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Abstract: [Background] Mycotoxins produced by different species of fungi may coexist in single cereal or
feed samples, which could become highly toxic for humans and animals. In this context, a dual flow
immunochromatographic assay for rapid monitoring mixed mycotoxin contamination has become a
necessity. [Objective] Development of the colloidal gold dual immunoassay for simultancous detection of
ochratoxin A and zearalenone in cereal and feed samples. [Methods] Mycotoxins monoclonal antibodies
were labeled with colloidal gold nanoparticles. After optimizing the materials, reagents as well as the
experimental conditions, a dual flow immunochromatographic assay was developed and tested for determining
the ochratoxin A and zearalenone in cereal and feed samples. [Results] The detection limit for ochratoxin A and
zearalenone was 0.625 ng/mL and 1.25 ng/mL, respectively. Naturally contaminated cereal and feed samples
were analyzed using both immunochromatographic assay and LC-MS/MS, and showed a good agreement
between these two methods. [Conclusion] This immunoassay could detect ochratoxin A and zearalenone in
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cereal and feed samples rapidly and accurately, more easily and at a lower cost.

Keywords: Ochratoxin A, Zeralenone, Colloidal gold nanoparticles, Immunoassay
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Figure 1 Schematic diagram of the dual flow immunoassay for the qualitative detection of ochratoxin A and zearalenone
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Figure 2 Sketch map of test strip (side view)
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Figure 3 Colloidal solution of various diameter gold nanoparticles
Note: A: Visualization with naked eyes; B: Images from transmission electron microscopic.
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Figure 4 Optimization results based on monoclonal antibodies labeling pH (A) and quantity (B)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TAEAE: MMM A R E K IRER IR - IR A4 i AT A A il & K vy 1241

A

1 e

Goat anti mouse—

OTA-BSA—> < ZEN-BSA

GNPs-Anti OTA
ES5 SN ERNSREE

Goat anti MOUSE —> e b
ZEN-BSA — [l < OTA-BSA

1

L1

GNPs-Anti ZEN

Figure 5 Identification of gold nanoparticles labeled antibodies by lateral flow immunoassay
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Figure 6 The cross-reactivities of three different complex
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Note: 1: GNPs-Anti OTA; 2: GNPs-Anti ZEN; 3: GNPs-pAb
(rabbit).
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Figure 7 Detecting limits of immunochromatographic
strip for ochratoxin A (A) and zeralenone (B)

Note: 1-6: Concentrations of OTA 5, 2.5, 1.25, 0.625, 0.312 5 and

0 ng/mL; 7-12: Concentrations of ZEN 10, 5, 2.5, 1.25, 0.625 and
0 ng/mL.
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Figure 8 Cross-reactivities of the dual flow immunochromatographic
strip for different mycotoxins
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Figure 9 Sensitivity of the dual flow immunochromatographic
strip for ochratoxin A (A) or zeralenone (B) in spiked samples
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FEBESRAE . o i I M e JE M IR AT A
LC-MS/MS P4, ARk E R 3 Ik, 45581
], X4 ZEN &t 40 pg/kg B, PR EEAR
KR 2)0
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F1 ZBREAFESEEEMRKEZN LC-MS/MS X RAHAF OTA #iTH
Table 1 Comparison of strips with LC-MS/MS for the detection of ochratoxin A in cereal and feed samples

Sample No. LC-MS/MS Mean+SD (pg/kg) Strips : Sample No. LC-MS/MS Mean+SD (ug/kg) Strips
1 0.97+0.01 = i 21 18.39+0.03 -
2 3.98+0.03 - i 22 0.93+0.01 -
3 - - i 23 27.71£0.03 +
4 49.24+0.12 - E 24 20.4240.07 +
5 = = ! 25 0.98+0.03 -
6 1.36:0.02 = i 26 32.3620.14 4
7 - - 5 27 22.94+0.02 +
8 1.25+0.01 - i 28 - -
9 0.92+0.02 - ! 29 1.19£0.01 -
10 20.9941.01 + : 30 1.3440.02 -
11 = = i 31 15.97+0.01 -
12 4.18+0.01 - ! 32 25.57+0.01 4
13 = = i 33 20.42+0.07 +
14 1.09+0.01 = ; 34 1.23+0.01 -
15 - - i 35 - -
16 46.92+0.02 o 36 49.55+1.23 +
17 - - : 37 20.01+0.01 +
18 14.87+0.11 - i 38 59.88+0.03 4
19 1.01+0.01 - ; 39 27.71%0.03 +

20 - - i 40 0.910.01 -

TE: 4 WAURHERIE; - RARAAE BATE.

Note: +: Positive result; —: Negative result.

R2 “HERASHEEEMRKEZF LC-MS/MS St RARMEA TR ZEN #7450

Table 2 Comparison of strips with LC-MS/MS for the detection of zeralenone in cereal and feed samples

Sample No. LC-MS/MS Mean+SD (pg/kg) Strips i Sample No. LC-MS/MS Mean£SD (pg/kg) Strips
1 109.14+0.06 + , 21 19.34+0.15 -
2 14.84+0.29 - ! 22 - -
3 9.99:£0.08 - i 23 10.91£0.28 -
4 85.03+0.29 + ; 24 16.67+0.05 -
5 3.8140.55 - ! 25 3.890.04 -
6 29.14+11 - 5 26 - -
7 38.20+0.21 - : 27 4.48+0.22 -
8 29.07+0.16 - i 28 27.03+0.31 -
9 21.2540.11 - ; 29 24.20+0.44 -
10 65.23+0.10 + : 30 22.46+0.15 -
11 3.7140.15 - i 31 - -
12 3.74+0.08 - ; 32 14.27+0.15 -
13 169.66+0.10 + i 33 140.75+0.51 +
14 17.52+0.29 - : 34 36.86+0.09 -
15 - - : 35 30.34+2.19 -
16 106.27+1.02 + i 36 3.3240.10 -
17 - - ; 37 14.41+0.35 -
18 19.21£0.21 = | 38 3.28+0.08 —
19 34.20+0.19 - i 39 3.56=0.13 -

20 14.0120.45 - ; 40 4.05+0.16 -

T+ WARSHETE; — EREHIE B

Note: +: Positive result; —: Negative result.
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i LTk, ARSI OTA Al ZEN —HEAR
I oy 2L e . (I 5E R U &, I
HAGIVEREIN, 5 LC-MS/MS 25 R —8k Rif, nf
FHF APl Rl b i A 28 i D) 7
3 W54

g N 1 T N Ly P v T N R W
R Ze sl i gk b RA R, U RLA IR AT DL €2,
JIE o PRI AR G RS 2 L HE i A (R R RS
PERIRBUE, Rifad Ko B 4 MR /N 8 1
FEfbRic, s/ NS 2 DL A T e A R TR Y B e
{55 o FHARER RIS AR BRI F AN — 3,
AWFFHFATT 43302 T 20 nm A1 40 nm 4 ik .
2R, 20, 40 nm BAARSARICHUAR S AT RIS AL
T RGN AR L {H 40 nm A FURFRIC T PRS2
W, R, ASLE R ZERE 40 nm ARG N i
ERREN ZTRE 8

TR G FE AR SR IR R
HEE(NC JEE) IR /K B ZH B o A R S A T AR A
KEEA I T AL uE, Y pH ARG, JHikiz 2
EAREFRIINE, IAEAB B, [ HIA SR
5 EbrERIIRE R IEE SRk, Joe HRHSCR
FfesEtE; NC W R 22 B apser . Eimd
FERE S5 S5 N R . AWFIE BT %A 54
BT, ERERERIE 6613 . BIELT4E SBOS
Sartorius UniSart CN140 1 ASLEG Hh RS SR 45
PR FIRERRET 2 2

AHSCZRE v MR BE . FhSEAN pH [RIRE 25 2
BT RGERIRIASCR, I s il . ShrbiiATg
FEM . AR B R BT A T L) e NC ISP
SEU6l G PR 2R F LA FERERRER G2 N (PBS) . T
FRER 2% vin (BB) B AR EL 22 i (CBS)!' 71, 8 Hy
10—50 mmol/LI3 13181 pH — >k 7.4-9.0016:19-201  Jf-
VSIS IR) M B2 e . TR e AN BSA, [RUE S Frbiik
FEE . TEAMR D, FRATE T BRI R U
AL MR R A 000 £ okt 97 £k A5 5 5 3 LA RBP4 4 b
PR HOSCR FIRR PSRN 28 MR Pl S vk FE Al pH

AT . 25 SRR IR R AL VS T (CBS)TE b a4
LB BT, RRCR LY, TR (BB)E N
FIADPEZE MR BT SCR EAE ; EdERE S hnbriitese v
D7l TEFEERERIEERE G B 225, BSA I NaNs [
A B TR IR R A v . FRIETEPER],
4N TritonX-100, Tween-20 F Tetronic 1307 Z5[F]
T o v R R R, IR R 1% 2 1T I AR T
NC B yieid, RMFFEARMNERE . SR,
AT R IAERE AR | S bR A BRI AT A
% PR SN TritonX-100 F1 Tween-20 J&5, A 3545
Eb SHAth, 2 T 5 2 ) B A RS R

PO VR RN 4 AR B AR I Ak o 3y B
WaE, DIIRA I B R AN R R Rk o il
& T IRAG I BT IR GRS, BT A IR ARG
WA 5 5 B RGN R[] o AN [ HE VR A e SR A
SRPUARROR | WREEfAEZE S, WAk, It
JEH FE RN A FRpT AT BB A TR L, e 0 2 A
BRI, BRIk

FEASKS I L Ry KRG R A A B . ZEBOR P
A ML) () AR B 11 S RN EF 4 3R A H 2 Xt
EHT RGERG R M A s 2122 S R AR O
PR R AR IS . — okt MR S 2
RGN SR AR, AU A2 AT BR L s
AHIFZ 108 3 o 5 T e RIS R AR B % &, I
AR BRI FR R LU, SR BRI AR

AH EGH FIL O BRI S e R UL (ELISA), iR 4R4%
R (B ERVERRTER . AU AR v] i A2 Kt
FEACHREAGIN A5 2R, AT I A IR B A 2%
PEFTHIE . OTA TERW . 525, /NGE Rl i R fR
AN 5 ng/kg, TETRVEHEURIFIE fa kb ) R B AR
HEN A3 51 250 pg/kg Fil 50 pg/kg®!, ZEN fEE
AP A R RN 535310k 60 pg/kg F1 500 pg/kg,
AHIFFE 5 B " BERARAKT OTA Fll ZEN AYASI 43
BIRTIRE] 20,40 pg/ke, i L) B REHER OTA
Ml ZEN FIPGERITE . A TR B— H AR 41
K, e RIS PGk . k.

AHFFE R ETIA ] & 1Y) OTA 1 ZEN gL
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