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W E: BEY g TS AR o kM R B S % B A2 BE R A(ochratoxin A, OTA)FIH & #E &K B (aflatoxin
By, AFB))2 Fl E B # R IPOCIRAUS . B @l Al 2 il FCOR i v B LU 2 oK R 1 pH {H, Tmmr]i/ﬂ‘/\
Il OTA I AFB, (¥ REEEFIERTE. R OTA Ml AFB, ) T Zi(To Ml TAM C RIEHRIE L 535
BRI HEA RIFILRIER, LI 0.5~50 ng/mL, HHICRE 4351 0.9887 1 0.9910, JrAtH
FRAFEZ 0.51 F10.38 ng/mLo @i X 76 A A 4 T 2EA TR [l RS2 PRe b I, AR R AR I ) OTA I AFB,
B [ R A3 51k 82.06%~109.69% Fll 83.34%~110.06%, A1 X 475 #E { 2= (relative standard deviation, RSD)N
1.89%~8.17%, & M 45 5 5 &5 %O A 6 1% - 5 B BT 335 75 (high performance liquid chromatography-mass
spectrum/mass spectrometry, HPLC-MS/MS)—3, #5i® %A WL AR AT AE 20 min N SCBAEAE T4 T 554
it OTA I AFB, RIRIAEPREAG I, I HAT AR . A B2 DA 2 ARSI AL, W 2 Fh EL R 7 2K A9 )
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Synchronous detection of ochratoxin A and aflatoxin B; by lateral flow
chromatography based on nucleic acid aptamers
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ABSTRACT: Objective To establish a fluorescent test strip based on the aptamer complementary strand for the
simultaneous detection of 2 mycotoxins, ochratoxin A (OTA) and aflatoxin B; (AFB,). Methods The sensitivity and
accuracy of simultaneous detection of OTA and AFB, were improved by optimizing the concentration of the 2
aptamers and the pH value of the buffer system. Results The T line (To and T,) and C line fluorescence intensity

ratios of OTA and AFB,; showed a good linear relationship with the logarithm of the concentration of the
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corresponding mycotoxin in the linear range of 0.5-50 ng/mL, with the correlation coefficients r* of 0.9887 and
0.9910, respectively. The detection limits were as low as 0.51 and 0.38 ng/mL. The recoveries of OTA and AFB,
detected by test strips were 82.06%—109.69% and 83.34%—110.06%, respectively, and the relative standard deviations
were 1.89%-8.17%. The detection results were consistent with those of high performance liquid
chromatography-tandem mass spectrometry. Conclusion The biosensor can realize synchronous and rapid detection
of OTA and AFB, in peanut, raisin and other samples within 20 min, has the advantages of low cost, high detection

speed, easy operation and the like, and can provide technical support for synchronous and rapid detection of a

12

plurality of mycotoxins.
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M # i E#ZE B (aflatoxin By, AFB))
RIET HARFMEUE . BB RTIEY, EER
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Wi ge7 I, BRRLE, FEEE T AFB, MUEARRR i
FRUE 2 ng/mL, OTA 24 5 ng/mLB!,

—H LR, XWEREHEREMEARNIF LR WL S
U L RIW SN . HETE B OTA I AFB, YA 7
wBOH E S OM 3% ¥ (high  performance
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AWFGEEA T M 2 M 3 48 00 Fa7 B b 0 o8 985 4 1)
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(zearalenone, ZEN)FI{R & &K B, (fumonisin, FB,)[ 4l &
(99.4%0.6)%, LI Romer FHI7 5 5 H R A ], SEBEME .
Z(FH R ) H B S [Tris(thydroxymethyl)methyl
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EFE, & T RRRIE AR RZ PR RS IR R R A &SR B, 3443

A PVC JEEM . AESHEY . NC BT K iz AN 1 490
TN ZE BN AT I 21 PVC IR MR o A b R i 5051
B35 NC B3 mm, DRI PRRIERS . BT NC R
R 28 o T e SR b, DR P A 9 A A ARG R
Sl R s TR AT e ) 5 e O R 2R S g T e B R AR R
WRMBIY), $ 2 MY TS B E £ NC B F 4% 3 pmol/L
Y FERRICH OTA & /R B AMsE . AFB, i Bt (A B4 Al
poly-T 3 W 545 % B F % (1 mg/mL)L) 7:1(V:V)IRG, HAE
FIFWEE 2 ho M WSO SRR EE MR AR
BAYI(OTA ERC AT Mk . AFB, 1& Bt A B #Mi&F1 poly-T)
3 590 31 2 E NC S b [ PR A & (To AT T SR RBTHE 2R (C
BoMb, FWRLZBMBEE A 5 mm. SRJ5 A A ik
YUAAAE 37 °CF T4 1 h, fJa Y FAUE A2 00
WA E 4 mm WTERE, JF FCE T8

1.4 ZFhEREDENIER AR 4R 5% r0 46 ) R 18

S S W NITEA = NP Salll b SIOY oalll [P S
KL | OTA Fl AFB, i Be i) HAMIE S 5 S5 RE A 1 ) OTA
1 AFB, 5456 CyS5 FRici) OTA fl AFB, BRI, Fifs
28 IS B B A M SRS A i B S A S A (8] 1) 7R
WA OTA Fil AFB, FUTEILT, W AR ShHGE ) NC it
T1)2HT, Cy5 FRic i OTA Fl AFB GE FCIK E 65 To Ml T ZiAb
MBI AMESE o th TiE RIS 4 —B poly A, B
AHBERAR S C 41 poly T £5& LURERAEA AR
la), Az, 7E OTA Il AFB fF7ERIIEOL T, &R 55
FREEE, TS To il Ty 4k LR EMESS &, PISERIASG
345 C 4 b poly T 2458, A5 CyS ##iciy) OTA F1
AFB, W& RUALS G, 8 To Ml To 4 EIZOE TR, i C £
H2e TR (] 1b), MTISEIE OTA il AFB, A

F1 PRAEAHREERFT

Table 1 Sequences of oligonucleotides used in the study

2R FHI(5°-3)
OTA & RLik Cy5-A1,-GATCGGGTGTGGGTGGCGTAAAGGGAGCATCGGACA
OTA & it /& 1) B4 biotin-TGTCCGATGCTCCCTTTACGCCACCCACACCCGATC
AFB, i@ L ik Cy5-A1-GGGCACGTGTTGTCTCTCTGTGTCTCGTGCCC
AFB, 38 FC R 1 B M biotin-GACACAGAGAGACAA
poly T biotin-TTTTTTTTTTTT

§ 3

Cy5-OTAE & iﬁ%ﬂﬁigiﬁﬁ Cy5-AFB i it {4

H % -AFB,
TEECAR Y E A M

s 4+

S Y

EIREME  OTA AFB,

HYEpoly T

T (a)7EWAT OTA Hl AFB, i9IEBLT, Cy5 #RiCH) OTA Hl AFB, 38 L (A B 56 5 W 4RI 2R (To Rl Ta L)AL MG RCIR B AMESS &, RIS
PiE A 55 A2 (C £R) 1 polyT 454 (b)TEAFLE OTA Fil AFB, TS LN, CyS FRid IS FLIRIL 1L 5 AFBL 255, To Al TARMITELIREREAR, 1
C LRAYHSGIRBERT N .
1 HFRZHKDN OTA Fl AFB, YIS Bl 44 AR BIK .
Fig.l Schematic diagram of aptamer multi-residue test strips for detecting OTA and AFB,
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FREM S CyS PRI IS L IARAE B0 L 9:1(V:V)I)
WER G, IFEEIRTIHE 10 min. 25, 4% 60 pLiE&
Y M BRACR RS, BRIAYE NC RN, B
FNPW AR , 10 min J7, i 26 E SR
AL T To. Ta Ml C KRB, HALREL 2
W AT ERDSHL, LIPS T L0015 C LA D Em
ILIEXT OTA 1 AFB, MM EVEIR, Z:filbnifEfhd. h T 42
1 255 2 R4 A5 ) RAGE, X OTA #l AFB, I9iE
B 3 LK v IR R P i pH AT O0AL . FIHT T Zityak
FEFRBE (To Fl T) R To/C IR (AZ DIFATIRAR A MERE
DA e 45 -

T/C il =G — 22/ 22 M

Hor Txo(Too F Tao)Fll Co ?Ef&ﬁ OTA il AFB, (1K
To. TaFl CLFEINEHREE, T Txi(Tor A1 Ta)Fl C ALFRAF
1 20 ng/mL FEARMIITE LT To. Ta ™ C LKIZEIIREE
L6 HFMIN

N S-S E 25+ AT ol Bra I NT eI LSS
Sk, RS T BINA AFB,, OTA, DON. PAT,
T-2 B & . ZEN Hl FB, S5pndidh, @906k
Xif G LUK 4R A A S
1.7 RYEEMZEMTCE

Eﬂz&%ﬁﬂf, #% OTA F1 AFB, i 55 V4 F 22 Ml s
FZE 05, 1, 2. 5, 10, 20, 50 ng/mL, FF¥bruEia S
0.02 pmol/L J_iﬂiMZI&{%/ﬁu 9:1 M AFR L BIR A < 10 min )5,
WHR AR MBI 4U% b, RIE PO E i UG T
HH#iE] To. Tl C LRAYTIEIRIE, 15T To/C Al To/C
THAE M ALFR, OTA H1 AFB, ¥ JE (W X EUAE i A b, 221kl

(@ E37,-0 ng/mL 897, -20 ng/mL—+— T,/C #ii| %2
1 100
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1400
3 1200 — i
£ 1000 \ =
! 3
= 800 : =
ﬁ 600 | §
X 400 | g

i

o :
0.005 0.01 002 003 004 005
OTAE A vk B /(umol/L)

OTA 1 AFB, BIFRiEf£E
1.8  fNAREIWSELE 5 SEpRiE el

PEFEZ HPLC-MS/MS il >k Joi5 YL i Ae A Faii s T
Y25 FIRERL, A OTA 1 AFB, bRV TR, 2 ZueE
SN 2.5, 5 0 10 pgikgo 3Rl bR NGRS — A 5
TEZ A0 %5 R Wl A6 I 5 B AR AR 4 1 S . b e
SN R TR Y i T TP LI T 14 3 FE S, 35 9
PYAEAER 5 AT, VENSEBRAR A o e i (5
BENLUB RS, WIRFREL 5.0 g BESL, FFH 25 mL &
100 mmol/L ¥R 80% M /KIEWHE BE, 1RSI FHEZEHR
T LA 180 t/min AU IR 30 min. BEJE, R HE 0L
F4FE S AE 10000 r/min (%53 F B0 10 min, T S mL
W, BHARSAE S0 CRARET, R EHEMT
1 mL 25428 Wb o BRUCRRIN S, K SR IBOR RN I BC (A0
TRA RN 25 4 gtk b, a5 T/ C (EAF 35
Brovfe BE A [BICR, A6 45 55 A HPLC-MS/MS 7547 H#K

2 FER50H

2.1 EEFKREMK

T2 A P v e AT A ) R BB ARSI PR AT 422 1 52

Wel o SR T A AR R IR B, % B AR SR TRl BE Y
OTA Hl AFB, i& B (0.005. 0.01, 0.02, 0.03, 0.04,
0.05 umol/L)IE 4, S5 60 uL TR Wit nERE Sh etk
SELIR, WS AR EE 3R, To . Ta 1 C ZRIYZELHR
FEHR BTG G B EELE 0.005 2 0.02 umol/L i, Tx/C
PR EA AR, H M8 RN E KT 0.02 pmol/L i,
Tx/C MR 2RI, EREME 3 K, FERBE, 45580
Bl 2. T &GRERMN T RS EE KN ARG IR
I, #E 0.02 pmol/L 4E Ky itk— BB Ay S e i

(b)2 %00 E37,-0 ng/mLSSST,-20 ng/mL—*~ T,/CHIHI %

100
2400 F %0
_ A A 7
;. 2000 | .
B 1600 - 160 i
T E
3 1200 t 14
8 0§
& 800 - %
& : 120
400 |
0 —[§ 0
0.005 0.01 0.02 003 004 005
AFB & Bt {Avi f /(umol/L)

E: () AR OTA SERCIRRS, T Zeh 5T AN To/C A (b) AR AFB GG BLIRIT, T 56T A To/C HII %
2 OTA Fll AFB, & B B4k (n=3)
Fig.2 Optimization of OTA and AFB, aptamer concentrations (N=3)
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2.2 % pH BRI
BL AN [E] pH %) Tris-HC1 28 W& (5~9), ks Be i e
PRI 25 AR pH A9 AR R, SR IR] pH X+ ZFh
B 2% [ AR ()38 B AR AR A e . SERE 3 WK, 45
RANE 3 PR, MM R IR FEERT, Pigc T 495
G HR R T pH=7 F1 7.5; pH=7 [ Ty /C MW .
IGF pH=7.5 (1 Tx /C Il %, FeZe e PEr & 2 22 vhii pH
{HH 7.5,
23 HEEFMXIE

IE PRI AR S R AR (OTA 1 AFB, )4 St 25 5
K 4 s SxtBAH L, Hifth 5 R ECETFER B T 4(To
1T 298 S8 5 A M AL B B B A5k, T OTA 1 AFB, [ T

LeHOEIRIE I B T, JFH 2 FhE R B R [ IR X,
IS FL AR AR 4 X OTA Fl AFB, I R I M5 1
RYEFENCE

% OTA Ml AFB, FRUE IS 0.5, 1. 2, 5. 10,
20,50 ng/mL, FFH5A53515 0.02 pmol/L OTA 1 AFB, i it
PRERIR G - 10 min Ji7, KER A VA 100 N 25 i A4t 2% |,
SRJE PG G T . 45K, BEE OTA I
AFB, WEERIRIN, T 22 EaR B HiREAIL, C ZRmodtsm
JEREN, FE T/C MK, 5 Tx/C(To/C Al TA/CHH
15 OTA F1l AFB YR B2 A X BURAT RAFIOERMEG R, Lot
4 0.5~50 ng/mL, HISEZRELr* 435104 0.9887 F10.9910(F 5),
OTA #l AFB, £ tHBR 43512 0.51 F1 0.38 ng/mL.

2.4

(a)  EOT,-0 ng/mLESS 7,20 ng/mL—4~T,/C il % (b) E27,-0 ng/mL &57,-20 ng/mL —4=7,/CHI il %
1200 1100 1600 - 100
1000 } 1400
3 % Z100 80
S 800 L2 = S
60 : % 3800 =
R N 140 # 40 %
400 N S @ 600 9,
¥ \ ~F ~
3 120 400
200 N 20
N 200
N
0 > 0 0 0
5
pH{E pHIE
TE: (@R[ pH T, To £RIM5EEHREE A To/C M4 (b)ARIF] pH T, Ta LRITOEIR L To/C MK
[# 3 Tris-HCl 28 mrifg AN [F) pH 914 (n=3)
Fig.3 Optimization of Tris-HCI buffer solution with different pH (n=3)
1600 - T, T, T  eryc  wrgc
1400 | 51
& o 8 N _—
1200} N § N \ A
3 N N N N 4k ¥=1.91385X+4.303013
S L N N ‘N N r=0.9918
= 1000 F N N N N o
2 ’ $ N N X N =, i
o N 4 3 N N e 3
50NN N [N N A i =
R N N i % N N
2 orN IN N IR N N 2F —om
il N N N \ N N Y——1.46646X+3.35398
WrN IN N N N N 1} =09887
ol NN N NI N
" § § N § § '. 0 1 1 1 1 1
oLIN N IN [N N IN [N N 05 00 0.5 1.0 15 20
» <P L A 1gC(OTAFIAFB,)/(ng/mL)
S AR I Al 1

W

Pl 4 S H A FURR T R 9 To B Ta 920G B 43 A i AL At
AR R (n=3)
Fig.4 Analysis of the specificity of multi-residue test strips by

comparing the T and T4 lines fluorescence intensities of other
mycotoxins (N=3)

K5 Sl PR AT P AR (To FI Ta) AN BEER A5 0 B (1)
HEAH[F(Tx/C)]5 OTA Hl AFB, & B A% 2 1] i 2k 1 6 3
Fig.5 Linear relationship of the multi-residue strip between the
ratio of the fluorescence intensity of two detection lines (To and Tx)

and the control line [F(Tx/C)] to the logarithm of the concentration of
OTA and AFB,
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2.5 INEREIYSERE K SERRAE A

1E HPLC-MS/MS #al8# E 23 1A il I 46 A A 25
TR OTA Il AFB, ARUEE, (2 s vk i 4y
Bk 2.5, 5 110 ng/kg. H5RE S HRIBGRGE 1T 2 Fhg W A
RO 13 B AR AR A T o0 b o DR EE gk 2 R,
OTA 4 [El s G N 82.06%~109.69%, AH Xt #r HE M 22
(relative standard deviation, RSD)} 2.67%~8.17%; AFB, Y
A Zh 83.34%~110.06%, RSD N 1.89%~6.46%. %Al
4545 HPLC-MS/MS il )y ik AR W0 . X I 5R 3R W,
ARAE S RE W ARSI 2 i oP ) OTA il AFB, . 2B %
IR 4E 45 A1 HPLC-MS/MS Xt 9 3464 . 5 034 T 5 e bk
S IEATRIN, S5, SRAEMFES TP ERK . OTA Al
AFB,, 2 FRGIN 7 i B 25 SR — 3

3 Hie5iie

ABFIET CyS SENARIC IS B (A S AR S S 45
A JERE, FRENT T EE TR AR MR A 32 AT IR AR A4 TR
IR OTA 1 AFB,, il fi Ak 2 Fhid BoiA v & DA K 2%
K20 pHAH, 255 17X OTA 1 AFB, [ if 46 01 ) 5% 4l 2 11
WERRE, i LR A SR BT A SRR, PSR T £(To
T )H CLBOGIREERY U5 OTA 1 AFB, ¥ B2 (X5 4iCE:
A RIFMEEC R, Wil 404 A HPLC-MS/MS iX 2
TRy 2 %ot A6 A AN 4 T A bR [mDICA BT, I % 2
B 2% [ PG IR AR HAT R ARG A B AR S 1244
LA T LATE 20 min P [R]E RS OTA 1 AFB,, I H HA K
A KI5 TR E S A, AT A A Fa A+
H1 OTA Fil AFB, 75 4 F B[R] A R A

®2 MEREEMEETHRT OTA 71 AFB, RIENER
Table 2 Detection results of the OTA and AFB; levels in spiked peanut and raisins

Fefh HWEER AR /(ugkg)  HPLC-MS/MS Kl /(ng/kg) RSD/% IRAUAHK IR BE /(pg/kg)  1HIIR/%  RSD/%
2.5 2.45 3.89 2.74 109.69 4.49
OTA 5 5.38 4.28 4.93 98.52 8.17
10 9.54 8.62 9.37 93.70 6.32
piZas
2.5 2.32 2.78 2.70 107.93 1.89
AFB, 5 4.92 0.51 4.69 93.76 422
10 10.18 3.50 11.01 110.06 5.9
2.5 2.65 2.21 2.42 96.61 6.19
OTA 5 4.56 1.48 4.10 82.06 2.67
10 9.15 2.52 8.95 89.53 4.39
AT
2.5 2.23 3.56 2.33 93.20 5.06
AFB, 5 4.56 1.25 420 84.03 2.68
10 9.79 7.21 8.33 83.34 6.46
S 3k
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