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AB204-S HL T 43 M1 KA (MR -FER) 24038 G BRA 1) 5 PB-20 ( PB-S) UK 2 2 & T (7 [ 58 22 Rl
Al) 3 AE (FERFAE TS AN 5 IRA L 4EZ I ( Merck Milipore A H]) .

VKEER (HAc, KT RAEIRN) ) 5 =5 H LS IEH L (Tris) (KCI( L WEBTRL T A AL RHE B0y
ABRATD) ; HY PR HEE W (100. 0 pg/mL, T ETHREFFABE) 5 & & 5 1) ST R HE PS2. M (5 -
GTGGGTAGGGCGGGTTGG-3", Lifg : T AWy TR A FRA F A L) 5 Akl & (Hemin) \3,37,5,5-
DU JEEC A e (TMB L 96g P A% 30 B L 27 5 B A BRA W] ) 5 HCL H, O, (] ARG S A 2~ F ) 5 58
35 FHK 34 R K BB 217K (FFH 2R A 18.25 MQ - em)

2.2 SRAHRERE

PL 10 mL 0.2% (V/V) UKBSERYE AW ISR, LA B A2 70 mm 15 17 mm —RPESRER SR AU 2% | 78
S AR A 2T 4 R (FLAE N 0. 8 wm, Milipore 23 1)) 3 8 R EENF ] B REER LA E S, Wish =X
RAETTHVREA , RFESGHEPIRE BIRACE 4 K, 20t & nE =0, H 0. 2% BE R 2 2 2 10 mL, 1R%],
4CIRAE
2.3 Pb7HRAERRAYLSNAT Ik E

TESAS A RO A — B W FE 1 Ph> AR HEVE TR .50 L. 100 mmol/L Tris-HAC Z& Wi (pH=5.0) .
10 L 10 pmol/L K*FRUEIATR . 20 L 25 wmol/L Hemin i&F 150 pwL 1 pwmol/L PS2. MIEWK , 5o/ 1R A)
J&  AEZE IR TRV 20 min, ZRJEIMA 30 pL 5 mmol/L TMB % 20 pL 100 mmol/L H,0, &%), & T ik
35 minf7 , MA 50 pL Z 1R (2 mol/L HCL) , HIHBAI/KE A 2 500 pl, iR2), I UV-2550 4840h-1] W43
JEIEEETHIRE
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IS E 1 B o A A e TS PR R A
Y fiEf TMB-H,0, REGAM RO, 2 K1 88T FPS2. MG K
PR Z PRI A PO R K BF SX A ES Fig 1 Schematic diagram of Pb™-induced conformational changes of
T 5PS2. MBI, (Hi T b 5 PS2.M
MR ST R 5 S PS2. MU/ M Gl | TR M S IR 0 G-DU B f VAR T K B A 1, (i
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660 o B Ak 2 %46 &

FI AR SN AR 2R I i 7 L S TR AR
[5] (0%  fE 25 AN R 3 BRI R IE R LA PS2. M 7E 260 nm AbHEE—NIEWE A K,
£ 295 nm AbHB—ANIEIE  £F A K PS2. MIE U AT G-DUEEIRSS# M RRAEY . fEPS2. MR IA
Pb** JiF , 7F 265 nm AbH —AHi 312 nm AbHBL—ANIEI 38 Ph™ i PR AU AT G- DUBE (AR 14 14 fry S
TIREAEAE > 200 M0 PS2. MR P RIS AL KA Ph™ B, 295 nm Ab f) IE 0471 2%, HAE 312 nm 40 HBLIE
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Fig.2 UV visible absorption spectra of the system: (a)
K* +PS2. M+Hemin+ TMB+H,0,; (b) Ph* +K*+PS2. M
+Hemin + TMB + H,0,; (c¢) TMB + H,0,; Inset is

Fig.3  Circular dichroism spectra of different systems:
(a) 10 pmol/L PS2.M; (b) 10 pmol/L PS2. M +
10 mmol/L K*; (¢) 10 wmol/L PS2. M+ 10 pwmol/L

Pb**; (d) 10 pmol/L PS2.M + 10 mmol/L K* +
corresponding optical photographs. K, 200 nmol/L; 10 wmol/I Ph**

PS2. M, 100 nmol/L; Hemin, 1 pmol/L; TMB,

300 pmol/L; H,0,, 4 mmol/L

3.3 LIWEHMK

HUAE Tris-HAe 2P Y pH {8, %5%5¢ pH EXT SO AR R AYSEMT , £5 3R pH (XA RIBOGE AR A
(AA)FEMEE K, pH=4.0 ~5.0 i, Bl pH {E34 K, AA (HZHF 1T+ pH=5.0 ~7.5 i}, Bl pH {E3E K, AA {H
BT B RS pH=5. 0 1Y Tris-HAc IVRAERHARERIYE, 76 pH=5. 0 55 F #17 Tris-HAc ZZ 0
WP, 85532, Y Tris-HAc SRR 10 mmol/ L B A R G RE(E AR {b i ik 3

TMB VB R—Ff i (5], FRH XA RIS A — 2 s, SEgegs SRR, HE R 0.3 mmol/L B {A R
WG R (A AR Ak 35 HUR W ARE . Hemin VEHHBIR T, HE N 1 pmol/L B IR R EE(EHAM U B 3%

Pb*" 5 K*SE 45 F:PS2. MA A 44 G2 el A8 75 B — 2 1 Je Iy B[], S 36 2R BH , in A PS2. M20 min J&,
AAAEZ B ; SR T 20 min J5, AA EARC HEEOF- 27, B 20 min /B PS2. MR AL & 1 H]
ZET TMB 5 H,0, B[R SE 5 52 m | fie 2 564 N 40 min 5 A HCL 28 0E 6
3.4 HEFHYHEM

WK 4 i, 10 5 BERY Bi** Ca® Mg™ Mn®* Zn™ NH; LAK Cr'* Fll Hg** % 160 nmol/L Pb** | &
MITHRAR/N R TFAS O 38 o SR AR A ) IR A T A R I SRAE B, ZESRAE RS HE S NEL 0.8 pum 1Y
TR FNZF 2 2 AL, PR UE SRS AT DUR S R ACRAEZS A%, DURI TR GRS B T 2 S H g ks +
P ACREEZS RS . UL, X Se T30 B AE AR R B B R o B HEBR TR 254 A0, FLnT BB 7™ A= A 52 i
2P AR, AR T I E
3.5 RAEHEZSKHHR
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AA(=A,-A) 8, HIbrERT 2, W&l 5 R KR
W B M AA 5 Ph” W EAE 0. 5x10° ~
1.8x107 mol/LiEHI N2 RAF &M C R, M3 12
N AA =0.36+0. 13C,, (10° mol/L), # ¢ F& %L
R=0.9987, 2 FIEWCFATINGE 11 0, RS g
W RIFRAENR 22 4 s, = 0. 165, # 18 €, =3s,/k 5 H
Ph* B H PR A 3. 76 nmol/ L,
3.6 SRMIRENNEMERZET

Fie FECRAE 7 1%, 6 1 AR R 22 A% S T A 5 e 3R
L BRUE 35 h 0.71 . 1.45 3. 54 .6.57.10. 17,
13.78 .17.60 21.70 #125.25(10* Bq - h/m’ ) F&E4R
SFES W, R A Dy AT E, AR R 1,
AA B R A5 A SRR B (3G i3 O, AR E Ph AR
HEMZE PE 52 AA=0.36+0. 13C,, (107 mol/L) , 7]

35
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Fig.5 (a) Absorption spectra of system in the p

Calibration curve for detection of Ph**
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Fig.4 Responses of the established Ph** sensor in the
presence of foreign substances. Concentration of metal ion
of Bi'", Ca™, Mg™, Mn™", Zn*, NHj, Cr' and Hg™"
1.6 umol/L; Pb* . 160 nmol/L
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FEJLEN, ERES A 2 RIFAMEXR.

AA=0.089C,+0.59, R=0.9906, H ]Sy A A SRR B 5 RS =2 0] A0 S e A 80 AR 7 et
HIARIFE R A 7. 10x10° ~1.02x10° Bq - h/m’, #:HBR M 1.96x10° Bq - h/m’(30) .

F 1 FERLT PH ARG ZE S
Tablel Determination results of Ph> in the samples
A W't i FEah{E Tk A3 AR R 22 mlv&s
Sample Crn A Found Added Total found RSD Recovery
(Bq + h/m®) (a.u.) (nmol/L) (nmol/L) (nmol/L) (% , n=6) (%)
1 0.71x10* 0.6162 19.70 40. 00 58.43 3.3 96.8
2 1.45x10* 0.7032 28.49 40. 00 69.96 3.0 103.7
3 3.54x10* 0.9549 45.40 40.00 86.47 2.7 102.7
4 6.57x10* 1.2458 67.47 40. 00 109.13 2.2 104.2
5 10. 17x10* 1.4458 82.64 40.00 121. 60 2.3 97.4
6 13.78x10* 1.4965 86.49 40. 00 127.05 2.1 101.4
7 17.60x10* 1.5713 92.17 40.00 131.50 2.2 98.3
8 21.70x10* 1.6182 95.73 40.00 134.66 2.3 97.3
9 25.25x10* 1.6933 101.43 40. 00 140. 25 3.0 97.0

‘Found’ and ‘ Added’ refer to the final concentration.
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SR (P Ro) A (H 400 Bg/m’ (ARifEfE) , ik 3t
TR SR BT 728 DAREIR 28 N 0k B, Al i %)
b [ AR U 7, X A R AR R A R
2.1x10° Bq « h/m*"™" A 9k Xt At AU B A A6 1
FR A 1.96x10° Bq + h/m’(< 2.1x10° Bq - h/m*) | ¥
PR AL,

FRORME T REE T 2 MEFEA AT LS
FE RAD7 & AGHATXT LI e . 25 R a3k 2, X5 Wi
P55 ¢ o e 45 R R WY, A2 AT A5 X R] 2R 95% Y3 ]
WLHFE W ¢, = 1,351, =0. 59, /N TS M
to 0510y = 2. 228, &M 0 =0. 05 WI/KF4532 H,, B 25
SRR GET AR S0, AT PR 7 2 0 A 45 R A s
PRISECARTR]  TE DA 7 005 i 45 R AT &E

1.6

1.2

1.0
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Fig. 6 Correlation curve of absorbance intensity and

radon concentration

4 %4t F2 EREREIRMZER (n=6)
Table 2 Determination results of radon in samples (n=6)
USRS AR i 208 A E e . Wi HRBRE | o
— A . At ik Found RSD R
WTREE N E AR s S Method T DL
TR A SR R AR B A A R 1 i A | A7 This method 8.37 2.9 1.35
PRI HTR T o AR5 AR 1 jﬁﬁ;%]_” . ligf i; 0 5
= ten N o . o N 1s method . . .

1 RUE E, PhY B BR A
3.76 nmol/L, &K H FR M 1.96x10° Bq « h/m’, £

e ) R, A T7 ik 1 A T U 5

BRhE R b | — R U 2 1) o 1%
R R 0 O 5, FLAT B 015 PR

Bernd G, Michaela K, Dominique L. Radiat. Res. , 2011,

a T, Nishikawa S. Biochem. Biophys. Res. Commun. , 2009,

References

1 Inacio M, Soares S, Almeida P. J. Radiat. Res. Appl. Sci. , 2017, DOI. 10.1016/]. jrras. 2017. 02. 002

2  Midhun M, Rejith R S, Samuel M, Jojo P J, Sahoo B K. International Journal of Pure and Applied Physics. , 2017,
13(1): 172-178
Kendall G M, Smith T J. J. Radiol. Prot. , 2002, 22(4) . 389-406

4 ZHANG Dong-Sheng, ZHANG Wei, MA Li-Qiang, WANG Xu-Feng, FAN Gang-Wei. Journal of China University of
Mining & Technology, 2016, 45(6) ;. 1083-1097
SRARTE, sk K, Sarsk, IR, . P EA X FFIR, 2016, 45(6) : 1083-1097

5 McColl N P, Green BM R, Dixon D W, Fey R, Meara J] R, Harrison J D, Cooper ] R. Centre for Radiation, Chemical
and Environmental Hazards. London: Health Protection Agency, 2010

6 Klervi L, Maria S, Ladislav T, Nezahat H, Margot T,
176(3) . 375-387

7 TIAN Rong, LIU Ying-Yun. Journal of Environmental Engineering Technology, 2016, (1) . 35-42
B, XMz, SR TAREARFIR, 2016, (1) 35-42

8 Kreuzer M, Fenske N, Schnelzer M, Walsh L. Br. J. Cancer, 2015, 113 1367-1369

9 Farokhzad O C, Jon S, Khademhosseini A, Tran T N, Lavan D A, Langer R. Cancer Res. , 2004, 64(21) . 7668-7672

10 Hernandez R, Valles C, Benito A M, Maser W K, Rius F X, Riu J. Biosens. Bioelectron. , 2014, 54. 553-557

11 Kikuchi K, Umehara T, Nishikawa F, Fukuda K, Hasegaw.
386(1): 118-123

12 Liu B. Biosens Bioelectron, 2008, 24(4) . 762-766

13 Jiang Z, Fan Y, Chen M, Liang A, Liao X, Wen G, Shen X, He X, Pan H, Jiang H. Anal. Chem. , 2009, 81(13) .

5439-5445



555 RNLLICA ;. BV RS 1755 PS2. MAR A R P B A AR R I LE (A% A 8T U7 75 663

14 TuY, Li X, Wang G, Tang W. Biosens. Bioelectron. , 2013, 39(1) . 231-235

15 DENG Huan, SUN Mi, WEI Xiao-Ping, LI Hong-Zeng, LI Jian-Ping. Chinese J. Anal. Chem. , 2016, 44(6) . 888-892
B, I T, B/NE, Bk ZRERE SA740EE ) 2016, 44(6)  888-892

16 Long M, Deng H, Tian G, Song C, Liu H, Shen Y, Lv C. Anal. Chim. Acta, 2016, 936 202-207

17 Deng H,Long M, Tian G, Song C, Liu H, Hu L, Lv C. RSC Adv. , 2016, 43(6) ; 37254-37257

18 Arola A, Vilar R. Curr. Top. Med. Chem. , 2008, 8(15) . 1405-1415

19 Li T, Wang E, Dong S. Anal. Chem. , 2010, 82(4) . 1515-1520

20 Jing T, Dai Y, Ma X J, Huang B B. Chinese Optic, 2016, 9(1) . 1-15
W, OB, ThEHR, BAIAR. P EES, 2016, 9(1): 1-15

21 Kong D M, Xu J, Shen H X. Anal. Chem. , 2010, 82(14) . 6148-6153

22 Zhou X H, Kong D M, Shen H X. Anal. Chem. , 2010, 82(3): 789-793

23 LiT, Wang E, Dong S. J. Am. Chem. Soc. , 2009, 131(42) : 15082-15083

24 Smirnov I, Shafer R H. J. Mol. Biol. , 2000, 296(1): 1-5

25 Smirnov I, Kotch F, Pickering I, Davis J, Shafer R. Biochemisiry, 2002, 41(40) . 12133-12139

26 GB/T16146-2015, Requirements for Control of Indoor Radon and Iis Progeny. National Standards of the People’s Republic of
China
FRARLRL TS ZR PRAREMEREZRE. GB/T 16146-2015

27 GB/T18883-2002, Indoor Air Quality Standard. National Standards of the People’s Republic of China
AT A AEAE PEANRIDIEEZRHE. GB/T18883-2002

28 GB/T 14582-1993, Standard Methods for Radon Measurement in Environmental Air. National Standards of the People ‘s
Republic of China
R Z AP AMARENE S k. PR NI E E KR GB/T 14582-1993

Pb**-Induced Allosteric PS2. M as A Label-Free Colorimetric
Sensor for Detection of Cumulative Radon Radiation

LIU Hong-Wen, JI Ying, SONG Chun-Li, TIAN Gang, LI Shi-Ya, YANG Gui-Ying, LYU Chang-Yin~
(School of Public Health, University of South China, Hengyang 421000, China)

Abstract A new sensitive method for detection of cumulative radon radiation based on the lead was
established. PS2. M which stabilized by K* with hemin as a co-factor exhibits superior peroxidase-like activity,
and can effectively catalyze the H,0,-mediated oxidation of TMB. In the presence of Pbh**, K'-stabilized
PS2. M DNAzymes are induced to undergo a conformational change, because Pb’" has a higher efficiency with
regard to stabilizing G-quadruplexes than K, accompanied by a decrease of catalytic activity and a sharp
decrease of readout signal. In the work, a novel " turn-off" model of colorimetry-Pb** biosensor based on
superior peroxidase-like activity of G-quadruplex for Pb’* analysis was developed. The fading degree of
reaction system ( AA value) was linearly related to Pb’* concentration in the range of 5. 0x 10~ —1. 8 x
107 mol/L. The linear regression equation was A4 =0.36+0. 13C (10™° mol/L), with R=0.9987. The
detection limits of lead and radon were 3. 76 nmol/L(S/N=3) and 1.96x10° Bq - h/m’ (S/N=3),
respectively. The method exhibited good selectivity, high sensitivity and convenient operation, and could
avoid the radioactive hazard in determination of the radon in environment.

Keywords Radon; Lead; Aptamer; G-quadruplex; Conformation transformation; Colorimetric sensor
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