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Direct non—amplification detection of miRNAs by time-resolved FRET sensor based on lanthanide —-doped
nanocrystals

ZHANG Yi, TAN Jia—xing, YE Yan-kai, JJANG Wei, SUN Yan—hua, SHEN Wan—qiu, CAO Hai—yan, JIN Mei—na, QIN Nan, DUAN Hong—quan
(Department of Medical Chemistry, College of Pharmacy, Tianjin Medical University, Tianjin Key Laboratory on Technologies Enabling
Development of Clinical Therapeutics and Diagnostics ( Theranostics ), Tianjin 300070, China )

Abstract Objective: To develop a miRNA detection method based on the time-resolved (TR) fluorescence resonance energy transfer
(FRET) assay. Methods: The GdF; :Th* nanocrystals were coupled with nucleotide probe I as donor, and gold nanocrystals with nucleotide
probe II as acceptor. miRNA hsa—miR-122-5p was detected by time-resolved FRET assay, and the short lived background luminescence
such as auto—fluorescence was suppressed when determining the long lived fluorescence of Th** by setting appropriate delay time and gate
time. Results: The TR-FRET based miRNA sensor was sensitive and selective to hsa—miR—122-5p with a dynamic linear range of 0.1 fmol/
L-100 pmol/L, which was compatible with that of the same type of sensors. Furthermore, the GdF; :Th** nanocrystals were stable to light
irradiation and their lifetime was long enough to avoid autofluorescence. Conclusion: The TR-FRET miRNA sensor for non—amplification
detection of hsa—miR—122-5p based on GdF; :Th* nanocrystals, is sensitive and selective.
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Tab1 Sequences of RNA and DNA

iR M RRFHI(5-37)

hsa-miR-122-5p UGG AGU GUG ACA AUG GUG UUU G
TGGAGTGTGACAATGGTGTTTG
CCU UAG CAG AGC UGU GGA GUG UGA CAA
Pre— hsa-miR-122 UGG UGU UUG UGU CUA AAC UAU CAA ACG
CCA UUA UCA CAC UAAAUA GCU ACU GCU

AGG C

Sp-1x A*GG AGU GUG ACA AUG GUG UUU G
5p-1ly UGG AGU GUG GCA AUG GUG UUU G
Sp-lz UGG AGU GUG ACA AUG GUA UUU G
Probe | NH,~(CH,)-TGG AGT GTG AC

Probe I AAT GGT GTT TG-(CH,)SH

Probe Il CAA ACA CCA TTG TCA CAC TCC A

NI  2E S

1.2 L%  Thermo Scientific Varioskan Flash )i
PR Z DR EEUL, FHI/R LG16-A =ik 15 20 B0
HL, 76 E f PCR X ABI7000.

1.3 %7k

1.3.1 PAA-GAF:Th*4 KK+ G AGMS
T SCHER T, T B s, BB TRANE
1E 50 mL BB, 7] 12 mL #B4EK A 4.0 mL £
TEHRA A A 0.1 mmol GAClLx6H,0 .80 mg
PAA 2.0 wmol ThClx6H,0 , Bt £ 55 157385 BH J5 i 4
% 50°C, BW—F 15mLiEFIMA 2.0mL 2
M 5.0 mL 2K F 0.3 mmol NHLF, 25 iRIEHEZE
A1 A INFE 50 °C, K L NHLF ¥ A
IR BB T, FF2E 2 W 30 min J5 2 000 r/min &5
O 5 min, WA 4, I3 51 B 267K A1 s
PRI, S TR . RIG15 3] PAA il
GAF 5 Th* g KA F B AR =4 -

132 ERATHR S probe I 5 PAA-GAFsTh*44 %
BB SEZTTRRASE probe 1 1Y 5™ Sy A & 3,
GAFxTh™ g 3R A KR A, "LLE R EDC
F1 NHS Al T/ th S s R B 48 51 K
PR 1.3.1 s i AR BCHS 5% wiv /KB, B 100
pL ERKIAEHE 5 nmol ZEAZ TR H.5% probe I (5'—

NH,—-(CH,)6 -TGGAGTGTG AC-3').30 mg EDC.5
mg NHS /il AF] 1 mL PBS(0.1 mol/L,pH 7.4) 1 iR
G5 R E T BBEFE ROV 24 ho =)L 2 000 1/
min 5.0 5 min Ji7 A PBS(0.1 mol/L,pH 7.4) Pk 2
%, 3 F PBS(10 mmol/L,pH 7.4,100 mmol/L. NaCl)
H 4 °C A, LI RCH A SEA% AT R ER45E probe 1
() GAF5: Th* 44 KA T

1.3.3 & SR TR HU5E probe I B 1 4 40 K AT
T SO EN, AR RR ENIE I HAuCL,
BRI B 118 JS AR 4 A KR s VRO o A A TR P
probe 1l (5'=AATGGTGTTTG—(CH,)s—SH-3") 55 4
YA TR, e 4 H A HET PBS(10 mmol/L, pH
7.4,100 mmol/L NaCl, 1 mmol/L MgCl,) F{2% min ik
IR T 4 °C % .

1.3.4 FRET £/ 08 S SCRICoe 44412, il
TR A A8 N (I 3R AR Kok T B 100
THERA BEAZ TR 555 probe 1 1 GdFTh™4H KA+
W, M 200 L ZEA% AT IR 514% probe I B 1Y 42
Y KK T VAN 5 nmol probe T (5'-CAAACACC
ATTGTCACACTCCA=-3"),37 °C.3 000 r/min #%3% 2
Lh, VAZENEHEETH M 543 nm 4 75EAL H 2
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Ve A2 LA 2 BR AR 45 A 1 probe TN 42 94 KA1
135 FRET & J828 11 PBS 1AW
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IR EE T A FRET, i GAF Th* 44 K ki +
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miR-122-5p A HAR T, M LR IE A
WA S A BHFR RNA B FEA IS |, probe 1
L HFR RNA 454, JEA W FRET #3768, Gl Th*
YKL T DR, BISZIR off—on KA 38 1t
B H 2 I e B A A A K A 28 time —resolve
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543 nm AbIAZEE K BT5R EE , R R AR i 2 1k FAn
MBI TEREA T HER PR . 26 1 R T 58
R AR P, Hip 5p—1x .5p-1y A& 5p-1z 3
J3 H A% miRNA hsa—miR—122-5p Fi¥ SL08 L 2% A% R
J¥ 51,
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Fig 1 Schematic diagram of the direct non—amplification detection
of miRNAs by time-resolved FRET assay based on lanthanide—

doped nanocrystals
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qRT-PCR i &AM hsa-miR-122-5p.
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(AFIRI A3 32 6 ) 3BT - A 272 nm SRR K,
W7 543 nm Ab A2, FEIR BT H] (delay time ) 2A7 100
s, Kzl T[] ( gate time )R 1 ms.
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Fig 2 Excitation spectra, emission spectra and decay curve of the

as—prepared PAA-GdF;:Tb* nanocrystals solution
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Fig 3 Effect of target miRNA hsa—miR-122-5p on the fluorescence

intensity at 543 nm of detecting mixture
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4% 200 pmol/L, KA WAE 543 nm Kb A% & 5t
SRIEBIA RN, AL 2E I S probe 152
MZRAE PTG RSS2 2 20% , Kb 5p-1y 5l
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