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LS 20 min, & IAE 520 nm LbRYAERTSEGER B AR (AF=F—F,) 5 miRNA-721 ¥ (C) 2RIt R
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[ Abstract ]| Objective To develop a rapid fluorescence assay testing method for microRNA-721 (miRNA-721)
detection using catalytic hairpin assembly for signal amplification without the need of enzymes. Methods A DNA hairpin
probe H1 labeled with 5-carboxyfluorescein (FAM) was modified on the surface of gold nanoparticle (AuNP) to form probe
AuNP-H1, and the fluorescence of H1 was quenched by AuNP. When the target miRNA was introduced, it caused the
fluorescein modified in H1 on the AuNP to move away from the AuNP and emit fluorescence. This was followed by cyclic
self-assembly between H1 and H2, and the target cycle was used to amplify the fluorescence signal. The fluorescence intensity
of the system was measured at 480 nm excitation wavelength after co-reacting with the probe AuNP-H1, probe H2 and
different concentrations of miRNA-721. Results When biomarker of acute myocarditis miRNA-721 was used as a model
target, 20 puL of probe AuNP-H1 and 50 pL of 3 umol/L probe H2 (annealing buffer of 20 mmol/L Tris-HCIl, 100 mmol/L
NaCl, 5 mmol/L MgCl,, pH 7.4) were co-reacted with 50 pL of miRNA-721 at various concentrations ranging from 0.1
to 5 umol/L at 30°C for 20 min. The change in relative fluorescence intensity at 520 nm (AF=F—F) had a good linear
relationship with the concentration of miRNA-721 (C), and the fitted linear equation was AF=29 232 X1gC—52 435
(R*=0.991 0). The detection limit of this fluorescence method was 1.23 nmol/L. The recovery rate in normal human serum
ranged from 92.71% to 104.02%. A comprehensive miRNA analysis could be completed in just 20 min. Conclusion The
present method can be applied to detect miRNA-721 in biological samples, which providing a rapid diagnostic tool for
acute myocarditis.
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Fig1 Experimental schematic of miRNA-721 detection
based on AuNP-catalyzed hairpin assembly
AuNP: Gold nanoparticle; miRNA: MicroRNA; H1, H2: DNA
hairpin probe; FAM: 5-carboxyfluorescein.
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T T CAF TR . — K miRNA 43#7 7] LAFE
20 min PISER, B AR T RE A SCHRARGE A2 EAG T
miRNA FFi S ] (40~120 min) %,

1 #EFT %

1.1 XA EME H4eM (HAuCL) WA L
KA . KRG FEIR =40, Tris-HCL, 757K
AL (MgCl, + 6H,0) . S L4 (NaCl) . =
(2-FR L) - JB [ Tris-(2-carboxyethyl)phosphine,

TCEP] #:fiz£h . PBS. DEPC ( JC DNA. RNA [if} )

HAE TAY TR ( Big) RO ARARRERME, 4
NG T AGOHEHAE YR A BR A 4t BR S
AU, HAFH A . TR SR
(R V) BWAETAEYTRE (LE) KROARAE
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Tab 1 Sequences of probes and miRNA in this study

Name Sequence (5'-3")

miRNA-721 UCUUGCAAUUAAAAGGGGGAA

H1 SH-TTTTTTTTTTTTCCCCCTTTTAATTGC-
ACGACATCTAACTGCAATTAAA-FAM

H2 TAATTGCAGTTAGATGTCGTGCAATTAAA-
ACGACATCTAACT

MTI1 UCUUGCAAUUAAUAGGGGGAA

MT3 UCUUGCAAUUAAAUGGUUGAA

Random AUCAAGGUUACGCGUAACCUU

miRNA-21 UAGCUUAUCAGACUGAUGUUGA
miRNA-122  UGGAGUGUGACAAUGGUGUUUG

H1 and H2 are DNA hairpin probes, microRNA
(miRNA)-721 is the target RNA; MT1 is single-base mismatch;
MT3 is 3-base mismatch; random, miRNA-21, and miRNA-122
are RNA sequences; and the 5’ end of the H1 probe is modified

with sulthy functional group (SH) and the 3’ end is modified
with 5-carboxyfluorescein (FAM).

R i 58 A1 AT UL S 43 ' % BE i ( NanoDrop
One, 3£[E ThermoFisher Scientific 2A#] ) , 2G4

Y6 (FL6500, 35 [# PerkinElmer A H] ) , Hi
FRF (HA-202M, HAR A&D /AR ) , ZYjHEIR
HEIRE %S ( Vortex-Genie2, 35[H Scientific Industries
AN, EEEOHL (TG16-WS, [ A e O
MU ARR A, B A BRI (KQ-2250-
DB, Rl sE A A RAR ) , R EES
ATEF (LR AR AR ) |, L Eaik
Z#4¢ (Smart-D UV, FIFMZBUEFARAF) , &
ShHL B4 (HT7700 Exalens, HASH 36 )
Fife A AL ( Zetasizer Nano ZS, Ze[E Malvern
vAl ) o Bio-Rad B R &4t ( ChemiDoc, J[E
Bio-Rad A7) ) &
1.2 AuNP #9 4] & >Rk H 28 () 47 52 TR 4N 3 i
145 AuNP, B 100 mL HAuCl, %% ( 1.0X 10
mol/L ) JIMA ] =Fpeiirh, 135S Hi P8 il
240 °C, [FIRBADRF ORI PET, SRR
AR WIB IS, TIPS ORI RE i P AP
Y IE H i, AR AuNP B2 —, B A
SRR 800 %, FERRIZUMEFE T — X PEA 10 mL
TOKEFHERR =4 (3.88X 10  mol/L) IFM. K2
3 min 5 SN VR IR AR S 4T, AR A
A1 2 R IEABEFE 25 min, B 765 IR N 4kSLdi
F£:30 min, ZEAHEFIRGHT 4 CUKFEHTEH.
1.3 AuNP & & H1 #1446 ff 7.17 uL HI-FAM
(1.0X10 " mol/L) ¥ ¥ 5 4.5 uL B ff il 75 19
2.0X10"* mol/L TCEP & iR A, 7EE I Fikfk
1h, PU¥S-SiEJE N -SH, B, #i% k)5 1 HI
5250 pL AuNP iR G . EiRFMF I E 24 h )5,
b7 8 h iRk i A 439, 4.54. 4.84 pL 2 mol/L NaCl
VST, A D R B S 2 0.1 mol/L. B4,
J&, 16 200X g B0 20 min, FHHA 0.05% HEiE -20
() PBS VB 3 W, DARBRIEW s 0 HI, )5
¥ DNA DI RE{L 1) AuNP 58277 T PBS 1, # T
4 CUKREP R P
14 T AuNP 1E1L A & 20 % 7 F 40 miRNA
1.4.1 {#fb &% EDNA 4% K20 i K454 HI
IIREALAY AuNP A1 50 pL & Jef4 H2 (3 pmol/L)
5550 uL # HF miRNA-721 L A [6] #e B (0.1~
5 umol/L ) J&A, 1 30 'C R 20 min, #EF7f#Efk
RIAZAFZ R
142 AN B RN AL 120 pL
A1 MG EE TN AE 2GR FE MNP (Bk
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KK 480 nm, A S KN 520 nm) , DhE
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1.5 42530 KR4 ST A7 M A 714
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HW, &I E AuUNP-H1 5 # 4% miRNA-721 &
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) AuNP 2835 50 W e . S9N EE kAT
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>4 20 mmol/L Tris-HCI. 100 mmol/L NaCl. 5 mmol/L
MgCl,, pH 7.4; % 3 #" 2y 10 mmol/L Tris-HCI,
10 mmol/L MgCl,, pH 7.2; %% 4 # & 10 mmol/L
Tris-HC1, 0.1 mmol/L EDTA, pH 8.0; %5 5 Fp K

H,0. A& #8Z st 95 ‘CiB K 5 min, ZE1244)
EERAH . B 5 FORFE R ERE H2 35k
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R F S (S) M2 FfES5RIE (N)
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1.7.3 R BEE  #F 20 L #%% AuNP-HI #i1 50 uL
B 4 H2 (3 umol/L ) 5 50 uL #8 45 miRNA-721
(1 umol/L) R4, 4rHlEF 20, 25, 30, 37, 40 C
T AR B R SRR (S) MIES G SR
(N), HHEEWL (SIN) , BEADFEARAT 3 4360,
1.7.4 R RwtlE #F 20 L 5%+ AuNP-HI i1 50 uL
B 5 H2 (3 umol/L) 5 50 puL 4 5 miRNA-721
(1 umolL) A5, Bl N 5. 10, 15, 20,
25, 30, 35, 40, 45, 50, 55. 60 min Ji i & AN
H o efm oo (S) M AfESmE (N) , it
AWML (SIN) |, BEDFEASEAT 3 Ak

1.8 miRNA-721 #& ) 7 ik 69 £t . A2 PR ( limit
of detection, LOD ) Fo 4 #Af S| T

1.8.1 %MK LOD LIARFKRE (0.1, 0.2, 0.3,
04,05, 1,2, 3,4, 5umol/L) ¥ miRNA-721
X B R i Ak b, 7 IR LA A5 1T DAAS [
JE (0.1~5 pmol/L ) KR T & A= i Ak & Je 241 % =L
NP E (F) 52 19O0mE (F) BM2E
(AF=F—F,) N\ A bR 2 i br o ih 28, Jf4ic iR
LOD=3.36/m /A #3143 LOD 2! (R 6 Sy i {8
M 2E, m bR EfM &R ) |, BT 3
fy e

1.82 A &N E  FESCARRRIE S AL,
ERASIET, AT RFEMWE (0.2, 0.4 F14.0
pmol/L ) [ miRNA-721, SRJGHRYE 1.4.2 15k
WD AT Fom Bz, FFiHaE R, B AT
3 O farin .

2 # R
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K (amphzl) , XERAERA miRNA-721 115
L F AuNP-H1 FITH2 JL P A S RAEME AL, Y
miRNA-721 Fil & Fe 454 AuNP-H1 JR& 1), £ ER
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Fig 2 Feasibility validation of a fluorescent sensor based on catalytic hairpin assembly for miRNA-721 detection

A: Fluorescence spectra under different conditions; B: Analysis by non-denaturing polyacrylamide gel electrophoresis. The concentrations

of all samples were 6.0 pmol/L. miRNA: MicroRNA; a.u.: Arbitrary unit; AuNP: Gold nanoparticle; H1, H2: DNA hairpin probe; M:
Marker; 1: AuNP-H1; 2: H2; 3: miRNA-721; 4: AuNp-H1+H2; 5: AuNp-HI +miRNA-721; 6: AuNp-H1 +H2+miRNA-721.
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Fig3 Characterization of AuNP and H1-functionalized AuNP

A: Transmission electron microscope image of AuNP; B: Ultraviolet-visible absorption spectrum of AuNP; C: Particle size analysis of

AuNP and AuNP-H1. AuNP: Gold nanoparticle; H1: DNA hairpin prode.
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23 REAKMEMLER

23.1 AuNP-HI A& 4% AuNP-HI (15N
15, 20, 25. 30. 35. 40 uL B}, AuNP-H1. H2,
miRNA-721 AW A5 H 5351 R 4.16+0.18 . 4.38 +
0.15. 4194027, 3944017, 3254013, 326+0.15,
7£ AUNP-H1 A 20 pL AR R (EIE S s, 25
ZRME R, TEREsrt AuNP-HI YN 20 uL.
232 WAFH2 MRk Zara S 1. 2.0 3. 4.
5 Ff H2 1B K ZE bk, AuNP-HI, H2, miRNA-721
TR B W15 W L 4 1) R 249402, 4.20+0.23,
3.16+0.13, 2.424+0.03, 2.67+0.17., % 2 FhiREr
H2 B &k Z& vhik (20 mmol/L Tris-HCI, 100 mmol/L
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AuNP-H1, H2. miRNA-721 & & W i 15 e b 43 5]
93.20+0.10, 4.02+0.20, 4.38+0.17, 5.0240.06,
4674020, 496022, 4.87+0.25, 5.06+0.30,
4.46+0.05, 5.07+0.06, 4.9440.07, 4.83+0.06,
SN B[R] 20 min BPARS A5 M Lt TR e, RS
SLSL5 OV ]2 20 min,

2.4 KT AuNP 89 1E L & &k 20 K 15 5 30 K 4
miRNA-721  fUALSESS 55 4F T, M A e 3R &
(e NCAS 5 1 B B %5 miRINA-721 ¥ B 14 184 0 i 14
58 (E4A) 5 520 nm ZbAYHHXT 2G5 5 58 B AR 1k
fti (AF=F—F,) 5 miRNA-721 #& (C) SRt
B ER (K 4B) . AF=29 232X1gC—52 435
(R*=0.9910) , ZMEIEHHA 0.1~5 pmol/L. ATy
749 LOD A 1.23 nmol/L.

.
AF=29 232X 1g(miRNA-721/[nmol-L "' ])—52 435
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Fig4 Relationship between fluorescence intensity and miRNA-721 concentration

A: Fluorescence spectra of miRNA-721 at different concentrations. B: Linear relationship between fluorescence intensity and different

miRNA-721 concentrations. AF=F—F,. F and F|, are the fluorescence intensity of the system in the presence and absence of

miRNA-721, respectively. n=3, x+5. miRNA: MicroRNA; a.u.: Arbitrary unit.
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