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A New Immunoassay Method for Aflatoxin B, Using CdTe Luminescent
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Abstract: Combining Quantum dot fluorescence labeled technique,magnetic separation technology
and competitive immunoassay technology, a new immune detection method of aflatoxin B, (AFB,)
was constructed. Primarily,the cadmium telluride quantum dots (CdTe QDs) were prepared in
aqueous phase,magnetic nanoparticles were prepared by using hydrothermal synthesis,and
characterized by TEM,fluorescence spectra,XRD and Infrared spectroscopy. Then taking AFB,

artificial antigen functionalized magnetic nanoparticles as capture probes, Luminescent quantum dot
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labeled antibody as signal probes,based on the competitive immune principle, established a novel

detection method for AFB,. Under the optimum conditions,the fluorescence intensity was linear in

the range of 0.1 ng/mL.~100 ng/mL of standardized AFB,; with the detection limit of 0.03 ng/mlL.

This method has been proven to be higher accuracy.

Keywords: quantum dots, magnetic separation,competitive immunoassay , aflatoxin B,

B,

~ ,  CdSe.CdS .ZnSF |
4

[5-6]

DNA , m,

CdTe

B, o AFB,
(AFBI-BSA) Fe:0,
AFB, Fe;0,
(AFB,-BSA-Fe;0, NPs)
CdTe —IgG( )
(IgG-CdTe QDs)
B, B,  AFB,-
BSA-Fe;0, NPs AFB, (
)3

AFB,

1.1
-N,N-
(EDC) \N- (NHS) |
B, .
Sigma Aldrich ; B,
; Alfa Aesar
IgG .SP132582
;SDS-PAGE
N,N-
25%
1.2
Uv2300
; F=7000
;Zenyth3100 /
Anthos  ;5430R
Ceppendorf  ;Biorad Bio—Rad
; Biorad Bio—Rad
;DF-101s
sHYG-  a
;DF-
101S
; KJ-300
Olympus
JEM2100 JEOL
Bio—Rad ; Waters Platform

ZMD 4000 ESI Waters

Dmax-IIIB X-

2013 32 3 59



LI Xiang,et al: A New Immunoassay Method for Aflatoxin B; Using

CdTe Luminescent Quantum Dots as Labels

Research Article

2.1
2.1.1 CdTe EF 5694 M5 £ 4E
-9 , CdTe

Zhang,

1) ;50 mL
0.0319 ¢ (0.025 mmol ) ,0.038 0 g
(1 mmol) .5 mL
2) - 250 mL
200 mL ,0114 2 ¢
(0.5 mmol) ,0.109 2 ¢ (1.2 mmol ),
1 mol/L. NaOH pH
11.2, 30 min,
3)

120 °C . 12h
CdTe

212 CdTe F &5 F 4k [gG ¥ 4 &

Clapp, So [1o-13] , CdTe
IeG , 200 L
CdTe 2 mg/mL.  EDC 50 pL,
5 min,37 C 15~20 min, 2 mg/
ml, NHS 25 pL, 15 min,
2 mg/mL IgG 200 pl,37 C 2 h,
6 000 r/min 15 min, o PBS
100 L
s IgG,4 °C
2.1.3 R ACmEME A R AT 6 ) &
[4-13] Fe;0,
,1,6—
198 C
, TEM Dmax -IIIB X -
(XRD) o
214 mEHESHAKRET S5 AII/A AFBI-BSA 94
&5 %4 10 mg  MNPs(Fe;0, )
5 mL 0.01 mol/l. ~ PBS 20
min, 1.25 mL 25% 100

mg , 1 h,
Fe;0, , PBS
5 mLL. PBS, 2 mg/mL
50 pL 1.4 mg/ml. AFB1-BSA,
6h, , PBS
3 o 2mg/ml BSA 200 L
6h,

150 pL,

, 200 pL
4c UV2300

2.2
221 B KETF 5 ALK R (AFBI-BSA) % A

1.2.5.10 mg/mL

200 pL MNPs—
AFB,-BSA, 200 plL 200 AFB,
,37°C 2 h,
200 pL,37 C
2 h, 100 pL

222 FiklgGC 5 EF LS RAEGKA

-IsG
-IgG , 0.1,
0.5.1.0.1.5.2.0.5.0 mg/mL -lgG 200
plL, 1.5 mL , 212

IgG

223 AFB, 3£ % &34k 0 25 &R B R4

Bl
AFB, , AFB,
AFB, .
AFB, 200.500.1
000.2 000.5 000,10 000 200 pL,
200 pL Fes0,
37°C 2h,
,37°C 2h, 100 pL

@  Journal of Food Science and Biotechnology Vol.32 No.3 2013



& oo . RS BES ClTe £ F SArit kW EHE Bl A& F &

223 QDs—¥ % IgG A4 R B gtk

AFBI 200 pL
1.5 mL , 8 200 pL
1 000 AFB, ,37 C 2 h,
, 0.01 mol/l. ~ PBS
3, ,
200 plL, 2
5 10 .50 (100
37 C 2 h,
100 pL
2.3 B,
231 RERE AFBI1
(MNPs—-AFB,-BSA) 200 L
1.5 mL , B, 100
wL( 100 pL ), 200 pL
1 000 AFB, 0.01 mol/L
PBS 1.0 mL,37 C 2 h,
, , PBS
3, , 2%
BSA o
CdTe lgG
, 2 200 pL , 0.01
mol/L.  PBS 1.0 mL, 10 min
,37C 2 h,
100 pL ,
232 AR B,
2.3.1
B,
233 Aeml gy ke A
By,
B,
B,
[ T
3.1 CdTe
CdTe ,
TEM o 1

CdTe 5 nm s
o 2 12h  CdTe
360 nm ,CdTe
560 nm,

Bl CdTe EFAmESEEHE
Fig. 1 TEM image of CdTe QDs

10000 +

W
g

0 . = —

4}\(] 500 ‘ S:_Y} I 600 blil I ?;II ‘
e /mm
B2 CdTe BFmmRRkxiE
Fig. 2 Fluorescence spectrum of CdTe QDs

3.2
TEM( 3)
35~55 nm, X- ( 4)
Fe;0,
JCPDS  82-1533,

[16]
]

3 Fe;O, 89X FH M TEM B
Fig. 3 TEM image of the prepared Fe,O, nanoparticles

2013 32 3 61}



LI Xiang,et al: A New Immunoassay Method for Aflatoxin B, Using Research Article
CdTe Luminescent Quantum Dots as Labels

70 - = 34
o T 340 FEHKE TS5 AT IR AWK KL
50 |-
é 40 L ?. _ ‘-..,"‘:: Fe304
E ol o 8 “ ": o
E nf Lﬁ\ = 9 |T| || (7, 1.5.10 mg/mL
10 W 1 e ! l\...,., , 2 mg/ml.
0
% m ' 0 ’
2 Theta/degree o 2 mg/mL o
E4 FeO,8X%FHH XRD B —
Fig. 4 XRD patterns of the prepared Fe,O, nanoparticles ) - n
260 F
and the standard data for Fe,0, B L
= 40F
33 AFB,-BSA 2T 4
B 220+
B, = 200 "
’ :‘:{
AFB,-BSA , 190r° .
i i i i i 1 i 1 i 1
, 5 160, 2 4 6 8 10
N AFB,—~BSA . R 0 AR I I e (mg/m L)
B7 FRAARKREEENKNTFERSATIRRASSMEX
BEMNXRME
Fig.7 Fluorescence intensity of different concentration
Fe 0, combined with AFBI1-BSA
342 FR R 1CEHEEZF EEESRAGKA
IgG
o ( 8,
IeG 0.1.0.5.1,1.5.2.5 mg/mL,
B 5 MNPs-AFBI1-BSA S &% X BRI E (40%100) IeG H
Fig. 5 Fluorescence microscope of MNPs-AFB1-BSA I¢G 1 mg/ml.
6 s 280 nm 360 nm ,200 o 1 mg/mL
L AFB,-BSA IeG o
280
; AFB,=BSA 260} g ’
o S
1.000 = [ =
_ 0900 = 20
&5 0.800 # 200k
EZ 07000 b
gﬂg 0.600 -} 180
a 2 0.500 4 . =2 ; . i A i .
‘&E 0.400 A A }_\ | HLIAF [j—Br‘-J\: 0 I 2 1 4 5
E_z 0.300 '\'-, B: FNieEar@la i i THL UG TR 1 (mg/mL)
SZo0200F 2

0.100 M“- ———

1 ! E—

0.000 =355 300 350 400 450 500 S50 600 650 700 B8 FRRBREFMAR IGC SHBTFREARAREN

Wavelength/nm LA
B 6 HE5MFT IR g Fig. 8 Fluorescence intensity of different concentration
Fig. 6 Ultra—visible (UV) absorption spectrum goat anti-rabbit IgG coated with QDs

@  Journal of Food Science and Biotechnology Vol.32 No.3 2013

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



_ F v B B 4A CdTe XL F S 4730k w5 &% Bl L&l 3% %

3.4.3 AFB, 3 % 4R 09 45 A R B AR
AFB,
. 9 ,AFB, 10
000.5 000.1 000 ,
1 000 AFB,

AFB, 1 000

280 —
260 e
240 |
220 1
200 - .
180 A
160 N -
140 50000001 0002 0003 0.004 0.005
AR 15 o e (A 225 T B e PR
B9 FARKERENAFB SxBAEHENRRALRE
EEHMXF L
Fig. 9 Fluorescence intensity of monoclonal antibodies
incubation of AFB, of different concentration
3.44 QDs—F it & 1gG R E oy AL
QDs— IeG
. CdTe 1
0.2.5,

N VR T (% 107)

mg/ml IeG
10.50.100
IgG ,
10 , 2

UI,[] 0‘.2 0‘.4 Ul.f\ (}l.S ’ II.U
LAl gG A B (mg/mL)
B 10 QDs-¥#i%IgC FRARBHEHNSRABRENXR

i &%
Fig. 10 Fluorescence intensity curve of QDs- goat anti-
rabbit IgG in different concentration

3.5

+267 752(R*= 0.996 8),

B,

0.1~100 ng/mL
Ii=—1 333.35[AFB]
0.1 ng/mL,7

¢ 11),

50 ng/mL B1

BRI ( 10%)

280

260 -
240 F
20
200 F
180 F
160 F
140 |
120k

3.0%,

0 040 60 80 100
1 8 T P/ (ngfml )

1 EUBSEB RERESHABEMNXRASK
Fig. 11 Standard curve for AFB1 and fluorescence intensity

3.6

B,

1 )
88.0%~98.8%,

B,
1 B,

B,

Table 1 Recovery rate of AFB,in compowder samples

0 0 0.5 0.44
1 0 5 443
2 0 10 9.21
3 0 40 38.44
4 0 70 69.13
5 0 100 97.57

B,

CdTe
AFB,
IeG
AFB,
2013 32

88.0

88.6

92.1

96.1

98.8

97.6



LI Xiang,et al: A New Immunoassay Method for Aflatoxin B, Using Research Article
CdTe Luminescent Quantum Dots as Labels

AFB, 0.1~100 ng/mL AFB1 ,
, 0.03 ng/mlL, o

[ 1] Bruchez Jr M,Moronne M,Gin P,et al. Semiconductor nanocrystals as fluorescent biological labels [J]. Science,1998,281
(5385):2013-2016.

[2 ] Murray C B,Norris D J,Bawendi M G. Synthesis and characterization of nearly monodisperse CdE (E=sulfur, selenium, tellurium)
semiconductor nano—crystallite[J]. J Am Chen Soc,1993.115(19) :8706-8715.

[3]Peng Z A,Peng X G. Formation of high—quality CdTe,CdSe and CdS nanocrystals using CdO as precursor[J]. J Am Chem Soc,
2001,123(1):183-184.

[ 4] Rajh T,Micic O I,Nozik A J. Synthesis and characteristics of surface—modified colloidal CdTe quantum dots [J]. The Journal of
Physical Chemistry, 1993,97(46):11999-12003.

[5] Wu X,Wu H,Hu J,et al. Immunofluorescent Labeling of cancer marker and other cellular targets with semiconductor quantum
dots[J]. Nat Biotechnol,2003,21(1) :41-46.

[ 6] Medintz I L, Trammell S A, Mattoussi H,et al. Reversible modulation of quantum dot photoluminescence using a protein—bound
photochromic fluorescence resonance energy tranfer aceeptor[J]. J Am Chem Soc,2004,126(1):30-31.

[7]Zhang C Y,Yeh H C,Kuroki M T, et al. Single~Quantum—Dot-Based DNA nanosensor{]J]. Nature Materials,2005,4(11):826—
831.

[8] , , , . CdTe CdTe
[ B,2008,38(9) :798-807.
LI Tai —shan,LIU Shao —pu,LIU Zhong —fang,et al. Properties of fluorescence and Resonance rayleigh scatlering of CdTe
nanocrystals and interaction between CdTe nanocrystals and Aminoglycosides [J]. Scientia Sinica B,2008,38 (9):798-807.(in
Chinese)

[9 ] Zhang H,Zhou Z,Yang B,et al. The influence of carboxyl groups on the photoluminescence of mercaptocarboxylic acid -
stabilized CdTe nanoparticles|J]. J Phys Chem B,2003,107(1):8-13.

[10] Hua X F,Liu T C,Cao Y C,et al. Characterization of the coupling of quantum dots and immunoglobulin antibodies [J]. Anal
Bioanal Chem,2006,386(6):1665-1671.

[11] Xing Y, Chaudry Q,Shen C,et al. Bioconjugated quantum dots for multiplexed and quantitative immunohistochemistry [J]. Nat
Protoc,2007,2(5):1152-1165.

[12] Clapp A R,Goldman E R,Mattoussi H. Capping of CdSe-ZnS quantum dots with DHLA and subsequent conjugation with
proteins[J|. Nat Protoc,2006,1(3):1258-1266.

[13] So M K, Loening A M, Gambhir S S, et al. Creating self-illuminating quantum dot conjugates [J]. Nat Proto,2006,1 (3):1160-
1164.

[14] Deng H,Li XL,Peng Q,et al. Monodisperse magnetic single—crystal ferrite microspheres [J]. Angew Chem Int Edit,2005,44:
2782-2785.

[15] Wang L Y,Bao J,Wang L,et al. One pot synthesis and bioapplication of amine —functionalized magnetite nanoparticles and
hollow nanospheres[J]. Chem Eur,2006,12:6341-6347.

[16] , , . [J]. ,1996,17:147-150.
LI Min—qin, XU Hui-xian,HE Bing-lin. Preparation of glucose magnetic nanosomes[J]. Chemical Journal of Chinese University,

1996,17:147-150.(in Chinese)

@  Journal of Food Science and Biotechnology Vol.32 No.3 2013



