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A Symmetrically Split G-quadruplex DNAzymes Biosensor Based on Magnetic
Nanoparticles for the Rapid Detection of Hg?™

Zhang, Jiajia Dai, Peiqing Li, Chao Li, Nanwang
Cheng, Guifang* He, Pingang Fang, Yuzhi
(Chemistry Department, East China Normal University, Shanghai 200241)

Abstract A biosensor composed of magnetic nanoparticles and symmetrically split G-quadruplex DNAzymes was pro-
posed for the rapid and sensitive detection of Hg?". It was mainly based on the formation of a special thymine-Hg? " -thymine
(T-Hg-T) structure by T-riched nucleic acid sequences and Hg”*, and then G-quadruplex DNAzymes catalyzed the oxidation
of H,0, and 2,2'-azinobis-(3-ethylbenzthiazoline-6-sulphonate) (ABTS), so that the trace amount of Hg2+ in water can be
successfully detected by colorimetry. The assembly of the biosensor was characterized by using of UV-Visible spectroscopy,
CD spectroscopy and fluorescence microscopy imaging techniques respectively. The magnetic nanoparticles coated with
T-riched short oligonucleotide (DNAT1) via streptavidin-biodin interaction were employed as the capture elements. The long
oligonucleotides (DNA2) consisting of the T-riched sequence in the middle and two G-riched fragments at the both ends were
used as the sensing elements. The procedure of the protocol was divided into three steps. First: the magnetic nanoparticles
covered with DNA1 (MNPs/DNA1) mixed with DNA2 were added into a water sample to capture the target Hg>* by form-
ing the special T-Hg-T structure. Incubating 2 h at 37 C, two G-riched fragments at the ends of DNA2 were close to each
other assembling the symmetrically G-quadruplex DNAzymes in the presence of hemin. Then, the supernatant was discarded
by magnetic separation, and the residues were washed several times to resuspend in the mixture solution containing definite
amount of H,0, and ABTS. The catalytic signal of absorbance of ABTS" was recorded by UV-Visible spectrophotometer.
The utilization of MNPs can greatly reduce the background signal, and the employment of symmetrically split DNAzymes
made the design of the experiment more flexible and selectable. The biosensor was sensitive, and the calibration curve was
identified in the range from 0.8 nmol/L to 20 nmol/L with a detection limit of 0.3 nmol/L. And the biosensor can detect Hg*"
without interference in the presence of a large number of competing ions. This sensor was simple, inexpensive, and renew-
able. Satisfactory values between 95.3% and 104.4% were obtained for the recovery experiments, and it can meet the re-
quirement of detection of trace Hg”' in natural water especially in drinking water.
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Figure 2 UV absorption curves of the Hg*" biosensor in the presence
of different components

DNAT1: 2.5 pmol/L; DNA2: 1.5 pmol/L; Hg”: 100 nmol/L; hemin: 50 nmol/L;
ABTS: 4 mmol/L; H,O,: 4 mmol/L
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Figure 3 The fluorescence microscope pictures of the Hg?" biosensors
(a) MNPs/DNAL; (b) MNPs/DNA1, F-DNA: 2.5 umol/L; (c) MNPs/DNALI,
F-DNA: 2.5 pmol/L, Hg*": 20 pmol/L
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Figure 4 CD spectra under different systems

(a) DNA3: 2 pmol/L; DNA2: 2 pmol/L; (b) DNA3: 2 umol/L; DNA4: 2
pmol/L; Hg”": 20 pmol/L; (c) DNA3: 2 pmol/L; DNA2: 2 pmol/L; Hg*": 20
umol/L; (d) DNA3: 20 pmol/L; DNA2: 20 umol/L; Hg®": 20 pmol/L; hemin:
20 pmol/L
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Figure 6 Selectivity of the Hg*" biosensor, black bars represent the
AAu1 um signal in presence of 20 nmol/L Hg?" and 2 pumol/L other ions,
while the concentration of Cl is 0.2 mmol/L
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Table 1 Results of the actual samples
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H k7K KR 15.0 14.3 953 147 2.8

17K KR 15.0 15.6 104.0 148 —5.1

K KR 15.0 14.6 97.3 153 4.8

TR 57 10.0 16.4 1044 155 —55

“All data in the table were the average of three independent experiments.
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Figure 8 Regeneration of the Hg?™ biosensor (a) ABTS; (b) absorption
curve of the biosensor; (c) absorption curve of the biosensor after the
treatment by cysteine; (d) absorption curve of the biosensor after regen-
eration

DNALI: 2.5 umol/L; DNA2: 1.5 pmol/L; Hg”": 100 nmol/L; hemin: 50 nmol/L;
ABTS: 4 mmol/L; H,0,: 4 mmol/L; cysteine: 0.5 umol/L
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Figure 9 The microscope picture (a) and fluorescence microscope pic-
ture (b) after regeneration of the biosensor
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I 15 pL AL ZEBERE SR 1211 MNPs(EL424 100 nm,
10 mg/mL)JEN B (5B 1%I1) BSA #0E V),
JJD)\ 100 uL SSC Zl, Weimsite, B esmn2 bz

, DR AR R 0 2 A, EAREDE 3 k. 1M
MNPs A 15 puL SSC éﬁ(ﬂlﬂi&%ﬂ 15 uL DNALI (0.075
nmol), JBAIJG 37 CE&MEF/AKBIRG N 1 h, N HAE
WEAN AR A 24 T PR, OV JEH 150 pL bk
ZEPIEYE 3 IR, LIVERZ R DNAL. 764 CHEETR, H
2% BSA WilE A 1 h, LR IERE SR, drah
MNPs/DNAL.
42 Hg* fERLEEt Ho* Rtk

PR B 1 418 3R 0% b i s A Lk 35 P S 1K) MINPs/
DNAI, I DNA2 (0.075 nmol, <5774 & T 90 ‘C/K
WA S min, FRBCE TUKG A E], [ DNA2 [
TP, Fn—EEr He™', i s, 37 CRIB RS
SVE3 hy SEEG PRI REER — ELAL T8RS, B RN S
I LRG3 25, WOERHEER BB T 20 puL 7R 25 T4l 3k
ZEWh, NN 100 pL 2 X HEPES 223w, T FHiEB 4K
iz R E ﬁi 150 puL, 4R8KA#% 1 h, LM DNA2
B BCE S G ORI BT TR G G-PU 4 R AL 2R
A Wﬁs%wu/\ 95 uL HEPES 22, #1515
PRI 5 UL hemin 59, MIRLEEE, 37 'C&V 2 h
DL i MNP/DNA1-Hg® “-DNA2-G VY 7y 4 filg, 5 1
HEPES Z& ik LABR 2K [ M. 1) hemin #1 DNA2, &
Jea HEAT 2R A -1] WA CD AN,
4.3 %9]\ I #CD JIE'LEJ"]IE
43.1 AT I REm

# iRk MNP/DNA1-Hg” " -DNA2-G Y 53 {4 fiff 591
TFAE 450 uL HEPES Zéiiith, PRI 48 pLABTS %
F12 uL 3% Ho0, AL S PR AT, N EEAT 8 min ),
PRI H AN b AT SR AR . BATTiE
FE 421 nm ARG REVE R SEI A, & X Ada) am=
At om— Ao, ToH Ay o JIBEM AL, 400 He WREE N
0 I R SeIR B
432 CD &tignz

# 10 uL DNAT #1120 pL DNA2 J8%J, A 30 uL 7K
BT HRGEWUE, JION 90 CKE N 5 min, 5
BT KA AR ARSI N GE = He
37 CKEBHIRG [V 3 h, SRJE AR 120 pL 2
X HEPES 2 F1 40 uL KAc ¥, LEM A 4AF T
B 1h fg)5 5 pl hemin B INN BRI A, 37
TR R AREEIRTG OV 2 h. CD I 5E I DA R 22 v i A
TS, CD e 19 KSE FE 230~320 nm, 13
100 nm/min, AT 5 N 2 nm, BT 1 mm,
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