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EI TR ETAR BRI SR A ERFFHI k. SREFRI AMRAERFTE
Mo BR) S 2 & 4K, 3 BRIUAR IR K 2 1gGl, | #k 4 1gG2b. 4 J 69— R 42 08 e 2C9 414 &
MK, ShAbE M E T RN A 1/40 000, vAsb$ 3 5 69 3354 ELISA 7 ik, ¥ H4p4 %
(IC50)% 1.90 ng/mL, #&MFR(IC10)24 0.051 ng/mL, # M| X 4] (1C20-1C80)4 0.115-13.900 ng/mL;
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Preparation of anti-zearalenone monoclonal antibodies and
development of an indirect competitive ELISA for zearalenone
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Abstract: Zearalenone (ZEN) is a high toxic mycotoxin. How to detect ZEN from food and feed is
important and challenging. Monoclonal antibody was prepared by means of immunization in mice with
conjugates of ZEN and bovine serum albumin (BSA), and enzyme-linked immunosorbent assay for ZEN

based on monoclonal antibodies was developed. Four hybridoma cell strains secreting anti-zearalenone
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monoclonal antibodies were cloned. The subclasses of the monoclonal antibody were characterized as

Ig G1 for three and Ig G2b for one. One of the cell strains 2C9 was used to prepare ascites for its high

bioactivity. The titer of purified ascites was 1/40 000. The indirect-competitive ELISA was developed

with good specificity for ZEN, the half maximal inhibitory concentration (IC50) is 1.90 ng/mL, the de-

tection limit is 0.051 ng/mL, and the detection range is 0.115—13.9 ng/mL. The recovery rate could get
to 96.5%—113% while the sample containing ZEN 1.46—93.8 ng/kg. The method for detection was de-
veloped, which could be applied to detect ZEN from a variety of grain and feed samples.
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PE I B R DT B 5T 6t S22 A [ ORI M X G
& B, AR Z [ KA 43 4 R 3 A A R R AN TR AR
JEMZ ] ZEN 75 437 & 8O A MK & 18
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) . A 2R s ) k3R A R R A 2
Trik o (TSR QNS € % - I 1S K 7 (Gas - chroma-
tography-mass spectrometry, GC/MS)' VR R i AH €1
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1.1 ##

111 EFERAF: FRREMEN(ZEN), O-R P £ E
lZ(CMO), N, N°-—H L fik — W (DCC) . N-F#£3
B8 ¥R W e (NHS) . — H 3% H1 i Jii¢ (DMF) . 50%
PEG1500 ., F K AR B M i f so EHTAR I [ Sigma; 4
MY HEH(BSA) . BEHEF(OVA) . JBLAETIH 211
A EWAE T, JTKPIAkm . HEE. 2ROl . it
WE . ORI H I E 2 BN O A A BRI Y R BT
B9 AT 45, HAT . HT. JA4 5% A
GIBCO; DMEM }5 7 3£ H Hyclone; $T A& 2 k5]
IR A H Hycult 23 7); HRP ARiC F4 R 1gG A
PTGlab /3 7] ; RIDASCREEN®™ T 2K 7y 25 s i 46 01 8
F &M A R-Biopharm /A wl; /N2 FlF K FAMEREA
gt ABER I R R AR, 24 HPLC W& K
ZEN [, 5056 T 28 Wl A TR

1.1.2 FZSH:M: MKW H Bio-Rad A H];
CO, TH IR T2 4 W [ Precison 23 Hl; 96 fL ELISA [iff
FRbR . 96 FLA% 24 FLANMEEE FARIE [ Corning 2 l;
Protein G SEHIZHTIZAEIA H GE A F]l; AKTA ex-
plorer 4lift R4 H Amersham Biosciences 2\ Al .
1.1.3 R ah4: 6 ik . 8 Jii% BALB/c MEME/I
B, @ RGeS T SP2/0 20 i AR LG %
RIS
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121 EXRFEFWEENEBHEYNENESE
TE RS OCHR 1797 etk o B oA oK AR
M- 6-32 F48Ul5: 1 mg EKFREMEIE T 1.2 mL
mEsErR, A 2 mg O-¥& H LMy, =IRBHE
24 h, HETHE, BT 4 mL 288K, T pH &
8.0, 43 3 KA BTN 1 mL 2K, 5N iy T K 7R 55 4
P AR 2, R KAH. JKAHIE pH = 3.0, HIEE
UUvE, F 10 mL 1R L Fa4y 4 W, R BsHH, H
TooK BRI IE I e T

KW W k4 i BSA-ZEN B £k
IREFIE-6-32 A5 T 0.4 mL Jo/K U I H,
HHMA 6 mg DCC H1 3 mg NHS, 30 °C #&$% 60 min,
4 000 r/min B.0» 20 min, PR R, Ha TG
FHZ WL PR i R BB o s RS G2 in A
5 20 mg BSA MUBRER U 81(0.13 mol/L)ZZ i+, #%
3 30 min, 9 000 r/min E.C> 20 min, ZEFRUIE, E
THWAE 0.01 mol/L PBS ¥ Hi&EHT 3 do OVA-ZEN
FI(EIBE 5 BSA-ZEN BB IBE 5 Bl ] .

B £ J5 9 BSA-ZEN 5 OVA-ZEN 435I 409k
Ul T2 ELISA, J#% BSA. OVA 1E MM
PR, DLOPBS Shas pIA R, S E BRI . DL
BSA-ZEN A, [A]4% ELISA EAKEE Ny Frixid
TAEMREZER) BSA-ZEN i T ELISA fL, HAL
100 puL, 37 °C M8 4 h, ZJ5H PBST %k 3 i, 5%
JERE W Ry 241 2 h 5, H PBST Pk 3 i, A
S feidl T AR B2 FOK IR B s T SR s b A,
1 h, PBST UE% 5 A B A AL AR 10 1 40
BL¥t, W HF 1 hJ5 PBST ¥k, MA TMB & (1
6 min, 21k %65 HEEPRGC R4S R o
1.2.2 ZRXEMBERTFIESEKESI&: 1 BSA-
ZEN B IEY) 5 6 A i Mk BALB/c /N S IR, HL
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Sp2/0 filihy, Zeat 3 IREAN e pE s, RAFRE 7
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A ) 4 28 T8 240 LRV 5 8 Al S BALB/c /N I, 1l
BT ZEN v BEPUIAR R IE K o W I 7K 48 TR Bt
MR E ) B aliAL s, T4 Protein G J2Hr i kalifl .

1.3 B 5 BEHRAR R M RO ZE
1.3.1 BREHRASMAINE: RAMF % ELISA %
W5 AN [ 40 i Ak o3 W P AR i A o HLAR B 3R
OVA-ZEN Dl fcili TAE MR BE A, A [) e vk i
MR KA —HUn A, 345 €8 BH P Y 35 KR B
JE A 20 AR A R o
132 BRERAIBERMNE: JoikR 6T Kk
SEREHUARXT ZEN 40l %8, 3@ i M4 554 ELISA h
IR RV 5 e o, AV b2k, @t L
BEIC50 CRAM 1 2% ) iff 2 Pk R =%, 1C50 B
IS, WIH AR R A0S .
133 BRERATREMEE: FH Hycult AH
4 BE R IV TR A 0 59) G %o B 5 9 T R A I B R A7
YE5E .
1.4 # ZEN ByE#3E % ELISA 7 A8 L
1.4.1  tRAERZE S Wy B A A AL
JEURI [ AT i 1 BB ) R aE T AR MR, R A
AN e B s b, 4%t ZEN By Tal$% 354
PrifEi 2R, I 1C50 AR X Ta] R AR AR H

DA 5 285 SR S A B0 A A 88 52 %) T 55 1 oA ) 2
Ti % ELISA W IHUIRMREE, Sa4r ZEN WREE 7351
50.00, 10.00, 5.00, 1.00, 0.10, 0.01, 0.00 ng/mL,
HEARERI R TR . DAZE i) ZEN Y B2 X EUE
JEEARAR, Dse G hi R EE SN 0 1) OD {68 B, 45
FHR 35 e BT OD {50 B, LAZS 10 IR (LA
PBS 1EN W B FLYROGIE A b, LA = G il
R=1-[(B—b)/(B,—b)]x100%) N YR, 21l e 5 b
WEHh £k, i id Microcal Origin 6.0 #4315 0] 15 il
2R 10 7 RE RITRH 6 R B0
142 BRERESSEONE: BFERSHFER
Bl MKt 8K | Ml E R BLENERPIR, 54
b I 1 PR s B AR AT ) 32 5% 4 ELISA A5, I
BT R BT AR Xt T R A B Il ) o S
1.5 fntReE G

R ARG 00 3 LB S ARV B, RN T ORI
TR B4 /I8 22 R KAE 7 (0.3 @) 2 B A — & &Y
ZEN, i H F KA Ml & 52500 1.46. 2.93.
5.86. 11.70. 23.40. 46.90. 93.75. 188.00 pg/kg.
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JA 3 mL 70%H BE-PBS i, FIZIEY 15 min, #
B 30 min, b3 VRE o P e R AT uE, MR S
505, L S0 uL MEFFR, MEFFEISCRINGE AR
IARK P 3 A~ EE

[ (Recovery, %) 158 5 0

oo [ZEDNZENTY B |
Recovery (%)= —E"%HZEN/.‘:"\% x100,

1.6 S5RFIEHILLE

R T AR 52 55 N7 A 5 i 5 B A
KAk, FEAS K IR 25 R Y /N Z2 R R OK R
(0.3 @) A i A —E Bl ZEN AT E AR, AR
o I HR AT R REA T ZEN By S, 89T 3
ALL 4 F5HREE B A AN B2, SINARAE i K IR
Wl & 43k 13.67, 54.69., 218.75 pg/kg, #HL
Tk SRR —38, A FEACK ] RIDASCREEN® &
K I B ARG I3 0) 6 DA R A S 6 7 ST (AR Oy ik
HEAT R A, B RFEA Y 3 A PATEE,
FL ARG 25

2 R

2.1 ZEN T2HMEBRYETE

ZEN J/NorFEhii, RAE H s 7E ELISA
M, R RE A B 52 A A BSA-ZEN 5 OVA-ZEN 13
#% ELISA #iifLH, [FEFH BSA. OVA 1ERIH:XTIE,
PBS EZ5 FIXT IR . W SE BT T K 2R 2 0 i 5 5 R4t
BAE I —PUmA G, Gpflh45 A ZEN A B 6
B o LI G L s A I SRS DU A 3] iy
SRR I B XT BRI 2.1 4%, T I BT o [A] 42
ELISA Z5R WA 1 iR,

151

1.0 1

ODys,

05 1

0
BSA-ZEN OVA-ZEN BSA OVA PBS

1 (&% ELISA il E BB 4
Fig. 1 Conjugates determined by indirect ELISA
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22 pR&ER

Zead 5 RGP, SRLJG AT AR FU/IN B I L
HrFT ZEN XA EI R d K 2 77 LA 1Y X AN [
/N LTS ERFR B 1/10 000, Se4HT)E ZEN N
500 ng/mL A, /INER 3. 4 HABUFHY ELISA ZUH Fl
IR, I/ N 3. 4 S TAIRREL A .

L5 r M Indirect ELISA
O Competitive ELISA
1.0

1l

Mouse 1 Mouse2 Mouse3 Mouse4 Mouse 5

2 [@#% ELISA. [E#%% % ELISA /MR 7%
Fig. 2 Serum antibody titres of mouse determined by in-
direct ELISA and indirect competitive ELISA

OD;s0

2.3 ZE33IE A BB AR BY O ik

MR A IS 10 XIFR, 16 96 diMuss sl b
A LR 40 A3 K LAY 1/4-1/3, BERHFGR T
A3, R 24 2 96 AN Mk ) BE ARl A A, D
Bl 3 F/NEL 4 IR 05018 70%. 90%. /MR 3
F/INER 4 B 4258908 20 R BE PR 3253001 R 52% . 95%
Wi 3 WL, A 4 BRAEKIER . WP
B, P ZEN J] ST 0 42 588 A ik, 4 ok
1C4.2C9. 1E4. 1H12, Hh 1HI2 RFET/NEL 3, H
RPPRIET /N 40
24 BRERAEXSFENTRR
241 BEERAGMBME: ZLE4H: ELISA I
JE 4 BRAS [F] 5 28 8 4 AR 43 06 1 SR 5 R T 1A B 2K
fr, 1C4., 2C9. 1E4, 1HI2 HIRLH43 5K 1/8 000,
1/40 000, 1/40 000, 1/20 000,
242 BRERAIYENE: LE$EES ELISA
DURE , 4 R AN [ 2% 52 T6 20 M43 1 %) B0 5 B e AR 1 A G
T R AG A S H 0N 1 R, d@at e, 209
YR DGR PERLAT
243 BREHRATRERE: WE 3 FRAHE 5
ELISA [k A 45 5, 1C4.2C9 . 1E4 [ 2534k 1gGla,
R x 25 TH12 W2k 1gG2b, #2550 x 2,
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Table 1 Parameters of 4 monoclonal antibodies from
different hybridoma cell lines

1C50 iRl ) X ]
(ng/mL) The limit of detection Detection range
(ng/mL) (ng/mL)
1C4 4.98 0.314 0.618-36.2
2C9 1.90 0.051 0.115-13.9
1E4 4.83 0.446 0.807-28.3
1H12 5.88 0.078 0.180-27.4
Hbt Hbt Hbt Hbt
No:1- No:1- No:2- No:1-
C4 E4 C9 H12
1 1 1 1
a a a a
2 2 2 2
b b b b
3 3 3 3
A A A A
E E E E
M M M M
k k k k
A A A A

3 BRRERETENE

Fig. 3 Subclass of monoclonal antibodies

2.4.4 SDS-PAGE X7 Protein G EFERHLEL
Biik: B 209 1Fh & 4E 4% 22 9 40 bk,
SDS-PAGE #2553 R 4lifb ) 2C9 PABTA P55 5%
M, SRR TFEYH 25 kD WREE, —4&E0F
w2 50 kD AU EEE(E 4).

kD  Marker Sample

94.0 — e
66.2 — —

45.0— W —Heavy chain

35.0 — —

26.0— W —Light chain

20.0 — —
14.4 — —

4 BMEIIK SDS-PAGE Bk [E ik
Fig. 4 The analysis of monoclonal antibody by SDS-PAGE

2.5 1l ZEN BY[8#£3 % ELISA 7 7ERENT
251 B#MESERERAREIEREMND
FE: T PR E, B E B AEPL)E OVA-ZEN e fE
TAEMEE ] 0.25 pg/mL, HTCREdiik il TRk
&k 1/40 000,

252 FREZFIMGIMENSH: FAirkEsEER
W 451k 50.00, 10.00, 5.00. 1.00, 0.10, 0.01,
0.00 ng/mL AE Ry sa i i, HlVERRAEM I thZ (& 5),
R 3 AT, HE 3 Ik, &g, &
Microcal Origin 6.0 734, R IC10 & 0.051
ng/mL, 7EE 1C20-1C80 & 0.115-13.9 ng/mL,
B HI 2 1C50 S 1.90 ng/mL.

y=-0.2588x+0.5125
R*=0.9873

Inhibition rate

-2 -1 0 1 2

Concentration logarithm

Bl 5 FKIRE M ERAR A S i
Fig. 5 Standard inhibition curve of zearalenone
253 BRERMEFFUENE: @ E %S
%, KT 209 Hiik SR D E R BLL WM RER
W ERER Bl B WP, S5 RE UL
SR 5 S i H M 75 2 5 SR AR, B XS
R AR 9 ELAT B 05 S
2.6 FEMIEIN S B RN E

TEAE S B SIS [R) W B2 /9 ZEN, s [l i
ZERILE 20 JNARAEM T ZEN WELE 1.46—
93.80 pg/kg I N IE, [T R ETAF o %07 5 AH
X AR HE IR 22T 10%, e MRS .
27 5RAFEMER

A SEG 3 ST i) ELISA J5 ¥ 5 RIDASCREEN®
K i B I A D00 3R R I I A I AN [ vk
JEB) FORIMAREE S, S5 R 30 BRSNS
H 13.67. 54.69 pg/kg WU JEE, RGN 7
WA JC 220, KIRE U AORS B R I L T VS Y
RO E. HYAEAR S BRI DA, P
R 5 2k 24 AN NG A A o
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Table 2 Recovery rates of ZEN in corn and wheat

HE WU AE iy ZEN coan]earll\ir{:fi{i (ng/kg) PR S s i 22 5 R AL
Detection samples A He 6T e B Recovery:l:.avf:rage; Coefficient of variation (%)
Added concentration ~ Founded concentration Sttt
FK Corn 188.00 237.00 126.0+9.60 7.60
93.80 106.00 113.0+18.60 16.50
46.90 46.50 99.2422.40 22.60
23.40 23.00 98.5+27.80 28.20
11.70 11.10 95.0+13.90 14.60
5.86 6.27 107.0£15.70 14.70
2.93 3.08 105.0+7.30 6.95
1.46 1.41 96.5+8.40 8.70
Mk Wheat 18800 300 1450780 s3s

93.80 122.00 130.0+30.10 23.20
46.90 51.60 110.0£29.10 26.50
23.40 23.60 101.0+22.80 22.60
11.70 11.50 98.0£11.30 11.50
5.86 5.71 97.5£6.10 6.26
2.93 3.05 104.0+8.10 7.79
1.46 1.43 98.2+3.20 3.26

3 WEAERNERFEHER MRS

Table 3 ZEN in addition samples determined by two different methods

I A FE Y ELISA ik RIDASCREEN® = K 745 5 i B A6zl 38 55)
Standard concentration (pg/kg) Established ELISA in this research (pg/kg) RIDASCREEN® ZEN detection kit (pg/kg)
13.67 13.12 12.33
54.69 56.54 57.62
218.75 327.45 193.91

3 W
P IER G958 PR RS0 35— A L AT | R
o AR BRI T 3%, &S T ORI i A P
0 S MR , A ) 3 5 T A BT DR A B
FEdn, EFREBA T Z BN A RTS  imH i E A
052 o 0 A A R 14 TR LR G e e L
LA B AN T7 3 BORSE M o AR SEH B H B 2 — i
VT B e v R S e Y 9 o IS PR T B BAAC ) S 58
TR MR, SRJA TR CEEAR T OB S A R 5
i, DMET i 2 e R fon] S A9 AR S H%
FEHPUGH e R, FPEEOR 150 Y 55 77 2% PR (A i
FRARIRIL . COMREE | FEIRIE | IMIH ) MARE 2R

http://journals.im.ac.cn/wswxtbcn

WL, R, T B ORI 2 Y 2% 58 TR 4 M 43 1A 1)
PO T A ol B 5 T A o PR S e, O 4
mF, BT AIHEE ELISA 740 13, B
SR I35 4 ELISA J5 ik %95 )i & ELISA
HR B A i R R P TS T K i A R 1 (R B
JUT LA 2 ()42 ELTSA R 45 21 1) BH P 2% 52 98 40 it
JIT 4 W6 8 0 IR — 52 A X6 6 K i B 0 T (A 52 6
i, )4 ELISA 85 19 FH M 230 4 i R 24 1/10
XoF K IR B M A B AR S ) o DA R OR R B S
YER e Ao, WE Bk 5 LS &, ek f
i Ji 7 8 3] 79 232 52 J6 200 B BT 4 1 B S B BT AR T K
K % A T AT 648 v ) S P

AR S0 ] £ AP T K IR B M A SR e BE BT AR 2C9
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BARGEE S RS0 R A et 2C9 HENT Y
[ 42554 ELISA J5 i 5 305 101 1 P AH G4 1 LA,
TE AR I PR (0.051 ng/mL) LA B 46 I JnAr i & Bt
[0 Wi A ff 1) B AR PR (1.46 pg/kg) I T, T X1 %
AT R UG RGE,  [RDCRAS T (96.5%—113.0%)
ook Be A0 v AR R VR T A SR 3
5K AR T 45 0 T A I X R] Ry 1-20 pg/LUY, R
W SE I, 55 SO R R R A —E W R, AR
W K IR B M B B A AE 1-20 pg/L ZIHIA g
R 7 ko ASBIF 5 BT AR AR 1 PR 5 [ B A4 A ST I A
D5 32 ARSI X TH] 4 0.115-13.900 ng/mL, By
0.115-13.900 pg/L. A& W DX () 1 58 B2 i1 5 A =R
log (13.900)—log (0.115)=2.08, KT 1-20 ug/L il
X 6] B 55 J¥ [log(20)—log(1)=1.30] . 7E 5 H K6 ) oy,
BEPE ARSI X ), ELA A 8 R, AT R A
AN [ e J3E 118 5 DK A 5 s T ) A A 1 A T

TERE SRR Iy T, 5 R K R B B B R A R
RIS o- ERIREMEE . B-ERFREIGEE, EA]
L H R EOK AR I A Y, 2T
IR B, AP o-TKRREMEE ., B-EK
IR FE MBI B A E KR IR 2, BT
Wy rP A A R N ARSI A v R PR o PRI AR SRR A
D e, 36 0K 205 B 05 I 0 A7 6 R T 6 0K o8 25 s i 1) 4
W T s, i HL B A2 S 1A B oK o 75
K S AT AR W i, T AR S 5 X A
Y AT R S AN o AR S v R R A R S L R
MBI A ) G B L 15 e R Y BT 3
2, PURSEH A —E AL, TE e Z AL
XN AR T 4 G T 2 R L R AT, fEf
BB T BR B ATTAH B (R T, LAARAR X B —
T BC P 75 R AR 2

S 1 B T B B AR 1) AR AT X 4 J5 R A K
A R ) R AL T RGBSR, L BB K
AN AT  FAE At DA A 82 2 S BE A A il vk B,
ELISA Rl k™ | ek G 4R 4Kl Jr i . Ha iz
Rk . e ISR I 15, Jf Al 5 H A A
KEWHERVURRL S, H7 2 8RS R Rk
TR S Fr S Ik A o 3 ek S N7 22 RS TNy vk A e A

N A | A SR AL BRI ) | R — RSy
TR BRI, XA I 45 R AT ER 5 PPAN, AR A I
ity BRI 7 vk, DIAE s REUE | s
2 it 2 LI ) I [] R P e A B9 A

2 % X M
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