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ek AR AU R BN AN Bk R S B BT AR
Y TREAT BR 7], 35 g 23 B 40 Y B AR v L oK
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TARMER I B FE AR AEY) 5.0 s BSM Nt BbvCl
W H 22 NEB 22 5] 5 dNTPs iy B R % 5 A V) RHE
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AR,

LA 45 2¢O 035 AL Edinburgh FS5
( Edinburgh instruments, H[E ) (£848-1] W40
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RURE i E R 7 A R E S min, SRSV 2
FEM, IF T 4 CUKRE NS AE, BT & L it
EANZEF T SCFR GR-5 DNAzyme,,

F PCR & ¥ GR-5 DNAzyme 7F 1 x Buffer
B iR S S AR BN 1 mol /L, SRS A
Template 1 FiI Template 2, fdi H 23k & 43 5 2
pmol/L F12.5 wmol/L, LA 1.5 U i) DNA &
fiff BSM .2 U 1) DNA 57 4J] fif Nt. BbvCI L) & 300
pmol/L ) dNTPs , FE4ME A3 B 5] G A Pb?** 53
i D4 S B 2 T A Y R L TR T Y
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VARVRL, DR TR 20 R 4 TR S A 9 5 B AR AR
G R AN REA U A

K25 C R, -UPKBERRZ 1 h, EFEHRE
100 nmol/LL, 3 1o 15 My W 5 (A by mi oK 45 79 59, A
ARF N 8 wlo #ZiE I, HIKTE IXTBE 22 np
AT SEAE R IR 60 VR T XA T
HLJK,30 min J5 , I i &5 4F R AR o SR A FHAE
fEHE 90 V 2T, K2 2 h, R n i Bk
PR A 45 1k FRL K, i TR AR e 1 AT
@, 1] Bio-Rad SEHMEEI NS 70 1%} SDS-PAGE
LR TI G T

2 HiR5ihe

2.1 KilRE

AR SR A5 i 5 2 AR 0 B AR B KR
SRS Fr A GRS B Ph? (1 78 R A
R, 525 AN 1 fF s, PbYT 5 GRS
DNAzyme [9 %5 5 % i1 51l 2 1875 GR-5 DNAzyme
PR PRE A T A T PR D) R I 5% , BRI ) 5140 1
Yj Template 1 AR50 FE B 4O B W AR 25 4, 76
DNA % & B§ BSM F1 dNTPs #4177 1€ F ¥ &
Template 1 JF4f DNA #ZBR5E 1 E A, JE i 1 7Y
DNA % g, 2 BRI 4 DD Nu. BbvCI 93851
5, PR, Nt. BbvCI 2372 SE f ) 1Y) DNA % rp 4] 3]
B L) DNA B, TR (5 5 G4-DNA 73,
17 DNA 2 & [ BSM, DNA 57 ) i Nt. BbvCI,
dNTPs {2 [F]/E FH T S BUXHE 540 7 1) R
B OGS TERSIY 2 255 2 BHREUK
RENL. 5141 2 & Template 2 AR5 HAMIC KT
JE IR A T S5 Y R U5 5 G4-DNA 737,
P RIE S GA-DNA 2 7AER51H 2 25 kY™
BTS2 BAE 5 DNA BERY IR 8D Y. (75 G4-
DNA Jp 7Kk AHE S AT S8 i EE /AR E 1 G-U Bk

http: //www. shhydxxb. com



842

EoWow W Ok ¥ ¥ i

29 %

U SAERI AR R A ZoPPIX B, G-PUB IR Y ARk SR Ph” (5 &k

ZnPPIX % AHEAR ], G-PUBE (A 22 L ZnPPIX g
A A A 2 T Py Y R, BT 26 S i ZnPPIX
[ G-PUB AR R 5 5 U8 =2 Ph*
WA , DRI mT LAl 3 2 568 B2 1Y

PNNNAANANANANANAANANN

N\ OOOOONANANANAN O00OOIROOOC0S
WlTemplate 1 -@S " .‘A
OOOOOANNANN —, X00000000000000dD

N AN M LDE0C000000N
/vvvlvvvv () -) dNTPs
. SOO00OFT A 0000000000 (D000 ODI00M000X
NN
AANANAA EVAVAVAVAVA. L

ZnPPIX  pomplate zlwvavvvs

RO A it

. Ph2*

R

Fluorescence intensity

B1 EFBERyIEMEEAREANAEFHRERETERE
Fig.1 Schematic diagram of detection of Pb>* based on nucleic acid isothermal
amplification and strand displacement reaction
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(a) Fluorescence spectra of sensing system in the absence (curve 1) and presence (curve 2 with Template 1, curve 3 with Template 1 and
Template2) of 100 nmol/L Ph** ( Excitation: 520 nm) ; (b) lane 1. positive control; lane 2. the enzyme strand; lane 3. the substrate
chain; and lane 4. the amplified G4-DNA product
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Fig.2 Principle verification of sensing system for Pb** detection
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Fig.3 Optimization of experimental conditions
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Tab.1 Comparison of DNAzyme-based fluorescent sensing system for the detection of Pb’*

DNAzyme 2575 A I R FRic Tk EZ BN
The type of DNAzyme LOD/ (nmol/L) Label Ref.
8-17 DNAzyme 10.00 PthRic [16]
8-17 DNAzyme 0.60 FOhRIC [17]
8-17 DNAzyme 4.00 (SRS [18]
GR-5 DNAzyme 3.70 POLHRIC [19]
GR-5 DNAzyme 0.20 FOGhRID [20]
GR-5 DNAzyme 3.00 E[RNTRMS [21]
GR-5 DNAzyme 0.03 epric ik LIRS
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2.5 FLERERSH

SRAE F IR TR A B W K REAS . i
B0 I PERR L REA R I B TR Y S 2% B, SR G TE K
FEFEIN Pb? AR, LR E 4300 1 nmol/
L.5 nmol/L 125 nmol/L, %5 Yef% ik £ i
AR, REAREASA T I A 3 Uk AR b o 22

TR 3 FPREASH B 2 v B, 1A [l ic
R, RIS R R 2 FroR, 3 ASHKFEAR I Indn
[EISCR S 94. 00% ~ 103. 16% , LI K I 25 5 11
NS5 RN, U PO IR A R BLAT 5
GRS 2 AT SR, v 2K RE R B B T
(IR A

R2 WEKEHERMAREKSEEER

Tab.2 Recovery experiment results using environmental water samples n=3
FEA Pb* " i DEE{E = 22 &S
Sample Pb?* spiked /( nmol/L) Detected Mean + SD /( nmol/L) Recovery /%
1 1.00 0.94 £0.11 94.00
2 5.00 5.12+0.23 102.40
3 25.00 25.79 £0.42 103.16
277.

3 4k

PAXF Pb** H A S v R 5 fE S 89 GRS
DNAzyme 5o, #8 G S5 IR AE 2 AR 1 Bk
FFEEOBOR SN PR E 5 R SR, f e 17—
i R ORI 2 AR AR R o B A
ZAETE0. 1 ~50.0 nmol/L ¥ & PN 58 Tk Ph* |
HAGMFR A 0.03 nmol/L(S/N =3), 5[RZEA
PENAL IR A Eb, L 5 B0 o, 2 A 3 1Bl
B9E, LA PERR IR T R 2R B SO L BA R, IF
T I0E A S B KR ARG I
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A DNAzyme-isothermal cascade amplification sensing system for
ultrasensitive detection of Pb** in water samples

LU Yunfei' , JIA Min' , WU Jikui'??

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai

Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, China; 3. Laboratory of Quality

and Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China)

Abstract: We exploited strand displacement amplification (ISDA) and exponential amplification ( EXPAR)
to design a label-free, ultrasensitive fluorescence sensing system for the detection of Ph**. In the presence of
Pb>* | the substrate strand is rapidly cleft by the activated GR-5 DNAzyme to release Primer 1. Primer 1
hybridizes to template 1 and is extended by DNA polymerase ( BSM) to form a double-stranded nucleotide
with a recognition sequence for restriction endonuclease (Nt. BbvCl). The nicks generated by BSM cleavage
from Nt. BbvCI re-extended to form double-stranded nucleotides and release the signal G4-DNA fragment. The
G4-DNA fragment can also be used as a primer for template 2 to initiate a series of amplification process,
thereby releasing more signal G4-DNA fragments. G4-DNA binds to protoporphyrin zinc ( ZnPPIX) to produce
a strong fluorescent signal. The effects of various factors on the sensing system were investigated. Under the
optimal experimental conditions, the linear detection range of Pb>* was 0.1 =50 nmol/L, and the LOD was
0.03 nmol/L (S/N =3). The regression equation is y =288. 7x +744.7 (y is the fluorescence intensity and
x is the Pb’" concentration). Interference experiments show that the sensing system has good selectivity for
Pb’" against other metal ions. This method was applied to the detection of Ph’* in environmental water, and
the recoveries were obtained from 94. 0% to 103. 0% . The proposed sensing system has the advantages of
simple operation, good selectivity, high sensitivity and strong anti-interference performance, and can be used
for high-sensitivity detection of Pb>* in environmental water samples.

Key words: Pb*" ; fluorescence sensor; isothermal signal amplification; G-quadruplex; ZnppIX; GR-5 DNAzyme
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