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 E RBEEMEFTE G (Aflatoxin G, , AFG,) 1943 F 45 #4 FUE M A7 5, 5% 2 46 VL (SA) (R & Ak W ik
(EP) FlJs B2t fi7 25 W0 3% (EED) il %5 G B AF A T.4LJ" AFG,-BSA. il i3 UV fil SDS-PAGE #f7% 2. H
AFG,-BSA %55 Balb/C /N % £ FREHUIK (AFG, pAb) , [ #: ELISA #ll AFG, pAb &4, B ELISA 4
W HAEOR M , 38 YR BRI AT Hods . 45 R R . AFG,-BSA 4 T, 3 B A BT P, SA 1R
I, AFG, 5 BSA 4y F454 R 4. 32 ¢ 1, [a18: ELISA Z0#r R 1 ¢ (6.4 X 10%) , JH W ELISA K 3 IC;, K
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. R ERZEERMNE M AFB, i K%
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R e, AREZM T AW AF 2 AL
B, .B, .G, .G, 4 B, HI5 Qe & B SR 2 M
LT [F A A HEA 8 2800, §13T AF
s (Total aflatoxins, TAFs) (B, +B, + G, +
G MRL AR R 4G I 7 v Bk & J i,
2 2013 4E, A FEA 91 NEF R TAFs R
EARE. N E PR S IE I B & (CAC) X HE
i 525 B A IR (FDA) S5 85 £ b TAFs
FREARIER 156 pg kg 'V HAN 10 pg - kg '
KRB R 4 pg - kgt EBLA bR AE R W K
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Prio-Lab 7 8] 7 &, W F A5 N 17 28 Bk 50 #E 41 28
B A M AR A (BSA) G HIEE 1 (OVA)
s Q58 2 ¥ (FCA) | Jf [ AN 58 4 44 7] (FIAD ,
Pierce 23 5] 77 i, W4 [ B i1 o J5t X = BRI 5 46
Ml s B 2o 40 W) g AR i O BT A TG UK
(GaRIgG-HRP) , 4 3 £ W) T A7 BR 2> & 7= dh .
HoAt G500 17 B A, 3 A B al s a5 2, 1l
HIAKY R =Z80K .

1.1. 2 #i& ELISA i & B WM 0. 01
mol « L' pH 7. 4 B985 IR 3K 2% v il (PBS) ; B
FE0.5 g+ L' Tween-20(PBST) i1y PBS; ¥} [
WM 50 g« LTS Y PBST; W 0. 1
mol « L' pH 9. 6 BYHkFR L 22 vh ik (CBS)
1.1.3 %M FE Pharmacia & H i R 5341
¢ s Amersham 2 5] ; WD-9403D Al 48 48 Y, b 5
AN—AXEE T sRE-5301 PC 266354, H 4% &
] TY-3000 HLUKA, A6 B B AR Ik & A
BN F] 3 F-4500 BUE 640 O BE i H AR H AL 2
Al Z U1 BE 4 H 3 B AR A (MKS3 #9) , 38 FH il
NI

1.1.4 X%z SPF %% 4 M Balb/C /h
B HT 2 BB S g sh ) oo AR A S TS

SCXK(#)2010-0002,

1.2 A&

1.2.1 G#HAF ¥ o TRIAILSAIRES
A LLAFG R s JFORE, AR 4l 3y 1 454 E A7
TERY T PE B A1 AT k7 A (B D)y 2 B30k
[7-117, % 2 4 B% 2= (semi acetal, SA) . & 1k
Y11k (Epoxide, EP) fs B it 771 4 #1 7% (Enol ether
derivative, EED) & it AFG,-BSA.

AFG,
1.2.3.4 FRWEMEAI A 1.2.3 and 4 indicates active sites
B 1 AFG, #F&#K
Fig. 1 Molecular structure of AFG,

SA . AFG, 78 H,SO, £/ T # 1k K
AFG,a, AFG,a BYEEEE 5 BSA 092 54 A T2
E AR ICHK, 7E NaBH, W% JEAVE T, A e
SEM AFG,a-BSAT™ &5 ik 2k UL IE 2.,

BSA—N=AFG,a

B 2 AFG,-BSA SA i% & B B £
Fig. 2 Synthetic route of AFG,-BSA by SA method

EP ¥ FH AFG, XUk g 8 008 78 S AL A
M. AFG By 3 £ 4 B i AL . 5 BSA
i —NH, R i . LA — CONH— B
BSA kA i AFG,-BSAY ™, & i £k WL 3.

EED % M AFG, 4 {7 B 35 PO 4 Jl g

e B R, 15 B AFG, M BE AT AR Y
(AFG,-GA), FIl [ AFG,-GA R 3 5 BSA 1
A AFG,-BSAMY A i 28 UL 4,

1.2.2 G# AFATHREE UV EE FRE
— RN AFG, .BSA Hl AFG,-BSA.AFG, HH
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WV A - DL IR AR 25 B3 %0 B8 BSA ML AFG-BSA 4341 10 pes % B Mrse i Qe 10, A S AN BEIR & &
FHHVEE PBS i [V (H ) « V(PBS) =4 ¢ 6) Jif gy At AFB, 5 BSA 5 FA A L.

i, e E X HR L FE P K 200~ 450 nm #E 47 5 4b DGR A R — X2 = A9 BSA 1 AFG, -
FUHE 20 B 43 4 P i 2 B SCmik [ 12-13 ] B ik ik BSA % T W i PBS i [V (HEE) = V(PBS)
i AFG, 5 BSA 4 T45 4 =4:6) |, JREWEYN 1.0 mg - mL ', EEEE

SDS-PAGE % & ¥ 4 Hsc o W E N B 365 nm. &S K 440 nm B SR I E 5
50 g LY, LR 90 Vi 4 B OR R W E R e
120 g« L' HLJE 45 V; BRERE AL 10 pL.

0] (6]
O (o]
= |
\) CH,Cl,
o) — O BSA-NH,
Oxidation
CH
0 3
O/
AFG, AFG, Epoxide
—» BSA—NH
OH O
AFG,—BSA
B 3 AFG,-BSA EX i & M &2k
Fig.3 Synthetic route of AFG,-BSA by EX method
+ NH,—BSA

pcc BSA—HNOC—O

—
NHS

AFG—GA—BSA

B 4 AFG,-BSA EED k& i B 4
Fig. 4 Synthetic route of AFG,-BSA by EED method
1.2.3 AFG, pAb # & 5 % )& 5 45 B 5 #1 JE T3 3 L 5 R i Bk AFG,-
AFG, pAb il & 1 3 B A W) J7 ¥ & i $t Jit BSA f BSA &35, & H 50 pg & B 0.2
AFG-BSA 733 % € Balb/C /MR B FPUER mL 853K T 4~6 s, % 5 %, o A [a
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b4 d. SJa 1 RPESE 21 d BRI ERHE & 55 %
I+ 53 5 117 - 75 3 AFG, pAb,

AFB, pAb % % R8P 4 Br: ok A A] 3%
ELISA #EATRLM AN, SURE 55 5 , [ 3 5 4
ELISA GicELISA) il 5 AFG, pAb X} AFG, ¥
50 % 0 BT R B (ICs ), BLICs, fi &
PEC L RS M L R A R N R B ik B
AFG, .G, B, B, fE A4, icELISA il 2 4% 417
HWW I ICs, . UL AFG, pAb X AFG, f IC,, 5
AFG, . BB, W IC; H 43 b Ry Ho 38 X i %
(CR),

4.0
3.5
3.0
2.5
2.0
1.5
1.0

R WCAE 4,50, Absorbence

0.5

2 HEXRH2N

2.1 GHRAF AIHREFELETE

2.1.1 UV %& HE 5 A, BSA B & kil
WEFE 278 nm, AFG, 7E 200~500 nm 4 243,257,
264 Fl 362 nm 4 A4~ W e i, B A WG UK I 7E 362
nm, SA 1 EP ¥ 7E 346 nm 1 413 nm H BLERAE
W i, EED 7 423 nm Y B0EE AE 0 i i, 5
BSA Fl AFG, £ 7~ [6] 1) 58 S W ORFAE 26 W >R H]
3 5k ¥ T A N T4t i AFG,-BSA,
AFG, 5 BSA 5> 745G L 1.

0 L L L L L L L M L 1 L M M L J
200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
# /nm Wavelength

5 AR AI#E AFG,-BSA KI5 ik E
Fig.5 UV spectra of artificial antigen AFG,-BSA

®1 TEBEKFESH AGB-BSAWZ FHALL
Table 1 Molecular binding ratio of AFB,-BSA by

different coupling methods

BT RBERL A TEAR AFG FIHER/ %

Coupling Initial Products Usage ratio

method molar ratio molar ratio of AFG,
SA 50 ¢ 1 4,321 8. 64
EP 50 ¢ 1 6.24 1 12. 48
EED 501 2.56 1 5.12

TE i T BSA (AN 4> F B fiE 2 66 200, AFG, 7 328, BSA i &
T AFG, , H i 76 35 A 3L 552 BSA 3 100 % FH
Note:Due to relative molecular mass of BSA is 66 200, AFG; is
328, the relative molecular mass of BSA is much larger than that
of AFB; ,so in the calculation of usage ratio of BSA,set BSA to be
used by 100%.

2.1.2 SDS-PAGE % Kl 6 Al 1,3 Ff ik
A B S SR AFG, -BSA 78 8 b T 8T B
Z/NF BSA, #£8 AFG,-BSA i§ MW K F BSA,
UL AFG,-BSA & %2 .

2.1.3 kAR E ME T OALEMFER K
DGR AR A 2 B o B vk (1. 0 mg » mL 1) Jf
PR 380 7 vk A B B 5 BSAR L, 98 Ot 5

1 2 3 4 5

97.34 ku wo

66.2KU

43.0ku

31.0ku wee

20.1ku

14.4ku s

1. Maker; 2. BSA;3. SA;4. EP;5. EED

6 AMAIHR AFG,-BSA MEBEKE)KE

Fig. 6 Photo of artificial antigen AFG,-BSA by SDS-PAGE
JEE YA AN [ o L 3R T S8 A DS O
2.2 AFG, pAb G ZHFHED
2.2.1 e 8 AL 28 5 IR RENE .
B PR 1 AU B 9/ R PR 3 L
[B]4% ELISA Il % F A, 9F 247 Ho . 3 HU/IR
B AFG, pAb &M #3i58] 1 ¢ (1. 6 X109 DL I,
Ui B 5 i 3 5E 4 PR ARG, -BSA Y B AR
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Fig.7 Fluorescence intensity of artificial antigen AFG, -BSA

—— SA
—¥— EED

UF (R G 8 SRV L 4R BN PEA 3 AL 1 F e 5 SR L i
WK N SAEP il EED,

2.2.2 HAEMAH mIE 9 ATAL I Pk
B Ferm 3 /N B BT ELISA i 28 2 R 4f
MR P OC R B Ao 18 52 46 B/B0 Y6, i XF
gl AFG, /100 1847 MUH S H1 . ¥ 75 & Rt R 7
FlEmRdE. % 3 H/NRIME AFG, pAb #1l il ih
2R 0 1] U5 D7 B LR AE AN TCs, W 36 2, Hop 31 4
ROR B b 1 02 SA ZH/N BRI ILTE . IC;, hy 13,6
pg e kg 'L H R R EP 4 (20.28 pgekg ).
EED 41 /]N B A% 08 358 2%

2.2.3 #FFFMoA R 3 AT, 3 R R

—B— EP
—&— Negative serum
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—R

———

=Y S S S S U N
(== S T N« A =T \* R - N )
T T T T 1
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Fig. 8

BB S S W) JE R 15 1 AFG, pAb ¥R
100 %3R5 AFG, . Horh AFG, pAb(SA) 8= i
WoIC 9 13,6 pg « kg 'L iR R 4. 5
AFG, f# CR 4 82.19% ,5 AFB, .B, % CR /)
T 10% . AFG, pAb (EP) H 47 & i iy 8 v,
IC;,Hy 20. 28 pg » kg ' BT iR 22, 5 HiA
AF ) CR ¥J/NF 10%. AFG, pAb (EED) %}
AFG, myBUSMEE 22, 1C, i 65. 32 pg = kg ',
AL F U P 4 L A5 1 AFG-BSA U

NN

R T R AT
3 3w
3.1 AF ATHEARKERE

5 1 R B ST B T R A R
0k H AT SE R T 2  SCBL TAFs it s
AV B W4, — 296 % B % AFs f1 G
1 AFs ZGUE B 4R 5V 500 — Bk, 2 )5 IR

Curves of AFG, pAb titration
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Fig. 9  Inhibition curves of AFB, pAb against AFB,
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% 2 AFB, pAb X} AFB, #I &I f k@375 2 .R* EF1 IC;, (&
Table 2 Regression equation,R* and ICs, of AFB, pAb against AFB,

¥ 5 EYEp¥ R* fH 1Cso/
Serial number Regression equation R? value (pg+L7H

1 y=—233.184x+87.671 0.988 3 13. 60

2 y=—35.178x+95.975 0.992 2 20. 28

3 y=—233.3292+110. 48 0.977 9 65. 32

Ty SRR ] %, BV R BTk BE ARG SRAE R T Awso (55 % FIE IR Auso (A E 43385 “ 2" ROR AR BT REMR BE ARG AR B 8 W
B B

Note: “y”indicates the inhibition percentage, that is the percentage of Ays0 value of AFG, standard solution with different mass concen-
tration and Ayso value of blank solution;*“x” indicates the common logarithm value of AFG, standard solution with different mass concen-

tration.

% 3 AFG, pAb 5 AFB, .B, .G, .G, HEx X R

Table 3  Percent cross-reactivity of AFG, pAb with AFB, .B, .G, .G,
SA EP EED

AF 1G5,/ 3R R Y 1C,/ SRR Y 1C5,/ 3 SUR B/ %

(pg* L b Cross-reactivity (pg L b Cross-reactivity (pg* L b Cross-reactivity
B, >1X10° <10 >1X103 <10 >1X10° <10
B, >1X10° <10 >1X10° <10 >1X10° <10
Gy 13.6 100 20. 28 100 65. 32 100
G2 16. 55 82.19 >1X103 <10 >1Xx103 <10

A, 32 e Ry BRAR B AR Ty vk (BT A 3k o s o o
M RAPTE R W ME . T AF J2/N o TR,
A BN A Jt A BTG A T 40 Ml B B B 28
P3G 5E K oAk T AR 156 4% P PR .
3.2 GHRAF AT RERERERAERRBRRUAR

B TX G AF B0 55 750 P A L
J7 35 BT 7 A B A R M A B A R D AR 2R
B b3k 3 Fho vk EE NN R AR REE UR AR
¥ AFG, BRALIE . AFG,a, FII [ AFG,a #) 3 i %
FETE P A, DAy S TRy () B R 5 e It s i
AEPUIR A B R BB G R S R R U
JTRYRRE . PR SRRk AT LA R LR PR 7 A i
A R LB T TS B AR L . M R AT A
WA I S B BB L 3 S AL PR A AR Y R
2B R R ARG, B UM 2, A
W 2O AR R AR IR v B B i 1 A e E
SR AR 7 R AR 2D
3.3 AF AT REREMAENEREDR

M T AFB, 5HA AF 75 34 2% J14H ¢, AFB,
SULERE AFB, , B AFB, X} AFG, fil AFG,
AAEIAE T I X T8 b AF 15 4 50 5 4G I 3
IR I R el RS ¢ O S B S
AFB, BRi bR e {5 fif P 2 Fhag 205 G (6] B A7
1E B EA R P & o KA w6 A% o J7 T A A B

B EHB A E KR AF B (B +B, + G, +Gy)
B FRE, 2% T, AF %y 4% B 8 R 0 o 9% &
SUTE TGS AF R0 Tk S R A s, —
D5 W AR m B X AFB, 18 51 A f R A S
R XT AFB, PR bR B3R 5 55— 7 1 . 6 S
&% AFB, \AFB, \AFG, . AFG, 18 5 {1 U 1
PR AT AF SRR EARMER R, BT,
AF PR F BT 5 PR G B s /A 4 5 ik
P55 0 % 11 )2 1, 25k AL % (Trial-and-er-
ror assays) #E47  JAE XA L N THL R 2L & ST
ZI4h (IR) 4 (CUV) | i 3% (MS) | % i Lk
(SDS-PAGE) F#% # 2 4 (NMR) %5 2 i 45 58 Ty
o A IR 2002 T 38 3 Sl P 6 00 TE LR 2 M A
HPE, R A E B R R ET, B
Iy FRPEE TR T R A R R 2%
&> TR B AR o F R AR 5L Bh B
AR B e N X8 Sk i 2 R A ot S 4
JE B P B B | A5 R D AR G T R A
MRS 5y B0 L Kim 26000 5 5 1154 P B
FAR il # H ESR S ) 9 TAFs mAb,
%f AFB,. AFB,. AFG, . AFG, f ICs, 4% 51 K
4.36.7.22.6.61.,29.41 pg + kg ', Lk ELISA 4%
ABE RSB TAFs &, J& 36 5 4 Bh 43 1 4
P AR R I 4 G % AF mAb. % AFG, .AFG,
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it 27 3%

(I ICs 29 R 17. 18,19, 75 pg « kg ', Jf @ 37
AF G % ELISA il 53 .

4

%3

WG AFG B2 145 FITG PR AL 52, R T SA

2 EP 35 F1 EED % 3 il & G % AF AT
s JE AFG,-BSA i i UV.SDS-PAGE F1%¢ Y
ST A2 XA RN TR AT . SRR
W78 G % AF N T i & oy 3 oy,
SA EHCR et AFG, 5 BSA 5 F45 &N
4.32 ¢ 1. 8 s e = 1 AFG, pAb HAG 840
U R S TR R, PR R G
AF Fl AF 5 a G kar i 77 v 04 2 37 29 78 LA
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Hapten Molecular Design and Antigen Synthesis and
Antibody Characterization of G-group Aflatoxins

WANG Yanan', WANG Xiaofei* , NIU Linlin' , LEI Zhuang',
ZHANG Haitang' and WANG Ziliang'

(1. Animal Science and Technology College, Henan Institute of Science and Technology.Xinxiang Henan 453003, Chinaj;

2. School of Xinke, Henan Institute of Science and Technology, Xinxiang Henan 453003, China)

Abstract According to molecular structure and active site of aflatoxin G, (AFG,) ,the G-group AF ar-
tificial antigen AFG,-BSA was prepared by using three methods SA,EP and EED and identified by UV
and SDS-PAGE. Polyclonal antibodies against AFG, (AFG, pAb) were prepared by immunizing Balb/
C mice with AFG,-BSA,and the titers of AFG, pAb was detected by indirect ELISA, the sensitivity of
AFG, pAb was analyzed by blocking ELISA and the specificity of AFG, pAb was analyzed by cross re-
activity(CR) test. The results showed that AFG,-BSA was synthesized successfully and the best one
was SA method among three synthesis methods of G-group AF artificial antigen and its conjugation ra-
tio of AFG, to BSA was about 4. 32 ¢+ 1. The immune efficacy of SA method was the best,its AFG,
pAb had high titers of 1 : (6.4X10*) by indirect ELISA,a good sensitivity with the 50% inhibition
concentration(ICs, ) of 13. 6 pg + kg™' to AFG, by blocking ELISA and a high CR to AFG, of
82.19%,little or no CR to AFB, and B,. The high-titer, sensitive, specific and broad G-group pAb
were produced in sera of immunized Balb/C mice, which it was possible to establish immunoassay of
G-group AF and total AF residues in food and agricultural products.

Key words G-group aflatoxins; Hapten; Artificial antigen; Polyclonal antibody; Specificity analysis
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