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An efficient method for aflatoxin B; detection based on gold nanoparticles
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Abstract: Aflatoxin B, (AFB,), a potent carcinogen, is one of the most toxic molecules occurring in natural world. Setting up a
rapid and efficient method for detection of AFB; would help guarantee the food safety and promote export of agricultural
products. A novel enzyme linked immunosorbent assay (HRP-AuNPs IC-ELISA) using double-codified gold nanoparticles (AuNPs)
labels modified with horseradish peroxidase (HRP)-conjugated anti-AFB; was developed and applied in detection of AFB; in
cereal samples. Concentrations of the reagents and the reaction times were optimized to improve the performances of this
analytical method. For the HRP-AuNPs IC-ELISA, the limit of detection was 0.017ng/mL and the 1C5, was 0.099ng/mL. The linear
working range was 0.026-0.376ng/mL. The cross-reactivities with the aflatoxin B; analogues (aflatoxin B,, aflatoxin G;, aflatoxin
G, and aflatoxin M;) were 2.7%, 9.3%, 2.1% and 5.3%, respectively. No cross-reactivity (<0.01%) was observed with other
mycotoxins (OTA, FB1, CIT, PAT and ZEN) which usually occur together in cereal samples. The recovery rates in spiked corn and
wheat samples were 88.93%—-103.55%, and the intra-day and inter-day relative standard deviations were both <10%. Parallel
analysis of naturally contaminated cereal samples showed a good correlation between this novel HRP-AuNPs IC-ELISA and liquid

chromatography-tandem mass spectrometry. This method provides a rapid, accurate, and highly sensitive method to determine

the levels of AFB, in food samples.
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LB B R LB AR A BRI =4, B
K%, T, fEE™E (Sorrenti et al. 2013).
A BRG] N £ 25% A IR 52 21 BT B 375 ST G
HEH, HpiEihE&HER (aflatoxins, AFs) [J#
PE L B TG IR N B (Zhao et al.
2017). AFs EE 1 1% Aspergillus flavus UL J 2F
%% A. parasiticus %5774 (Ardic et al. 2008),
A KRR E A LE, SEBRM IS RICRE ., 85K
B 20 A AR R T, B EEE By (AFB)
BEPERRGR, 91 KBUEM (Taghdisi et al. 2018).
WKEX AFBy FEE KK KRB RPHREN
Sug/kg (Yu et al. 2018), KKEANIFLE AFBy 7/E AN
HERPIBY) & =AML 2ug/kg (Vargas et al.
2001). B3R E ih 5w R BRI AR AR TR SR
5K, K FILE AR 22 U DRl o it 2 2 2 B s 17 A0 4 4
H O (Medina et al. 2014). NP &M 74P
PRI O8R5, L e i E S R PRE ., &R
BORE Aor ) 7 V2 A JE B

Ak, A R R AR VA AN T

WG R S 20 W 78 V5 B AR IR R S R
AL 22 R WAL R 237555 (Sheng et al. 2014; Zhang
etal. 2014; Wu et al. 2017). 454K UL, = RGHAH
i (HPLO) NNz, AH RIS A 35 & 51,
i AL PR A R FE I, T ELOH 4 AR N 03 25K iy i N 52
fR (Zhang et al. 2015). B BX G 7% W B 5 v
CELISA) W T RAME ., [RlAEMRSE, B
P 2 KE

K< (AuPNs) 1Ey—F R AE VAR A
M EL CElahi et al. 2018), HAxididFRA, Al
AETRIL LR %, EE B SAMIC, Bk B R
INTTR LG EEE, LR EYH TRz
(Rezaei et al. 2011; Bakir et al. 2018; Razo et al.
2018). AR, AR Z W FUIE IR A K S [ AR
WARH TR SR R B, A R
(carcinoembryonic antigen, CEA) & ill4misk, #H
K7 R 9K e 1 A H A ] o A AT ER B A
HE, BRI 7 R BRI (Zhou et al.
2014); F A G A I [ 2 S oK v AR, T
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{1 G2 20 U 7 2 [ AL (PR T 25 2R (Yang
et al. 2010); A AF 72 M@ ik 9H oK £ bric Bk 3 s
WAS 5, SEPT X o FFH IR EE F1 00 R 0P8 A U
(Yang et al. 2009); 7F F. 18 #5 R kI 403, A RiE
2K 4 [ LE D B AR IR It SR A B, AT
5 IR, AL TR R OK IR B I A Y R U AL
2FRIGRIE (Wang et al. 2013).
B E AL YIEE (HRP) Ui s, PEBR N

FasE (Yangetal 2018), TlK4K4: (AuPNs) fE
NEAR, [ 2 2 A BRI E AL YIEE (HRP) ARic i
ik, IBFIBMIZE HRP HIZCR, FEEHM R
o AR IERFIHEARE, &t T —MET
AuPNs HI HRP XA 10 B oo B 4044 () AFBy g R
ol ik, B TR S AFBy IR S AR I,
T 2 R K R B ARBy (1) PR R o

1 MRS
1.1 PRI ES
111 FEEH: AREREFRES . FEA
FA (BSA). MERMAMA LRI E Sigma AF;
AFB; .50 [ H A (Anti-AFB, )« BT (AFB,-BSA)
A 26 55 1T I 45 HRP BRI AR 1L 1 75 &0
M BB A PR A IR A ] s HoARAE SR | T E
2 A R BR A R s B W B 14 A R SRR A
W28 A B0 A 28 Bk 2 B R e B $2 it
1.1.2 FEAYZE: SpectraMax M2 X H 3 EH
Molecular Divice /A 7], flfLAR PLIE R %% (QB-9001)
V) 1 9 1 T AR DR A8 il A R A 7 5 s 250
ML (D-37520) W4 H Thermo A7l i 4 M5
(JEOL-JEM1230) ANHVL K 25 R 5 A iy P 858 2 35
AP EITA

1.2 FiRT BB IRICIIRE S &

BRI S A0 i A 1e P A SR R T8 A 1 1K )
. BAREAES BT KaifL)E 1 AFB,
ToFEPUAR (Anti-AFBy) FiFEZE 1mg/mL, HU 100uL
A A 10uL BB, B ER R A WO
% 100pg HRP (TS M-20°CHUH), WA G T 37°C
S 2hs I\ 10uL Z1EWE, 37°CHER 1hs #Rid
P22 ELISA %85 J5-20°C 7 2RI 45 -

1.3 RIXEFRAF &

100mL 0.019% % 4 IR i VI & T 1k 77 4 ¢ i #4
A, MR, BN 2% 1 TR WIS W
0.75mL, DL K42 A 20nm 4 kL, $R 82 bk
BRI SR, REEH Smin, FHAR
B, SR RS s R T S E .

1.4 4K EFFIT Anti-AFB;-HRP B &

H i) £ 1) 20nm R A4 423 W 50mL,
0.2mol/L K,COs R TH pH & 8.0; 500ug
Anti-AFB3-HRP ¥ T SmL BlIER 25 2% v (2mmol/L)
t, JEETY pH & 7.4, S IMAREEER T,
IR R B 30min J&, I SmL 10% 1945 1fiLig A
FEE (BSA) (EMET 2mmol/L BB Sh 22 M, pH
7.4), FIRKESIHEFE N 30min; FRIEFEY 2 000xg
2.0 20min J5 R UHE, 4 8 000xg &0 30min, FF
Vg WA ABYE, AR (2mmol/L,
pH 7.4) HEEYTIEY), HIPKE % 10mL; 6 000xg
20 30min 7 _RE, EERGK 3K, BEaf
PUEE VAT 2.5mLPBS 22 (10mmol/L) H;
FRid M E T 4 CHRESM.

1.5 EHEIEZS ELISA 1&N AFB, AR ST

o) JER FE L P 10 SR R AL U RV E B AT
JRAAYE R BUARAE R IRE (Zhang et al. 2015). K

= JE&H) Substrate
?‘(_ HRP N o724 Product
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Fig. 1 Schematic presentation of indirect competitive ELISA for the detection of aflatoxin B;.

1518 EMFIR



H5RIEX

22 November 2018, 37(11): 1516-1524

Mycosystema ISSN1672-6472 CN11-5180/Q

JEN 2mg/mL B ECPTR AFB-BSA FifEly 2. 1.
0.5. 0.25. 0.125. 0.0625ug/mL FJ¥ B BEAT 0.4,
L 100uL; HSLFEHUIA Anti-AFB; (2mg/mL) M
2ug/mL R IAE LR FE S 0.0625pug/mL, Bk IT 4
B FRIC L EPT R P 1:5 000 £5 568 Ja 14 A
15 B b AR 0 R A A R A4S IR B (ODgso #2530 1.0
XPRD, Ffdid AT 4 ELISA T ik 5E i
S T]

MR AR A AG I i £ R0 2% 11, AFBy AmifE IR FE
M 8ng/mL KX % L RE 3 0.0156ng/mL, [ i%
B RAE SRR 0.05%/1E f5 WK ) PBST 54k
TR A LA E R B P 0 HEL, B0 R b o s o 9 25
AANR A VERAE N AT IR, AN RE R E 34T
1To LA AFBy HHRBEX BOUNBEAANR . 41 28 g Al
b, FERRIEE T 4 ELISA AR 2R, JRoR1GihZk 7y
FEFIFE R R EL
1.6 EFHR SRS SUIEEAERICHT AFB, 45
M7 3% (HRP-AUNPs IC-ELISA) BYE 3T

oI i UL P 2 o BT R AU L P AR T 1
WIERALIA 1.5 Brli Epak s B R b, Xbmiddi
RIUERRE R ECHN 1:50, MK A5 LUARFE 2 1:6 400 £ .
15 R R T iR B A AT A R B, il B
4+ ELISA J7 150 5E B A 5 4 IREI [A] 6

R A4k 10 B AR R IR 26 1, M E e
ELISA drifE i £, IR 15 ith 26 77 B AN AH OC R 40
1.7 HRP-AUNPs IC-ELISA &35 4% B 4% 2 4

Sk R R B KUY B,y Giv Gos
My, HEHIERFR A (OTA), (R H K (FB. IE#H
HE (AT BEETE (PAT) MEXRFEMHE

e

Sample
(SOuL)

Incubate

2 WHREMAREIEE S ELSA N EHMES

(ZEN) fER5e4dula, Boml oA R B, Il
H1Cso B, & Tt A R B (FMFSE 2015):
A2 S NE R (%)=(AFBy 1Cs0)/ (SEAU 1Cs0)x100%
1.8 EFREIATER

SEBRAE AR (A U R 0 I BB, ZEEHOR 1)
AHER CnHED . FEARP R EAR ., F4ERSE
) WA s B = AR RO e (5K 755 2014
AT UG 2 B 48 B K b6 FE R RE (121, 1:3, 1:7)
JEFRE AFBy AnifESL, IR IIARERZ, 5
OV ST B bR AE M B AT LLA, 0 A 2k T ) 52
1.9 HEARZEES iR

¥ sg FEAE T 250mL = MBI, I\ 25mL
RBUR (FHEE:K=7:3, V/V) Fl 1g NaCl, JlZ19R
% 20min 5, 4 000xg &> 10min, HU _FiG £ 8
WA e e 4L JE, M AUKF R E TR . ¥
2 LC-MS/MS ik (9 AFBy BHIEFEAR (UL
R I8 B EE AR LB dE ) MRS, BB i,
BN AFBy FRifE BT, TR G, EERBE
SRR A
1.10 HRP-AuNPs IC-ELISA 5 LC-MS/MS b3 58

X RIRFEAR CEFEEK . ANEFERD [FER
F| HRP-AUNPs IC-ELISA F1 LC-MS/MS 47 K&l o

2 ZREG M

2.1 HIRI S HEEFRICIIRIEE

LB BT AFBL-BSA, ELISA % % BiAR T
FALDIEEARIC PR IR . R ER, ARILE Y
[) ODaso S53THR I HAEE KT 2.1 (] 3), BIiRks
I .

- JE¥) Substrate
* S—HRP N o P24 Product
Au NPs-HRP Anti-AFB,

Kl oo

Ve

Wash Read

=B, EETEHR

Fig. 2 Schematic presentation of HRP-AuNPs IC-ELISA for the detection of aflatoxin B;.
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3 [mmm HRP-Anti AFB,
[ Anti AFB,
a 2f
S]
By
R E
=3
<<
0  ——
AL 4% A L L S AFB,-BSA

AFB,-BSA as coating antigen

B 3 ¥R EWHEGFRIC =189 ELISA £ 7E
Fig. 3 Identification of the horseradish peroxidase labelled

product.

22 BRIREBRRNEE
SCECH A3 B R B v o o) A B R AR B VTR
AT . RN, RIESERINIETE, AR
i3, JCRWURIIUINE, 7EHOBI R IENAN, &
SHERRLE Re] Wki 5 (E 4), KANS5T
FHFT
2.3 EMEIEZS ELISA #& AFB, A ERYE T
20 1.5 HETIR, BiE T IA3ESE 4 ELISA [HJ%
P BURERAEGEIRES 0.5pg/mL, H T
FoAR I AEVE IR E N 0.5ug/mL (4 000 f5FFE);
4 RN 45min, i E 45min.
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e
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B4 BIE (&) MBSHEE (B) MAXKETMRANLE

Fig. 4 Au nanoparticles as observed by naked eyes (A) and
TEM (B).

PLSE G PU R AFBy Ao i i 1R 94 5 0 2500 i A4
Fr, CAIIHR N AL bR, 81T GraphPad Prism 7
2w mdI 2 (8 5D, M TEA y=0.7524x+
0.7913 (R*=0.9825), £k:55H Y 0.164-1.027ng/mL,
KRR~ 0.121ng/mL, EEAIHIE (1Cso) N
0.410ng/mL.
2.4 PAREFHRRITEXEENFRIC HRP-AuNPs
IC-ELISA &30 AFB, 7535 A% 3T

218 1.6 HRTIR, B T A4 ELISA MR
PEgEAE: PURBRAEABIR N 2ug/mL, XFRidH
TiREHiMA (AUNPs-HRP Anti-AFB,) M BAS N
1:100, SE4+HS (A2 45min.

PATE GBI AFBy AR i IR FE X BN R AL AR,
PLISIZ AR, i#id GraphPad Prism 7 i ff4:
filFmdithze (& 6), &N y=0.5207x+1.021

1.2,
y=0.7524x+0.7913
R=0.9825 A

o
©

o
e
T

i =
Inhibition rate

<
w

0.0 . . )
-1.0 0.5 0.0 0.5

T A7 B 2B, IR FE AT AL
Log [concentration of AFB, (ng/mL)]

5 [E#EF S ELISA i AFB1 TSHNFI gLk (A) FINFIRLEMEN T (B
Fig. 5 Competitive inhibition of AFB; in IC-ELISA (A) and linear analysis of percent inhibition against AFB; concentration (B).
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UGl
Inhibition rate

0.4r

0.2r

0.0
-25 -20 -15 -10 05 00 05

H I 2 3 B VR FEE O
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1.0 ¢
y=0.5207x+1.021
08l  R=0.9878

0.6 1

fifi)
Inhibition rate

0.4r

0.2+

0.0 : : - J
2.0 15 -1.0 0.5 0.0

o AR FE B MR X B
Log [concentration of AFB, (ng/mL)]

6 EFIFRICHIARET AFBL 12 /5 A Z R MG thsk (A FAHIFIRLZEDH (B
Fig. 6 Competitive inhibition of AFB; in HRP-AuNPs IC-ELISA (A) and linear analysis of percent inhibition against AFB;

concentration (B).

(R’=0.9878), 1ty 0.026-0.376ng/mL, H&ll

TFRY 0.017ng/mL, FEEIHIZR (1Cs) 2 0.099ng/mLs
zi LTk, AHELE BE IC-ELISA, HRP-AuNPs

IC-ELISA M 58 R (0.017ng/mL vs 0.121ng/mL)

HAEW 45 (45min vs 90min).

2.5 HRP-AuNPs IC-ELISA ¥l AFB, $F F 5 #7
AT ERE T s R, #IH

HRP-AuNPs IC-ELISA %] AFB,. AFG;. AFG, fll AFM;

M58 RN 2.7% 9.3% 2.1%H1 5.3%,
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——Corn extract 1:1 dilution
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=
o
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©
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X At A 77 i P RS DL LB #E 3 OTAL FBy. CIT. PAT
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2.6 E RN AYHE R

HRP-AUNPs IC-ELISA J& 57 34 2 73 Mt 45 5 (& 7D
F W KRR SEBOR, SABaliK 1:3 f5H#FE G AT
3 10 356 o N b o it 28 S AR dE R 28 (PBS M
B FEAHH R, I 35 570 A6 1 445 SR 3 AR s i
W), UG SATIET, FEAREIGHTRS 1.3 MR,
DAY o3 225 Joi 2850

——PBS
——Wheat extract 1:1 dilution
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Fig. 7 Matrix interferences of extract from corn (A) and wheat (B) spiked with aflatoxin B; and diluted in different ratios with

phosphate buffered saline as measured by HRP-AuNPs IC-ELISA.
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2.7 hnfRE YR 5

R 1.9 HETIR T EEAT bR S, (E1R
AFB; S EARICAN 1. 1.25. 2.5 Ml 5ug/kg, FKEUIE
B R J5 R E 2 HRP-AUNPs IC-ELISA BEAT I,
R FES 3 AT, HEHE 3K, IHEREF
MRS H . 5 R, %R F KA B InAs
WCRTE 87.48%-99.21% 2 1], #tA . L4 R &R
0N 2.74%-3.98% A1 5.61%-9.71% (£ 1);
FE 10 Ry ) 0 A (2] 4 #E 7E 88.93%—-103.55%
B, e kiR R /B0 3.58%-5.16% A
4.89%-8.13% (3K 2), ¥4 . 1E ARK B2 KL 5E 1) AFB,
PR AR
2.8 HRP-AuNPs IC-ELISA 5 LC-MS/MS #8 X 14 2 7

iz ] HRP-AUNPs IC-ELISA Fil LC-MS/MS 7%, X
56 {3 RIAFEAH AFBy AT AT E, o BH A
ARIEEER WK 3, FELHERITHH (K 8),
e PERH 5 FE N LC-MS/MS=1.2899 HRP-AuNPs

R 1 EARPRIMIRES R AHEER R

IC-ELISA-0.4142 ( R*=0.7477), # W% H ik 5
LC-MS/MS HH M R 4F, Al 2 SEPtE A AFB,
(AW 5 3K
3 itk

FLHE B R V5 A FE E N I AR A, s
Bz By (AFBy 1FE N H AT C AN &M A Ak 5
Mz —, &%k B, #iEsE Ry
EARZ , H P AR s RO o 1Sk B B o)
12, (HRTAC I J HARRT, 75 BERFIR I i B0 AH
WA, RSA S5, I, ZEAE TR R
T 28 A AR A St DR A (18 A5 A R 5 A« g G A1
PR E A PR A IR, ERE SRS
WA 24 52 75 R o A 57 388 I 40 K 4 R0 AR 1o 45 A
YIBE SR IC PR ST I AFB AT 7%, Hgm R
BRORE PR HERA AV AR IR S, N e
AR R A 77 ok AR 5 G SR A 1A AR B

Table 1 Recovery and coefficient of variances of corn samples spiked with different levels of aflatoxin B; by HRP-AuNPs IC-ELISA

AFB, IR LW £l

Spiked concentration (pg/kg) Intra-assay (n=3) Inter-assay (n=3)
EEVES A2 5t R A EEYES A 5 2K
Recovery (%) CV (%) Recovery (%) CV (%)

1 91.84+3.66 3.98 98.19+7.39 7.49

1.25 87.48+3.32 3.81 98.13+9.52 9.71

2.5 94.82+2.18 2.29 96.88+6.49 6.69

5 99.21+2.72 2.74 93.73+5.26 5.61

=2 EH AR E YR AR E TR R

Table 2 Recovery and coefficient of variances of wheat samples spiked with different levels of aflatoxin B; by HRP-AuNPs

IC-ELISA

AFB, BRI & LN Ik 18]

Spiked concentration (ug/kg) Intra-assay (n=3) Inter-assay (n=3)
EEVES LT EEVES BT T
Recovery (%) CV (%) Recovery (%) CV (%)

1 103.55+4.17 4.03 99.0548.05 8.13

1.25 98.78+4.49 4.54 101.41+7.31 7.21

2.5 91.3943.28 3.58 95.61+4.67 4.89

5 88.93+4.59 5.16 93.731£5.26 5.60
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% 3 B HRP-AuNPs IC-ELISA F1 LC-MS/MS Xt X A £ 2K
AFB; HYTE 240 £ R

Table 3 Quantitative detection of AFB; in natural samples by
the developed HRP-AuNPs IC-ELISA and LC-MS/MS (mean#SD)
FEAS S AuNPs A1 HRP XUPRIC IC-ELISA VA — 205 1%
Sample No. HRP-AuNPs IC-ELISA (ug/kg) LC-MS/MS (ug/kg)

1 1.2240.24 0.88+0.01
2 0.93+0.09 0.56+0.02
3 2.13+0.26 2.77+0.13
4 1.21+0.09 0.85+0.03
5 1.26+0.11 1.62+0.15
6 1.3740.17 1.06+0.11
7 0.89+0.08 0.54+0.02
8 0.85+0.05 1.07+0.14
9 0.91+0.06 1.10+0.05
10 1.01+0.08 0.90+0.03
11 1.99+0.23 1.82+0.13
3.07
y=1.2899x-0.414 2 *

HO o 2.4Ff R*=0.7477

E B

O~

ar X 18¢

H:_E\_’ g

HEH 1.2+

g2

z£9

=T 06t

0.0 : : : ;
0.5 1.0 1.5 2.0 2.5

AUNPsHIHRPALEx1C IC-ELISA
HRP—AUNPs IC-ELISA (ug/kg)

[&] 8 HRP-AUNPs IC-ELISA 5 LC-MS/MS #& il 45 SR RO #8 5% 14
il
Fig. 8 Correlation of results obtained by HRP—AuNPs IC-ELISA

and LC-MS/MS for aflatoxin B, detection in natural samples.
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