: H2; ¥GE3: BHO; ¥KiE4: miR-21; JkiE5: HI+H2+BHO; JkiE6: HI+H2+BHO+miR-21; JKiE7: Hl+
H2+BHO+UV; YGE8: HI+H2+BHO+miR-21+UV; ¥GE9: DNA Marker, (B) 2RAMGIEIE I CHA-DN Azyme £S04

JEGHEIE o

Fig. 2 Feasibility verification of ultraviolet—activated CHA-DNAzyme sensor. (A) Gel electrophoresis experiment of CHA

sensor activated by UV light. Lane 1: HI1; Lane2: H2; Lane3: BHO; Lane4: miR-21; Lane5: HI+H2+BHO;
Lane 6: HI+H2+BHO+miR-21; Lane7: HI1+H2+BHO+UV; Lane8: HI+H2+BHO+miR-21+UV; Lane9: DNA Mark-

er. (B) Fluorescence spectral verification of the sensor of CHA—DNAzyme activated by ultraviolet light.

2.3 Filfi

R TR R AL RERE . AT H BRI GC R B2 . HO ZEDX AN RO T 1Ak PREF
H1 % Je HA B A, A % IR GC e A AN, DLV HI/H2 SR O F e P . 76 BLAMAC
S S B FE S BLT, GCTREXS Z BT i 3 AN 2k, 7 AT B M % 2 4k, Wk, GC
TEME, DA . (HAE, TCERREY, PRR b B AT RH U/H2 BUEET R SRR R 5 i R
WA, FATEE 4AAFE GCTIENE, k3. 4. 5. 6. ME AR, FHRX GCRIEEA
B 3N 6N, IZARGEHEMNRE (SIN) JENUGERER, b, FRA1ES CCmizt BN S 1
5, TS,

W& e HO R PE ELEE I3 CHA 51L& FF AR B ECR . 5l P45 HO 251X A AN SN T
BRI HOMFENE . BEmIkEs e R (E3B), BARENZERFS (7bp) HKIEHO-7 (JKiE8)
TEAEH R EE . RIHHO-7TFREEA L, CHA SIRIFIIRGEMA NI B R, WL I HO B ZES
J#5) (13bp) K (UKiE3), VP HL, H2HEFE) L] LIZEEA T, £ I HO-13 13 THaE ,
CHA 51 )JFNTEIBEHEAR miR-21 JEoRBE e 2585 . MU RV H1 FIH2 BT AR, B3R =2
TRBREE NS A1 9 bp ) HO-9 FF i J5 4L 5256
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A1,6 - B

L] miR21() I'= 12 34 56 7 89M

— err:R-Zﬂi-] 8 — 500 bp
212 ik 24 —200 bp
[ —_—
2 r/"_,_,-—-\ H1/H2 T/— o et e b — 100 bp
E k1.8 (NARRRNNENRNN S —. 50 bp
T 0.8 3
8 ” [
T L 1.2 -— — 25 bp
£
S04 -
0.0 + 1 + + 0.0

3 4 5 6

Number of GC bases in H1 loop region

3 (A) HIRX GCHEESANEAL . BBl S =4 PATRIR N FE CPSEbRERZE) . (B) HOZEX)FS

Pefbe WGE1: H1-2+4H2-2; JKiE2: H1-2+H2-2+HO-13; Jki3: H1-2+H2-2+HO-13+miR-21; ¥Kif4: H1-2+H2-2+
HO-11; VkES: H1-2+4H2-2+HO0-11+miR-21; ¥KiE 6: H1-2+H2-2+HO0-9; Vil 7: H1-2+H2-2+H0-9+miR-21; kil

8: H1-2+H2-2+HO0-7; Jki&9: H1-2+H2-2+H0-7+miR-21; Jki& 10: DNA Marker,
Fig. 3 (A) Optimization of the total number of GC bases in the H1 ring area. Each dala point represents the average value of
three sets of parallel experiments (average value + standard deviation) . (B) Sequence optimization of the HO stem region.
Lane 1: H1-2+H2-2 Lane 2: HI1-2+H2-2+H0-13 Lane 3: HI1-2+H2-2+H0-13+miR-21 Lane 4: H1-2+H2-2+HO0-11
Lane 5: HI1-2+H2-2+HO-11+miR-21 Lane 6: HI1-2+H2-2+H0-9 Lane 7: HI1-2+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.

2.4 RMFMHMREL

SAMGIEAT ) CHA-DNAzyme (LGS AR R BUE R — RINVR L ZH0EN , AL4% & HI AT H2 1)
WL ORI E) . MRS . i RALIZAL S ORI R RE , FA Il TR L8250, Wk 4A P,
BE#E H1 A H2 M EEH 3G, SN JeTh i G FiR. I, 4% S/N (B B i I ) & Je B H A H2 R 2, Rl
0.5 uM, YERmEREE . FEE RV E M 4 hSERZE T h, ZE-EEN SN BBLUE EIHE TREsEE,
165 hAbiE B HoR M (K4B) . X TR ARVAES h NCIEARTER, BE— e KRN ) 2 i 5%
fE9 TR Mg BERT LIS & DNA WU TR E T, WWRESE i DNAzyme fEALTR L . SEERZ5 R AN1E 4C
JiR, BATERZERE30 mM Mg 1E AR RN 5544

A B Cc
1.6
2.0 Camir21() }3.0 Emlnl 30 . miR-21{-) | 3.0
I:I-::-m-: mm 8 miR-21(+)
- —— —=— S5/N
218 24 242 24 = F2.4
] [ & 12
1 £ E
2 2 g
Eq2 18, E oot k1.8
§ 0.8 13 E 12 E k12
S S04 S q.
%04 | 06 z 0s £ Laa
0.0 } ' b + 0.0 0.0 b + - b 0.0 0.0 + } } 1! 0.0
03 0s 06 oe 4 5 6 T 20 25 a0 35
Concentration of H1 and H2 (pM) Time (h)

Concentration of Mg®* (mM)

K4 (A) HIFIH2IRERDAL, (B) ROVITHETAL, (C) Mg HRERDEA . BANEEE RO Z 47525 P E
CEEABbRERZE) o

Fig. 4  (A) Optimization the concentration of H1 and H2 concentration. (B) Optimization of reaction time. (C) Optimi-

zation the concentration of Mg®*. Each data point represents the average value of three sets of parallel experiments (average value

+ standard deviation) .

2.5 5MiEiER CHA-DNAzyme £ B 28 A9 46 M 14 At

TERACHIRG I SE T, AT TS 22 M GIE B9 CHA-DNA zyme 1£ &S HURG I PERE . 4878 T A EK
B (0.3-50 nM) B miR-21 B9ZEEM N, FHICRAHM PN L SIS . WE SA PR, % RN7ER
FEYIREE miR-21 LA I 0, FEAE 10 nM 2R P60 JEOE5RE 5 miRNA JRJELE0. 3—-10 nM {E[H
WX R, ZPERVHE RECN 0. 9917, 2t V4 5 FE4 F=1053. 5C, ., +11745. 0 (K[5B), #@idx}
W4 CH UV RS, BmiR-21) AEX¥ES I E =0 hnfE 2 EA B HASI (LOD) 4189 pM,
2.6 E5MEEGER CHA-DNAzyme £ L5 RI4S R

ZAEIRET miR-21 5 & BRI 90 X 3 BE 1A SR HE IS B G BE . ARG o0 5 T B R
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AFFI miR-21 2848 (Mut-1, Mut-2, Mut-3) L& H AR M A miRNA (miR-10b, miR-221,

miR—

155FImiR-17), VHl TiZE R miR-21 AR EE. E 6A . BRR, HAETEZEAVCHH) miR-21 TE7E
B, GRS A SRRSO E T MPTA R R K TP miRNA AU AR 2OEE 5. b

AR, K B BT AT IR R

A B
0nM
s 0.3 . L TS :
— - I 1
2 2 2048 :
g 20 ) 20! .
H g [
015 c 45 : 1 2
c [ 1. ' %, R*=0.9917
; g | B
o 10 5 104t .0 §°|#
<] =] ? 10
3 [T g
I 5 54 E -
0 2 4 B a 10
concentration of miR-21 (nM)
04— T T T T 04— ¥ T T T T
520 560 600 640 680 0 10 20 30 40 50
Wavelength (nm) Concentration of miR-21 (nM)

5 (A) AREEKEmiR-21 PG, (B) FOGHEE S miR-2 1K EIISC R . BN S o =4 PAT S5 0

CEEIEbRIERZE) o

Fig. 5 (A) Fluorescence responses of miR—21 at different concentrations. (B) The relationship between fluorescence in-

tensity and different concentrations of miR-21. Each data point represents the average value of three sets of parallel experiments

(average value + standard deviation) .

A B
Blank etk
25 - miR-10b 25 4 I
——miR-221 I
'» —— miR-155 @
< 204 ——miR-17 < 204
.5_ ~—— Mut-3 .5'
@ —— Mut-2 @
Q J Mut-1 Q J
s 15 miR-21 s 15
Q o
w w
:
= =
T8 T
0d—r v —— T 0

520 560 600 640 680 \_3, N
Wavelength (nm) g\‘:‘\ \9; q.'l-\@- \?~' \t& W \!& N

BEl6 EAMGIEIER CHA- DNAzymef<m PO, (A) FOGIER, (B) XM AFEIRAHTE . i miRNA #RJE)

24100 nM, ﬁi‘Emﬁ_éﬁ¥ﬁ§EfﬁH’d¥i@fﬁ CEEAB bR 2 ) o

Fig. 6 Specificity of ultraviolet—acllvaled CHA-DNAzyme sensor. (A) Fluorescence spectrogram. (B) Corresponding bar

charts. The concentration of all miRNAs was 100 nM. Each data point represents the average value of three sets of parallel experi-

ments (average value + standard deviation) .
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