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Preparation of Bispecific Antibodies Against Zearalenone and
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Abstract. Zearalenone (ZEN) and deoxynivalenol (DON) are common mycotoxins found in grain,
and long-term dietary exposure can cause serious harm to organisms. Currently, simultaneous
immunoassays for ZEN and DON mostly rely on their respective monoclonal antibodies. However,
the preparation of traditional monoclonal antibodies requires long production cycles and high costs.
In this study, bispecific antibodies (Bis-scFv) that could simultaneously recognize both ZEN and
DON were obtained in a short time using recombinant antibody expression technology. An indirect
competitive enzyme-linked immunosorbent assay(IC-ELISA) based on Bis-scFv was established. The
half-maximal inhibitory concentrations (ICs,) for ZEN and DON standard curves was determined to
be 20.64 ng/mL and 132.29 ng/mL, respectively. Bis-scFv exhibited excellent specificity with no
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significant cross-reactivity with other mycotoxins. Moreover, IC-ELISA was used to conduct spike

recovery experiments for ZEN and DON in corn, yielding recovery rates ranging from 86.02% to

108.14%. The study demonstrates that the developed Bis-scFv has the potential for future application

in the development of synchronous and rapid detection of ZEN and DON in grain samples.

Keywords: zearalenone, deoxynivalenol, bispecific antibody, immunoassay
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Table 1 Primers used in plasmid construction

5| Y44 F5 2|4 DNA J$31] 53’

BIS-SCFV-V1 AGACCAACCCATGAATTCGCTAGAGATCCG
BIS-SCFV-V2 GAGATCAAGGGCGGGGGCGGCAG
BIS-SCFV-F1 CCCGCCCTTGATCTCCAGCTTGGTG
BIS-SCFV-F2 GCGAATTCATGGGTTGGTCTTGTATCATACTGT
PTT-1 ACTTCTGCGCTAAGATTGTCAG
PTT-2 CGAGTGAGAGACACAAAAAATTCCAA
DON-scFv-F1 TCACTCCATGGCCCAAGTGCAAC
DON-scFv-F2 ACCGAATTCTCAGTGGTGATGGTGATGGTGG
DON-scFv-V1 TGGGCCATGGAGTGAACGCCTG
DON-scFv-V2 ACCACTGAGAATTCGGTCGACCGAGA
pCMV-F GCAAATCAAAGAACTGCTCCTCAGTGGA
pCMV-R GCAATAGCATCACAAATTTCACAAATAAAG

Ni-TAN BEfE, I TmL 5 EAS P 24 i 0 iy 2~3
W, R AL LSO A E A S E H
PR B A T mL PRI (& 20 mmol/L BRI )
VR 3R, KR ZRMAE AT, A 1 mL B BENR
W (7 250 mmol/L WKME ) | 5 5 PRt 6 Uk, Wi AR Uk
T, AiAk =W 12.5 gfdL i e S A R 40 3R T A
Pk M B B 7K (SDS—PAGE) 56 UEAH X 43 7 i 2 kK
AN AR R I X B BB S PBS
2 WA (0.01 mol/L,pH 7.4)BHr 3 d, B 28 R B
¥

125 #RAKFAEEIE Pk sE MR A ELISA
BE, LB,

DR 96 FLAINA 100 wL &k b 1
pg/mL # DON 5% ZEN )5 ,37 CIE 2 h, R 5 H
PBST (& A K143 %0 0.05%: 1 -20 1) PBS 1A% )
T 5,

2)E M PBST Wik Ja , BFLINA 250 plL &6
5 o/dL iR Wiy PBS 2% M ,37 CHE M 2 h, 25 H )5
T 96 FLHR T PBST PE%% 5 W T4,

3)MEE B 100 pl gifbditk 50 L ghifbd ik
5 50 L A [R5 5 v 5 19 B 2 bR o S 09 TR AW, 37
CHEE 1 h,PBST Bk 5 K,

Hm=dr ¥ 100 L HAR S EH ALY EEBRIC
Pt His b —Him A4LH, IF7E 37 CFHEFE 30
min, PBST Y% 5 K.,

5)BEEE mEAEESSL T ITA 100 pL 1

3,3",5,5"— U W BRI R I W, 15 min J5 i A 50
WL #e R 2 mol/L Y H,SO, ¥ I £¢ 1k I 2 s g,
SE ODusgo B IARFLST 40 109% H B PBS ¥ 1 21 %t
FEAL, H ODyy M By, Wi DON Fl ZEN #5 i
ODuso A B DA#EZ T Wk B2 A 18 AR A, B/B, 2
B, FH origin 2018 {43 o 3k 26 Pk 405 15 Z A vf il
4 IFHAE BIBy i 50% 0 X Iy Y L TA B 2= 1Y o i
WS B4 o) B R B (ICs0) o B A, J 3k % FE A
] J3i 2 ¥ B N B9 ZEN .DON .OTA AFB1 . T-2 # %
XFF PR S PR S A 0 0 OR SR AR Y R
P, XTI %R H graphpad prism8.0.1 Ff (K 2
J7 22 (ANOVA) 43 # , R [ FHEFRI (a/b) R 2 41
25 8 FE M (P<0.05)

1.2.6 SEERARREeR HBUS g B, WM ES
B 40 .80 perkg 11 ZEN brifi it 78431821, H 20
mL HEE—7K (K FR L 86:14) 7% 2 HL 30 min, KfiR
HB#F 12 000 r/min &0 15 min, JFH 0.22 wm i
LU R uE G AR T B HEHEHEMB T 1 mL
TRFL A5 10% 19 F i PBS w42 B0 F AR L4 L
10%14 H i PBS i 8 20 15 T ELISA &l #H R
A RXF EOKHEAT DON AR 34T, Jnbs (4 ot £ 5344
4354 80 wgrkg il 240 wgrkg .,

CV(%)=""%x100%
my

RSD (%)="L_x100%

ms

A CV AR FCR % smy o E KK h ZEN J5

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 11 2023



Ia=E,%5. FRFEHBRRBLAT BT B MBS TR AR 69 ) & Bh ] g ik M

B3

i

ot

RO I E A, welkg ;my 9 KM R SEBR ZEN N
i 1 20 B, we/kg s RSD g M X6 A 7 s 22 , % ;SD
S AN ZEN J5t i 435000 (E A bR N 2% | ne/ke s
my R FE KA ZEN 5 50 i {8 -4, ke o

LRI

21 BAEFBEHEMHE

4 K Bis—scFv—pTT5 Fl DON-scFv—pCMV
1) B I 6 G P K B T 45 SR WL 3 Bis—scFv—pTT5
HAp 3 R B K/ T 2 000 bp BT, WL 3(a), 75
A HIS{E 1 904 bp, DON-scFv—pCMV H. 43 | Bt
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Fig. 3 Agarose gel electrophoresis of recombinant
antibody plasmids
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Expi293F 4R A T 30 mL fIR 5 i S %Kik
JEE O AR, X BRI T, sk
1.55 mg ZEN—-scFv #1 253 pg ) DON-scFv,SDS—
PAGE B UE45 R WLIE 4, ZEN-scFv &4 251 A& %
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Jii 5k 26 700, 7E 26 000~34 000 255 H— , UL A 4
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4 DON=scFv B A%t 437 i
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55000
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55000
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34000
DON-scFv
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& 4 Expi293F 4 5 3% 1) B 5 51K 49 SDS-PAGE [E
Fig. 4 SDS -PAGE analysis of the expression of single

chain antibodies expressed by Expi293F cells

2.3 ZEN-scFv #1 DON-scFv 3 #1438 iF

BT Al AL 5 KA BT iR 188 pe/mL 1Y
ZEN-scFv, ¥4 ZEN-scFv # F:4 0.5 we/mlL, Il i H:
Xt 1.0 we/mL () ZEN-BSA Fl 1.0 pg/mL 1 BSA 3%
FitE, 7 X ZEN-BSA (U6 ODus 4 P,BSA 1
WG ODyso N BIPEXTHE N, 24 PIN=2.1 s, A5
SEANE N BHAED, Anl&l 5 fr 7R, ZEN-scFv X i) P
{64 2,57, NAH 0 0.07, Fi HL(E N 36.71, BFE KT
2.1, %W ZEN-scFv G880 3145 & o i LAY
ZEN 73 R RPE N BHTE . DON-scFv e 4life . —
s Whf P R 30k A 1 B o R B E S, AR AR R Rk
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DON-OVA I 1 pe/mL [#) OVA & 3 Ffi1 14 . DON-
scFv XA PAE R 0.89,N fH 4 0.10, W& lL{E A
8.9, 3K W] DON-scFv BEUE R 5 IF 45 5 HiJit AR iy
DON 43, 26 At BH A

201

I 7EN-BSA/DON-OVA

L5p = BSA/OVA

0.51

ZEN DON

Bl 5 ZEN-scFv #1 DON-scFv £ & i& £ ELISA &1iE
Fig. 5 ELISA validation of the binding activity of ZEN-
scFv and DON-scFv

2.4 ZEN-scFv #1 DON-scFv = & E /il E

K F B 42 5% 4 ELISA 35 %} ZEN-scFv A1 DON-
sckv U RAGPE#EAT 504 . B BRI ] ELISA B
AT > ZEN-BSA 9% i it i 4 0.125 pg/mlL
ZEN-scFv £ 8% Jit 5 & B 4 0.125 pg/mL B, 0D,
A0 1.0, FILEMT, #5727 0~1 000 ng/mL
ZEN truedm il mh £, 25 5L WK 6(a), ZEN-scFv 1y
ICso T 8.66 ng/ml., 745 #5438 (1% 5 51) o 4
5 ZEN=scFv (ICs & 11.20~14.00 ng/mL) &16-17,
A, DON-OVA £, 9 i 5 4 5 4 1.0 pg/mL, DON-
scFv IR E N 1.0 pg/mL, 7E1% 54 F , £ DON
JF B O 0~10 000 ng/mlL 857 b vfiE i 28 | 45 51 0
6(b). DON-scFv 1Y ICs, 24 69.01 ng/mL, 3 B X}
DON EA7 4 e i B | BR A% 2 = X TR & v
DON BRE (1 000 we/kg) A A I EoR
25 FHFEFHERERIE

6xHis, #r%5 DON-scFv H1 515 /4~ L0 41 i
RIS HE XS 2 T g 54 100, 1 7 (a) B8 7EAH 43
T 55 000~72 000 17 75 3 Wi 1) 5 — 2] 1 4%
A, HL Uk 2R 5 B A 4 IO R I ek O K, T g
S T 0 TR A O R Ak A8 1 0 15 2R 1 5 AR e R AR
A TS e Y AR A B e B b SR R ik —
H:%F DON-OVA (1 wg/mL) F1 ZEN-BSA (1 wg/mL)
g A 1 UEAT ELISA B03IF 45 UL 7(b), Fikbt
& Bis—scFv X} 2 F 4t i i OD.s, 5 X5 20 OVA/

1.0
0.8} i E
0.6
o
Se)
041 1C_ 8.66 ng/mL
R2#70.999 6
02}
0
0.1 1 10 100 1000
ZENJF 5 i /(ng/mL)
(a) ZEN-scFvARUEM 2%
1.0
[ [ ]
0.8}
0.6}
o
39
04}
ICSO%II69.01 ng/mL
R2250.999 1
o2l 470.999
| |
0
0.1 1 10 100 1000 10000
DONJTT it ¥ £ /(ng/mL)

('b) DON-scFvhruEffil £k
B 6 HaEH iR B

Fig. 6 Standard inhibition curves for single chain

antibodies

BSA fFfEM R 2257 PIN i KF 2.1, w0, @
(Gly4Ser)3 Linker i% # ZEN—-scFv #1 DON-scFv 41
Y XA S BT AK Bis—scFv {8 8 T DON—scFv #lI
ZEN-scFv BERE S DI6E . IRl 7 A Rl BT Fn4e
B R Bis—scFv X ZEN [ 0Dy & DON
5% , 2 ] Bis—scFv X ZEN EAA B3k [ 35 /1
2.6 MERFENE

ELISA #L#:00AL# iF ZEN-BSA 40 8 Ji i v J&
A 1.0 pg/mL,Bis—scFv 1l ¥ N 5 pg/mL, K
ZEN ¥ TR0 10%09 H B2 PBS H, e il 1l i
e R 0.25~10 000 ng/mL B 45 UE i, Bis—scFv X}
ZEN ByAELe Al h 2 WLIE 8 (a) ., Bis—scFv %I ZEN
R RGP ry R, H 1Cy K 20.64 ng/mL, [FIFE,
ELISA #0412 8 we/mL 1Y Bis—scFv Al 2 pg/mL
IDON-OVA B} ,0D.5 HZ N 1.0, FEIEMHT 7
DON & 0~10 000 ng/mlL % 57 F £& P 3 i il & ,
H1Cs M 132.29 ng/mL, W 8(b), ¥ Expi293F
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Fig. 7 SDS-PAGE and ELISA validation of the affinity of
bispecific antibody
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frEbse 45 0 0L 2, Expi203F ik Y Bis—scFv 5
ZEN-scFv REUE M, H'5 H i iE w58 9 bt
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ZEN-scFv fil DON-scFv HE51 B 22 53 530,
27 S RMERIIE
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Fig. 8 Standard inhibition curves of bispecific antibody
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Table 2 Sensitivity comparison between the recombinant

antibodies and the traditional antibodies

. RIPE 1Cs/
o (ng/mL)
ZEN-scFv 8.66
EN A
Bis—scFv 20.64
10.38
19.87 120}
ZEN mAb 1.115 [21]
17.23 [22]
114 [23]
DON-scFv 69.01
AT
Bis—scFv 132.29
1360 [24]
22 [25]
DON mAb
18 125 [26]
9.84 [27]
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Fig. 9 Specificity of antibody Bis—scFv
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J W BEAE 1~100 ng/mlL i [l B, B/B, 5 ZEN Jit
X RUE R AR R LI 10(a) kMR RN
Y=-0.402 8lg X+0.961 4, ZVE#l A& L R =
0.946 7,1Cs 4 13.98 ng/mL, 4 DON Jii & ¥k /& 7¢
10~500 ng/mL 3 [l 4 B, DON 5T 2 ¥ JiE 19 X6 405
BIBy 8 I XK Y=-0.527 SlgX+1.585, &A1
& R*=0.968 1,1Cs, 4 113.99 ng/mL, WL 10(b), H
Bis—scFv—ELISA ;] ZEN A1 DON il b5 (1) E K k¢
L B ILER 3, KRB ZEN IR i 40 pelke
1 80 wglkg,Bis —scFv —-ELISA il & 1Y °F 34 {5 N
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108.14% ; K3 h DON finds it 80 pgrkg 1 240
pe/kg , Bis —scFv —ELISA | % (1) 7 ¥ {& &y 75.08
pe/kg Fl 206.44 peg/kg, F ¥ 1A 86.02% ~
93.85% . KK AE S I AR ] USRS DU 25 R R W] Bis—
scFv—ELISA HA R 47 HEdfi vk, B0 1 T 5L BRAe i
Kl K Bis—scFv—ELISA [A] 25 6 5 3 T 5 e e Bt
A 1) [ 25 K6 0 7 vk 647 HL 3, Bis—scFyv—ELISA HA
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Fig. 10 Linear standard inhibition curves of Bis—scFv—
ELISA
# 3 EX#HHK DON #1 ZEN Jn#R4& N 4 R (n=3)
Table 3 Detection results of DON and ZEN in spiked

corn flour samples (n=3)

finpi/(we/ke) | IE(E/(pe/kg) | CV/% | RSD/%

TR 40 34.45+3.26 86.13 11.60
80 86.52+5.92 108.14  8.38
80 75.08+8.58 93.85 13.99
DON
240 206.44+23.12  86.02 13.72

% 4 DON #1 ZEN #il 77 i% LL &
Table 4 Comparison of DON and ZEN detection methods

7E 30 [/ (ng/mlL) %
ORI DARES CV/% ’%
ZEN DON 3CHk

[A]42 ELISA  1~100  10~500 86.02~108.14 ZA<Hf5%

s [7] 43 e
i 0.2~5.0  0.5~50 91~106 [28]
WBRZE 0.019 4~
P 0.37~50 100 83~108 [29]
A 4 e 1 1 -
T M BN [30]
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BT B R G 1 LR S R PR B EA T SR D v
3457 BA ZEN F1 DON 454507 5 1Y Bis—scFv, £
ELISA % F ,Bis—scFv % ZEN-BSA Fl DON-OVA
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AU 1 3 R B IC-ELISA % 1C5, & 132.29 ng/mL.,,
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