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OTA . OTA NN 23,
( BSA) -
OTA OTA
OTA o N N N N
2
2.1
BD FACSCalibur ( BD ); - : LC20AD XR
( ) 5500 QTRAP® ( ABSCIEX  ):TUS200P (
) KO-500 ( ) ; ANKE TGLA6C ( )
AB435-S ( METTLER TOLEDO );pH ( Sartorius )
FCOSF( @ 4.95 um 630 nm 690 nm) Bangs
Laboratories ; OTA ( 1.0 mg/mL) Pribolab ; ( Bovine
serum albumin BSA) Sigma-Aldrich ; OTA- ( BSA-OTA 7.8 mg/mL) \OTA
(mAb 7.2 mg/mL) ;
( Fluorescein isothiocyanate ( FITC) labeled goat anti-mouse IgG( H + L) 1.5 mg/mL) Fitzgerald
X ( MES) .N- ( NHS) . ( EDC) Sigma ;
2.2
10 mmol /L PBS( pH =7.4) : NaCl 8.0 g.Na,HPO, 1.2 ¢.KH,P0, 0.2 ¢.KCl 0.2 ¢
1000 ml; : PBSBT(pH 7.4 1% BSA  0.1% Tween20) ; : PBST(pH 7.4
0.1% Tween20) ; : PBSBTN( pH 7.4 0.1 % BSA.0.01% Tween20  0.05% NaN,) ;
: 50 mmol/L MES( pH 5.0) ; : 50 mmol/L MES( pH6. 0) ; : 0.32 mol/L
EDC. 0.33 mol /I, NHS; : PBS(60: 40 V/V) : PBS(20: 80 V/V)
2 mol/L HCl 2 mol/L NaOH pH 0.22 pm o
2.3 BSA-OTA
Bangs laboratories( TechNote 205 Covalent Coupling) BSA-OTA
.10 pL(  1.433x10° ) 2 ml. 200 pl. 30 s
5 min 14000 r/min 15 min o 2 160 pL
<20 pL EDC.20 wL NHS (25°C 600 r/min) 30 min 14000 r/min
15 min ; 200 pL BSA-OTA
2 h 14000 r/min 15 min o 2 500 nL
2 h, 2 1 mL 4°C
o 1 248 10 20 30l BSA-OTA 200 pL PBS
2.4
( 2 Jlg 10 mL 2 mL 1 min
15 min 12000 r/min 10 min 0.22 pm o 5
14000 r/min 10 min o

1.0 mg/mL OTA 0 0.001 0.01 0.098 0.391
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1.56 6.25 25 100 ng/ mL OTA o
2.5 OTA
100 pL 100 wL 50 ng/mL 20 min
10 pL BSA-OTA 40 min ; 2 1: 4000 FITCdgG
1h 2 200 pL PBS o
635 nm APC 1488 nm
FITCHgG FITC o 2000 90 s
3 ( Mean fluores—
cence intensity MFI) OTA 2,
2.6
35 ~39 Origin 8.5.1 Logistics5
. IC,,(50% inhibitory concentration) . o
0 R(%) = (MFI, -MFI ) /( MFI,__ - MFI ) x100%
MFI: s MFL - s MFIL .
Y=R, +(Ry-R,) /(1 +(X,/7X)")"
Y. ; Ry Ry 0 s he ; X
v Xg 1G5 St o
2.7 -
Agilent Zorbax Eclipse XDB-C(5( 50 mm x4.6 mm 1.8um Agilent )
- (70: 30 V/V) 0.1% o : 0.3 mL/min; 0 1.0 plo ( ESI)
(IS): +5.5kV ( GSI) . 55 psi (GS2) . 55 psi ( CUR) . 35 psi
: 550°C (DP): 110 V (CE): 30 eV
( MRM) . OTA MRM m/z 404.2—358  m/z404.2—239. 1,
3
OTA OTA
BSA-OTA FITCdgG OTA
3.1
3.1.1 BSA-OTA 4 BSA-OTA
o 1 o BSA-OTA
10 ng o
BSA-OTA o
1 - A
Table 1 ~ Optimization of the amount of bovine serum albumin ( BSA) -ochratoxin A( OTA) conjungated microbeads and antibody

by the checkerboard method’

* *

Addition of antibody

Added amount of antigen ™ * ( ng) 1 ng 2.5 ng 5 ng 10 ng 20 ng
72 726.08 1318.59 1350. 16 1556.95 1816.35
144 1000. 66 1671.38 2380.32 2542.41 2701.69
288 2383.02 2934.08 3830. 65 4207.89 4300.92
360 3854.22 4945.39 6374.09 6701.2 7158.69
576 4166.72 5670.13 6664.4 6954. 64 7837.02
* Dk ok BSA-OTA

* Numbers in the table are the mean fluorescence intensities on microbead surface; * % Amount of BSA-OTA labled microbeads.
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BSA-OTA BSA-OTA
BSA-OTA 360 ng 5 ng
° ( MFImax/ MFImin) °
3.1.2 FITCHgG la FITCgG
o 1:4000
( MFL__/ MFL, ) 1: 4000 FITCAgG .
3.1.3 1b
90 min o FITCdgG  mAb o
FITC mAb.FITCdgG 60 min.
3.1.4
o lc 37°C
o BSA-OTA 37°C.
3.1.5 pH .
pH o 1d pH 6-~9
PBS pH 7-8
8
= T ]
T - FITC-lgG
g 6 . mAb
E3ZSf
g4 4r
2 3r
o
= 1Ir
-0
1:2000 1:4000 1:8000 1:6000 1:32000 10 30 60 90 120
FITC-1gG dilution Incubation time (min)
7
= - c £ eF d
] Ss
. o3 9f
£s 3t
£~ of
£ Ir
0
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Incubation temperature (°C) pH
7 7 7
) e f E
? 6 6f Z 6F
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=2 ap 4 S
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E: 2 2 E =
R I R
- ¢ B {]"344 7 8 910
O O (el o O k0P o) 0 5 10 20 30 40 50 60 70 2 5 6
\\'\\d\\\\ > T o Methanol coneentration (%) Dilution times (n)
Tonic concentration (mol/L)
1 OTA
Fig. 1 Investigation of influence factors on cytometric bead array ( CBA) detection of OTA
(a) FITCAgG 1 (b) () i (d) pH; (e) (D) (9

(‘a) Dilution of FITCHgG; (b) Incubation time; ( ¢) Incubation temperature; ( d) pH; (e) Ionic concentration; () Metha—

nol concentration; ( g) Dilution of malt extract.
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3.1.6 PBS (  HPO;” H,PO, )
o le PBS
0.01 mol/L ; ; 0.1 mol/L
0 . o
0.01 mol/L,
3.1.7 60% /PBS 60%
o 1f
30% ;
o 20% -PBS
3.1.8 lg
5 o
3.2
o APC
; FITC N N
o LOf—
08k Malt extract
BSA-OTA o dé‘
3. 3 Z; 0.6 Assay bulfer
£ 04f
= .
oozt
> ( IC]() ~ ICO()) Icso =
o 2 2 0001 001 0. I 10 100
OTA { ng/mL)
’ 2
° (n=3)
Fig.2 Calibration curves for inhibition immunoassay in
OTA buffer and malt extract ( n =3)
2

Table 2 Parameters of calibration curves for inhibition immunoassays in assay buffer and malt extract

Sample Calibration equation R? 1C5( ng/mL) ]((: lnog7mIL(;90
Buffer  Y=0.051 +(1-0.051) /(1 +(0.98/x) ©-°1%) 0.9899 0.98 0.09~23.8
_ 09348 5
Malt extract Y=0.041 +(1-0.041) /(1 +(1.20/X) %) 0.9892 1.20 0.12~22.1
3.4
( OTA) OTA .
3 93.9% ~97.4% 0.9% ~3.6% .
3.5
B,( AFB,) . . .

OTA

(CR %) = ICy( OTA) /IC,(

1.2%

) x100% .
OTA
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3.6 OTA 3 OTA (n=3)
Table 3 Recovery values of spiked samples (n =3)
16 OTA Number Spiked level  Average recovery RSD
0 2 OTA (‘nglke) (%) (%)
12.5%  OTA (3.36  3.83 pg/kg) ! >-0 93.9 3.6
o 2 25.0 96.6 1.4
( European Commission)  OTA 3 1250 97 4 0.9
(5 nglke) -
OTA m/z 404. 2—358 m/z 404.2—239. 1
OTA N o
4
N N N OTA
FITCHgG . N .pH . o
o 60% /PBS N
5
LC-MS/MS o
OTA N o
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Rapid Detection of Ochratoxin A in Malt by Cytometric
Bead Array Based on Indirect Competition Principle

XIAO Chang-Bin' > LIU Qiu-Tao’® DOU Xiao-Wen’ YANG Mei-Hua’> KONG WeiJun" > WAN Li™'
" ( Pharmacy College Chengdu University of Traditional Chinese Medicine Chengdu 611137  China)
*( Institute of Medicinal Plant Development Chinese Academy of Medical Sciences &
Peking Union Medical College Beijing 100193  China)
*( Pharmacy College Liaoning Medical University Jinzhou 121001  China)

Abstract A cytometric bead array ( CBA) method based on indirect competition mode was developed for the
sensitive and rapid detection of ochratoxin A ( OTA) in malt. The malt samples were extracted by 60%
methanol /PBS and the extracts were diluted five times by 20% methanol/PBS then the supernatant was
collected to prepare sample solution for analysis. The fluorescence microsphere surface was labeled with bovine
serum albumin-OTA ( BSA-OTA) to compete with OTA in the sample for anti-OTA monoclonal antibody
( mAb) . Then FITCHgG was added to bind with the captured mAb on the microsphere. Finally the mean
fluorescence intensity of FITC on the surface of microsphere was detected by a BD FACSCalibur analyzer for
accurate qualitative and quantitative analysis of OTA. The results showed that the half inhibitory concentration
(ICy,) was 1.20 ng/mL with a correlation coefficient ( R*) of 0.9892 and the limit of detection ( LOD) for
OTA was 0. 12 ng/mL. The average recoveries in malt samples were 93. 9% - 97. 4% with the relative
standard deviations ( RSDs) less than 3.6% at three spiked levels. Sixteen malt samples were analyzed and
OTA was found in two samples with the contents less than 3. 83 pg/kg which was lower than the maximum
permitted residue level (5.0 pg/kg) proposed by the European Union. All the positive samples were
confirmed by LC-MS/MS. In this study the CBA technique based on indirect competition was developed for
the first time for successful detection of OTA in malt samples. This method was easy rapid sensitive and
reliable and exhibited high potential in the qualitative and quantitative determination of multiple mycotoxins
in other complex matrices.

Keywords Cytometric bead array; Indirect competition; Malt; Ochratoxin A; Rapid detection
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