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E TR 5MIEE I K DNAzyme B35 B TR EHERSFHFAR

NED FH RN EFK

(R BT L T Y ) e A RARON A5 P ) T S 2, T T A2 B BRI 5 AR ) TR B, 7§ H 351100)

# = FIH DNAzyme ZEBRAMIEEI (Exo ) FEE T 96564 1% Bt A TR A B T (Pb™ ) . DNAzyme
SIRYHE S5 6 I PO S BhE T T IR , i & Je 450 (I IR ET 7638 LB A RNA SRIEAL Wi, U1
Wi L IHRET 5, DNAzyme BRI, 4642 5 T — D IRWARE 45 G 91 V1 E), R DNAzyme T 35 5 2 1t 4k 24 i
IR SCEIE SR SR, ISR V) BIWT 2L IS T ) Y FIR RSN T S SRR A 45 G T FT P & Je 25
¥, PR A5 IR AE Exo TAYVERT T BEME, M3 umTFaa VIR K T IF SRR, Bl R AR S,
YRS 5T —AMERE S G UIE B BUEE 20 IR IME SR . St 2B BIPRER R, S5 545 AN I 1
58, W28 1 55 SR ARG A H Y, 200 WL KRR R 7E 37°C K 60 min J& , HEG(E 55 Ph™ W JEFE 0. 05 ~
200 nmol/LILFEIN & BRIFAYL MR R K H RN 0. 01 nmol/L, FIFSZPREE S PL> ORI, Iin kg [m Y% Ky
96.3% ~108.3% , I EA R MeEl | EE Rk | m R B RS AR PH ORI O A R AR R Y

KEBIF BT MAEKIRES; ZRRIMIEE I ; 264 YEERes
1 5| 5

BT (PY™ ) VB —Fp UWEE 42 I 5 Yy, nlaia fe ik 0 6 3R G AP I 22 ek A IV , 9 L n 78
NS E AL R FE S AT O RGN T s R R T L EE A 5 e i i
KU UEAER Bl TR R AR IR A B R R K R s B 0 7 LBl AT AT AL A R OR
R TG R R e % R R S R A e B R i [ i S A
TERA T RE AR G Y, BRI, EEST AR PR | AR PHI ARSI ik, X P B A W R 1) 3 B S
AHEEME X,

Ph>* B H BT 7 1 B B AL PG BB A S RS LD R OB g R R R SOk
WL RTFIOENEE Y R ARk A e S B RE SE |  AA (0 2 T A
TR B A HARVED IR 5 Bl N LA T4 R A3 ARk, AR A% St () DR 2 Je
& JE AR TR P (AR 1 TR, DNA o FIOBERAR IS TR AL S 5 & R H B 745
G, HEASRENE S6 W 2 B AT TEARSM AT e 0 0 e S8 U0 s, 92 F T a4 s s AR it
JRAS L PO RS AT R ) G-USEIA N B DNAzyme PIFH DNA 43, G-IUEEAZ B & &
I I B 4 AT DNA R BEE R E 28 B T B0FE R P AR B S R B DNA /454 Ph> il &
G-DUBE R RS & PR A M R R T i RSB T 28l Ph™ fZJES 1 Bk Ph™ 41,
K" Na* . S J¢ Ba®™ %12 R B F 0T 5 G-IUHEALS & &35 S P> ML RE , KL T RERS Ph™ i
Wy=A 4

DNAzymes SZ X FREE G EA S AL TG PRI DI REAZ IR , 7R 4 8 55 09 5 B VR T ml Ak iS4
HERFY) ST AL T AR PO RS . Zhang 2506 8-17DNAzyme K HJR Y45 578 i —
SCPABE I A A A R, BT T — AR R R B R AR PhY A T i 2R R R R
GR-5 DNAzyme& & G-PUBEMAR , e T —Fim R o AL R H T4 Ph™ . 45 3T DNAzyme (1)
ALV EN SN ST T Z2 M Al e AL JERAN SE B T 6 Ph™ 0 ORI, {H fp Al ik 227 X el ot
AP AL FE K [ 2 DNA BREFAUHERATE 10 LG 6005 1Y S B A0 BRI R BB, ZRR A4 i 0 20 B XA Y 22
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SRA G, AN AT BLPOHASI SRR ARAERT, Zhang %57 FIF] DNAzyme 25670 5 bn ALK
RMGTIT A 1 — ZR 50 v R AT 57 B0 R B 7 SO RN 57k o AR T HL B AN R AU | R A 1 P D7) i
Fe AT IZ N T DNA AR ERES AR 2> 2 s M T 5 O, A i i 452 R T DNA FR
PEN IR, T — RO CIRFRBOCRIS , S8 Ph™ v RS

AW 5T R DNAzyme PTG IR G Ak AL SRR P I HRE ™ AR SO i T4l BH AT 8O W R 155
TR A A T — by B DR | A e R SR PR PO DNA AR R 1 T A b

kv
2 RWES

2.1 UE5iLH

CaryEclipse 73T GG ( 36 FLHL 223 7)) ; DK-S22 TH IR /KA 5 ( F RS 228 W) ; Ultrapure 5K
WEAUK RS ( LR AE])

JIT AT DNA JF 5034 AR T A FRA RGP0 L3R 1 Bibr s S B 4 i B An eV
WA B A 4 i S AR A i bt s IR SN I ( Exo 1) 14 H NEB 23 7], H B il ) 1y
o ik SN Sl AN INF Wil ZAi 8

%1 DNA$RELTH
Table 1 DNA sequences used in this work

WEF 2 FR BIEITH (57-3")

Probe name Sequence(5'-3")
DNAzyme CATCTCTTCT CCGAGCCGGTCGAA ATAGTTGGTAAAA
FEHIHREH Substrate probe GCTGGCCACCAcATCTAC(?T%&%L&%%T&T#%%AAGAGATGTTCAGTCCA
ﬁoﬁfﬁﬁ heacon probe ( MB) BHQ1-CAATCTACAGCACCATTTTTTTTTCTCTTCACCTGCTGTAGATTGGACTGA-FAM
{S5HRIRER 1 MB probe 1 BHQ1-CAATCTACAGCACCTTTTTTTTTTCTCTTCTGGTGCTGTAGATTGGACTGA-FAM
{EFRIRER 2 MB probe 2 BHQ1-CAATCTACAGCACTTTTTTTTTTTCTCTTCTTGTGCTGTAGATTGGACTGA-FAM
{5kRiR4t 3 MB probe 3 BHQ1-CAATCTACAGCTGTTTTTTTTTTTCTCTTCTTTTGCTGTAGATTGGACTGA-FAM
{S5FRERE 4 MB probe 4 BHQ1-CAATCTACAGGTGTTTTTTTTTTCTCTTCTTTTTCTGTAGATTGGACTGA-FAM

U/ eA/ R IR R TR R BT
Note: /rA/stands for ribonucleoside ;the underlined part represent the sequences complementary to each other.

2.2 KWWHE

2.2.1 DNA ZEFRFTLE JRWIRE LG5 10 mmol/L TE ZZ 4 (10 mmol/L Tris-HCl;
1 mmol/L EDTA,100 mmol/L NaCl,10 mmol/L MgCl, ,pH= 7.4) % f# , B Hl Sk N 1 wmol/L AYfKAE
W, B PIFPRET R A 90CIFE 10 min, HARR AR =, IR RIREN Y B & e 45# .

2.2.2 Pb*HIRM  HL40 pL (EHRIRER 20 wL IRYIHREN 2 10 pL 8-17DNAzyme T 0.5 mL 504, K
WA 20 pL NE ZZ#% 1 (10 mmol/L Bis-Tris-PFi%E-HCI, 10 mmol/L MgCl, ,1 mmol/L DTT, pH=7.0) .
16 U Exo Il 20 pL ARIHEER P> K 90 wL i, T 37°CIFE 60 min, S ZEHE , M 5000
g, WA R 494 nm , HER 500 ~600 nm.,

3 ARSI

3.1 KIBEIE

FEE AN Ph* (2L A IR BN & 1 B . OB SRR W25 | 158, DNAzyme SRR EH 25
A, 76 PO HBIVE T OIERY) , 1 & Je 5 IR DR A 38 AR RNA Bl AW | K Je 25 R i R
J5 , 52 BN BRIE RSB SR FE RN IR T, DNAzyme 5 Wi 245 (0 I M A ERa 2 454, R T i Bk, 4k
25T —NIRYIRE S G IR UIE], a8 2R S 2 0 4T , FIH DNAzyme AR IR 5 2 A0 2RI 1Y
FEPE SR — L IR R . IR A B VDB W 205 TR Y PR AR vl S A IR 4 e 45 6, )
FIFFH I Ie 254 A9 AT 5 K B 4 25, AT & R 98O AE 5 MBS 7E Exo T AYAE T REME, M
3 S PR VI EI T IF (S ARERET B IR IR AT Ak S 5 T — ME bR iR s 455 VI E T A — 2 (07
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SRR, R B MRSR I, S PV P 0015 5 RO, WA TS 51 8 7L R ) 6.
PO RAFAERS, DNAzyme 5T S RCHIRE A A (R AEBITEL R AES 1 % 55— U It i T2
BEL B A BB 78 0 TR B T 5 PR 45 2 R AP L5

~
e
~
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Fig.1 Schematic illustration of fluorescence DNAzyme sensor for detection of Pb* based on DNAzyme cleavage
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and exonuclease Il (Exo Ill) assistant amplification strategy

3.2 ARAMTHEIE

XA AL ST I B 55 T DNAzyme ROM5 5 ORSEME Ph> A5 A4 84 1O mT A7 PR EAT 1 96 3E, W
K 2 FF7R , AAEAE Ph* B2 UM BRI DOLIE SARME 2 PO fE7ERT , 525 U A L 2O 5
B, B[R BE Ph> (o tma R (WA E DL EZ5RRI] M8 P> B8R R R AT,
3.3 SEEWEFMHML
3.3.1 EHRREEERTANBMMAL  KIGEBFEIRERE gL 1) 24 28 MO T8 RN AR R 9%
AR5 1P A B | U S E AR B P 9 AT Tk 25 R UL 3 (SRR BT i Ze 22 A
ok Z | e UK IE U Y BUERET 5 2 456 RME, DGR SRR (B AR IR AT i e se MR A, 25
JEEAMA R SR S . i 3 T SR AR RS TP A SN RO 12 IS5 R A A

900 700
Blank
—~ 7501 ——200 nmol/L. Pb* 600
;3 600 ——50 nmol/L. Pb* 5001
- E M W
£ 450 2 400 E
g =300
£ 300 =
| 200
= .
150 N 100k
0 L L L L : 0 1 1 \
500 52 550 575 600 n 13 12 0 10
A (nm) Hybridized base numbers of MB probe
K2 ARIRES AR T AT PRSI R K3 (SRR L e R i
Fig.2 Feasibility testing results of biosensing strategy Fig.3 Influence of numbers of hybridized bases of MB

probe
3.3.2 REMEEIMRNE SRR ZOCHE S A IR, RV RIA 2 2358 O E 5 0m BEAK ;
BRIl AT RE et iR S0 o BT, X RN IR R R AT TOCA, BRI R 10 min 0 A A 2H KO0 iR
HEZICIE T, WK 4A Fr7R,60 min A, 72 G155 Bl 8] 28 11744 55 60 min Ji5 , BE A 2E <
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FOULEZ BA PR (HRH 55 T WIT RGeS, NI, PEFE 60 min RS I 1A 58 ) S 0L 1A]

3.3.3 REGRERGEE  OVEE FEX Exo MTGTELLL DNA #REF 8945 G A S0, 15 25°C ~40°CHE
B OGS R LR BE SR T T A, ANl 4B T 78 25°C ~37°CHE RN, 51555 0k B I I B8 T s T 484, 3
Je T BEE O EE TR AU AT PRSI0 s SORTRRE T 37 °C I B TR SOLME S R T R,
it DAL 2 ey AT i 4 T35 PR AT, ) UL 25 385 B DNAzyme 5 I M) ERET (945 5 RE 1080580 , 1 X I 490 14 U0 0 2%
REEAL, P, AT e n SRR | SO EFE 37°C

700 700
A . B

6001 - 600(-
2 500F _/ e 2 500F
-] . <
Z 400t Z 400f )
£ 300F ; g 3oo—+/+/!
- L = 200f
= 200 / =

100 1 1 1 1 1 100 1 1 1 1 1 1 1 1 1

20 30 40 S50 60 70 80 24 26 28 30 32 34 36 3840 42 44
t (min) T(C)

B4 (A)RCRTIHIFI(B) K2R IR EE AL

Fig.4 Optimization of reaction time (A) and reaction temperature( B)
3.4 RESENHERYESW

SRR Ca®™ Mg™ (Cd™ [Cu® Mn* Ni** Zn** }z Cr'* % 48 B % 58 T 1% I8 an X P> M bk

Ph** ¥ £ 4 200 nmol/ L, H B 42 J& 5 W BE A 10 wmol/L, Z5 R AN 5A iR . 5 Pb> 77 A 1 5EG1R 5 AH
W, HoB & B 17 AR PO EF 5 7T DL Z RS AN T, 26 BH I i 2 19 A% 8 X Ph> BT RGP e . [
B, SRyt — DI UE AR S v 2 T Ph* (MR BE 200 nmol/L) 5 H B 4 J& 85 F (Ca® \Mg® \Cd* \Mn**, ¥k
FEY R 10 pmol/L) HAFIHAZ SR B9 ma 7, an &l 5B FiR , Hoe &8 B F B AEXT P> BRI JG A 8 5
ey , i — 20 R IR i L A A R AP AR

700 : 900, 5
—_— 1)1’3
600 — 7507 — Pb*/Ca®/Mg*/Cd*/Mn*|
] — Blank
- 500 g 600 — Ca*/Mg”/Cd*/Mn*
5 400 S
= z 450
= 300 g
<3 =3
200 - 00

100 150,

0

G Il
500 52 540 560 580 600
A (nm)

KI5 (R PO AORE PR AT« (A) PR AR R BT BN 5 (B) Ph** 5 H 2 B 7 S A7 I 2 8 ) i

Fig. 5 Selectivity of the sensor towards Pb**: (A) Response of the sensor toward different metal ions;

(B) Response of the sensor in the presence of Ph** and other metal ions
3.5 PVHIEEN

TERARIISL B0 4 F, Ml 52 T R [A] P> ¥k BE IR R 98655, Wi 6 FF /R, Pb™ ¥k B 7E
0.05 ~200 nmol/LyE [P, HA A5 550 B F1 Ph™ ¥ B A OC , e HEAHC R B R =0. 998, Kt R
0.01 nmol/L (S/N =3), Ik F & = 4= 1% Tk F /K T4 b5 #E ( GB5749-2006 ) H Ph™ BRAE0.01 mg/L
( ~50 nmol/L) , Ml T SCHRHRIA 19 Ph> f& IR (£ 2)
3.6 SERR/KEESHT

R T 2B I IER ) Ph> AL B AE SEBRAE S R M RE 4 ISR AE A koK SRR K, gt
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5 W7 1t 2

548 4

0.22 wmEE I8, WAE Ph™ & 4RI 3, FrRAMEE SRR Ph™ AR B 96.3% ~

108. 3% 2 [a]

o

#2  AIE Ph LGRS BE LA
Table 2 Comparison of different sensing methods for detection of Ph**
Tk S AL LRI £z H R E P U
Method Mechanism Linear range Detection limit References
H Ak 2 BT R AR LAY BAEE DNAzyme
- Based on single-stranded DNAzyme with ferrocene 0.0005 ~5 pmol/L 0.25 nmol/L [20]
Electrochemistry beacon
L@ 4k & 1B DNAzyme BAK Z AL 4 MR 507 %
Colorimetric DNAzyme modified with AuNPs coupling with 0.025 ~2.5 pmol/L 10. 1 nmol/L [21]
analysis nanoporous Au modified electrode
Tt DNAzyme fEER 2 I A AL YD F) 37 7
Fluorescence Multiple catalytic turnovers of DNAzyme, catalyzed 3 ~200 nmol/L 0.6 nmol/L [22]
analysis cleavage the molecular beacons
SOLIHT ST R )RG5 A I SO IR IR R R 5t
Fluorescence Based on nicking enzyme-mediated enzymatic recycling 0.8 ~ 100 nmol/L 0.1 nmol/L [23]
analysis amplification fluorescence sensors
BT 8-17DNAzyme FEFREIE] K SN0 I 4 B 175 K Ak
Fluorescence 8-17DNAzyme multiple turnover reactions and 0.05 ~200 nmol/L 0.01 nmol/L .
. . . I This method
analysis exonuclease Il assisted signal amplification
800 700
A J—
i/i 600
6001
500
B =
3 400F 5 400
N { =
) / T 300
200} /. 200
o ! 100
1 | 1 Il 1 0 | 1
0 200 400 600 800 1000 0 50 100 150 200
C(Pbh**)(nmol /L) C(Pb*) (nmol /L)

F6 (A)RFIHE Ph &0 FEREITEEE S, (B) KM Ph™ A RE IE fh £k

Fig.6 (A) Response of fluorescence signal of sensor toward different concentrations of Pb** ; (B)

Lnear calibration curve for detection of Ph**

223 SEBRAKEER Ph? hbR Al SE 96 4

Table 3 Recovery of Ph** spiked in real water samples(n=3)

BER EURGYIED Jinfr it e g A v g 22

S; mf . Original Added Found Recovery RSD
amples (nmol/L) (nmol/L) (nmol/L) (%) (%, n=3)

5 5.3 106 7.6
Ti*wfé . 0 50 48.1 96.3 3.8
100 108.3 108.3 5.4
\ 5 4.9 98.0 6.3
Lalffiﬁm 0 50 52.0 104.0 8.6
100 106.7 106.7 4.5

4 &

FIHI )8 DNAzyme AIEERIFIEY) 00 R0 S AZ TR AN A5 45 2 PR3 Fr 4710 % XUBE DNA K fige
PRI, DA T PR ERE SO Po™ LW AR, S8 10 Ph™ 19 o R ARG A% ke HL
AT TR B PR R SR R SRR R SR A R SE PR A PR BT R TR
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A Fluorescence Biosensor for Lead Ion Detection
Based on DNAzyme and Exonuclease III

LIU Tao” , LI Dan, LIANG Jie, WANG Xiu-Mei
( Fujian Provincial Key Laboratory of Ecology-Toxicological Effects & Control for Emerging Contaminants College of

Environmental and Biological Engineering, Putian University, Putian 351100, China)

Abstract A fluorescence sensor for Pb”" detection was developed on the basis of a DNAzyme cleavage and
exonuclease Il assistant amplification strategy. In the presence of Pb*", the DNAzyme hybridized with
substrate strand and catalyzed the hydrolytic cleavage of the substrate strand, and then the DNAzyme released
from the substrate strand and bound another substrate strand to trigger another cycle of hydrolytic cleavage.
The DNAzymes were used as catalysts for amplified sensing through multiple turnover reactions. The substrate
probe was cleavaged and broken to form a Y-shaped probe which could hybridize and open the molecular
beacon, resulting in the increase of the fluorescence signal. At the same time, exonuclease Il catalytically
digested the molecular beacon from 3’-end and released the Y-shaped substrate strand. The released Y-shaped
substrate strand could directly hybridize with another molecular beacon to generate fluorescence signal, and
thus was further recognized and cleaved by exonuclease Il from the second step of cyclic signal amplification.
Accompanying with each cleavage toward molecular probe by exonuclease III, the fluorescence signal was
accumulated, which resulted in a cyclic amplification format for the fluorescence response toward Ph**
detection. The fluorescence response was detected in a 200 L reaction system that was incubated at 37°C for
60 min. The linear range for detection of Pb** was 0.05-200 nmol/L with a detection limit of 0. 01 nmol/L,
and the recoveries of environmental water samples were 96.3% —108.3% . This method had many advantages
such as simple operation, rapid detection, high selectivity and high sensitivity, and showed great application
potential in Pb*" detection.

Keywords Lead ion (I); DNAzyme; Exonuclease Il ; Fluorescence biosensor
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