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A novel fluorescent sensor for Escherichia coli detection based on magnetic
layered double hydroxide and exonuclease |
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[Abstract] Objective A fluorescent sensor for the determination of Escherichia coli was established, based on the efficient
quenching of 6—carboxyfluorescein (FAM) modified on both single-stranded DNA and double—stranded DNA by magnetic layered
double hydroxide (MLDH) quenchers, and the selective degradation of single-stranded DNA by exonuclease I (Exo ). Methods Dif-
ferent concentrations of Escherichia coli characteristic DNA were hybridized with FAM~-labeled DNA probes. The remaining single—
stranded DNA probes were selectively hydrolyzed by Exo I. Then, MLDH quenchers were added to adsorb and quench the formed FAM~—
labeled double-stranded DNA. Finally, the supernatant was separated from MLDH quenchers with the help of an external magnet and
its fluorescence intensity was measured. Results Under optimal experimental conditions, the linear range of Escherichia coli characteris-
tic DNA was 0.05-30 nmol/L, the correlation coefficient (R?) was 0.997, and the detection limit (30-) was 0.025 nmol/L. The recoveries
for Escherichia coli characteristic DNA in river water, tap water and tea ranged from 85.4% to 118% with the relative standard devia-
tions less than 5%. Conclusion A novel fluorescent sensor for Escherichia coli detection was successfully established. Compared to tra-
ditional Escherichia coli detection methods, the proposed sensor exhibited high sensitivity , good selectivity, and high accuracy, which re-
alized rapid detection of Escherichia coli.
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MY VLR FLDE VG 2 (6—carboxyfluorescein, FAM)
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Figure 1 The detection principle of the fluorescent sensor
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LT AR I AT FRA T . 5250 HZK R Milli-Q 3
4t (3£ Millipore 22 7)) il 45 IR LEK o W 2% 4P H
Tris—HC] 2% " %% (10 nmol/L, pH = 7.4, & 100 mmol/L

NaCl F14 mmol/L MgCl,) . 5255 it ] DNA ¥ iy b4
TAY TR A BR AR A gt Jpa i1, H
o P FAMARICIREN 751, T 8 K FF B R 1iE DNA
JEH, MT1 R T A BB SR AS BC T 51, MT2 2R T /Y =B
FEBCFE S, MT A T BB 58 245 B 41

R 1 AHFET A DNA I
Table 1 The DNA sequences used in this work

ALK liEe=Rs2l

P 5'-FAM—-CAG TTG GCG GCG TAG ATT AT=3'
T 5'-ATA ATC TAC GCC GCC AAC TG=3'

MT1 5'-ATA ATC TAC ACC GCC AAC TG=3'

MT2 5'-ATA AAC TAC ACC GCA AAC TG—3'

MT 5'-TGC AGT GAC AAA TGT GCC GCC A-3'

1.2 XWHE

1.2.1 Bobk BAR AR 094 & FREL0.3 g PU%E [k
SRR AT 150 mL K H LI 5B R 20 min, FREX
0.32 g ik FRENFN 0.48 ¢ ZAEAL AN T 100 mL 7K HrFC il
Sk W L A B BT P pH k10, R £
5 min!8-19, FRECE AL EE 0.5 g A ALEL 03 g AL S
0.26 g, % T 100 mL 7K i ifil BER VA, 4 Sh s O A 2
TR, B AR S W pH VS FEIFE 9.5 ~ 102
], B S min, ARG/ 85 . FHZK R 2B R A5 Y
PR R, LA Ve VR T4 BV AS B BB A0 ) o 1 VR
Fe R 3011 IR RS B AR

1.2.2 &ktenl k=i T 160 pL Tris—-HC1 22 o
BN EPEE A 8 WLIREE A 1 pumol/L Y PR H
HZHE Ry 40 nmol/L, F A 8 pL A A & B (0.05 ~
30 nmol/L) i T ¥ W , 1 21 J5 24 3¢ 10 min, A 30 U
Exo I 120 ul Exo I B, IR G T 37 CFH
30 min, A 4 WL ¥R A 10 mg/mL fY MLDH i H: 23k
&4 0.2 mg/mL, B & BCSAFA 200 WL 1 S AR 2 .
SN 10 min Ji5 HRERR 3 25 38 W, B 3 WO AE 96 £L
A FEERAR T, P BRSO DGR B . ORI
7 480 nm, 41 3% 510 ~ 600 nm 19 % 5t 63 IF 90 5
520 nm 2GR, 20RO 1, 185°0 110,
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2.1 WHEBEHMRL

211 Exo | /A% 7£40 nmol/L P H 435 Hm A 0.
1.5.10.,20.30 f150 U Exo I , F 37 ‘C/K 60 min 5 fill
A 0.2 mg/mL MLDH, )i 10 min J& F#E#K 4> 55, I 22
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Fifi 5 i FH S 34 i =, AR R R 30 U BB T AR
FE L Exo THYHIEZERE M 30 U,

2.1.2 Eabr R R b IE {E 40 nmol/L PIEW M A 30 U
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Figure 2 Effect of sensing conditions on the fluorescence intensity of the supernatant
7E:A:Exo | A& (0~50 U);B: Bba8t 1] (5~60 min) ; C: MLDH A & (0.05~0.5 mg/mL) ; D : # R F_ A B 1] (1~10 min)
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Figure 3 Detection range and sensitivity of the proposed sensor
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Figure 4 Specificity of the proposed sensor for target DNA and its mis-

matched sequences
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T2 PR, IR N 85.4% ~ 118% , MK ARHE 2 (rela-
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2 FTEUELIEREER YT SLBREE M B K BAHTE DNA B9 2

Table 2 Recoveries of E. coli DNA in real sample by the proposed fluorescent sensor

FERLZ K HEE  IIRIEE (nmol/L) K (nmol /L) [z % (%) RSD(%,n = 3)
TeiK N Saan! 0.50 0.53 106 1.52
5.00 5.90 118 0.37
20.0 19.9 99.5 3.60
KK At 0.50 0.52 105 2.02
5.00 4.86 97.2 471
20.0 20.3 102 3.16
Hkok AR 0.50 0.53 106 3.54
5.00 5.85 117 428
20.0 19.4 97.0 3.52
ARk ENaas 0.50 0.49 98.9 1.58
5.00 4.76 95.1 4.74
20.0 17.1 85.4 1.54
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J& B, M3+ = 4@ FH 2, A dig FL A - ] 5
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