Advances in Analytical Chemistry 73 4T3, 2017, 7(1), 21-30 Hans X
Published Online February 2017 in Hans. http://www.hanspub.org/journal/aac

https://doi.org/10.12677/aac.2017.71004

A Sensitive Colorimetric Biosensor
Based on Intermolecular

Split G-Quadruplex DNA Zymes
and Magnetic Nanoparticles for
the Detection of Hg2+*

Wei Zhang, Yujiao Tang, Shuang Shao, Shiyan Dai, Guifang Cheng", Pingang He, Yuzhi Fang

School of Chemistry and Molecular Engineering, East China Normal University, Shanghai
Email: "969958966@qq.com

Received: Feb. 8" 2017; accepted: Feb. 24™, 2017; published: Feb. 27™, 2017

Abstract

In this paper, we report a novel and sensitive optical sensing protocol for the detection of mer-
cury (II) ions based on colorimetry combined with intermolecular split G-quadruplex DNA zymes
and the conjugation of thymine-Hg2+-thymine. A T-rich strand A was assembled onto the biomag-
netic beads. Two other oligonucleotide strands (strands B and C) were employed, which are each
composed of a capture segment (T-rich part) and a sensing segment (G-rich part). In the presence
of Hg?+, the capture segments of both strands B and C can hybridise with biotin-strand A on mag-
netic beads to form the stable DNA duplexes through T-Hg?*-T linkages. The formation of the DNA
duplex brings the sensing segments of both strands B strand C close enough to constructed an in-
termolecular split G-quadruplex. This split G-quadruplex is able to effectively catalyse the H;0--
mediated oxidation of ABTS in the presence of hemin, generating the blue-green product ABTS+
and increasing the absorption signal at 421 nm. Therefore, the change in the absorption signal
can be used to monitor the concentration of Hg2+ with the detection limit of 0.8 nM. The other
metal ions is 100 times and chloride ion is 10,000 times of mercury ion have slight effects on the
UV-Vis absorption of the sensing system, indicating that the sensing assay described herein ex-
hibits a high specificity for Hg2+. The practical results obtained imply that the proposed colori-
metric biosensor can be extended for the detection of trace Hg?* in environmental water and
drinking water.
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A T — I AR Hg?:, EERERE T B TRK 2K DNAE, FlRBRF5
e f G i U (T) B i e MR il Hg2+, TR BRI T-He-TEH . SAR — B E & THRIE 4 3 S 9 K okt
REEREEREK F B (MNPs/SA). SBRISCEFHR S BHZRFS], —WmESTRE, FAXRSHg R
T-Hg-T4H; B—MESGHRE, HTHEG-IUEADNARE. X4k R HFEHg> R, SA. SBMISCEMT
B SHg2 S A TR T-Hg-TXEES ), SBAISCHL 433 T REk_L (MNPs/SA/SB/SC), IAFSBFISCE
BERESGHH BMESRIE, ffheminfIFET, FRheminik A\ R G-I 5-ADNAEF A 4L H,0. &tk
ABTSHAE421 nmAb IS IEROEE A 5. B, W U H B RRE IR A e SR S B YAV Hig2+ IR
BB, 2R Hg2 fk HFR50.8 nM. 10045 i) HAth 4 /8 B 7 F110,000% (1 CI- AL 2R # A TR
Hgz+ A, Y ZEREN KB FAARNREENRERE, 2T, ZHEEYEREFENAT
AR 7K FIER 357K H Hg2+ ) A
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1. 518

Ho® 5 ¢ L2 /™ gy 1 AR e, o [ TR 75 s ™ B f) [ 5K 22— [1] [2]0 R B IR i i AL e i,
WP Z R GE, X RN R A R3], JLE KRR RN T, BRI, i
B, EpAEME. Fik, @i, dERh. S AU HoP RN, 2 A Ak S T i 2Rk

Ho* AL ek e 777 £ 58 CV-AFS, CV-AAS,ICP-MS %, R XL LR G KRN REE, e
PEAIGERENE, EEANRSRRBE R4, PR BRI E AN T, DNA EMLIREGE N CEE R, N
Ho® WA 78 Bt Ho® A AL s £ BRI T DNA B A 1 T 583k 5 Ho™ FE Uik 1 T-Hg-T 45
1, XS E, HX He AR, Bai S A[A1HGE T —F0 T G-TU A B S e C IS
5 AR TR H™ o 207 B MR RIS S T 25 nM. Zhang IRAE4L[5132 H T —Fh 2 Thg i LL
A IR 42 25 - (PO™, Cu 1 Ho™), AT IR = Fh 428 257 . AORMRLEARIIR L. . B
e e WUEETERE, CAEEYMLRRE AR T A RO . Sener % A[6]3 i 1 — ik T /I At

O,
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FIRFE SO IS He® . FIHBER S Ho* MERE S SIRE LS, A, 7% FH
IS Ho™ FIdi 2 R, X Ho® (ke HH BR Al i 2.9 nM.

BT 40T HO MR B AT R E R 2, RBUSBURSE 10 , BRATEBEAKITRL 5N B] Ho™ 44
R, Wit T —F 7 40240 DNA BR300 Hg™ [7], {HiT DNA B G VUBE A 45 i i ]
—SERAL T BRBE M) ke i, TC HARAELER BT e SR AR R RS A AR B TG RR ZE, FTRAARSC
1E R EA B3R R 2 7435150 DNA B (55 Aok, ks s tt= AL i o, JEsanls 1
Fime ¥8 & T 2R SA BEIB IS AR 2 -SR5 F1 2 R e R 45 G i 3 B Ak E(MNPs/SA). SB #1 SC 344
—UHE S G, MR MES TWIENFS; B T ST 5 HO R R P45 & & T-Hg-T XUk
GEKy, ER G BRIEE T AR R R G-IUBkA. 24 HgP' 17ER, SA I SB 5 SC i T ik
R 5 He” S AT T-Ho-T 4544, SB A1 SC 4l 3 1 Bigh K ki _E(MNPs/SA/SB/SC), i SB 1 SC
FWBLE S G IR A B AR, B E 5 RV R G-DUBA A AL . Hemin J& —Fi E A AL 1 BB RO nh ik
EY, MHE G-IUBMASLFER G5, Ma RSB B Rk 1Y) DNA B, EPZH 3R G-TU k44
DNA fi. IXFhEG AT LA H0, %4k ABTS [N, ZE R4k 6l ABTS', FIFIEAE - ol WAt & it
BT BRAMRWSCRAE . BT FRATHIAR RGIN T REAGUOKRTRL, (FSRI0R BRI 5 5 KRB 5ARA
G-VUBEAARAR RAHEL, IX AL 42430 G- U B A 32 EL A SR AR A0 7 S R B A o R i 1

2. EW
2.1, WFIF{LER

SEEGAY F R BRI A A T A TR AR RS AR ARG, HFFEE DR. BEERE
MZE MWL ER(MNPs, Ei4%2J9 100 nm, 7 [ Chemicell A&]). —HILH(DMSO), 30% H,0,, Hi#iil X-100
FIR R (hemin) 3 A B 25 82 AL G BR A R A (R, Fig) . — (B T 2k) &0 4: F e (Tris-HCI) A 2,2-
IR - — (8- & - IR TR EME-6- 1R 1)) — 4k 2R (ABTS), M Bk TAY TG IR A F 1. 4-58 LHIRE 2
TR (HEPES, JN% K Bio Basic A#]). I (A(BSA, dbui i EAEMHEAG R IHMEA ).

Cary 50 5 4h - 0] W43 6 B i (S [ B L 22 /A &), SHZ-C /KR IR IR % 2% (- i RS LA FR A &),
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Figure 1. The schematic of the Hg?*-sensing assay.
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Table 1. Nucleic acid sequences
= 1. %5

Name Sequences

SAl 5-CTTGCTCGGTTCGCTC-3'

SB1 5-GGGTTGGGACCGTGCTTG-3'
SC1 5-GTGCGTTCACGGGTAGGG-3'
SA2 5-CTTGCTCTTCTCGTTC-3'

SB2 5-GGGTTGGGACTGTGCTTG-3'
SC2 5-GTTCGTGTACGGGTAGGG-3'
SA3 5-GTTGCTCCCTCCGCTCGTTCGTGG-3'
SB3 5'-GGGTTGGGACGGTGGGTGCTTC-3'
SC3 5'-CCTCGTTCGTGCACGGGTAGGG-3'
SA4 5-TCTGCTTGCTGTTCGTGTTC-3'

BiOtirl\‘fA“ 5'-biotin-C20-TCTGCTTGCTGTTCGTGTTC-3' 5-TCTGCTTGCTGTTCGTGTTC-3'

SB4 5-GGGTTGGGACTGCTTGCTGT-3'
SC4 5-GTTCTCGTTCACGGGTAGGG-3'

JASCO J-815 [&l o614 (H A JASCO A )), JEimiE&1%, Rk,
2.2. BEENAKTBL(MNPs) YL

H{ 100 nLMNPs (10 mg/ml)JEAN B8, [/ MNPs H1Jii\ 100 uL (5 uM/L) biotin-SA4 %, FHIIA
100 pLSSC (FriZBREN)ZZMil, 37 C/KIBIRG &M FE:E 2 h, LU DNA FEHEH 3 BIRER o e b
J5 W oy 25, A s B 22 00 (10 mMTris-Hac, 100 mMNaNO;, pH = 7.4)f 3k = IR Bk i AR 32 1
biotin-SA4 J5, 4°CIREE N H 2%BSA EWE A 1 h, LLRDIERF TR, @4~ MNPs/SA4 #5H .

2.3. He*" tE =88 %t Ho® a4

H{ 15 pL (5 umol/L)f¥) SB4, 15 pL (5 umol/L)f¥ SC4, 30 pL (5 mg/ml) MNPs-SA4, 100 uL ) Hg®*f
FRZZ PP (20 mM Tris-Hac, 10 mM HEPES, 20 mM KAc, 10 mM Mg (NOs),, pH = 8.0), 125 uL (200 mmol/L)
KAC FIAS R 1) H® R4, BRI\ 2 x HEPES 223 4 iR AR 9 500 uL. £ 37°C/KIBIA IR R
R4 h, JRIAEREERGE L ORFEEIFIRGS, ROBLE 2% 5 I RERORL 2 & W) fr 44 8 MNPs/SA4/SB4/SC4.
] _E 3R 1] % 57 B 2 A4 MNPS/SA4/SBA/SCA 48 Z A 5 pL (5 umol/L)hemin ¥, 37 C/KIE M 40 43
B, DU R hemin kN30 G-PUBK & DNA B Bi5r 85 FRIBA, F 2 x HEPES &2 iliEvE 3 Ik, o
F 2xHEPES Z2 M € 45 %8 440 uL 5 H .

2.4, Ho" t& 2RI EES0 - RTLSEHEFN CD il

I7) i) £ 4 ) DNA il A2 04 325 BT ZE Y8380 H N 50 L (40 mmol/L) ABTS ¥ F1 10 uL (59 umol/L)
Ho0, Je AL I SRR HEAT o FATIEEUB KN 421 nm AR FE AR NI EAE, HE S AAgiom = Agtnm —
Ao HAT Agiam A 421 nm AL FISZIGMEAL, Ao HE® W FE A 0 I I3 SR s £

# 10 uL (0.12 mmol/L) SA. 10 pL (0.12 mmol/L) SB A1 10 uL (0.12 mmol/L) SC 7e43%5], FIA
SOULHO™ i R0, ARJG BT 90°C/KIE Ik 5 min U5 H BB TF, Hea ARG g8 A %=
Ei. A% Zd A 8 nmol (7 Hg®*, 25 uL (200 mmol/L) Kac, i@ 2 x HEPES 220, 37°C/Kik%
PE IR IS 4 ho 55 N hemin V3, 37°CoK I 2485 & 2 h LUE L hemin ik AZX G-PYHAK DNA /i,
BB R R 2R G WUE 2 2 400 pL. CD Gl A il i 56 A2 ph il /R HE R VAV, D61 1 K3 FEH2 230 nm~320
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nm, £ 100 nmimin, FHSEEA 2 nm, HEILKEE S 1 mm, GRS TATE R 3 R T,
3. ZREHR
3.1. Ho" e AR AR R A RAE

AT Ho™ Wt i as f 3 T 124k IR 23 e Tk G-DU Bk ik DNA i, m LUfiEfk H,0, % fk ABTS
IR RL[8] [9]e N T B UEZ LI HLEE, FRAVEH LS - a7 W3 LTI 7 hemin, MNPs-SA4 #i
MNP-SA4/SB4/SC4/henin & & W174E FIAAELE Hg* IS R, ABTS-H,0, 7k R AU AN i, 45
K2 fir. ihek a AFEERMR ABTS Itz . b A MNPs/SA4 = AWMk ABTS Ja Wi ih £,
KI5, MNPs/SA4 S &40% ABTS BA RIS, JLF T LLZNS . Hemin FIfEIL & an &l ¢ BT
R, HR hemin A B X H,0, AL ABTS B EAT — 58 BIMEAL 08, H A2 3% B3 11 hemin 7EJe F 2 b
Welg2s, RS R TEE B AER K. 72 MNP-SA4/SB4/SC4/henin E&WIH, 4% He* 1E{ER],
MNP-SA4 A REFIF Ho* i 3k SB4 Ml SC4, "EATTLANG B L SAEEEWH, ASREIE B DNA 8§, hemin £
WL VE AR R 25, FTDMEAR R A A, b dh B d FioR. (HAKRTBIEAE H™ i,
MNPs/SA4 JE T 45 & Ho™ TRk T-Ho-T 5K B Ihifi 35 SB4 F1 SC4, il 15 & J5 SB4 A1 SC4 W & G kK
OB K G-VUEIR DNA B, 4L H0, 4k ABTS N FIE4T, fEALS: Ranih4k e fin, 7€ 421nm
AR I 221 K o AR IRATTR T B AR, RO Y H® 7 AEF, MNPS/SA4 A fE I3k SB4 1 SC4,
G-VUHkfk DNA B A BIE AL, BERIL A ABTS ML, MHETZE € i AAjm B ELECEIAR . ] DLHEN,
TR R T G-DUBk DNA BE, RTINS T G-JUELk DNA i Hg” 4= Mk i as .

N T HE IR LA AE HQZ AR AERT , 1R R A BB G-DU Bk DNA fiE, 1E38A H” i, I &R

0.25 1

0.20 +

0.15 1

A421nm

0.10 4

0.05 +

0.00

— 7777
400 420 440 460 480 500
wavelength/nm
M. (a) ABTS, (b) MNPs-SA4, (c) hemin, (d) MNPs-SA4. SB4. SC4 Fll hemin
KRS, (€) MNPs-SA4. SB4. SC4. hemin Fl Ho* IR . S206 514
[ABTS] = 4 mM, [H;0;] = 1.2 uM, [Hg*] = 100 nM, [hemin] = 50nM,
[MNPs-SA4] = 150 pg, [SB4] =150 nM, and [SC4] = 150 nM

Figure 2. Ultraviolet absorption curve of different components
B 2. FEILES FERT Ho? R AR B RO RSN Ui th 2%

®
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SB il SC AL TERR G-PUREAR, A5 WK 5 35w S SORE R IR . Sk, FRATEE T DU AR 51 Fl
KEH) SA, SB, SC, LAHifR A4 He™ f77ER, A BB G-VUBkiA DNA iy, ¥itrluaised, R4l
SB Al SC K EEAHSE . Horh SAL M SA2 O 16 Mk, BEfckL, SA4 JLIR, O 20 Mg, SA3 HER K,
N 24 M. T 2 4LANEE 4 41 SA 55 SB AT SC ) G-C B FE H ANy 50%, 55 1 A 3 LH0 51N
62.5%F1 66.7%, 45 ILE 3. HET%I, 1. 2. 3 LA T8 HERE MROGBE K T4 B bRAFEER BIOLEE,
XSEHT SA F1SB K SC [N HAMAOBRIER B2 (1. 3 ) MEERIE (L. 2 41), 7£ hemin FIFELE FE T
R MR R, OGS AN, SE HO AR, XARER G-TUBE ALk 4 a2,
SERSEE R, 5 4 Arb il T ATk F e K S5 SA RSB K SC ) G-C B3t B AMEE A3, K8 Tk
THRT TR EE F . X U0 IH BTG ABE K B 5 TR A 7 A B (R 0 v ik 2 5 SR U 7 T 40 T L P 5l
Uk, G O FH 2R 4 ZHI R IR AR SRR 1) B AR IR RS 5 R A I SR SR A T R B

N T R G R B R DA A G-DU A DNA B AR Y04% AR HL T SA, SB, SC B [ E: /7 S FI K
BTAIFIA CD Skt 7380 G-IUBAA IR B AT T RAE( ¥ 4 FroR). &l 4(C)ml%n, SA, SB, SC
REYAER T Ho? FEAEI, 1€ 260 nm AL BLIEE, 240 nm AbHI B0, Bk &b Bl 7 P47 G-I
BRAARZEH[10] [11]. 25 1. 2 F0 4 4% CD Jeili B 556 3 e A E, B4 HIfE 260 nm 1290 nm 4t H
LT AN IR, 7E 240 nm HELGUE, & TFATRISCFAT S MR A YI[12]. 5 1. 2 A 24 He AR 7T,
TR S M85 — 48, W RESE RN Ho® AEAE(E SA/SBISC BEWINMR T, HABIEET 5. 105 4 41
A Hy™ I, CD ikl (o i B i, BB 1 R O B ARG PR G-DUBK{A DNA . CD 556
45 555 T 06 B2 S0 45 ARV &

3.2. SEWFHRIMN
T AT R TSI A, BATR 5B P BE S AT T R . HO™ i3RI TR A2 I Ho? % IR AR PR

0.16

Il hemin
- | ZASA+SB+SC
SA+SB+SC+Hg? E3

0.14 |-

0.10

0.08 - 2
version 1 version 2 version 3 version 4

Figure 3. The ultraviolet absorption signals of hemin (black bars) and
SA+SB+SC in the absence (dense bars) or presence (sparse bars) of
Hg?* with four groups of different sequences.

B 3. MATREIRFFIEMET SA. SB #1 SC %t Hg? M gne, H
KN MHEXTEEE . hemin (E /), SA+SB+SC (iR %),
SA+SB+SC+Hg™ (i), SLI&H: [ABTS] =4 mM, [H,0,] =1.2
uM, [hemin] = 50 nM, [Hg?"] = 100 nM, [SA] = 150 nM, [SB] = 150
nM, and [SC] =150 nM
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Figure 4. The CD spectra of system. SA1/SB1/SC1 (A), system SA2/SB2/SC2 (B), system SA3/SB3/SC3 (C)
and system SA4/SB4/SC4 (D) in the absence (red dashed lines) and presence of Hg?" ions (black solid curves)
& 4. R"EMRZETARY CD Jik[E. SA1/SB1/SC1 (A), SA2/SB2/SC2 (B), SA3/SB3/SC3 (C) and
SA4/SB4/SCAD)ARTER Hy™ (BB L) FIRHE Ho™ (L B ELK) K4 TH CD Bl L1 &4 :[SA]
=3 uM, [SB]=3puM, [SC]=3 puM and [Hg?*] =20 Mm

0.060
A
B 10.055 .
0.055- . .
2 0.050 - .
0.050-
0.045
0.045- . o
£ £
i £ 0.04 4
50.040- 3 0.040 .
5 5
0.035- 0.035 1 .
"
0.0304 0.030 -
0.0251 = 0025 4 "
T T T T T T T T T T T T T T T
1 2 3 4 5 6 0 10 20 30 40 50 60 70 80
time/h C/mM

Figure 5. (A) Influence of the Hg?" capture time on the AAgy,m Of the sensing system in the presence of
Hg®". (B) Influence of the concentration of K* on the AA 41,y Of the sensing system

5. (A) Ho™ $FRBHBINF AA 10 EAISEN, (B) KREERT AAp1om AN . SCIG 5244 : [SB4] = 150
nM, [SC4]=150nM, [Hg?]=100nM, [hemin]=50nM, [ABTS]=4mM; and [H,0,]=1.2 pM

O
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MEEREZ —, LA H> kit F125 Rl 5(A)FR. BEHEMIRMRPEKOA 1 h £ 4 h),
AA g (HAZBHTIKI, 4 h G RIS, AAgprm EIIE KRG AREN, WIATIERE 4 h 1EREZ
Ho® AR (K AR 1) . A S8 5 3ABA I Ho> SiBARLL[13], HhFRI IR, FTRE R IR Ay F R AR 1
AR AL —E A (AL P, S BURNEI 8] HSE K

KA R RE 1) G-PU Bk DNA B0 451 [14], & 400 KR /& Ho® (B I as b i 36t . A7)
RAERI LI Ho™ fe AR M HEALPE R RS KOVREIEAT T IR FRIRAL, 45 Ranls| 5(B)FIR. k& i KIKJE
M5 mM B NE] 50 mM I, 24K R AAgpuam (EIZ G KT A B EBORE, BEE RN KT, O
MR N B UEEA KORFZHRICIN, SB4 A1 SCA TR G-IUBRIA LS AR E, BEE KW, oK
Wil T G-DUIBRAR AR E I AR R b i KR EERD Iy, VW rh BB ) 18 - 95 B2 W RE A DNA G 152
B 7R, T3 DNA BERENEA FTREAR. I DLZAR SR iR AR KR 50 mM.

3.3. Hy" i e

Ho? " A X L 17 4 8 B8 T IO LT IR BE I R %R RPN 2 . BT SRR R I B iR L
X%, EALRZME)E S T R A, He® MR 82230 Ni**, Co®, Cd®*al Pb* 4k, {H23A]
(AR R 123 T 1) 4y R4 G-PUBK & DNA BHIRITI[15], A2 He fPPEms, AR T-Ho-T 4544,
i SB Rl SC "1 & 7 G Ak /0 A FLAE UL A DNA W, ATRIIRES T Po?* 4 k(K F4, #2551 Ho? ik
Mo FATESE T 12 BB FREATOR T, JLERAMRBGRIE U 6 TR 1 Hg (25nM)FT7E/R RN 2.5
UM AR TS, TAFE AA g 5 HO® FOMAELERS I ZEANK . IX BB RIMEILAE 28 IR 5 Ho? TR BEE T
FUAE D 100:1 B, FRATTU T A2 A8 36 Ho S TA73 1H SR B, I B 2% 07 58 1T LUK S5 P XA I 454 Hg™

3.4. H* I E E#

BA T I B AN IR ) HoP W R B REAT T 9L, G5 mIE 7 Fivs. B Ho® WREERIE N,
AA 1o HIZEHT R, 7E 2 NM~50 nM Z ] I RAF M, RN AApim = 9.17 x 10° + 6.26 x
10 "Chgo+ (NM), A %L R 4 0.9890, PR Hy 0.8 nM, T HTIXFh /32450 G-PU A& DNA B 1235 Bt %

0.035

0.030 4

0.025 4

0.020 4

AA42:1nm

0.015 4

0.010 4

0.005 4

0.000 A
Hg2+ HgZ+ Hg2+ Hg2+ Hg2+ Hg2+ Hg2+ Hg2+ HgZ+ Hg2+ ng+ Hg2++ Hg2+
+Cu+Cd?*+Pd*+Zn**+Ca*+Co*+Mn?+Sn>+Ni* As(I11)Sb(lll) +Cl

Figure 6. The selectivity of the Hg*-sensing assay in the presence of 25 nM Hg?*
and 2.5 uM other ions, while the concentration of CI” is 0.25 mM

B 6. Ho* R L8 ROIE IR, ARIREIFRIR 25 nM Hg™#1 2.5 uM H b 755
F(CIRE A 0.25 mM)EIRTFEERY SRSMBEEE
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SERRTI HY™ o %44 & Ho? (RPN 0.8 M, B BIFRATTBE T A 1828 B 5 SRR IR P (1) H® ) izeize
FARAER A K At Ho? 45 & (1 B (10 nM) .

3.5. tEREAS XY SEBRAE AT

N T % Ho™ A S RE s B T Se BRFEAS IRAS I, BRATTE R 1 =Rk RE(HE KK, 1K AN Tk oK)
BT TR, S5 306 2 Fios . 3 SEIe b, 1 SRR R K th %A & L Ho™, B ] g Ho®* & BRI,
M TALEKFLE 4.6 nMHg™ . N 13— BIESSZ vk T 5, 3RA151 N hnbr B Sz 567 [16] . it
TObRENSCAS 21 F [TACR VI A 95.0%~106.0%,  [RISCRAE T SEVE P4, 18 B R AT 80 T B 45 8638 T ARG i
BrAKAARFE S iR Hg?

4. g5ig

SCEEIRIE T —Fh TR 4 2R G-DUBR R DNA B AP Ak B as T Ho® it kil . 120775 WifE 5
17, BRI . BEGPRBRL I, ERRA R TR SR, AR TREYERES, Ay ®E
TR Ho? l USSR AR TR, 38 T KI5 % ASCH B BRI E & G BRIE 17 51 4k 7> 2430 G-DU Btk
DNA i, 7E3CH, AT 8 T BRI KL 7 41 55 500 DNA B g PER G R 2%, didkml i, 401

0.06

HiH

| _—t
0.05

0.04 4 0.048
0.040+

0.03 4

AA411nm

0.0324
E
3 0.024 4

0.02

0.016 4

0.01

0.008-4 *

T T T T T T
0 10 20 30 40 50
concentration of Hg?*/nmol/L

0.00

U I v 1 . I Y T v T
0 200 400 600 800 1000
concentration of Hg**/nmol/L

Figure 7. The calibration curve corresponding to the AAgpinm OF the Hg?*
sensing assay with different Hg?* concentrations, inset shows the linear
responses of Hg?* concentration from 2 - 50 nM.

& 7. Hg?" SR E7E 0.8 nmol/L~1 umol/L SEEMEROERT%Z, BRI AR
BEFRELE 2~50nM Z (B9 E

Table 2. Results of the actual samples”
2. TRRAKHERRNIZER

=R SLIKIIAY He? & fE(nM) JAFFREE(nM) IMAFRFESS B Ho® & R (nM) I UL (%)
H koK FEI 20.0 19.0 95.0
K KK 20.0 20.7 103.5
Tl 4.6 15.4 21.2 106.0

"F R 3 YT 2 AT M
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G- DY (APl i35 4 52 F DNA BEFP ZIR) ™ B2, %5 SA 5 SB M SC Tk L AMT %2, MIARE A e
Ao B TR G-PUBk{A DNA B LWL Ras R U vy, R HHBRIAE] T 0.8 nM, Ty H B HoAth <
B SEAF B TR AN U TR BE R H™ MR 11 100 £%3K 10,000 1%, 1A% K28 X Ho® 054 1R AT I m s o HEF
e, AT H? AL A HEAE A 5 /K RS IR R A3 B RO R . S 3RATI S50 = LART B Y
Ho® fE B LU [17], BT R S8, Ho™ UL T . Ryl . TR A LR A i BASh, Hg?
R RIAE] 0.8 nM,  REUEA YRR,
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