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Detection of the deoxynivalenol in cereals by polydopamine-based lateral
flow immunochromatography assay
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Henan Agricultural University, Zhengzhou 450002, China; 3. Sanquan College of Xinxiang Medical College,
Xinxiang 543000, China)

ABSTRACT: Objective To prepare a polydopamine (PDA)-based lateral flow immunochromatography assay for
the highly sensitive detection of deoxynivalenol (DON) in cereals. Methods In this paper, PDA was synthesized by
dopamine self-oxidative polymerization, and the PDA labeled monoclonal antibody (PDA-mAb) probe was prepared
by a one-step conjugation method. Subsequently, the PDA lateral flow immunochromatography assay was established
using DON antigen as the test line (T line) and goat anti-mouse antibody as the control line (C line). Results The

results showed that the cut-off value of the PDA lateral flow immunochromatography assay for detecting DON was
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6.0 ng/mL, the visual limit of detection was 0.9 ng/mL, half maximal inhibitory concentration was 1.13 ng/mL, which

were 0.88 times and 3.08 times higher than those of fluorescent microsphere test strip and colloidal gold test strip,

respectively. Meanwhile, the PDA lateral flow immunochromatography assay possessed well stability and specificity.

In addition, the proposed lateral flow immunochromatography assay has been successfully used for the detection of

DON in corn, millet, and oats samples, with minimum detection limits of 8.40, 6.87, and 9.89 pg/kg, recoveries

ranging from 80.10%—-122.05%, and relative standard deviations less than 12.01%. Conclusion

In summary, the

PDA lateral flow immunochromatography assay established in this work is sensitive, accurate, rapid and simple, and

provides technical support for the detection of mycotoxins in cereals.
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NX it 7 Z (deoxynivalenol, DON), X 4l % 25 & 4k 7]
WG, —Fh B SRR, 2 i AR TR ik
TG A R B, T IZAAAE T Rk /I R ILR
7R, B E bR BT ALA 5 R 5 3 K EUE ! . DON
MG AR R . PR ERE . AN RENE R A SR
H, IRE# DON SR YE, SFBRE. WKk, EI5
SEEIR, TRERMSTERAET D O TR AR a4, T
GB 27612017 {Erah & E 5 E £ hhh L E R R
HOHUE A HA B H DON A K AR BE 54 1000 pg/kg.
A, FE Y E AR FTEC  iRDE 9 DON % 42t 43 70 48 1 £
5 mg/kg Al 1 mg/kg LAPI(GB 13078-2017¢ filf LA KR ).
R, S — R R . AR, Pl R ik
T2 Y DON X TR R EAR e 2 BAA TR L
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FAL Gy 2 HT5 (lateral flow immunochromatography assay,
LFIA)®, i, LFIA HA MR Kb . st
PEF R T S SRS, O 2T HEE RN IRE K
MO-101 (B AL 55 L) e 45 (gold nanoparticles, AuNPs){E
FRICYI LFIA, HF AuNPs [ /RIEEREARAZ /N,
SRR RE TR AR, R
AR ZROH R ERAR, noehk, DR R R0,
HOU %2R I B F S K BR AR D BT A R AT # i k
ALK DON, 25 RUIZ 7 A DON HEEEm i
¥ J¥ (half maximal inhibitory concentration, ICso){E -}y 2.97
ng/mL, HEEER S /T A 2 /% (6.05 ng/mL) CHEN 23]
A B UiO-66-NH,@ i ¥ 55 i F 4 38 2 B ks i 4 4 b
DON, #i i FR(limit of detection, LOD)» 0.25 pg/kg, fiXT
TR IE A A 4 Al S B 20T o SR, A AR AR AE
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2 EUREAE S BE PR R T A i1 . PDA R R a LA
P28 48), XEAT WA TCHLAY) o HAT s B R 5 T DL AR i 1 4
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A MR U DA AR B (7 5 1T, sk, PDA mT LU
W N A LSS &, R S R ek A R
RNSEELS o F ke g A0, i Liu EVE R T
160 nm ) PDA & 35 FI TR iC HUAR AR 4% 28 Sorsrml e
MR . ZHAO ZEU S5 45 3R 22 B i 6 7 A B AL AR A K 3k 1
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AR UL Z EUE A AR S G A PDA, B8 —
# 25 & Wl & PDA ARid B9 B 5T % BT K (monoclonal
antibodies, mAb)1E Jy B &1, i oL 4 b 5250 A% 1, A EE
PDA-LFIA kzill DON 7%k, [RIA, 520 3k(quantum
dot microspheres, QDMs)fuy5 JZ HT KA 4 f 58 ZHT 4T HE
REE ., 5K PDA-LFIA BAFEXK., kA h
DON (4G LA S8 A4 2 7 vk Y SE bR 1 R, Wb A
B R R DR bR R S 9%
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1.1 RS

TR /ARG i GBI S b T

DON-Z [ 7% F1 2 [ (bovine albumin, BSA)JiiA&(F&
WeFE 8.2 mg/mL). DON HiiR(FTi i 10 mg/mL)(SEE =
F #fl); DON . J&7 % &K (patulin, PAT) . i il % % R
(ochratoxin A, OTA). T-2 HE. ﬁt%%?(fumonisin B,
FB)) . 15- & Wt Jit %A &= & 9k J] & 4 B (15-acetyl
deoxynivalenol, 15AC-DON), 3-Z. Mt/ 525 8 4 )] 13 1w
(3-acetyl deoxynivalenol, 3AC-DON) . =5 Ji§ # 7] T 4 B
(nivalenol, NIV)(J & ¥k JF 10 pg/mL, 3E[E Sigma A F);
BRZ ML =98%) . 2K, FEL. ZEE(GHral)B
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PTG A R A w4 i (L = 98%, %
Amresco A )); Gl R £F 4E 2% JiE (nitrocellulose membrane,
NC)(#8 [= 58 2 FI A 7)), RE LMIEMR (polyvinyl chloride,
PVC), WK G brA YRHE A B F)); QDMs(baT
ik EVRHE AR A A FR h R EN G
(immunoglobulin G, IgG)(Jb 5t B A IEEA FRA ).

1.2 UFE5E%

Sorvall Contifuge Stratos Centrifuge /& #4420 HL
(BB AR R, RCT 8% S I HEHL(E ] 1KA
3 Hl); MD-600 4xbR BRI . MD-210 X485V SHL(RE =T
TR A= R AT BRZA B1); HGS510 Rl R 4 bR AL (T M WA
B BRZA A]); KQ2200DB 5 2 A b8 7 P i ve v (R 1
T A RS A BRZA 7); DHG-9000 85 X T 446 (b —1H Y
A BRATD); BSAI24SHFRF-(HEH 0.1 mg, HEIEZH
WA S A R D)o
1.3 LWHE
1.3.1 PDA @4k #H ke # &

LA AR TS A L PDAY, BRI UNR : A
250 mL AYBEARHPANA 8 mL Z.5 . 0.8 mL Z/KF1 18 mL
a7k, Pk 30 min, SRJEHF 2 mL EhW2 £ UHA0.05 g/mL)
PO TE ARG, HHE 24 h )5, 8500 t/min 25.0» 30 min,
B IEW, IR TTIE R E R, 1E 4 C T IRIER .

1.3.2 PDA-mAb £ 4t+85 %) %

Wit — B4 A M PDA-mAb R4, AR 3
WF: M 1 mL PDA %% (2 mg/mL)¥ A 12 uL DON #
(1 mg/mL), IRAA], HIEFE 30 min, BEFMA 30 L
10%H BSA ¥, 364 30 min, HFFHAFRLL 8500 r/min
MBS B0 10 min, EBR BIEW, HUUE AR IRRE S
200 pL, IREWAGIHE T 4 °CT 4 eab, 20505 F
FL PR 53 A N2 SRR A WV Jie 75 fE. 75 1 %5 AuNPs-mADb #il
QDMs-mAb!!'",

133 Refwym

AR L NC B, WK . F1 PVC JIEAR 4 4~
WAL, K NC B E T PVC JEMR, 0.5 mg/mL
DON-BSA £ T 4k, 1 mg/mL E4H i 1gG 1EH C £,
T FARIBAL L 0.8 pL/em (YR EEBHILE NC B AAIN X 38 A
AR X, BT 37 CIGE X TIEAE R HLT 6 h, FERE &,
KR PVC R T A%E, 5 NCHKE & 1~2 mm,
VIR 58 3.20 mm MR 405%, FHII SR TR0 .

1.3.4 4w FakE R 3 e

B 6 uL PDA-mAb 5 200 pL 7 Tween 20 FIBERR 527
1% W (phosphate buffered saline with tween 20, PBST)a{
DON FRUEV N, TEH 3 min, Ffif5 R840 5548 A TALAR
o, R 8 min, FIFHEREEGETE RN, LURAiA
T LB AT LA =800) M H = kA ki, 334

W gs R, A 1A C i, WERHEME, BHEES &
i DON; # T4 CELHEB R A, iR PN DON; #
C &AL, UEHHALRETH .
1.3.5 R % €k oz BATM 77 ik ey A S 340

R T IRAF I A 25, ASTTSR A T 240 £ 17 Ol 5 41
TR RALPRUE, XT PDA WRIE | BRI | Brikdsma .
BREFSSINE . RNET A RN pH AT L. R R
ALK C. T LB asmE, AaN)iHEmi R

(inhibition rate, IR).

IR/%= BOB"O Bt & 100% 1)

K By HBAERES T RIF552ME; B WM T
LG5,

(RPN

AR B R, i PBST 0K DON KRl b i
TR IR BEE ) 0.3, 0.6, 0.9, 1.8, 3.0, 6.0 ng/mL, I
i PBST fER2s X IR, FFIR4 4 R BRI, @t
P T 78 T SO E 5 AR, AR E BRI 1 15 5
SR, W1t Origin 2021 AL AR HERRHE AT 2R

Q)P

YEFE 100 ng/mL Y PAT. OTA. T-2 #% . FB,.
15AC-DON., 3AC-DON. NIV 7 Flvd WA ZL 3 AT 4
SR, DON BB il 6 ng/mL . FRIACARM, 5
S HASRNR, PR R S

Q)% PR

MRHE IR AR AR MR AETE Ik 2 3 AN [RIE BE A AR v b,
A3 AN R — AR 450 3 A AR 4 BEALIBCE ik 4t 4%,
XiF 3 AR IR BERR A S A 3 UOTA TN e, MR I S 25 5 1
SEBE I AR 5 R B PR A HEORUR Rl O 4R 4%
Z IR ARE %
13.6 #H&HEKER

(DIRBUA B B R 1L

ARFFEAESRBULBRAEA ) DON I, 16 F FH B v
(FEE7K=9:1, V:V)VE 4R BOR R IR 5+ i) DON, {HEIRX
T3 TR S PR PR R e g5 A, N S8R 4C
M RAGEEREAG . 3 BRIT B BRI A [RGB B0 i 4t
SIS H SR A AR R A AR LA T R B T T4

S EIERRRRE 2. 4. 6. 8, 1045, B 1.3.4 4
WAL BREAT S0, 38 5 R e, SRR % s AL
AN DU (1 R BRSO R A 4K

(2)¥s i =Dl s 56

A4 B B (A DRE b 2L 0 A 8 S, FRER 1 g BT
10 mL B0, A DONFREN, IREGHS, KRG
BA s mL HEEIK(9:1, VIV), FERR-GPIiRNE 2 min, #75
20 min; 6000 r/min #5.C> 10 min, 4 FIFRAEA 10 mL 25075

WSE 20 325 FIREAS, AR f FAR o 22 1130
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URIRAESEPRFEAK I I ) eI LOD, AKX A (2).
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K Origin 2021, Excel 2016 Fl Adobe Photoshop 2020
X SRR AR AL B, AR AR S BOE AT E R 31K

2 GRE5SH

2.1 PDA-mAb X484 B & PDA-LFIA & [F32
ARG 2R TR 22 B el L VR R AR A L PDA 4K

AR, B H A DON-mAb 38 32 i - e S A 5 4 il 4t
e A PDA-mAD 41 (E 1A). FifiJ5 L PDA-mAb
PREFFEE PDA-LFIA /00 £k H ) DON, & 1B SAil4t
ZAMFE S T DON R IRELE, 5 B RFEM A& DON,
DON-mAb 25 T 2 FW$iJi DON-BSA 454, Z4& K8
4545 1) DON-mAb 225 C 48 FRYEPIRL 1gG 454, T &M
C &P B0, & F A EF DON, DON-mAb £ 54
i P S Y DON R AERERAESS G, SR 54
g i, EWaid T &, TSRS AW
DON-mAb $riHmi/b, 13 T Lk, HEARE,
RZOGRA K E R C LB i,

A

DON#Hi A

Bl 1 PDA. PDA-mAb #44f 5 &l (A)F1 PDA-LFIA faill 2 (B)
Fig.1 Composite image of PDA and PDA-mAb probes (A) and detection principle diagram of PDA-LFIA (B)

2.2 PDA-mAb RETRIEE

Ao 2 DA B R AT % PDA, i HEL
@R PDA JgERIk, Ride J9(150.4+21.6) nm(&l 2A. 2B),
Wi 5 3 3F S5 ML SO HE R Zeta HEL A7 303 PDA-mADb 384t (1
BN . WK 2C, PDA %A B 19 S AR 12, (i Ek
DON BT B HUIA S, 78 280 nm Ab H BB 9 L2 SR i 06
W 2D, Wity EE AU E PDA F1 PDA-mAb [
HLN7, 45 WK, PDA HLf2H-39.37 mV. PDA-mAb Jy
-35.12 mV, W] PDA SHUA BB ) .

2.3 PDA-LFIA {i{tss

AHFSEHI % T PDA-LFIA, i PDA ik i |
PR . PoiRE N2 PDA-mAb REF G SEF T4

1k, Dizs AR 4 B (1% DL (T 2838 & = 800) 1 1.8 ng/mL
1 6 ng/mL [¥) DON il Z R AL kriE . P&l 3A g PDA J5i
HIREMALGE K, PDA FREWKESME AR, A
PDA Juitilk ik, SATIHR TR, HAEMRYE NC
a2 B4, MM PERE . 24 PDA it ik
2.0 mg/mL A}, 4K B AHE, Bk RRE, 495
H 50.2%H1 68.6%. &l 3B IR TRk B IL A4S R E, M
1 25 i 2 7 Dk B 1 1 K S B S R R A, B A
B 0.5 mg/mL B, SXARSAG U 2% 55 (49.5%
1 77.6%) BB 50l . | 3C Ik p b s 5
CSIETIRE N7 9 B UK N BN U alll} s =l N S ER U =rE L '
AK, SPGB 12 pL, A0 I R R
(61.8%7F1 83.6%) H. 1 (AR #4T. ¥l 3D Jy PDA-mAb #£
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Fig.2 Characterization of PDA and PDA-mAb probes
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Fig.3 Optimization results of PDA-LFIA
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ERAIN AL SE R IE, BE%E PDA-mAb FREFT N (3% n,
TR A% i E s B b sy, LA T 3 S B S R s sl e 4
24 PDA-mAb JAIHE N 6 uL B, IRACA N A 7(68.3%
1 86.5%) H W AFCERMAIF. 25 LIk, AWl PDA
N 2.0 mg/mL . BLIEALHE RN 0.5 mg/mL .
BTSN H 12 pg I PDA-mAb #EHR NG H 6 L H ik
Fri 2 4
2.4 PDA-LFIA R EKMLER

PS5 LR I S 4 TR, 3 3 T A — 3R 4 R R R 1Y
DON FrifE# 2 il fEfh 2, DA#E PDA-LFIA il
DON [ REEE. GE 4A iR, BEZE DON Rl =ik
JERBE N, KA T KBS . WHEAE R 6 ng/mL,
AR RN 0.9 ng/mL. EAh, SR fE Y MD-600
Kl T 26(5 558, 3+ Origin 2021 #4430 H7 35 DON

WP SR . T ORI 5 DON e S B A5G, ARk
A

C P
T I PN
0 03 06 09 18 3.0 60ng/mL
800
" 600 - ¥=30.19+(812.89-30.19)/
= [1+(X/1.13)*1.15]
et 2=0.999
fgj 400
200
0 1 2 3 4 5 6
DONJFT 57 J# /(ng/mL)
c C——————r
0 030 060 1 25 250500 1000ng/mL
800 -
Y=—139.65+(845.51+139.65)/
500 [1+(X7/3.48)]
o 72=0.998
bl
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3400
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0 2 4 6 8
DONJFT 5% & /(ng/mL)
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D. DON 5% WL B 88 2 1 R85 P Al

PNEHRIE

D

A

UK 4A, #HFZEL r’=0.999, 1C,0~ICg=0.33~3.75 ng/mL,
ICs50=1.13 ng/mL,

TiHh, AFFE WK T T %0 QDMs-LFIA Al
AuNPs-LFIA £l DON A9 R L BE, Q& 4B F1 4C.
QDMSs-LFIA £l DON [ 1ICso i 1.76 ng/mL, ZPEFERIA
0.62~5.62 ng/mL ., AuNPs-LFIA %l DON () ICso 4 3.48 ng/mL,
LMV 1.08~11.27 ng/mL. 255K 0 PDA-LFIA A&
DON () R (& H. QDMs-LFIA F1 AuNPs-LFIA 4351 0.88
fE 1 3.08 155 Htk, FIF PDA #iAREALIZTT LFIA Ry46:
RYE.

AN, BABFFEH 0 PDA-LFIA 5 Ay 1 ik
PXF e, R 1 R, AR r i g S T I el
Ji¥k, W SERS. ELISA | YOG kS, RAKRRIR
TR, HAGMIRGE sk, RS i T AR A R4,
WA . BB AN 5 58, R EA AT .
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20000
15000 - Y=2783.14+(20200.36-2783.14)/
[1+(X/1.1.76)1.32]
= 10000 | 72=0.992
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T———— —
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1:: A. PDA-LFIA ¥:ill DON A4k, 1A PDA-LFIA Al R[]I HBE DON (945 L 15]; B. QDMs-LFIA #:ill DON frifEhi <k, K
3 QDMs-LFIA Kl A 5] FE DON 4% 5 [; C. AuNPs-LFIA £ DON Frife ik, & _E 05} AuNPs-LFIA ;A 6] ¢ BE DON (145 S 4],

453, K _F o PDA-LFIA R ) B 3 K A9 45 1R
Kl 4 PDA-LFIA, QDMs-LFIA #ll AuNPs-LFIA £l ¥k g

I SEE S

Fig.4 Performance assay results of PDA-LFIA, QDMs-LFIA and AuNPs-LFIA
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#z 1 ATEFZEEN DON KM EEEL B
Table 1 Comparison of the performance of different methods for detecting DON
Jrik Y B SR b %% ik
1Cs¢/LOD/(ng/mL) LOD/(ug/kg)

TE Fie (A AL IR 6.25~125 ng/mL 2.5 20 [23]
SERS 50~10000 ng/mL 24.8 / [24]
DSInS 1~500 ng/mL 0.64 / [25]
ELISA 5~135 pg/kg / 5 [26]
ELISA 1~113.24 ng/mL 6.61 62 [27]
S YRR AT 0~1000 ng/mL 264.71 / [28]
AuNPs-LFIA 3.46~43.64 ng/mL 3.46 / [29]
TRFIA 50~10000 pg/kg / 28.16 [30]
AuNPs-LFIA 1~65/1~75/1.5~85 ng/mL / 2.20/6.45/2.90 [31]
AuNPs-LFIA 2.5~80 ng/mL 11.1 / [32]
ACNPs-LFIA 0.625~20 ng/mL 2.4 20 [32]
QDs-LFIA 0.625~20 ng/mL 2.8 / [32]

QDMs-LFIA 0.62~5.62 ng/mL 1.76 / ENTE

PDA-LFIA 0.33~3.75 ng/mL 1.13 8.4 AT

W /RN S EAARTR (amorphous carbon nanoparticles, ACNPs); & 5 (quantum dots, QDs); s [E] 433 9¢ I )2 Ml 5 (time-resolved
fluorescence immunoassay, TRFIA); & T s f# Bk (quantum dot microspheres, QDMs); 2 Il ¥ 5% $i7 & & I (surface-enhanced Raman
spectroscopy, SERS); FEFHK 5055 W% [} 7 (enzyme-linked immunosorbent assay, ELISA).

<2 PDA-LFIA 5% E HNE (n=3)
Table 2 Determination of precision of PDA-LFIA (n=3)

2.5 PDA-LFIA $5F MM R
R PRI LFIA MEZESH . AU EEE PAT,

\ ST VR 0 S5 e v AR5 R
OTA. T-2. FBIl. 15AC-DON. 3AC-DON. NIV 7 Fl# Il /ng/mL) jag/mL) 5%
{1 U2 % HETAF SR, JERR BURIE 100 ng/mL, , 705008 "
DON JE & E N 6 ng/mL, #1E 4D Jif 78, PAT, OTA ., T-2, - 5 e0r0.14 g
FB1 R4S T LPifta 52 A IRA B A By, H ; oo o
DON Z5#25047 15AC-DON, NIV, 3AC-DON i T £k
AW 0, 0] PDA-LFIA Kl T-2. PAT. FB1 il OTA ! 0.7120.01 1.36
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Fig.5 Recovery rate and coefficient of variation of DON in maize, millet and oats samples detected by PDA-LFIA
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