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Abstract: Ochratoxin A (OTA) produced by Aspergillus and Penicillium species, is one of the most widespread
toxic members of ochratoxins and has been shown to be nephrotoxic, teratogenic, carcinogenic and
immunotoxic to several animal species. Rapid detection of OTA is important to prevent contaminated food
from entering into the food chain. A rapid and sensitive fluorescent immunochromatographic assay
(FICGA) based on the use of quantum dots (QDs) was prototyped and applied for detecting OTA in cereal
samples. The detection signal was enhanced which in turn improved the sensitivity of the assay. The limit
of detection of FICGA was 0.04ng/mL while the I1Csy was 0.18ng/mL. The linear working range was
0.05-0.59ng/mL. The cross-reactivities to the OTA analogues, ochratoxin B and ochratoxin C, were 7.3%
and 11.9% respectively. No cross-reactivity (<0.01%) was observed to other co-occurring mycotoxins (AFB,,
ZEN, FB; and DON). The recovery rates in spiked corn, wheat and soybean samples were 83.2%-117.8%,
and the intra-day and inter-day relative standard deviations were <10%. Simultaneous analysis of
commercial samples (corn, wheat, and feedstuff) showed a good correlation between FICGA and liquid
chromatography tandem mass spectrometry (LC/MS-MS). Hence, this developed quantum dots-based
FICGA shows great potential for rapid, sensitive, simple and cost-effective quantitative detection of OTA in
food safety control.

Key words: ochratoxin A, immunochromatographic, quantum dots, monoclonal antibody, quantification
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Fig. 1 Schematic diagram of the quantum dots-based fluorescent immunochromatographic assay (FICGA) for the quantitative

detection of ochratoxin A.
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Fig. 2 Sketch map of the quantum dots-based fluorescent immunochromatographic (side view).
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Fig. 3 Identification of the ochratoxin A-bovine serum
albumin (OTA-BSA) and ochratoxin A-ovalbumin (OTA-OVA)
by ELISA.
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Fig. 4 Purification (A) and identification (B) of the quantum dots labeled antibody. B: Left: Agarose gel electrophoresis; Right:

Immunofluorescence.

1008 EMFIR



22 June 2019, 38(6): 1003-1013

Mycosystema ISSN1672-6472 CN11-5180/Q

ik
Control line
o il £

Test line

E5 #MBESHRAETARNAREEMONHRE OTA
W 1-7: 10, 5, 2.5, 1.25, 0.625, 0.312 #ll Ong/mL
Fig. 5 Visual observation of the results of quantum
dots-based fluorescent immunochromatographic assay for
OTA. The concentrations of OTA from 1 to 7: 10, 5, 2.5, 1.25,
0.625, 0.312 and Ong/mL.
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Fig. 6 Competitive inhibition of OTA in quantum dots-based
fluorescent immunochromatographic assay (A) and linear

analysis of percent inhibition against OTA concentration
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Fig. 7 Matrix interferences of extracts from corn (A), wheat (B) and soybean (C) spiked with ochratoxin A and diluted in different

lution

lution

ratios with phosphate buffered saline as measured by quantum dots-based fluorescent immunochromatographic assay.

1 HEARBYINERBICERFAR A . HEB)FE X FR R 2=

Table 1 Recovery and relative standard deviations of samples spiked with different levels of ochratoxin A by quantum dots based

fluorescent immunochromatographic assay

FEA OTA K& N £l ELES
Sample Concentration of OTA (ug/kg) Intra-assay Inter-assay Recovery rate (%)
ks o RSD (%) (n=3) RSD (%) (n=3)
Spiked Detected
ES/S 1.25 1.04 5.9 7.6 83.2
Corn 2.5 2.34 4.7 6.2 93.6
5 4.17 6.3 5.9 83.4
10 11.35 8.2 8.7 113.5
INE 1.25 1.09 6.3 7.1 87.2
Wheat 2.5 2.24 3.9 5.8 89.6
5 5.12 5.7 6.8 102.4
10 9.79 8.6 9.1 97.9
D 1.25 1.19 4.6 5.2 95.2
Soybean 2.5 2.64 5.9 6.4 105.6
5 5.89 6.1 8.3 117.8
10 8.97 7.6 9.7 89.7
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BEAD, L[R5 FE A : LC-MS/MS=1.0098FICGA-
1.6932 (R*=0.8391) (& 8), FRHAPH R4 J5 ik
FH O R4, WOAHIF 7 ] 4 1R 2 b S g JE ik T
W EAEAH OTA [ JEAG I 75 K .

%2 BEETFARARZEINLC-MS/MS 3 K IAH A
OTA HYTE 242 45 R
Table 2 Quantitative detection of OTA in natural samples by

the developed FICGA and LC-MS/MS

FEAMRS BT AREEN  BHHE
Sample FICGA (ug/kg), LC-MS/MS (ug/kg),
No. Mean+SD Mean+SD

1 4.52+0.95 3.98+0.73

2 16.39+1.72 14.87+1.21

3 30.73+2.59 22.94+1.32

4 28.931£2.68 25.57+2.71

5 6.2941.02 4.18+0.31

6 20.16+£1.96 15.97+1.41

7 21.75+1.62 18.39+1.03

8 25.81+2.29 20.01+1.61

9 2.13+1.67 1.36+0.12

10 22.38+2.32 27.71+£2.13

11 25.67+2.13 20.99+2.71

12 37.29+3.62 45.62+3.12

13 28.56+2.41 32.36%2.14

14 20.71+1.56 16.62+1.35

15 31.89+2.89 26.71+2.13

16 16.23+1.41 19.28+1.26

3 Wi
FEHIEFEZR A (OTA) 70 Ah) 2, HAmE

JEME A R, FEMRE NS, KIHEH
OTA {5 I B, SXHUARIE O™ EALE . %

50
. y=1.0098x-1.6932

%E a0} R?=0.8391

=
=
== 30
’5 S 20
£9
S 10 t

oL
0 16 24 32 40

8
T R S TR I
FICGA (ug/kg)

8 FICGA 5 LC-MS/MS & 45 SR B9 48 S 1 43 47
Fig. 8 Correlation of results obtained by quantum dots-based
fluorescent immunochromatographic assay and LC-MS/MS

for OTA detection in natural samples.

JENTEOR LR A PR L 7 58 el R G R
X SCRFEEE Z B, 1T RAE R A S ST
I 37y 0 A5 RN B b 22 A PR RS W A5 R T
(Kitidee et al. 2016; Kong et al. 2017; Watanabe
Pinhata et al. 2018). AH Lt 4% ZHT 4L Gbric
VIR & 0kL, 2t E+ R AR IR E I, R
B, HEEH T € &0 0. A0 Fi7EfT
AR EEAL b, A &7 R B S BT R D 5 e
B P EDUR, MAAEIC RS, D
2% 1 OTA PR & R B 5O % B AT R,
TR UER A, BRI i N AT
FEARIR EDC IIPERT, PUiRR = E A &
T RHREILN 465 T8 P iR-& 7 Jbsidy),
ALK OTA 2Oty )= killik (FICGA), 18
I R B UG I 28 A5 5 9 5, 22 il A vE
Hil M2k, FISEIXTRE A OTA HPuid e A .
AH bb A S5 =5 T A 1 E] 42 5 4 ELISA
C(IC-ELISA) MR AR & S IR M % (DICGAD,
ST S FICGA R g BT (P4, #F
A AL PSS 15min B RT S8 Okl A I Bk 3
0.04ng/mL, SEFatfdmtathPR )y 0.8ug/kg, Iitw
[ KRR 83.2%—117.8% 2 [A], 5 LC-MS/MS #H %
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PRI, TFR, ©F OTA ARSI J7 i Mk
T, RS (2015) #2 T OTA BT A%
TR G JZ AT IR AR %, AR R 5 AR 5T Al
i, ARSI AR TR0k, N2 2855
(2014) BT 9% 2 Ml a4l sk, nlxs A& = i
OTA Er& TR, T RETRESEEA, R
RS, H R Re e YEHE ik e &ty feszft
281 (Wang et al. 2019) 75 SZHLIR & A I 17 [F)
IS, #4520 HL 7R B IR AN AR 1 SCRF ) 95 3840
METHET S s AR B 72 7 1) B T B R b
W MERER A RS EITIAAUR B A R
RIT RGP SR R AREEE R .

AT FEE T g% ZAT IR R, SR 458 4 I
R, & S AE bR iEIbRs i hiig, Sk
FWAAE, AFEENT RGN EAH R CFE &
e FER. NC A KE DA R il

CAn e JER 048 22 V8 I A BESBORT NC R A0
PIAEE . FRIEAD pH, FEHfE 155200 bR 7
W, AT T RE A RUE B I 2 Fh A YRR
H1 OTA & E 1 FICGA, 7l FH T4 K EAE A
POE R, DRI Uik R 0 75 R PR AR 1S4, R
B Z A B0 AT BE N URA FOAR = o AR 3, 5
)M H. EMERBERESTHRIRNAK
A, HIBABT Y 81 5 &5 (Smith et al.
2016), JEZRFRATE AR LA b, TR I IBEER
Z W T AR E TR 732, DLSEEILN AR 72
H e R A DA b B R (R E AR
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