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Abstract: Immunoassay technology plays an important role in the field of rapid detection of food safety, with
antibodies being the core component of immunoassay. However, the current detection of antibodies used in foods
is mainly based on polyclonal antibodies or monoclonal antibodies obtained in large quantities through the in vivo
cultivation of hybridoma cells, which not only face animal welfare and viral contamination, but also face
problems, such as non-targeted antibody contamination and loss of cellular antibody genes. This study focused on
the common fungal toxin zearalenone (ZEN) in foods. Based on the self-made anti-ZEN monoclonal hybridoma

cell line (Z14) in our laboratory, sub-type specific primers were used to amplify the full-length gene sequences of
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the heavy and light chains of the anti-ZEN antibody. The expression vector of the ZEN recombinant full-length

antibody was constructed and the PEI mediated transient transfection expression of the ZEN recombinant full-

length antibody in Expi 293F cells was achieved. The results of the indirect competitive enzyme-linked
immunosorbent assay (IC-ELISA) showed that the half inhibitory mass concentration (ICs,) of the ZEN inhibition

standard curve established was based on recombinant full-length antibodies, which was 2.43 ng/mL. Moreover,

the mass concentration in the linear range (IC,~ICyy) was 0.66~8.88 ng/mL, while the affinity constant (K,) was

3.87x10" L/mol. The performance of the ZEN monoclonal antibodies prepared from ascites was superior to that

of traditional ascites, providing a basis for a large-scale production of recombinant full-length antibodies against

ZEN based on in vitro cell culture in the later stage.

Keywords: zearalenone; recombinant antibodies; eukaryotic expression
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A KPR 1 B /42 BE TR i % Expi293F 4H f , X 5
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Table 1

Primers for amplifying full-length gene sequences of heavy/light chains and constructing expression vectors

1E 7] 5] ) DNA 7 31

514 4% s

S I71 5] %) DNA %

k=S
(539

F1:GGGGATATCCACCATGGAGACAGAC
ACACTCCTGCTAT

F2:GGGGATATCCACCATGGATTTTCAAG
TGCAGATTTTCAG

F3:GGGGATATCCACCATGGAGWCACAK

4% ZEN $U 1k B B 42 K

ZEN-L RI1:GCCGCGGCCTGCAAAGACTCACTTTATTGA
WCTCAGGTCTTTRTA A
F4:GGGGATATCCACCATGKCCCCWRCT
CAGYTYCTKG
F5:GGGGATATCCACCATGAAGTTGCCT
GTTAGGCTGTTG
F6:GGGGATATCCACCATGGRATGSAGCT
GKGTMATSCTCTT
F7:GGGGATATCCACCATGRACTTCGGG Y 4% ZEN btk E 542K

ZEN-H R2:GCCGCGGCCTGCAAAGACTCACTTTATTGA i
YTGAGCTKGGTTTT Eys
F8:GGGGATATCCACCATGGCTGTCTTGG
GGCTGCTCTTCT

P ZEN 5 5 R Ik 34k

pCDNA3.4 F9:CGTGCATAGCGGATCCGACGTGAAG R3:GGTTCGATCCTCTAGACTAGAGATTCCGTTTACCA
GGAGAGTGG

ZEN-H CTCGTGGAGT

pCDNA3.4 F10:CGGGATCCGATGTTTTGATGACCCA
ZEN-L  AACTCCACTC

CF Rl 28 4 URAR 25 %5 A A0
B IR 5D
i ZEN 5 5 # ik K

R4:GCTCTAGAACACTCATTCCTGTTGAAGCTCTTGAC (T RIZAK kAR BamH 1.

Xba VBT 5D

VE:RANA/G;Y NC/T;:MANA/C;KNG/T;SNC/G;W NA/T.

12 NFE5ERE

TGL-185M A i 3 ¥ % 55 O ML 9 7 7 R B
AV A R /A 7] s Gentier 32R B PCRAX : 74 %2 K &
B A BR 2 7 s MB-580 B il b 43 B AX - ¥R Y T I
Fa Bl 4 Kk R A IR 2 7 s EVOS FL & 51 8] B %% % &
B \ZCZY-AN B! S AW IR 3% 55 7 46 - L
HAEARAA
1.3 REAHE

WM LE 1.
131 RhoE Bty E EHZENHKL
T8 4T M (Z14) B0 A0 fg b 3 v AT PpR R X
2 ZEN 2% A2 98 40 i (Z14) 1 40 M % H 29 9 3x10°
CFU/mL I, 2 | Chomczynski 25" 1) J7 ¥ 2 B 40
Jif] 4 RNA,IE it Hifair IIT cDNA 55 — 4% & ik 77 &
IR S A il cDNA 8 B R S5 v 1) 16 9 51 4
243557 EFW TR M PR I E R A
KIEDH, 1.5 g/dL 1) B¢ R B 8 fie Pk 5 8 7 38 1)
P2 IR AT B IR0, 8 180 G ) 5 B % pMID18-T
BAR e A TR AT JE BRI A6 7 3EAT I 5 IR

TE T ) BB VR 3R AT BE 7, SRS SR BURTR .
132 ket E ki &Aoo mE Sl
ZEN Pt {4 1) 55 B A A2 B ) Fh 2 08 00 T ) 2R
18 3| ZEN S 4 &K ik

R R AR SR G 4% e B U7 VR
4 K I R 7 % 2 pCDNA3 .4 £ H K B e ikit
7 A RNEF A1 51 0 (LR DY 35 ZEN FLT ) 3 4
H IR I B i R s FL VR A H BamH 1T Xba 11 D) i
X pCDNA3.4 3% 7 3E 17 XU ) 4 3 28 1 A6 o &1 ik
[F1 Y& ; %% J5 18 i MonClone Single Assembly Cloning
Mix o 1) &K 8 B 4 K 5L R4 N\ 2 pCDNA3.4 3
A

R 2R B S O B V) E B R R A
K3 A 7% B & pCDNA3.4 £k ik Ly e # it
i A V)AL SR 5O DI 58 B4 1 5 8k 4
K J PR R BT Ui s 6 Uk AfE F BamH T F1 Xba TR
DI % pCDNA3.4 H A4 i3 A7 X Bl ) 458 e 42 1% Ax I
S| Jig [ Wiz s e S AE ] T4 DNA & £ B oK 32 55 1 4
KK 3 A\ 2] pCDNA3 .4 #H Ak .
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Schematic diagram of the construction and transient transfection expression process of ZEN recombinant full-length antibody

Fig. 1
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SRR, B AR R TS E R
SR 7T o ) 8] 3 ELTIS A 32 5% % 4% I 9 41 g
AT R I, % B & TS H ZEN HAH A Kbk
Fak, WS REESIEW 7 d.

M5 ELISA 45 5 36 HU R0 S UF 1) 3 e 2% At i3k 47
30 mL 5% 77 M4 & I B B 4% e ROA A SR TR (RS 9
J A AR TT 1k 2 2% Fang 5" B 58, B% I 5 YL 1)
B ARBEAER 131,29 20 A7 0E % T B 2R3 0 %
210 60% B, B O UWEG R FEW . 28N
0.22 um [ JE B L 98 5 , i H Protein G 5% 12 #r 21
Ak S 5 2o 9 HE AT Ak, 4l A0 15 B TR 4 R
FH 1 b R i R A - SR TR 0 T ke g e FRL VK (SD'S-
PAGE) . il I 4 2 W Bl € CELISAD \ 22 7 43 4 ¢
Ik (DSF) %5 J7 v ik AT 21 FE 35 P B # e e M
o Py

(DFRIEF=Y) 44k K SDS-PAGE %:4F : 1] 3 mL
AR R 2 M7 5% A1 AE S N 1 mL ¥ Protein G &

BRE2028 (2024 F 78 | RREEVEARER
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Table 2 Orthogonal design table for transient transfection

expression conditions

St 4 % R/ PELJJ B 5/ Jo b o 2 74 %/
(x10° CFU/mL) (pg/mL) (pg/mL)
1 0.5 1 1
2 0.5 3 4
3 0.5 6 2
4 2 1 4
5 2 3 2
6 2 6 1
7 3 1 2
8 3 3 1
9 3 6 4

BB 850 S5 A0 M L W N SR A R, DL SR
S B IPUR . BB N 1 mL P 7 28 o Tk %
8K, A LBRAEE A . RGN 1 mL {13 i 22
MO, B BE M 8 IR, RS AR R . Al Ak PR
12.5 g/dL ff] SDS-PAGE 5 ilE AH Xt 4 7 Jii & K/ o
v o4k KU R B e o M, O PBS 4% o T
(0.01 mol/L,pH 7.4) X} 4 fb. 7= ) i&E H7 72 ho
(2)ELISA V5 5 Ft A4 5 A A0, 3 Bt I - 53 il
] 96 LA H N 100 pL Jit & ¥ 28 1 pg/mL 1)
ZEN. Jii 0 %7 & ¥k JJ B ) B2 (DOND R & 1/ & B,
(FB) . ~H A& (MCPAPLIR ,37 °CHF & 2 h, R
J& H PBST (&5 7 7 B 73 % 0.05% I i -20 () PBS
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WHOVER 3R FFLMA 300 uL & A 5 g/dL it
HE W58 (1) PBS 22 P, 37 °CHF M1 1.5 h, 45 )5 /i
FH PBST ¥E¥ 3 R IF T 4. In—Hi: 2 B HL 100 pL
2l Ak (1) B 2H P AR LR K 1 A& R B4R (50 pL 24K
H2H AR R RE K ) & Bk 5 50 uL A [\ BT &K
ErHERERAAEMRS BIRBREWEITCTHE
30 min, 28 J5 F PBST Peddk 3 %o I =4« [al £L
AN 100 pL BfORR I %04k 4 Bl A 10 1 2 BT B 0, 0
BAMEMPEE L RE L—B ., Bait. g
FES AL AN 100 pL 193,37 ,5,5 -0 H 3 BB 2K i
VS, 7 min J5 A0 50 uL ¥ £ 24 2 mol/L ) H,SO,
T2 10 [ N, £E 450 nm R I 52 W% % B (ODuso) o
ISR FR 73 208 5 % LT 1) PBS ¥ W 210 B AL, H
OD.sy N By ¥ I ZEN b #E 5 1) ODys, N B LAFEE
JR B BN BE AR AR, B/B, N N AL bR, T GraphPad
Prism 9 i B 8 44 388 ik I 28 1tk 0l & 49 B b o ol 2R
FH 1 %€ BBy 50% I B 0 B 1 BT B 8 2R I 2K
JE£ B2 00 61) R UK (1Cse) o R4, 38 3L 5% Eb A
[ Jii & ¥ £ N ) ZEN.DON.FB,.MCPA . & % Xt
ok 5 P15 45 G A I8R50 S R .

(3)DSF 56 1iF 5 20 4= K i 4 Al g K il 4 1 i
AR E A HZ A ERENEH 2K
P G K & PR AR e AT B w . BRP
%4 F ] 1xPBS(0.01 mol/L, pH 7.4) % & 1 Jii 7%¢
TR R R R AL N 10125, %, B T 4 °CHR
1F % ZEN 5 20 4 K P A A IS K ) & 1R e A4 4 R
N1 mg/mL ¥ 19 pL 8 E B W1 pul 8 F i %
Je YR B T PCRE H (O Je bl Rk B AR AL L N
1:250). &0 )5, K PCR & & T qPCRAX F1 # 4T
o [ S G = L PR P W i Rt B o
2, K A, IR B B D 25~95 °C, T
HLIE N 0.5 °C/min, 25 °CF- 7 4 min, £ F 6 i 72
WK AR B R AR & B HEX, OB AR R
20 L,

2 iR 50br
21 ZENBHME BREEEANFRREHEN

&

T EAZ A Y)RE 58 B S RNA & 048
R FEL UK Y 48 JE R 2 7 AR T T IR 28S A 18S
rRNA %77, 0 25 77 B 52 B2 be 29 9 201, 9F B o] U
R F| 5S rRNA 5" AFE # i i Trizol % $2& B

FEE: £T Expi 23 F AN ERFRBRBIAER L KNEREHOHAR

& RNA H ik 45 5 00 2Ca) , 557 H 37 B A 28S .
18S A1 58 4L 3 2% 47 , R W42 B ) RN A it & & 4% , 7]
M FJEaR5% .

GPERRE O RA 2 E X E E AR,
JIt DA W] DL i 5 vk 18 9 5l ok A K.
FE BT S W, PCR 4 38 I (1 1F 7] 51 40 5 v £E AT
S A, A g1 R BL Bk AE R E XY 6 3R 5
Y BB R R, DL B 13 B 28 — B cDNA N
PR, fi 2% &5 S B O, ZEN 5 8% 11 45 K3 R 9 1)
P14 5198 1E 17 5] %) ZEN-HFE7 1 )2 [f] 5] #) ZEN-
HR2, % 85 1y 4 K3 R 7 709 38 51 90 9 1E W) 51 4
ZEN-LF5 Fl1 ) [f] 5] %) ZEN-LR1, ¥ 1 75 21| ff) / B
KN FFE TS R, WK 2(b).

M ZEN K H |52 85 1 F A0SFA E S BRE 12 A
Ak 7 AT B PCR Y1, 56 10F %% 4k 7= 4 1) B P
H,M A PCR 4 R G ib, =MW EEN
91.6% 5 B BHE 70 B #05 100%, WL 2(e) .

B A3 2 1 ZEN BRI 5 LR B S T A
ZIMGT HEAT 43 HT » 45 B BRI 28 1 51 25 00 5¢ B 1)
V-(D)-J A 2 X J7 1, BT A e 0 35 oK Hh B 5 3 2 1k
AL, HOF H1 ke o &5 B Ok I ZEN ik A S
NCBI H & 3 5 4 OP966768.1 1) 1gG 1 B /)N i, %
R AHA L N 96.56% , ZEN Fi ik 2 5% 5 NCBI H &
S5O X87231.1 1 gk B /N B %2 B 22 IR 1 AH AL Bl
N 99.13%. HH 2 K 7 51 R R 1 B 1) % = B R T
%1 , % FH kabat b 8 i abYsis ¥l 43 5 52 85 1) 5 AR
[X (CDR),H: # 4% ) CDR1.CDR2 1 CDR3 43 il 4
B 11329 A %0 2 % 5 51 5% 2 i 4 A9 8.8+ 12 &
B

P 1) ZEN B A 5 4 R B 4 KL D I R A
AR 2> B Aric N pCDNA3.4 ZEN-H fil pCDNA3.4
ZEN-L, S I 73 1F B (0 T8 A 3 AT ot R B2 H, o KE 1)
T e Jie 45 R 5 WU AH 77 ,p)CDNA3.4 ZEN-H %
M K /NZ1 7 300 bp M pCDNA3.4 ZEN-L % 7 A /)
216 700 bp, WL 2(d).

22 ZENEHEKMANBRRERLARIEIREE

ZEN ft # 1 5 | B B 3% 0k S0k 1 R % R
1E A2 & 1 14 1R 3R B 4 & Expi 293F 41 g, 3%
o7 d BUFE IR HE AT pH AT 40 AR B R R0, L
3Ca) fI3(b) . B YeH] W, 40 Ks 37 2k 10 9% 43
I EE 2% 2% (] 58 A 0 2 40 M AR K B R R, Bl
F W e mf [A] B AE K, A0 i B H 3G 2 R AR R
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Fig. 2
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J& b Tt T e T AN A R BT R R
(S EREN S R =

% P 18] 4% ELISA K I 1 3% W b B 41 4 K ik
(1 & &, 45 5 o 40 i % B PELRA JSORL R #2N LE
MEAEKAKEEE —EZm, LE 30,
B 2t 4 F1 7 1 ELISA 45 5B 5 R 3% 2 F 4 1 3
AT A H A A K PR 1 B I i YL R OA B 3 PELA
JoR L R LA O 14 R 102, B ik R PET @
i & L AF A 5 R DNA 45 &, 78 % o6 16 76
(52 4 W, 15 35 1 L ) 2= 5% e PET AT 5 B DNA JE
FCAS [F) R AR 1 52 6 0, 3 K/ 2 5% ) J R 4 N 240
MIRC TR . A 4h, MR 4E ELISA 45 B rl & i, 40 il |

ZEN-L M2

BE202H (2024 F 78 | BRE5EVERER
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45 ELISA 45 R, W1 P ik i€ 1 %% 4L %1 3.8.9
HBEAT 30 mL A & (1 BE I 3% Yo R0k . FE Gk Ak
SDS-PAGE Hi ik 45 8 571 , 3 Flt & 1F 35 AT 1E i 26 35 A
XF 43 F R B 29 150 000 (1 2 7, B e 4% 1 9 Rk
(B A B o v o O B A 5 I K ) A ) Ak TR I
HE4T SDS-PAGE #t IR 561 , UL P 3(d) , 45 F R i H 4%
w7 KN 5 K 2% 1R 2% i K /NAH (] UE B ZEN L 4
KPR RIER T @i BCA KA &I e, £
30 mL % G AR & rh b o6 e 25 F 3.8 9 B G ) B 4.
A KA T & 4334 0.18.0.20.1.16 mg.
23 ZENEASLKIARMEEE
2.3.1 A4 ELISA W & 45 F A= R 4% H L
B ELISA ¥: A8 I ZEN = 41 4= K H 4k Al i K il %
MLk B4 &R e, 70 E R =R N 1 ng/
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40r M CZl FS1 CZ2 FS2
KB EMT 00000
3.0+ S fF2 - A8 140 000
253+ 419 28 888
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2 10 Stbe— fibexpag 20000
© 20 000
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(d) SDS-PAGENGHIEHT AR AR 3o 1t 1 45 4
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Fig. 3 Effect of transient transfection culture time on Expi 293F cell

mL 1) 4 Foker I Bt 5L AT B8 K P AR 1 T R R
% B N 1 pg/mL. ELISA 45 % % W], ZEN H= 4
4 KU RN IR K ] & B Bt A4 35 T 5 ZEN-BSA £
TN i [ N 5 L[l e 2
(ODys) ¥IMK T 0.2, 1X L BB AT H A B 1R 5+
P, L 4Ca) .

N B IE R 3 i) % ) ZEN 2 20 4 K B A 0 R
REUE , KA 35 4 ELISA 72060 B AR 347 K6 0 3¢
el bR vEdh 2, WK 4(b) . 45 R KW, ZEN K i
# B U AR X ZEN I 2 040 ) T B K B (ICs) N
3.76 ng/mL, 1C,~I1Cq, 28 14 78 [ 4y 1.03~13.67 ng/mL,
ZEN 5 21 4 K i 4k % ZEN K 2 B30 ) 5 &k
(ICs) N 2.43 ng/mL, 1C,~ICy £k 1 75 Fl v 0.66~
8.88 ng/mL,ZEN 5 4 A K Hi 44 1) A I 2R 480 P 92 4
2.3.2 W # ELISAtaA ik B E0 2 F4% 4% U
ZEN-BSA(Jfi &K A 1 png/mL)1E A8 B, I
o6 FSE W % 1) ZEN HE 2H A KPR I 7K i) 48 (R 4 1
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