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W E: BW 2@ — AR TR E AR EOK PB4 #EEE R A (ochratoxin A, OTA) k. A3k LIRLAL
WA A, REBAEY R Cy3 POUMMCIIRIERA S OTA MR IELs G, 15 M5 R Vi KRt
(black hole quencher 2, BHQ2) H.AMNFFITCILELXT, FEUOGIEZI T LIXT OTA E K., &R £
LB S R BE SR AR R 100 pg/mL, AZFRIEBCAAYEE ) 200 nmol/L, HAMNFHIHE A 400 nmol/L,
OTA 7£ 0.05~10.00 ng/mL JEF A EAF LR R . SHMETER B, MMERER B, BAS BRI E KN
K AR R R 14 58 SRR IR T 1%, FOKRFEGL P ESIN OTA (P 1 [ 89.0%~93.8%. 4 %5
Do . ER . R, SO BERAL, AT TR OTA 143 ksl
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Determination of ochratoxin A in corn based on aptamer

PENG Zhen-Fei, WEI Bi-Na, YE Li-Ying, LI Yong-Ning’

(Fujian Health College, Fuzhou 350101, China)

ABSTRACT: Objective To establish a method for the determination of ochratoxin A (OTA) in corn based on
aptamer. Methods In microplate, biotin and Cy3 labeled aptamer could bind specifically to OTA and not hybridize
with the complementary strand which labeled with black hole quencher 2 (BHQ2), and it leaded to the change of
fluorescence value, so as to realize the quantitative detection of OTA. Results The optimization of parameters were
that the mass concentration of streptavidin was 100 pg/mL, aptamer concentration was 200 nmol/L and
complementary strand concentration was 400 nmol/L, and OTA had good linear relationship in the range of
0.05-10.00 ng/mL. The cross-reactivity rate was lower than 1% with ochratoxin B, aflatoxin B;, zearalmone and
deoxynivalenol, and the average recoveries of OTA in corn samples were 89.0%—-93.8%. Conclusion This method
is rapid, accurate and sensitive with low cross-reactivity rate. It will be used for the analysis and detection of OTA in
samples.
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RMRERFT R FERZLTMINAS ., 526, TR,
MR 4R AT LIS 2] OTAR™, Ktk OTA 31 #E K&
il 4 [ B R 37 AT T G T

Hil, #i OTA M7k 24 #2281 (thin layer
chromatography, TLC)®! | i %0 AH 2,353 (high performance
liquid chromatography, HPLC)I® | 2 350 i AH €0 3% - o 3% 1
(high performance liquid chromatography-mass spectrometry,
HPLC-MS)"! | [iff Bk 4 9% W% Fff 1% (enzyme-linked immun
osorbent assay, ELISA)® il Hi b 2% ¥ (electrochemical
method, ECM)P/4, TLC wL¥RAERIGE, (H R MU fgs Sk
#2%, HPLC /& H AT OTA e I E ko ik, %
FHHEHRE AR 1 RAGE TR 0.1~1.0 pe/ke, (HEEREESRH
XAE AL R ZERE AT BRI 25K . T HPLC-MS X 50 SR AL
fer, R A A A2 SRR AR R R S -t
AR TR A I T A S RS 7 ) S B R 5 A o L R R
AR kR, Bk E N AMR 2058 A TAETE S, B
5 52 M FEA AR U LR R B B2 e, AEAR KRR B b PR T
FLR A, i A P TR A R A e S e A e A A A I 5 A )
S E I ST AR ] o AR I O A 238 i 48 U SR i
1) R GEF A R R T e 9 — Be SEAZ TR T 91, SHuikAd L,
BRRIERIREA Z 6 M. G, ZEE. wEMEHAM
K RAEIL R . BRT, ENANE A R B Ao A8 7
OTA FrM+: RBFFE A HGE, #EA B R g%, B
TERINARAE B A5 K RS, MELATE S AT i 1) 20 A
I R T, T A RS B AR AR 40, A
W R BB ARG P T RE A0, T UL SE IR it g R
SRS 7 AT 2 H BT AR B A AR SE AR LA R 31,
KB AEY ZE N Cy3 ZORICZRIE RS OTA 1Y

RStk as &, -5 IR A K IR ET (black hole quencher 2,

BHQ2)HY HANF S TCIE TN, BB AL b T 52 BT
OTA )t RGN, SUAfE P i B 3 Al (S BT S A5 iy o )
OTA HEATAMATAGIN, AT SEEACHAEA A PR A, M Ty
AL ™ il B 22 A i AR P EE B AR

1 MR5ERZE

1.1 #R5ERF

EoKM: BT RE.

FEEEER A, M FE R B (ochratoxin B, OTB)., #ifi]
HEr= B, (aflatoxin B, AFB,). F KIRE:/MM(zearalmone,
ZEA). A E ] I (deoxynivalenol, DON), 4= Il
F#E [ (bovine serum albumin, BSA)(ZifE =98%, <[E Sigma
ONHE]); 4-F2 2 FHWR R 2 T 82 [4-(2-hydroxyerhyl) piperazine
-1-erhanesulfonic acid, HEPES] (4liJ¥ =99%, JbaiZ&3ETEA
Al); FEEMERGEE 17 Umg, BIRMAYI 6], BiREh%E
% (phosphate buffer saline, PBS) (0.0067 mol/L, pH 7.0~7.2,
Z£[E HyClone A ]); Tris(ZliJE 99.9%, f&[E Biofroxx /A F);

OTA #% R i& It & 5'-biotin-GATCGGGTGT GGGTGGCG
TAAAGGGAGCATCGGACA-Cy3-3', 454 FF 41 5’- BHQ2-
TGTCCGATGC-3'Z7% SCHRU T, AN i A 8 AR A
PRl A . BREREM . 2 — i VU Z R (ethylene diamine
tetraacetic acid, EDTA)., #hiR. HEE(/Hral, Hhilvh ik 1T
e dn A B HD

1.2 EENE

KQ-700DE i 75 {5 48 UL (B 1L 75 (U A R A D );
SpectraMax M3 ZINRERFHR{X (3% E Molecular Devices /A H);
96 FLIMFLAR (BT R Lt 3w 2 AR R A FRA R,

1.3 /5 &
1.3.1 OTA 47k

TE 96 FLBFLAR I pisEsRmE, SMPEYEM Cy3
YIRS AL RS BRI T 25 6, SRR 2R AT
# OTA ), ARSI S5 PR ic A T KL B 1 B AMGERE 24521
Y CIERVER; YAEAE OTA I, AR R 4 & H: 51k,
MRS TCRES S, RSN E S1E, 98
SREE(H S OTA WEERLIE L, MIMSEEL OTA BIE SAGI
1.3.2 4 F Aok QHBORE AL I

FEOR AR RN 0. 25, 50, 75, 100,
150, 200, 250 pg/mL, £ 96 FLALFLAR A in AAS [R] 4 5
MZERBW, BUE3NEEFL, 470100 pL, 4 °Cphd
o 0T, F PBS ZMBEYE 3 Ik, FRIAT; H 1% BSA
HEATEEA, B 2 h S, FH PBS ZEmMBUEYE 3 Ik, AT . A
A B IRIE BLA(1000 nmol/L)iEFT B, 25 °CIRGHH
30 min, F PBS ZZiRIEVE 3 Ik, AT o SRAHEEAR UG
BENGAE, BRI N 488 nm, MUK K 532 nm.

1.3.3 A% BREE Bk R 69440 30

PEAZRIE PR Tris-$RRZE R (pH=7.5, % 1 mmol/L
EDTAYFRB AR (0. 50, 100, 150, 200, 250, 300,
400 500 nmol/L), EAILR4ERFNZ N 96 FLAFLAR 433l
A 100 pL A[FEHRBEAZRRIE B, 25 °CHRZIFHE 30 min,
JH PBS Z& R BE 3 Ik, 40T, SRR U2 G
1.3.4  EAMNF 7R 69 Ak B

W EANF I iR Tris-EhBRZE g f B A [ e 2
(0, 100, 200, 300, 400, 500 nmol/L), 7EC.ANA LAk
A BRI BC AR SO A LA Y, 43BN 100 pL AN [R]He
HIHEAMNTS, YEsE, 0T . 37 CIRGIIFE 30 min, A PBS
SRR UE 3 I, FRUAAT, SRR S TR B
1.3.5 47w &R a4 4)

14 OTA bRl i R F F BEA 7%, P FH HEPES Ml
(pH=7.0, 7% 120 mmol/L NaCl, 5 mmol/L KCI, 20 mmol/L
MgCl, . 20 mmol/L CaCly)#FEhL 0.0.001.,0.005.0.010.0.050,
0.100. 0.500, 1.000, 5.000. 10.000, 50.000. 100.000 ng/mL
FRUEVE T o TE LB bE S5 T A 96 FLAFLA A 100 uL |-
AL BE R RRIE LA, 25 °CHR ¥ 30 min, PBS ZZuft
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WOHTE 3 W, 0T A8 100 pL AN [ e B A BR v it VA R

37 °C/Z I 30 min J&, PBS S MRS VE 3 Ik, 8T FEINA L
AL BIE AN, 37 °CRV 30 min Ji5, PBS 28 i %k 3
W, T Br RSO DG B, ARYEbR v bk B
59 B 22 AR e 28 o
1.3.6 LB HESHT

# OTB.AFB, .ZEA .DON ARifiE i A MG B 1 ng/mL
A1 10 ng/mL, e BRITRIEATRAIN, 1558 RN,
1.3.7  ERHAF b AR M AL 22 B o AR =) )

HERRFREL 1.000 g £, A 10 mL FEESEATHRER, iR
BERIZIYRY 5 min, HAHEE 30 min, JEAGIIE, WAENE
W1, JEVFFRF 10 mL H BRI AR o R P 4R, 1l RS IR
W 2. BIF 2 RIRGERIIRR, WA =R T, A | mL
HEPES SR TH )R, KA LRI e AE i OTA
i, EEERKTH OTA MY FRMFE A TR IR 525G,
4351 1.000 g EKIIRE G SN OTA FRifEdh, i HA vokt
SR A 1.0 ng A1 10.0 ng OTA, $RBUG R ER 7 e#4T
o, SHEACIIAR

2 GERE5HH

2.1 $EEMRBBFKEMML

AR B e R F Rk T 96 FLALA |, A
1000 nmol/L AZMRIE FLARMEAT RN, FJa1Ed, R AEHR
ICRMFLAR 18 Cy3 wbam B E, 250 A, BEE AL
B 5 S R R R R, SO L B B
MEEIA R 75 pg/mL DL BB, BEGHREEIAF] 25000 a.u L
b, FRSREERE IR WL, HAOGEBMAR, B RAL
ARl R R R R B I KM B, O RIE R 2 R
WP 100 pg/mL B35 A2 AL i
2.2 BEGEFRCAKRE R

B T ALK RALAR AR SRR S A R AR IO IR
T AR 4 SNk B, ASBFZE A B A B R Ak S
B RALAR oI A TR VR B (19 A% R 3 e A EA 7S BE, JE
JRUEE, AT, PR EEAR ORI LS, 25 R R B,
Bl RS O VR MR BE (G K, PO B b= 1, YA
AR EE A E 200 nmol/L i, 60 B L 2k Bl KA,
P KRG B B, O GIRBE BRI K, RITIHT
A W) FARIC AL R IE TR S5 LR - g s Sr F R UL 4
IRBEA, DRI SEA% R e A B 4% 200 nmol/L .,
23 EAFIERERML

TE_ERARAR I 2, 78 B 28 BN A AL AR H 4331

A 100 pL (0, 100, 200, 300, 400, 500 nmol/L)AYFRic
BHQ2 ¥EKIEFH M EAMNFF, 37 °CIR%IHFE 30 min,

PBS ZwikiEvkn, 10T, HEARAGEITRI . 2558 KB,
2H DT A I 3G R (B AT 91 5 A% R 3 AR 19 B8 K H
e B3 ), O B IRAR, FLREE BANTHIR B 11
KRIMTFEAR, Y EANFIIHRE LT 400 nmol/L i (H.A4MNF 4
SRBRIERC RS IR HE N 2:1 1), 56NN 3000 au 24,
TR R B AMNT IS CEA e N, (A2ERA K. Bk,
HANF B U FE 400 nmol/L.
24 tRERZAEN

H4 OTA HrifE S VA W B LA TRV (0., 0.001 . 0.005 .
0.01. 0.05, 0.1, 0.5, 1.0, 5.0, 10, 50, 100 ng/mL)¥R#E
VWL, R DR ST B O R TN E, SRAI, MIAR
B OTA WEFRT 0.01 ng/mL B, HH¢ 8 EHEARLARK,
WS I OTA MR BE, Pt B (A E IS N, 5 OTA S Ny
0.05~10.00 ng/mL EIEAFIILME R R, FEMTEH N
FRUERRZE, FRUEJTFE R Y=8476X+17047 (r*=0.9901), T
T OTA ¥WREERY, et BEEAR LA K, B ULABIST #r 1
R T 2 P R 2 24 0.05~10.00 ng/mL o
25 RXKRMNERNE

OTA MIZEMHIZEMM EEE OTB, A& M AIAR T i
R AR L R S A oA B T R, B, A
OTB. AFB, . ZEA il DON % i 5 2 A IR HL 2 0 o S o
W b TR v S VA RO B R R (e, SR B RS
HEHTINE, g5REE 1 R,

F1 SEMBIEX R (%)

Table 1 Cross-reaction with structure-similar molecules (%)

W% /(ng/mL) OTB AFB,; ZEA DON
1.0 <0.1 <0.1 <0.1 <0.1
10.0 0.80+0.06 <0.1 <0.1 <0.1

MF 1 ATLAE Y, ARSI OTA Kl kbR T
5 OTB BB —E M3 X%, 10 ng/mL OTB ¥ & T I
P I RS U WK 0.8%+0.06%, 5 AFB,. ZEA F
DON A X B RIR T 0.1%. AT WA 7 3k iy 45 Sk 4
U, 5 OTA L5 I A 5 TR 75 25 158 R 3R )
KT 1%.
2.6 EXRMHEST OTA MIREIULRSLLE

T I FOR A B0y, SRV F S 0 7 etk AT
Rell, 6 H AR H OTA MIBES . B BIHETFRIBCRAS H
OTA MY EKMHES 1.000 g, FFES A OTA Frifi fhs
W, iR &4 1.0 ng 1 10.0 ng OTA. FEIRHUT 2
HEATHRIR, SR ST 0 R EA T R AL OTA & i, 1T
TR KMFESN OTA [, 250155, EE RSP
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OTA HrifE S I3 [BHKCE ) 89.0%~93.8%, [RIIREH,
FERAABIF G 23 7 BRI T e ELAS 0 v O VA 3

3 HFi5ifie

WA, BREEES ARSI SR EEE, T
12 B BRI R AN Y B e 4 DA S R E . B
BREERBROAY, NMUZHE Y4, W=EEm
YIE RS, FFREE S AR, A — RS
TR RS, B, S TR e R S AR AT
AL, PR . R T T R A Iy R DR A
RN EETFB, Hl, BUERE YRR OTA i KM
RS pg/kg, FRERE S I ILEI L TR A
OTA F RIS 5 pg/kg, fARH OTA HARRE A 100
pg/kg, FIULXT OTA ARG R RE ZR ok ik m, FF&
BT . R BRI R E TR BT E

AR R FLAT v 72 AR R R S M T R O AR
N FER RN, BRTE#E T RERrER g4
HW RS R, IR T 3T RS A R A
AFB,. ZEA. AFB, fll OTA %5+ % M A 15 1%
FRUI6  H T A% SAUCEDA-FRIEBE 25U71g 57 T
—FP A GBS OTA A PRas A )y 32, FE Skl 42
B p BRI FR IS 3 0.3 pg/L, A& B A4 A 12 min, LIU
S TiO, ZHLEETF & T —Fhog 3L T AL RE ik Y
T F RGN 51, %7 Al AR R e 2 A i R,
th OTA BYA&I 3 Bl AT 353 0.1~10.0 ng/mL, WEI 29044
T — PP EE AL R I T (AR A T Y 3 O S AR R TR
1, AFapERThMmEE RREE. ZRNRERGE
R FIEPEEF/NE R AP, OTA BRI Flv] 53
0.1 pg/mL~0.1 ng/mL. [EP OTA #ZRE Fe ARSI 657 A
AR D, BT RS FLARN OTA Rl A 2 5y T
SEAREEAE ISR M . IR B N T — R A
WG RGRAN OTA 1575, ZAAMIBRIA %) 20 nmol/L. i
PRAEROTE R T A B A PR AR ARSI OTA Y5 ik, Xt
OTA Ak PEYEE A 0.67~7.80 nmol/L, # Hi KRk %]
0.67 nmol/L. HiMtrT L, i FHAZ RIS B A+ R #S7 OTA £
W7 HAT et gy . RS & RS, (R A7 AR i A
0 e AL A R i (W i A, R 2R A T RS i 14 43 BT A
W, ARIG R LR B, R ABBEY R Cy3 2%
PRICIZIRIE IR S OTA MIFERELS 4, 15K BHQ2
(1 HANT AN TCIE L, FBEOGME AL S B OTA 1Y
SERERTIN, Ay P R RO R, U R R
AR B AT S RE S P g OTA HEFTA b, R4 BRAIK,
AL R R b B 43T 07 A RGN, 5 R 3 LR Y
ZIEPRIRAG AR I & BLE L

AR S FE T 1 B T LR 1 A% T 3 AR 3 - S R

KRG S RO R AR, P . R RRR L. BaE
fai B, FEORALZSE T, RV BV 0.05~10.00 ng/mL,
L5 At B A B R 19 58 SR RAIK,  7E T RAR & R AR
WeaiE, AT DA R R HUBERE B A B A U ) Jr i, )
i, Sy 7 S G ) v 3 o 2 0T B TR B KB AL A A T B
FEFA
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