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2.1
MPI£ ( ) ; CHI660C (
) ; S4800 ( ) o :
(GCE &=4.0 mm) Ag/AgCl( KCl) o
(3 4 9 10-perylenete-tracarboxylic dianhydride PTCDA 98%
)i L- L-Cys 99%) 6- ( MCH 97%
) ( HAuCl, « 4H,0 99.9%) P NA 3- ) N2-
( EDC 99%) N- ( NHS 98%)
; Pb(NO;) o 99%) ( Tris 99.5%) ( 99%) NaBH,(
97%) ( CoCl, * 6H,0 99%) Na,S,04( 98%) NaOH( 98%
o Milli-Q ( 18.2 MQ cm) .
1 o

1

Table 1 ~ Sequence of the nucleic acids used in this study

Name Sequences* (5°-37)
HO Substrate hairpin HO TAT GTC TGA CTC ACT AT rA GGA AGA GAT GAC ATA-C¢NH,
HI1 Assistant hairpin probe H1 TAT GTC ATC TCT TCC GAT GAC ATA ACT TTG TT-C4NH,
H2 Signal probeH2 H,NC¢-ITTG GAA GAG ATG ACA TAC AAA GTT ATG TCA TC
DNAzyme CAT CTC TTC TCC GAG CCG GTC GAA ATA GTG AGT CAG ACA TA
*TA ;HO  HI ;HI  H2 ; ( DNAzyme)

HO o
* ! The rA stands for adenoside; the double underlined portions of HO and H1 are complementery; the underlined portions in H1 and H2 are
complementary sequences; the italic portions of HO and DNAzyme are complementary sequences.

2.2
2.2.1 ( HGNPs) 19 o N,
1 min 200 pL (0.1 mol/L) .200 pL NaBH, (1 mol/L) |
50 wL CoCl, * 6H,0 (0.5 mol/L) 50 mL » 45 min 2 min
3 1% HAuCl, ( 50 wL) 15 min N,
3 1 mL 4°C o
2.2.2 L- ( PTCA-L-Cys) ( PTCDA) 0.09 g
6 mL NaOH (1 mol/L) HCI pH 4~6 ImL. EDC-NHS (10.04 mol/L
EDC 0.01 mol/L NHS) 4°%C 100 min. LCys0.1¢g 36 h
3 5 mL 4C o
223 ( H2-HGNPsPTCA-LCys) 2 ml. HGNPs PTCA-L-Cys
10 pL 10 min 10 pnL H2 4°C 4C o
2.2.4 ECL (GCE) Al,O, o 1% HAuCl,
0.2V 30 s ( depAu/GCE) . 10 pL HO
(1x10™° mol /L) HO 3° Au—N % HO
HO ( HO/depAu/GCE) ; 110 mol/L, MCH 0.5 h MCH
( MCH/HO/depAu/GCE) .
3
3.1

( 1x10° mol/L ( DNAzyme)
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Pb( NO,) , pH 8.0 Tris-HCI( 0.1 mol/L)) lh. Pb™* Pb**
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o 1 .
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1 ECL
Fig.1 Schematic representation of the ECL sensor
MCH: 6-Mercapto--hexanol; HGNPs: Hollow gold nanoparticles; PTCA: 3 4 9 10-perylenetracarboxylic dianhydride.

3.2 HGNPs HGNPs-PTCA-L-Cys SEM
2A HGNPs SEM HGNPs ;
2B HGNPs-PTCA-L-Cys SEM
PTCA--Cys o

200 nm
[I—)

200 nm

500 nm

LB R

2 S(A) (B) PTCA-L-Cys

Fig.2 Scanning electron microscope ( SEM) images of the hollow gold nanoparticles ( HGNPs) ( A) and the

PTCA-L-Cys composite functionalized hollow gold nanoparticles ( HGNPsPTCA-L-Cys) ( B)
3.3

o Randles—
Sevcik 2
i, =2.69 x 10°n™2D"*v'"? Ac (1)

i (A) n D ( 25%C 6.7£0.2x10%cm*/s) v
(V/s) A (em?) ¢ ( mol/L) o 3 (CV)
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( 34) (
Fe( CN) , **

o

i,=0.0007044v"%+0.000025 .
20.2 mm’

0.1 mol/L KCl)
(i,)

3B)

0.035 V/s

Randles-Sevcik

0.0004 ™0 ,0004

= 0.0002
E 0
g
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0.0003 L5 0002

o
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i, (A)

43
pH 7.4 ( 5%107 mol /L
0.02~0.3 V/s -0.2~0.6V
(+"%)  0.02~0.3 V/s
i, = 0. 0005055v'" + 0. 000049
14.5 mm’
0.0005 A
0.0004
5 0.0003
0.0002 K=0.0007044
i,=0.0007044»'*+0.000025
0.0001 L L L L
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Fig.3 Determination of electro-active surface of ( A) bare electrode and ( B) gold nanoparticle-modified

0.0002 K=0.0005055
{,=0.00050550%+0.000049
0.0001 . L L L
0.1 0.2 0.3 0.4 0.5 0.6
22 (Ves)
3 1(A)
electrode
34 Cv
ECL (CV)
( a) o ( depAu)
( b); HO
( c); MCH
( d) 5 ( DNAzyme)
Pb2+
HO DNA

Fe( CN) -

DNA

(
H2-HGNPs-PTCA-L-Cys

H2 DNA

ECL

DNA

150

100

150

Current ( pA)
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Fig.4 Typical cyclic voltammograms ( CVs) of different
electrodes in 5x107 mol /L Fe( CN) , ** solution

a. GCE b. depAu/GCE c¢. HO/depAu/GCE d. MCH/HO/de-
pAu/GCE  e. DNAzyme + Pb>*/MCH/HO/depAu/GCE
f. H1/DNAzyme+Pb** /MCH/HO/depAu/GCE g. H2-HGNPs-
PTCA-L-Cys/H1/DNAzyme+Pb** /MCH/HO/depAu/GCE. Scan
range is from 0.2 to 0.6 V. Scan rate is 0.05 V/s.

5) .
3. 5A
ECL
ECL ( c): MCH
ECL ( d) .
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DNAzyme Pb* DNA ECL
( e); H1 DNA DNA
ECL ( f) o H2-HGNPs-PTCA-L-Cys
ECL ECL ( g) o 5B H2
PTCA-L-Cys ECL o H2 HGNPs
ECL ; PTCA--Cys—HGNPs  ECL Pb**
6.0k 6.0k
a A B
——Db
- - H2-HGNPs-PTCA-L-Cys
5 —c 5
= 40kr = 3.0k = 4.0kt
= 2 2
Z g 2l z H2-HGNPs
E 20k 2 E 20k
3 g 20k |
= -6 -14  -12 =
Potential(V) are GC
ok ol ~—barc GCE
-1.6 -1.2 -0.8 -0.4 -1.6 -1.2 -0.8 -0.4
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5 ECL o 0.1 mol/LPBS (pH7.4 0.1 mol/LK,S,0y) -
1.5~0V . A . a. GCE b.depAu/GCE c. HO/depAu/GCE d. MCH/HO/
depAu/GCE e. DNAzyme + Pb** /MCH/HO/depAu/GCE f. H1/DNAzyme + Pbh** /MCH/HO/depAu/GCE
g. H2-HGNPs/H1/DNAzyme+Ph* /MCH/HO/depAu/GCE ~ h. H2-HGNPsPTCA- L-Cys/H1/DNAzyme +
Pb** /MCH/HO/depAu/GCE; B ECL o
Fig.5 ECL characterization of different electrodes in 0.1 mol/L K,S,04. ( A) modification process of elec—
trode. a. GCE b. depAu/GCE ¢. HO/depAu/GCE d. MCH/HO/depAu/GCE e. DNAzyme+Ph>* /MCH/
HO/depAu/GCE f. H1/DNAzyme +Pb** /MCH/HO/depAu/GCE g. H2-HGNPsPTCA-L-Cys/H1/DNAzyme
+ Pb* /MCH/HO/depAu/GCE; ( B) comparison of ECL signals with different singal label. Potential scan range
is from -1.5 Vo O V.

3.6 ECL
Pb** ECL . 6
ECL Al Pb* lge Pb** 107 ~107° mol /L. ECL
A= 451.5lge/( mol/L) + 6861 ( r = 0.9908)
10" mol/L( S/N=3) Pb** ( 2
Pb* ECL Pb* .
2 Ph*
Table 2 Comparison of different Ph> detection methods
Experiment method Linearity range ( mol/L) Reference
Flow-injection thermospray flame - -
furnace atomic absorption spectrometry FF-AAS 1.2x107~3.1x107 6
Inductively coupled plasma optical emission spectrometry ICP OES 2.4x107 ~2.4x107 7
Fluorescent spectrometry FL 3.3%x10719~8.0x10~° 9
Surface¥nhanced Raman Scattering SERS 107°~107° 10
Electrochemiluminescence ECL 102 ~10°¢ This work

3.7 ECL
Pb** ECL 7 a g
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1x10™"?~1x10° mol/L.  Pb** 3 ECL
ECL o
6.0k —
10° mol/l, = 5K 6.0k
— 10”7 mol/L % 4Kk i = f
z aock M 10 mol/l. 2 e S e
- " \ 0% molt, = K = 3 4.0kf d
a 1070 mol/L, : 2k- =" A = 2 c
£ AN portwar FH z a1
= L " LS () - a— g
: 2.0k \10 mol/L E 20kk
Q -
= o
i U UL
0_
| 1 L OF LJ U
-1.6 -1.2 -0.8 -0.4 0 0.2
Potential (V)
7 Pb* ECL
6 ECL ( Fig.7 ECL signal stability of sensor in different concen—
10 mol/L. 10" mol/L. 107 mol /L tration of Pb**

Pb**solution concentration were a. 1.0x 1072 mol/L b. 1.0x

10” mol/L 107 mol/L 107" mol/L 107 mol/L)
107" mol/L c. 1.0x 107 mol/L d. 1.0 % 10~ mol/L

o

Fig.6 ECL signal of sensors in different concentrations of e. 1.0x107 mol/L f. 1.0x107 mol/L g. 1.0x10™° mal /L.

lead ions ( from bottom to up: 107 mol/L 107" mol /L s
10" mol/L 10”7 mol/L 10 mol/L 107 mol/L
10 mol /1) . Tnset shows the linear calibration curve. 2 dkp
<
3.8 ECL e
=
k>
8 £ 2kt
10* mol/L. 10 mol/L Pb™  ECL =
2 0
g 1k
° 0
Na* Mg* Cu* Ca® Fe* Ni** Cd* K* Pb*
4
8 o Pb* 10 mol /L
Pbh* 10™* mol /1.
Fig.8 Selectivity of ECL sensor. Concentration of Ph*" is
Pb** ECL o 107° mol /L. Eech concentration of interfering ions is 10~
. N mol /L
1x10™* ~1x10™ mol /L
Pb2+ Pb2+

References
1 GAO XiaoXia JIA Yu-Hua YANG Jin¥eng LI Ji-Shan YANG Rong-Hua. Chinese J. Anal. Chem. 2013 41(5): 670

-674
LML, 2013 41(5) 1 670-674

He Q W Mille EW Wong AP Chang CJ. J. Am. Chem. Soc. 2006 128: 9316-9317
GB 5009.12—2010. Determination of Lead in Foods. National Food Safety Standard. National Standards of the People’s Re—

public of China

B PAGNE. RREAE RARE. . GB 5009.12-2010
4GB 5749-2006. Standards of Drinking Water Quality. National Standards of the People’s Republic of China
A ER A K AR, . GB 5749-2006

5 HE Xiao-Min WANG Min WANG Xiao-Dong XUE Ai¥ang LI ShengQing CHEN Hao. Spectroscopy and Spectral
Analysis 2007 27( 11) : 2353-2356



11 : 1707

L REF 5 kE AT, 2007 27(11) @ 2353-2356
6 Tarley CRT Andrade F N de Oliveira F M Corazza M Z de Azevedo L F M Segatelli M G. Anal.Chim. Acta 2011
703: 145-151
7 dos Santos £ J dos Santos A B Herrmann A B Kulik S Baika LM Tormen L Curtius A J. Brazilian Archives of Biology
and Technology 2013 56: 127-134
8 ZHAO Ai-hong WANG Jian-hua SONG Zhigang FAN Guang-hua LIU Chun—Xiao. Spectroscopy and Spectral Analysis 2006
26( 11) : 2137-2139
L RAESF L RGE A, 2006 26( 11) : 2137-2139
9 TangM L WenGQ LuoYH Kang CY Liang A H Jiang Z L. Luminescence. 2015 30: 296-302
10 FuCC XuWQ WangHL DingH Liang L] Cong M Xu S P. Anal. Chem. 2014 86( 23) : 11494-11497
11 Huang RF LiuHX Gai QQ Liu GJ WeiZ. Biosens. Bioelectron. 2015 71: 194-199
12 QuSY GaoS ZhuX LinZY Qin B Chen G N. Analyst 2011 136: 1580-1585
13 LiuZY Qi W] XuG B. Chem. Soc. Rev. 2015 44: 3117-3142
14 Cao YL Yuan R Chai Y Q Mao L. Niu H Liu HJ Zhuo Y. Biosens. Bioelectron. 2012 31: 305-309
15 Yao W Wang L. Wang HY Zhang X L. Elecirochim. Acta 2008 54: 733-737
16 MaM N Zhang X Zhuo Y Chai Y Q Yuan R. Nanoscale 2015 7: 2085-2092
17 LiuY T Zhang Q Q Wang HJ Yuan Y L Chai Y Q Yuan R. Biosens. Bioelectron. 2015 71: 164-170
18 ZhuoY ZhaoM QiuW ] GuiGF Chai Y Q Yuan R J Electroanal. Chem. 2013 709: 106-110
19 GuiGF ZhuoY Chai Y Q Liao N Zhao M Han ] Zhu Q Yuan R Xiang Y. Biosens. Bioelectron. 2013 47:
524-529
20 Swearingen C B Wemette D P Cropek DM Lu Y Sweedler J V. Bohn P W. Anal. Chem. 2005 77(2): 442-4438
21 LiQ Zheng]Y Yan YL Zhao Y S Yao ] N. Adv. Mater. 2012 24: 4745-4749

Electrochemiluminescence Biosensor Based on DNAzyme and
3 4 9 10-Perylenetetracarboxylic Dianhydride Derivative Functionalized
Hollow Gold Nanoparticles for Detection of Lead Ions

LI Xue CHEN An-Yi ZHUO Ying" YUAN Ruo
( State Key Laboratory Breeding Base of Eco-Environments and Bio-Resources of the Three Gorges Reservoir Region
College of Chemistry and Chemical Engineering Southwest University Chongqing 400715 China)

Abstract Based on target cycling amplification and 3 4 9 10-perylenetetracarboxylic dianhydride derivative
functionalized singal probe an ultrasensitive electrochemiluminescence ( ECL) sensor was designed for the
detection of lead ions. The hairpin substrate DNA was immobilized on the electrode through molecular self-
assembly. In the presence of Pb*" and DNAzyme the substrate was cleaved with single strand DNA fragments
left on the electrode surface. Meanwhile the target and DNAzyme was released for another cleaving circularly.
As a result the single strand DNA fragments hybridized with the assist hairpin probe H1 which leaded to the
fabrication of H2 labeled with the 3 4 9 10-perylenetetracarboxylic dianhydride derivative functionalized
hollow gold nanoparticles. With the increasing concentration of Pb** much more signal probe was been
captured and the ECL signal of the biosensor in peroxydisulfate ( S,05") solution would increase. An ECL
assay demonstrates that the sensor has a good linear response to Pb** concentration in the range of
1x10™ mol/L-1x10"° mol/L  with a detection limit of 1Xx10™ mol/L. The fabricated sensor shows good
selectivity toward Pb**against other common metal ions.

Keywords  Electrochemiluminescence; Lead ion; S,0; /0, system; 3 4 9 10-Perylenetetracarboxylic

dianhydride derivative; Hollow gold nanoparticles
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