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Highly Sensitive Detection of Bisphenol A Based on FRET from

Up-conversion Nanoparticles to Gold Nanoparticles
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Abstract; The 13 nm gold nanoparticles were synthesized and were
modified with Bisphenol A (BPA) aptamer. The oil-solubility Up-
conversion nanoparticles (UCNPs) were modified with polyacrylic
acid (PAA) to form water-solubility UCNPs. Then water-solubility
UCNPs were coated with the complementary DNA strand. Based
these nanoparticles, a FRET aptasensor for BPA was successfully
fabricated by using Up-conversion nanoparticles as energy donor and
gold nanoparticles as energy acceptor. The results show that the de-
tection system has a good linear relationship at 1 X 107% ~ 1 X
107* mol/L (R?*=0.992 3), and the detection limit is as low as 1X

107 mol/L. The method is proved to be of good practicability
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through the experiment of adding the standard of water and milk
samples.
Keywords: fluorescence resonance energy transfer; Up-conversion

nanoparticles; gold nanoparticles; bisphenol A

XUy A2 — [ A 5% 0 TR I8 90 R R BB O s A A
BLANGS T B 6702 T 6 B e 4 8 90 L A
B R S g AR =T, (A BPA B R R E
PR TP 35 AN A S5 D R 1 2 S BOHOT B 28 P 0 2 19 £ ot B
TR ) A E TR R YA, WA, BPA £ —
TP BRI P9 2 W5 T 409 AT A SUUME R A/ 5 MR 2 (R 45
F TP R P BE AT T AT S BN RN 3h W 9 A
R MARE U RGBERGEESE 2/ 0] GBS R
ARSI L L EE B A K R L B A
B s N2 | A 3 B ORI I e 45 o

AT 0 WL A1 BT O T R TR OB T
W 5 SOM @ % — B ke BT R
K 8 W BRI A e G 3BT 0k R €3 0k R MS
PR B EEEORBER S BN By A B RAEE 7 L B 2
Bl N GURAE BT AT R R R 0 TUAL 2 AT 2 B N A
BIORBR T AN A K Ry iz m A HLG Ik
TSI B AR R L L M R, Rt
JE T — R o T A P ORT B L B AR AR L RS A R B A PR
eI 7 vk B L XL

¢t 3t PR BE & % F% (Fluorescence resonance energy
transfer, FRET) & 2 8 & fi 44 43 19 92 0O6 3 55 B i 2 4k
O3 I BOR JGIE A I 2 AN 26 43 T 22 R E S AR — 1 R
AR EL AR e A AF 45 5 B 1 BROE , A4 73 3 % 25 1 R = 1 1

83



24 5

2018 % 9

43 [0 114 B A AR AR AR 5% 8% 25 52 04 4 7 2 AT £66 i 1
B 53 1 5 5 R 0 59 BT K L A O 5 A A L U
I - BE 8 37 1A 2 1 2 Ob B i, 2Ok A Ay RE K Y B
0, BOLEIRE R B R ISR AR, B A
R PR RAE R R S S TR
i AR I T, . A% G 1 2 G I AE R A ML T R A7
TE OGRS WSO UG 1 S5 04 22 1) £ 39 46 o 397 182 % 35/
SEHRFA . TR A e O A OK B R Al T I 4146 0 (980 nm
B 880 nm) ME B R R L K G AE AT UL O X8R 4y A, B

TR ISR L T FE T 6 RS 4R R SRR A I T A S IR
AW S B A B PO T BEAR T R R R iy
fEWR L. PRI, RS He R MR SRR 1 O L R B e 5 B
R,

AR BIEFE AU FH A T A A R 1 B Ak BB BE X R L BK 3
RS figA AuNPs IS O i 5 #h 55 D g /b UCNPs #17
1%E KB TR XS BPA I 50 2o B2 56 4k g 6 D 1k & 9 6 R
S B AR AL, BT vk R L B ) BPA K ik
1 MRS
L1 ##5&EE

YCly « 6H,0099.99%) . YbCly « 6H, 0(99.99%) .ExCl; »
6H,0099.99%) . il B COA) | 1--F )\ CODE) | 5 N ¥ TR
(PAA XS4 T4 5 000) b 50 F R A A BRA 7 5

1-(3- R E BT 5D -3- Z B i — W i SRR 4h L N -2 KL B
Ak 3 JHE Bl PR A L (suflo-NHS) .98 %, 1 8 3 7 bk A AL B
HHRAF

AR AL R R =N AR B R L
i AN =997 F AL 2E R A R A A

FAb s AL =992 . AR e e B B A BR A D 5

B LA R 4 (SDS) 99 %, A B 1 25 A= Wy B B AT
HRRAF

SEu A K :18.2 MQ « em Y Millipore 14t ;

IR o T O

FEHAF HIE i FO6PRO BY, b i 6 RABR A 7 5

WOG R I 45 : MDL-T11-980-2W 7Y, o7 [ 4 3 7 )™ i O i
ARG RA A ;

T 7 Bt F B B  ZNCL-TS 84, 3] g JL ST 2 #E A 2% %
HHRAF;

B E F W 8. JEOLJEM-2100 %, H 7 B F # =
Eeyan

SHMA] WL 436G BETE UV-1800 B, A AR By HE A w)

1.2 AFiE

121 K 5G4 g ok A4 RO 45 H R Li S0 i
B4 B 1 L il VA T L B 4 2 K b R R B YCLy -+ 6H, O
0.236 g.YbCl; » 6H,0 0.077 g ErCl; » 6H,0 0.007 g(Ln;
78% YT .20% Yb'T.,2% Er*t; 4t 1 mmol) i A |
100 mL = # B . i A 4 mL OA Fil 15 mL 1-ODE,
1500 r/min # J3 5 £ [ B 3% 87 FHE 2 130 °CL &AL
BRI P s SOROK 2L il — B FHR 2 160 C. ER &

84

YITE I — W WG B RS T B =R I FREL 0.13 g NaOH
F10.13 g NH, F ¥ T 10 mL HUEsrb OB B SR v 10802 T i A 2
=SB P ) B RE 30 min BN KR MR G L BE S %
PN LLZE & R, T E W TR E 300 CL AR A L h
S5 S W ARV L 7 R 2T D R T Ok, 2/ 3
ChECEBIL 5 0 1D W3k 3 UG HET BIAF NaYors F4: Yboo s
Eroo AP B R H5E CA0K KL

TR B BE 1Y T 8 B G A KB R i T R 43 T Y R B
R B K AE T MR K T 0 43 BOVE AR 25 . 7R XM R R
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U B T RE Ak 4 K 5 4 (AuNPs-DNAD) 1, R TR % B &
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Figure 1
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Schematic diagram of FRET sensor for detection BPA

(a) DJBEILUCNPs (b) ThRBILAUNPs

(¢) UCNPs—AuNPs&E &W)

B 2 zh#k4t UCNPs, % it 4 AuNPs , UCNPs-AuNPs
oMy EREsHE
Figure 2 TEM of functionalized UCNPs, functionalized

AuNPs, assembled nanocompositec
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Figuer 4 A typical recording output for the detection of dif-

ferent concentrations of BPA by the developed

method
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Figuer 5  Standard curve of the fluorescence at 543 nm
versus BPA concentration by the developed
method
2.4 ERESH

R TV A T RO A A I RE S SR T £
BPA 454 25 ol ¥ A 36 & I 14 &, G0 o) 48 — W R — oF g
(DOTP) . C g — (2-Z % 2 3O fis (DEHA) (WU F % (2,
3TN B (BFDGE) WU Ey A — (3-5-2-3% L b ) ik
(DOA) WU F 45K H i ¥ (BDFGE) |\ 4-9 £ /iy (4-OP) #E 47
TAEHTRE I, G5 n vk B 1 pmol/L, 7E X BE 45t 7R BPA
(W& 24 100 nmol/L) &5 R 40Kl 6 i .1 pmol/L BPA 4544
AN SR AR T 596 . BB AR 150 Jir 44 22 1) BPA 38 e {4

86

(b) IEEfLAuNPs
2 i UCNPs ., 3 446 AuNPs , UCNPs-AuNPs £ 44t K & %12 B

[ER a4
Intensity
I R T N

100 150 200 0
Rtz
Size/nm

200 400 600 800

1000
itz
Size/nm

(¢) UCNPs—AuNPsE &%)

DLS of functionalized UCNPs, functionalized AuNPs, assembled nanocompositec

100 -

50+

[EEiEs
Recoveries/%

0
QQQQQQ)\XEQQQ"G 90;?3(3) D(OQ @X/\ ?8?\

B 6 FF BPA &# £ Mg B ¥a
Figuer 6 Different fluorescence response of the aptasensor

at 543 nm to BPA and different BPA analogs
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A K
10 9.26 92.6
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417
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