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e R RRlIIEIN v IARLY/ s 7 NEHE- il adt sy - R/ S0 B AT 0]
FEAR BEA T A R 73 55 R o A S5 A SR 6 Ak B
TOAbF 3 X LT AL P AL L AR LA TR A
1. BN, IF HE 23 X PR 5 3 B — 2 75 e
AR KA N T H R PR A R A SE PR R A
HE et ik, HEMIRa TS A T 5
FAH BAT AR AR BB B A i

AL A BB B i /2 DL B LA EER . JT4E
K, AV AME AL AL R R AG I B8 %
i M S R A RS Ry i A
faf 5 H R B = S Ui, (H H ATHGE 09 7 2 258
RIS K RSSO OE I . X AE S AR &
Bo 2R E ST IO 5 kA2, mfd
13 R MTa A —E M ZE. 75b, AHaE )
FR AL B Y i, ORI —E
W N BR T 50 HARDOGE S i T3, g
SE T A R A TER BE . (H A Y HE R AR D
TS ARG AR & OO I EL R RIS IR, X TEAR
KL ERRS e m) iz 0 o

BT BB AR, AP R A E
G J7 41 AGRO100 #% IR #8 £t 15 % S Je BL AR i R T
(thioflavine T, ThT) F1 N- H JE 0 ke — 7§ iR IX
( N-methyl mesoporphyrin IX, NMM ) 2 [6]<:ffizE 45
BRI BN TR POUE & R A X2 . B
BEAE BRI, ThT 585 S5 1 NMM [7%¢
JGIR SR, J TP Y 5 B Y AR X A2
fe——3 B LR AR, JENL T AR SR %
e, T RTIK Fp A B IR FE A .l TR
CHBEMERNEEEMBAEY), XY
TP E—E R T, T B (R S S REA
Hh B 0 8 HE 22 T 9 56 R AN P FLAT R B R 2k 5
Fo HIAMITOR T SCH R RGO AL s 58 DO
AR (quantitative fluorescence model, QFM ) '
HZEE, T AE S 1 TR Fh AT e 1 i e S
o3

2 SLIGER G

2.1 KT ESH

B v R AR 4 A M i, N S — 2B
afifp b3, =W AR L LT (tris(hydroxymethyl)
methyl aminomethane, Tris, Jii 23 80H 99.9% ) .

Pb(NO;),. Bithfi&R T, TR Tl A B A wl
N- FHIERNIR — N R IX 0 T A RBEH A R bl ok
BhOOERL RR. BE.CBLL WL DL BEL %L BRMbRME
W, 0T E A 48 SR RS B i
L ZIRERER AGRO100 1T i AE TAY) TREAT IR
o], HFES N 5’ -GGTGGTGGTGGTTGTGGTGGT
GGTGG-3"; WVLAKFE AR H IR A K VD Ty B
FASLEG K 4K (182 MQem™ ) , HHE
PR AR AR AR L
2.2 HXBGHE

1) A B 84T AGRO100 4L 6 000 r/min
(5% o B0 2 min, SRS INAGE B A9 KB 7K BC 1 %
1 pmol/L ) AGRO100 T-fEW . #EHfi FRIL 0.003 2 g
ThT, JfINAE & (88 2l 7K 7 T B3 100 pmol/L,
HERIFREL 0.005 8 ¢ NMM,  JILAGE 1t A4 48 40 7K i i T
M BEF) 10 pmol/L. EFPREN 0.605 5 g Tris, HIAE
B AR R, ORI pH £ 7.0, &5
FTRAEK E 25 3] 50 mL 2850, 153 100 mmol/L
pH & 7.0 1) Tris-Ac 28 A

2) BYE T AR UEREAS B BC I AR FREL 0.003 3 g
Pb(NO;),, MIAE & A9 A 4L 7K BL il A% 207 2 pug/L Pb™
W SRS PR A K AR RS, TC i RS &k 32 40 J31)
g 4.14, 10.36, 51.80, 103.60, 155.40, 310.80, 414.40,
518.00, 621.60 pg/L 4 9 4~ Pb™ ARiEAR . HL 40 uL 1
pmol/L AGRO100 A1 10 uL 100 pmol/L ThT &4, &
B 5 min J&, HIA 20 uL 10 pmol/L NMM, 20 uL A
[i) Jo % B 1) P AR UEVAR RN 20 uL Tris-Ac 25 thi%s
W, EIEMARBLAK, ISR, 200 pL, 1559
AP ARIEREAS . IRA SR, 4RSIV 30 min,
SRIG IEAT D EREI . 9 4> Po™ FRUEREAS T, M IEFE
TR E 43 R 0.41, 1.04, 5.18, 31.08, 44.14, 62.16
ng/L, S uEAE rY BT U 40 0 o 10.36, 15.54, 51.80
ng/Lo

3) WYL K SEBRAEAS A BC i X 40 pL 1 pmol/L
AGRO100 1 10 pL 100 pmol/L ThT ¥&4, ¥ 5 min
J&, A 20 pL 10 pmol/L NMM ., 20 pL ASJa] s B i
TR . 20 pL AS [R)J5i o2 v B 19 PO A v V5 TR 20
pL Tris-Ac S A, e MAMAiK, (HH DA
200 pL, Hila5BORTIK SZBRREAS 2 IR A IS,
ARSIV 30 min, HEFTHEEATIN o WIVTK SEBRAEAS
T Po™ b T T VR 3 43591 Ry 0, 5.18, 15.54,
31.08 pg/L,
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23 WESHIEE

FS5 RS F o % T B3R A H]
WUR AT 400 nm, KGR FY 450~650
nm, [AIFER 1 nm, kAR SIRAETERE 50028 5 nm
3 nm. BAFEAEE 3 K.
24 HESH

16 9 MR TR Y Po™ ARUEREA Y, PEHL 6
MEARVENRIESE, HA 3 MFEAIE IR, A
IEAEFIG UF A EE 7 2 AR (QFM) 5 AR5 H 4
A HBBEA T KFEAS B HOMBRAEATE 16 AMFEAE A Tl
AR H% )5 1 QFM 5 f 43 #r L 42 Hh Pb™ A I

W, ARG (([Y(c-8)' /N, Hooh e

FIC Ay BIFRES i NEIREAR R, PO LS O BRI
1 A
SR RPN (- (e, =2)/e|x100% )

PR QFM YE S itk R
25 ZBFE

AT AT T —Fh ) R R bRic 28 6
EFHIF PO AR, FUSREANE 1 TR

494 nm

Pb* o
—_— _—
THT NMM
AGRO100
611 nm

1 - CHERREHRT Py M REE
Fig. 1 Schematic representation for the detection of Pb”*

based on generalized ratiometric fluorescent probe

POLY RS T (ThT) A B MZOEE SRS,
H5 e IR AGRO100 FAEAF G, AT LUE AL G-
VUSEIARZERY, 75 ThT 78 494 nm A5 6(5 5 2R
s MPEEYOR N- HIEIRHR AR IX (NMM )
A B R2OEE 0, JFHEARES AGRO100 45
&, B NMM 5 G- POEEARE & AR 3 S A AH AR
7E AGRO100 Al ThT (& Z H il A NMM, - 2> ffi 1%
ThT ZEOUME S MA IS, T NMM B 5EO60E 5 21

5 (HJE 2 A — & & Pb” 5, AGROI100 nf L5
Pb” JE AL RE Y G- DUBEIRLSFY, FTLIE ThT 4k
M AGRO100 | #%i2:, 154k & # NMM fE 5
FREN G- DUSEEIREE K KA AR, JLAE 611 nm
AR EAE 5 KR EE RS 5R , T ThT 7€ 494 nm &b 1)2¢
HlE5 B FRE, i 2 B, i, wl LU R
FRARAV Iy PRS2 B PO AAGIN
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Fig.2 The fluorescence emission spectra of ThT, NMM

and mixtures with other substances

3 #R5F

3.1 SERFERIREMMKA
PR R PO E S LA A HIE LR,

fU5 AGRO100, ThT Fl NMM ¥ EE . Ry 1 SCELXF
Pb™ RPN, 155k AGRO100 5 ThT Ay
W Ao AGRO100 il ThT ¥eEE i, 25200 Pb™
5 AGRO100 FyAHEAEHT; BATTAY v B2 3 A% S 250
55%F Po”" (I N . £5 A 5 B AGROT00 1 ¥k B
41 200 nmol/L, ThT ¥ A 5 umol/L. #RJ57E 200
nmol/L AGRO100 1 5 pmol/L ThT (¥ 1Ak % v, %%
NMM ¥, 8 NMM 25 G- DUk A% A 5w Z1
MIEAER, fEJC P B, B2 ThT 9O6E S,
T AR E NMM VR EE, T S5 ZE7EAN [ NMM
WL, ARZRALE 494 nm Fl 611 nm KbZESGHE EE H(E Y
84k, AEARR B S K A BB T Po? N fe iy, R
JEE, B3 AT ORE NMM HKE T, A pPe” 5
1 207.2 ug/L PO B, MKZRTE 494 nm F1 611 nm &b7k
Jeom R L. MR 3 T LA H, 7E 494 nm Al 611
nm KbZGEREE Y FLE R Pb™ AN AR (LA K 2
NMM ¥4 1 pmol/L IR R, HARK HAEHZ) R 2.8
o PRIIERE 1 umol/L 1Y NMM Ak i
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Fig. 3 Intensity ratio /,,//;,, versus the concentration of
NMM with and without Pb**

32 "I ERRHEFMEHER
RRET X R A G HREL X PO e PR
7E AGRO100. ThT FI NMM & & thhn A T — &3
WR 4 8B T, WHE . . cd®'. Mn™, Zn®',
Ni\ Cd”. A", Mg™', Cr''\ Fe¥', B0k
JEXIR 50.00 pg/L, FHEEAIN PO™ | L HRAI
PREFRm A Ol . 7ESEIR R, SR e A e T
BRI SE A5 HER AT PO ARSI 25 11— 3, Hah R 4
R
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Fig. 4 The selectivity of the proposed method for
Pb** detection

E 4 FTE W, AT X5 T N 33.15 pg/L
Pb”" 7E 494 nm F1 611 nm &b 7 658 B # A 2 e /D
B, BRET S 48 B o B (1 FU i 7 T Pb™
B, HEMRZEERE L EEARE =5 5222,
XU B X P AR k. IR 4 38T

F i, AU R Fe X P AR IR AT T, nTRER
PR AL Fe™ 14 Joi i vk 8 5 R YLk i 9ol A5 —
FEMTIAE R . X BT E AR RAFLETT SO AR T
W B R TR, HXF TR LUHZO0E
WA (QFM) TLAWER, B, JEZLsehbafe bl

P HUAGIN 75 SR R AT 15 QFM 454, DISZEUMITT K
FPVR B VR R T VA T
33 MHIIKPHBFHEESH

TE 494 nm Fl 611 nm &b, FEARDGEHRE R HLES

Pb” VR B (DG RN S TR, Horp k&l ok Pb™
R FETE 0~3.30 pg/L 78 Bl N B SRt kI

06 0.52
0505, y=0.044 7x+0.497 4;
05 ] 0.48F R=0.977 6
046}
0.4 Fo44f
Soat
& 0.40f
=03 038k
&
0361
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Fig. 5 Intensity ratio /,,//;, versus the
concentration of Pb**

H I S Al%0, 7F 494 nm A1 611 nm 4b, Ffi% Pb™
Frit Ve BE RGN, FEASSEOGoR B 1Y LA e B/
WP R RO, AR AR, AR
(R B4, 150 B R A 2R H ThT B 28 6 15 5 328 341 ik
55, NMM 205 5@, 24 o™ ki
ik 100 pg/L BF, 7 494 nm F1 611 nm &b 75¢ Y638 B (1)
FLEBE Po™ o o e B (W B ARk H AP 2%, 1P
VAR Z X PO B N B IR ) TR . 5
Ak Pb*" Ji B EAE 0~66.30 pg/L N, 1E 494 nm
A1 611 nm Ab5 58 B (1 LU 5 P™ AV T34 K
TP R, RAFE/IMERE, B PO™ kN
0~3.30 pg/L MTLIEIN, 265 IE H(E S Pb™ ik
JEHARAF MR, HEMMERECH 0977 6.

PENRE T (QFM ) RENS AL FRARL M 1B -
&l 6 2 QFM X8 B8 F AR fERE A rh A IE AR T AR 1)
Pb™ JEEWE (0.41~62.16 pg/L) HIFMEEH . QFM

BE NS [m] B B W04 LA FNG IE AR Hh PO o vk B
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I HL 3 A ] Po*" Joi sk v B (R AF AR T B0 3/ o
QFM X B IEAE A (1) S0 135 7 A 15 2 FR1F- 2 A X 58 22
43904 0.98 ug/L Ml 2.8%. IAh, 1 FH QFM Fiijil =
WA SRR, SR SRS = U BB AR 22
e AR R 22 53 B DL 3.3 RN 10, BRASRZ ik
PRG-I B A 2 R 23-51 A 0.04 pg/L #1011 pg/L. F
NI LER R, | ORISR ET 456 QFM fig
TR 2 T TR AR FEAC R PO S

70

O IIFSE;
50+ W IIEAE

0 10 20 30 40 50 60 70
FLSEFRIRE (ng + L)
6 QFM M BFiRER AP ESEFIIEE
Pb”" RERE RTINS R
Fig. 6 Mass concentrations of Pb’" in both the calibration
and validation samples predicted of the QFM

B, TR SCH AR5 S QFM 4
RUR 25 A% B ALIR BT KR P> 5 b A 1o s A
BV ) R K L ) 8y P s o V5 AR A A A I 4 A
AR, JFAH AT P66 8 7 QFM LAY, i
I FHZ AR T 4 4SR5 H B VT K P &
o R 1A T QFM BLHINT 4 N ASFHBEL (A B. C.
D) YLK H PO J5 o e B ) 58 e A SR . gk
I EE A R, Homas IR TE 91%~108%
Z[a),

FHN, R QFM BRI 4 4N [ s BE VT AK
FEACH Pb™ S A M 4 SR A MERA P [ st g e 4
18 7700X 51 LA G 25 B A BT (inductively
coupled plasma massspectrometry, ICP-MS) X iX
4B (A, B, C. D) #HIYT/KH Pb™ i it
WREVEAT T 4307, K Po™ Jo Rk B 435314 0.50,
3.47,0.68, 0.21 pug/L, X5 QFM # AU 15 #| fif) 45

(Pb™ MR EE 43 51 0.49, 3.41, 0.71, 0.20 pg/L)
FEAR—F, UL QFM FERIAG 2 45 5L A i 1 nT g 55
FICP-MS. ZiG DL Farm g i, RU L HRA
PICREN 25 -G QFM A5 BB PR 1 b o 2 S0 A i

VLK PO
F®1 QFM #HBIM 4 N ARFEMEBH TP
Pb*" REREMTME R
Table 1 The mass concentrations of Pb™ in four different
sections of Xiang River determined by fluorescence
spectroscopy in combination with QFM

kpe WAPOTRUTE B PO TR bR
WREE/ (pgl™) WE/ (pgl™) %

0 0.49
5.18 522 91.4
A 15.54 15.95 995
31.08 32.73 103.7

0 3.41
B 5.18 8.70 102.1
15.54 20.10 107.4
31.08 34.52 100.1

0 0.71
5.18 5.82 98.7
¢ 15.54 15.94 98.0
31.08 31.89 1003

0 0.20
b 5.18 5.33 99.0
15.54 15.96 101.4
31.08 31.37 100.3

s
4 it

& G 75 AGRO100 A% R ¥R 51 5 9¢ e Ye kL b
% T (ThT) H1 N- FILARME MR IX (NMM) 1
KZ, BEESTE T, ThT 565605 S 3Wmss ,
1M NMM 1) 2¢ Y6 {5 5 AH R 58, JEF ThT F1 NMM
PN E YRR B R AR, S T —Fh)
RO AGIRES, A TH B TS R, SR
7 SRRSO AT 25 G B B A e TR (QFM )
SE T K P B R S it IO R R
T = FARSI AR . SCIR A RR . T
B AU K L ) PO s o 725 Y A2 L 4 G UE 4R
6T St A QFM BLRY,  REASHERS WL 4 4~
AL BB ARV T K FP A B o i O RIS 4 A
(] b 52 R IR VK 4 8 B Wk B2 40531 0.49, 3.41,
0.71, 0.20 pg/L, FHhAR RIS IITE 91%~108% Z [,
5 ICP-MS kil 15 8 25 B LA — 3, 594h, %
TR B ARSI R RN 2t R 5314 0.04 ng/L #10.11
ng/Lo BRI, ) SCH SRRSO IR S QFM AR TR &,
R, ARAS | R AR A g et ARG A
YLK BT S 1 i
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Abstract: A label-free generalized ratiometric fluorescence sensing method for quantitative analysis of Pb™" was
designed based on the interaction between the G-rich sequence AGRO100 nucleic acid probe, the fluorescence dyes
thioflavin T (ThT) and N-methylporphyrin dipropionic acid IX (NMM) with the addition of Pb**. Simultaneously, this
method combined with quantitative fluorescence model (QFM) was used to analyze the concentration of Pb”" in four
different sections of Xiang River. The results showed that the generalized ratiometric fluorescent probe combined with
QFM was accurate in quantitative analysis of Pb”" in four different sections of Xiang River. The quantitative analysis
results obtained by the proposed method were basically consistent with those obtained by ICP-MS analysis. The
recoveries of standard addition were all in the range of 91%~108% for the concentrations of Pb>" in different water
samples.
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