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W OE. B E BRE W E A F (BCGAFs) #5Hak )BT e Sk KAT AR SE ST W B A% B, (AFB))
o FEMFERAL & R AT E KBS & (OAE) L & W AL % (MOA) (AR BF i (MA) | 45 B ik
(SA) FRAAY i (EP) Fo ks BE AT £ 4 3% (EED) 6 #F 77 i 4 M BGAFs A T4UJR AFB,-BSA ,Jfidid UV
Fo SDS-PAGE #47% 5% ; R A AFB,-BSA & #1728 %h) & % L4k (AFB, pAb) , [l 4 ELISA #
AFB, pAb 2, 18] 458 § ELISA (icELISA ) %47 R AU | SR R K38 (CR) 5 A7 R 45 51t |- 361
2R AW AFB,-BSA & %7 , £ BGAFs 3088 89 6 # 77 ik 7 OAE R & 4F , AFB, 5 BSA #945-F
54 8.46:1;AFB, pAb #9184 ELISA &4 1:(1.28x10%) ,1C, 4 10.32 pg-L™', 5 AFB, AFG, .
AFG, AFM, AFM, # CR % %14 75.21% 44. 13% 14. 72% .16. 36% 1. 44% , AFF R4 & 5 T Sz,
BB HE S 0 AFB, pAb, 1 BGAFs i teml 75 ik 0 i S35 58 T M R A Rl
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B, Egmis e KoM sl &% R
(aflatoxin, AF) 345 20 ZFp, Hrb @ dEog 54y &
105 JE B % AF (B group aflatoxins, BGAFs) ., BGAFs
HAHUE M SOt ez v s 2 /i EE B
BB fh AF 15 e R X4 BGAFs A4
AFB, T AFB, PiFh, I 5 &S T5 QiR R DT, 4
Wi R B AE 7, DL AFB, V5440 3, AFB, 15 Y& 1 b
AFB, B S IMAUN " . 25 BCAFs 75 Yt K
5% B FR B AR ME ( maximum residue limits, MRLs ) FY#LE
AP, —J& A 45 B B AE N [F 2R AFB, 1Y)
MRLs, 41 3% [ ( GB 2761 -2017 £ & 1 H 1 % % R
Y CURLE , FOR S <20 pg- ke AR S
i <10 pg-kg™' /LA <5 pe-kg™ s R
%% H BGAFs Eift (B, +B,) i MRLs, {1k % <4
pe-ke ' HA<10 pg kg™ EE FDA<I5 pg-kg ™',
HHTE i BGAFs 15 4% (1 73 Hr J5 vk 32 B AL &% 53 Al
oL o3BT, He P A ie o3 A DR AT e e o R U &

s BHA.2018-05-15 #E3 HHH:2018-09-11

PRAERIE | AT R 0 A A R S L5, © AN
Al ER R AR F-Be . #57 BGAFs s M ik i 5%
R PATULTE BT, T2 BT 5 BT TR A i
FHRFHUAMETEE . 0T BGAFs $UE A BT 1Y
5% E AN B A A R 0 (A e ) 2 H R 4y
TV ORGP L 43 B 5 T 9
DL AHFIE LA AFB, B IR JEURE, G 5 A [\
AFB, B3 T S PR G T 2l 4 2 e ke
& (polyclonal antibody, pAb) , FXF Hps M HE4T 4347,
e e AR BUR o i S PUR A U, LU
R 0 R R PR 1Y BGAFs (5 ot it B o BBt
AT ] 2 B BEA

1 #MR57A=E
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INE] BHE A4 1 2 1 ( cationic bovine serum
albumin, cBSA) | EPT R B AR —PT ( GaRIgG-HRP) , 3¢
[ Sigma 2\ F; Mg B G 92 W B 3K 5 (enzyme linked
immunosorbent assay, ELISA ) it H #i B ¥ & 0. 01
mol-L™" pH & 7. 4 (851 £h 22 vl X ( phosphate buffer
solution, PBS) , e A% 0.5 g-L™" Tween—20( PBST)
(1) PBS; B R 75 50 ¢« L7 LI 1Y) PBST ; A0 4k 7
0.1 mol+ L™ pH {H 9. 6 MR £k 5% W ( carbonate
buffer solution,CBS) , I EsIYIN 2 H ik ATE 1+0.2
kg BOMEPERPE 2 15, 35 18 1 BENL A 6 41, 4541 3
HHH & BB Se g shy ho 4t
1.2 BGAFs ATHIR &M &It

HRAE AFB, 7> F 450 EAFTE R TE AL A (B 1)
R 6 A7 ikl # A THUE AFB,-BSA(FR 1),

B 1 AFB, &#3X
Fig.1 Molecular structure of AFB,

1.3 BGAFs ATHEEE
1.3.1 UV 446 JIW RS AFB,  BCH] 1 mg-mL™
AFB, ¥ ; H 406 (v/v) 1 H B PBS ¥ W 50 50l 1 it
BSA Fll AFB,-BSA, Bt #l 1 mg-mL ™' ) BSA Fll AFB,-
BSA AW, T 200 ~500 nm F AT L4004 1%
AR AFB, 5 BSA 4 F45 410,

A =¢CL (1)

K A O AL RS R 5 & MR IR R AL,
SRR C ONIE B PR R B s L OReRE , lANERDLAE .
1.3.2 SDS-PAGE %52 BEFRUR 45 I 5 43 2 e vk &
G3IR 5% 129% , L5312 90 v Fl 60 v, It &
FRAL 10 pL, 8 BT & & o AL 10 pg, R CWD-
9403D BUE AN BT AL R G (ALt s —AXER ) ) it
B AFB, 5 BSA (I TEA I,

1.4 AFB, pAb #1%&

FH 6 FORTR 5 2 A B N T3 550 31 e g2 8 7 24
Ffe, SR are 1 4,3k 6 41, 841 3 X, GREs|
T AFB,-BSA 7 BSA (IR, B H 100 pg, (RFL 1
mL, BT 4~6 SRS, ey 5 0k, BKIE IR 3~4
Ji 5 5 WARPE IS 2 A B4k kR DL, 5 000 remin™' &5
L 10 min 53 B Z UM , R AR AIGT IR S R ik alifk

ZHUMTE , #4% AFB, pAb'",
1.5 AFB, pAb 451547
1.5.1 4wz A4 ELISA™ | 45— 09k i
bt , F CBS 7 B gkt ) AFB,-OVA, 54l 100 pL,
37°CHRE 2 h, F PBST Wbk 3 ;56 =240, & A br
M, T, AL 250 pl,37°CIRE 1 h, Vet 3 IK;
5= I, A PBS 43 He R BB LT | 4
FL 50 pL,37°CHEHE 15 min, P 3 ¥k ; 50U, by
PO, A TAEHRBE Y GaMIgG-HRP , £5fL 50 plL,37°C
IE 25 min, PEMR 3 U 55 10, INEE IR, 15 £L 60
pL, T B A 15 min; 5554, 2B, INZ 1k 2
mol-L™" H,80,, %L 100 pL, AR ALY , ic 5% 45
S N BHPEXT B (negative control, NC) F1 PBS %5
%] B (black control, BC) , BRUKAGIN 3 D H A, B
M RE A o8, PABAME/BIPE (P/N) >2. 1, H P-N>0.2
AR THEURRAN
1.5.2 #RH% o (B 45 % ELISA (indirect
competitive ELISA, icELISA) Il & AFB, pAb X} AFB,
B9 2P Zm i € B2 (50% inhibitory concentration, 1Cy,) ,
DA Ak
1.5.3 4% Mm% % DL AFB, AFB, AFG, AFG, H
P icELISA 200 22 45 B0 il 1 ) 1C,, , 2R )5 4% B A
AT A X ( cross reaction percentage, CR) 2
CR=(AFB, pAb %I AFB, #J IC,/AFB, pAb X} H:
LM A 1C,) x100% (2),

2 HRESWH

2.1 BGAFs A\THFEXEER

2.1.1 UV EE£XR WK 2 A, 7 200~500 nm
KAWFEIP, BSA FIRHIEIEN T 278 nm, AFB, HRFIEIEN]
F 363 nm, OAE \MOA .MA .SA .EP EED 6 fhJ5 4 i
N THLIR AFB,-BSA ¥J 56 BSA Fl AFB, HUFFEIE,
BERALL - 6 PP i3 W] & BN T 05 AFB -BSA, BSA
5 AFB, Mo FEG TRZ R IR 2, R, L
I 6 MO EEA BN THUE AFB, -BSA, HorF45 4 H
], Hdr OAE A1 MA PR 7 ORI

2.1.2 SDS-PAGE % 4% HhE 3 0J%H,6 Fi AT
PUE AFB,-BSA [ 4545 Y90 )5 F BSA 19 5%, i BH
AFB,-BSA B93> F &8 KT BSA, H L] LU E AFB, -
BSA & BUS

2.2 AFB, pAb 454547

2.2.1 spamle RRESS ARG EAYkEE 1 HE
ELISA R B e 1 S 28 St A 7 e o0 A, B &1 4 ]
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®1 AFB, ¥HRZITSRESHTE
Table 1 The hapten design and antigens synthesis of AFB,

PURA BT Antigen synthesis design

MRS BSA K & AL
AFB,-BSALY7)

O B2 pi gIA AR FUR A R R
(U2 A Jiik A Ttk Antigen synthesis route Reaction principle
Active Active Reaction  Introduction Synthesis
site group method group Method
oot FIF AFB, BTEMERL AL 1 A2FR
Qﬁ‘?‘ 2o Qikf‘ SERFE K AFB, 0, 51 A KL
A % PRI AT, SR FH I TR Bk 12 7 156
1 e i1 A Wk - 7B OB e (DCC)
(OAE) WW" ocu,co)m BSA 'f/EFHT ,AFB] (0] Ej BSA IJi@?ﬁ
- e BE B R A R AFB,-
o BSAL7-81
FIFH AFB, 2 {5 a-THIK A,
E=LiE-S Wit & e Ay SN I o~ TR IR &
2 R E 2R A £ IE-S ik 5 BSA Iy 2 5L R A AL
(MOA) JURE, A Mannich B 19 1% 248
I, & A AFB, -BSA[-10T
) ) AFB, 1£ H,S0, TEH F#:1kh
v ' . e ' AFB,a, M| & P07 05 2 %
Q °§3 e Q IS RRFR B, P40 o F W
X vt mEmn /%f{g& m_,,”" Y AFB,a-HS, 5] A B I i
’ . () o PEAEER , IR A T 7 1)
Gad, S TOmmeO A ] D IR AP B 5 T e (1BC) AR
~1 o F,AFB,0 5 BSA LIS
e AL AFB,-BSALI12)
' AFB, 7£ H,S0, TEF R4 & %
. °”:°f§"’ +noe I A AT 4 T 37 45 0
o SRR o AFB,a, HEE ST 5 BSA 194
3 ER ARR - (SA) T R R 0 7 e [ i, i
Q e, Q i NaBH, Wi JEAER , & it
_' O o O JE AFB,a-BSA[13-14]
[ L B R TR, AFB, AU
O ' o s ssae, RIS S LT R AFB, 3R
AL iy o - o™ FALY, 5 BSA B — YRGS
3.4 XURIRER Atk AL LIRS B Z 9, TEH ALY 51
(EP) o A—AF2 3, DL 1 X
——w" 5 OBSA Bk £ L AFB,-
o Q o BSA“S’m] 3
_ B AFB, 53T 04 5 P 3L 45
. : jj;j’ R UK IR, 7T 5 2, W R I 2
s omm '*%f%%i” e A VA 3 0 ) AFB,
3.4 ORI LR ‘ ; e KRR 2 90 AFB,-GA) ,
o g O L + NH,-BSA

APB,—0A—BSA
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40 — BSA
: —— AFBI
35 L\ —%— AFB1-BSA(OAE)

—o— AFB1-BSA(MOA)
—=— AFB1-BSA(MA)
—+— AFB1-BSA(SA)
— AFBl-BSA(EP)
—+— AFBI1-BSA(EED)

1 1
320 360 400 440 480
P Wave length/nm

0 1 1
200 240 280

E 2 AFB,-BSA UV E
Fig.2 UV spectra of AFB,-BSA

Fz2 6 FIERTHIE AFB,-BSA IS FE&SLE
Table 2 Molecular binding ratio of AFB,-BSA
prepared by six methods

AFB, 5 BSA AFB,-BSA
ik L oy AVB AR
. AR EE IR L T .
Synthesis " . L Usage ratio of
i thod Initial molar ratio ~ Molecular binding AFB. /%
MEROSE  of AFB, to BSA  ratio of AFB,-BSA 177
OAE 50:1 8.64:1 17.28
MOA 50:1 6.88:1 13.76
MA 50:1 10.78:1 21.56
SA 50:1 4.46:1 8.92
EP 50:1 6.38:1 12.76
EED 50:1 2.31:1 4.62

. BSA 5 AFB, #94> T AH L, BSA 7 66. 446, AFB, & 312, BSA
IERTF AFB, M AETHE R 2T, BSA AR HZE H 100% .,

Note: Compared to the molecular weight of BSA and AFB,, BSA is
66.446, AFBI is 312, BSA is much larger than AFB,, so the utilization
rate of BSA is 100% when the utilization ratio is calculated.

97.2kD

66.4 kD

443 kD

29.0kD

Note: 1:Maker. 2:BSA. 3:AFB,-BSA( OAE). 4;AFB,-BSA(MOA).
5: AFB,-BSA(MA). 6:AFB,-BSA(SA).7: AFB,-BSA(EP).
8: AFB,-BSA(EED).

El 3 AFB,-BSA {J SDS-PAGE E
Fig.3 The SDS-PAGE photo of AFB,-BSA

6 HARRERAEI3E ELISA 204353 T 1:(1x10%) ,
FW] 6 Fh5 14 WA AFB, -BSA H4) H A R4 S g I
M A DL OAE 4151 MA 415880 S b 3k ik 5]

1.6
—=— AFB1 pAb(OAE)

14 —6— AFB1 pAb(MOA)

: —A— AFB1 pAb(MA)

< 120 —8— AFBI pAb(SA)

o

2 —%— AFB1 pAb(EED)

£ 10m —— AFB1 pAb(EP)

2 —&— Negative

<

o

=

=

0
0 10 20 30 40 50 60 70 80 90 100 110120 130
AFB pAbFEBAE %L Dilutd times of AFB pAb/x10°

4 AFB, pAb ByiE#: ELISA 3l EE
Fig.4 The indirect ELISA titer curves of AFB, pAb

T 1:(1.28%x10%)

22,2 #RMESA O HIE S AT, 6 R
icELISA #fil 2 AT RAF 2t &R, OAE 41 #Usk
PEEAT 1C5, R 10. 32 pg-ke ™", HoAth 55 2 SO M1 30b (8
F OAE 4,

100 ——OAE4]
———MOAH
90 | —x—MAZHﬂ
o | —o—SAZ
s % —a—EP4L
2 o0 b —a—EED#4
Qg —— 4 ¥#(OAE4)
@8 60t
* 2
g.é 50
E 40 f
E 30 |
20 1 y=-32.171x+82.621
10 b R*=0.9916
0 . . . . . .
0 0.5 1.0 1.5 2.0 25 3.0

AFB ¥ BEH FA 0 HufE
1g(AFB concentration)/(mg-L™")
TE: B/By: By AFB, ANy B B ) i AH
By 47 AFB| WEH 0 mg- L' B AOEAE

Note: B/B,: B is the absorbance value of AFB, at different

concentrations, and B is the absorbance value when

concentration of AFB, is 0 mg-L™'.

Bl 5 AFB, pAb X} AFB, HY icELISA #{=4E

Fig.5 The sensitivity measurement of AFB,

pAb to AFB, by icELISA

2.2.3 HopnL R sA RE 4T, 6 BT
JIr il £ TR RE 100% 5] AFB,, Hh OAE #1945
SR PRI 1C,, O 10,32 wg-kg ™', 5 AFB, [
CR } 75.21% ;5 AFG, ,AFG, () CR 435N 44.13%
14, 72% , HoA 7 260 55 WP IARR SRR 5, S
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%R 3 AFB, pAb 3t AFB, icELISA llZE #hZ&kay @ T FFFE
R* EH0IC, &
Table 3 The regression equation, R*> and IC,,

of AFB, pAb to AFB, by icELISA
)75

100% iR 51 AFB, , (HILREEM: A1) 3SR 41 OAE 325
Tl PR, 25 B3R WT, 45 54T BGAFs BUBE = |
SRR )RR AR BB, B dF PR S B E
OAE %,

215 Regression R* {8 ICs, .
Group equation R?value  /(pg-kg™) 3 g
OAE y=-32.171x+82. 621 0.991 6 10. 32
MOA y=-31. 822x+99. 59 0.994 3 36. 18 3.1 BGAFs iR & RBIT k&It
MA y=-31. 546x+97. 263 0.993 8 31.49 BGAFs 't AFB, AFB, {1953 #5350 312.27 f
SA y=-32. 875x+92. 292 0.996 6 19. 36 314.29 B T/ AU OGP . ML
EP y=-25.245x+99. 481 0.993 2 91.21 —HRRUN IS, A S RO R R S A
D seo2 o7 107,18 vosoa  x0msi THU A BRSSP B, IRt B
JEA BT 1 BT W T e B AN )3 o7 A5 R
%4 AFB, pAb 5 AFB, AFB, AFG, .AFG, AFM, AFM, £J3 X [ i
Table 4 The percent cross-reactivity of AFB, pAb with AFB, (AFB, AFG, AFG,
AFB,pAb( OAE) AFB, pAb( MOA) AFB, pAb(MA) AFB, pAb(SA) AFB,pAb(EP) AFB, pAb(EED)
L 22X 2EX X 2EX &
AF Gy R ICy lEas 1Cs0 lEas C B G RE Gy JE4s
/(pgkg) BCR /(pgkg')  FCR - /(pgkg') HRCR /(pgkg!) FCOR (pgkg') RCR /(pgkg') FHFCR
/% /% /% /% /% /%
AFB, 10. 32 100 36. 18 100 31. 49 100 19. 36 100 91.21 100 307. 81 100
AFB, 13.72 75.21 46.03 78.61 46. 85 67.22 23.83 81.26  144.14  63.28  590.13 52.16
AFG, 23.39  44.13 >103 <0.5 >10° <0.5 35.67 54.27 >103 <0.5 >10° <0.5
AFG,  70.11 14.72 >10° <0.5 >10° <0.5 79. 41 24.38 >10° <0.5 >10° <0.5
AFM, 63.08  16.36  741.39 4.88 615.04 5.12 541.74 3.68 >10° <0.5 >10° <0.5
AFM,  716.67 1.44 >10° <0.5 >103 <0.5 >103 <0.5 >103 <0.5 >10° <0.5

G [ 3E  K E 38 2%t /N D3 B SR R 254 7 A
BERFE , E TR = A AR Y AR ST AR S
BGAFs (5> TS5 FIRRIE , 43 BIBERE 1 AR 2 fifk
A3 RIS 3 15 4 {57 22 (8] UK I SRR A i
PEIEH @t AR Ak 5 75X, 43 55 AT AR
IREL L RS PR A, e Bl T S iA A
EBE A THUER H B,
3.2 BGAFs ATHEHA R KL

H AT, ¢ T BGAFs AN THi & o i s 4515
RSS2, 2 R R @L T 2R AT
JEME 5 5 3% (EL I A N 0 D A G S ] | e 2
T I B G B R AR LIRS AR E S
H AR SCHRGIERE |, L AFB, 1E g S AR IR Y
K OAE MOA MA SA EP Fl EED 6 F 7 vE4 A
THUE, I d UV SDS-PAGE #4740 R % &, H3h
GBI A THUAREEE 28T, Tk th BCAFs HuiA il & 5
AR LR A BT S OAE Bk, HLAR S A T RO AR 5

Sy PR SO AR B 2D SR T 2R 7= W) 7 R
o (HERAESE TR T B HEAR B2 i Je Ve &5, 43
T, AL B A5 AR Ty i W 5 S N AT A 1
%%:26727] .
3.3 BGAFs ATHEHRBRHURS M

AKWFSE S LETGE L BGAFs A THUR ST, R
R R SR IS T ) BGAFs = i Bk
1) ] % B ) S RN AR S, 3K 22K 7F BGAFs HLJR
AT, — 5 S EBURXT AFB, B4R
Ut LA 2 AFB, FREEARHE N AR I B AR ZEK 5 55
— ) TS JEHU AR X AFB, B BURPE RN 35, DL
J& BGAFs BREFRIE N AR AR BIR P R
K H MA B4 i AFB,-BSA , §i V& i 2% 52 98 41 s 3B9
A AFB mab IZBUIARFE SN AFB, , R ¥ k5|
1.04 pg-kg™', 5 AFB, AFG, AFG, AFM, ) CR %35
H92.2% 33.9% 1. 8% 1 5.12% , 55 AMF, & CR, )"
RS2, MDY R SA 4N AFB,-BSA, i
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BEH 25T AN 3A12 K45 AFB, mab , %40 A4 44
HUH AFB, , REUEEF) 6.1 ng-kg™', 5 AFB, AFG, ,
AFG, AMF, ) CR 735 9 7.8% . 20.2% ., 0. 6% Fil
3.68%,5 AFM, JC CR, [RIFEAETE ) 35 1 22 A [A)
ABFFEiE I 6 RN [EHTE S WOT G i BGAFs AT
U AFB, -BSA, 25 KW, OAE IRAUR B4, i ==
AFB, pAb HUIAZL M &, [M14% ELISA ZLMris%) 1:(1. 28
X10%) ;X% AFB, 8B4, 1C,, M 10.32 pg-kg™ ' F¢ 57
PE5E, 7T 100% W 5] AFB,, 5 AFB,, AFG, ., AFG, .,
AMF, (AFM, [ CR 735K 75. 21% 44.13% 14.72% .
16.36% 1 1. 44% . AHF5E Fr it i HA 5 #7547
FEN R B (R i , DS ISR T R A9 TAE 24, —
PR TR

4 it

ARWFFEHRIE AFB, 195045 ¥ F8 HE AN EL A 16 AL
R TT I 6 B BGAFs Bl & By i, il 4k UV, SDS-
PAGE % & R 2 s it = £ 19 AFB, pAb Rk 4,
PAG T s BUS R )RR AFB, pAb, RIHT
JRA BT ) 2% T PR B T2, OAE ¥ & 5 Bt
BGAFs = i s PR & 1A 8GE 4%, X b BGAFs Huj%
FSEIN 5325 A ST B T ) RN AR A,

S Xk
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Design of Antigen Synthesis and Characterization of Specific and
Eurytopic Antibodies Against B-group Aflatoxins

ZHANG Haitang' WANG Xiaofei' ZHI Aimin> WANG Yanan' WANG Ziliang" *
(' The Animal Science and Technology College, Henan Institute of Science and Technology, Xinxiang,
Henan 453003 ; 2Henan Xu Rui Food Co., Lid., Jiaozuo, Henan 454150)

Abstract: The aim of this study was to prepare B-group aflatoxins ( BGAFs) antibody with strong specificity and
goodeurytopicity. According to the molecular structure and active site of aflatoxin B, ( AFB, ), the BGAFs artificial
antigen AFB,-BSA was prepared by 6 methods including oxime active ester (OAE) , methylation of ammonia( MOA ),
mixed anhydride( MA) ,semi acetal (SA) , epoxide (EP) and enol ether derivative(EED) and identified by UV and SDS-
PAGE. Polyclonal antibodies against AFB,( AFB, pAb) were prepared by immunizing New Zealand rabbits with AFB, -
BSA, and the titers of AFB, pAb was detected by indirect ELISA, the sensitivity of AFB, pAb was analyzed by indirect
competitive ELISA(icELISA) and the specificity and eurytopicity of AFB, pAb was analyzed by cross-reactivity (CR)
test. The results showed that AFB,-BSA was synthesized successfully and the best one was OAE method among the six
synthesis methods of BGAFs artificial antigen and its conjugation ratio of AFB, to BSA was 8.46:1. The immune efficacy
of OAE method was the best, that its AFB, pAb had the highest titers of 1:1.28x10* by indirect ELISA, a good
sensitivity with the 50% inhibition concentration(ICy,) of 10.32 pg-L™' to AFB, by icELISA and showed a high CR to
AFB, of 75.21%, AFG, of 44.13% , AFG, of 14.72%, AFM, of 16.36% and AFM,of 1.44%, respectively. In this
study, AFB, pAbs with high titer, sensitivity, specificity and eurytopicity were prepared, proving a technical support for
the establishment of BGAFs immunoassay.

Keywords : B-group aflatoxins, antigen synthesis design, polyclonal antibody, characteristics analysis





