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Study on rapid immunoassay for aflatoxin and fumonisins
in agricultural products
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HT# i H#H X B (Aflatoxin Bi, AFBy) f{RE# X B (Fumonisin B, FB;)
TR, Tz EK, MR, Bk, P R R 2R B 1k & Ts Ak
PRGN R B AR, T ELISA i G AR AR A& 7= i B T sk
SRR R BUE, Tz AT EIEERN . SR ELISA IR E R e 2 v 2 N
R IRAUKIE R I T bR, B STOMER AR, Zh i BB v A s i A
2L BUERETE. HAT, 4% (monoclonal antibody, mAb) J&mIhHyEE Fik T kK%
SR, T2 B 5 0 19 B M 2 ST IR A P o A T A, DRI, 4 A2 988 400 i Py i i 7
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(1) A BRAGRE I 50 b ECRT AFB ) BBl 46 ARSI . 48 PEG k47T 40 M il & 1]
R ATIAM, R ] ELISA 456 AN [RIUR B2 (R Am it S 0t e B ek, IR P BR AR 1
AT 10 IR TERE . 455K, =ik BEI) AFB) Aift it 0 128 7T e A T & 2 OR Y
BRPEAH A, Bl S o B AR 3G 0, 4 i B 1 20 R SR o 22 S G - R 224 I
e BEREHEL 7 VRIS, BH R GE AR A K BTG, R AR, Rl ZR L
PAAREL BT BAL, X & B AR AR NIk ZEG8 73k B BB EAT PR AT AT
AR X DR RN G R 1 5 4 M, R 3R B2 (ICso) 9 1.1539 ng/mL, A P [
(IC20-ICs0) 9 0.2829-4.7073 ng/mL, XJ HAh 3% it 2 85 R (B KA RN 0.73%.

(2) #J ELISA PArspid &kl K% i AFB1: Jyfidis ELISA HHERG I F0Az
SEVE, WCEETT &R SEES = HURPUA, BHIL TR AR KPR SR A X ELISA
(IR A R BB (2 . FE PRI CAESR N, @00 T ELISA DA sy il SAs il oKk
H) AFB1. 2598, fE R KM H, %7758 1Cs0 4 0.1625 ng/mL, & A
Ja N 0.0195-2.5 ng/mL M 24T T KRG 9 0.2343-30 pg/kg) » Bk 38 i £k 14
PG TTFEN Y=-0.4051X+0.2978 (Rag?=0.9821) . tt4h, %53 0] LU FPE R 5 AFB;,
IAR BN E A 81.13%-96.94% , AHXS Wit 22 51<9.14%, 1 1 4 F KRR #EY) 1 (GBW

I



WLy R T TR 2 18 LA
(E) 100386) F1 3 47318 F Kb SEBRAE i AT I 25 S, BT S/ ELISA 5 HPLC
BA RN XK IZ AR BUE . R e R m, B DA 2 oK
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(3) T AHEA5 5O SRIS 1) LFL PUs g &R0 FB: ARG S, Ry
ST, PREAR IS U, DU SORYRR R AR IC SR PR 1gG LA 4 18 A AR
wEE CEPUR IgG@Ew) , fERMAAMN, M 7 IR T RS 5 ORI 1) S E AT
ARSI K P ) FB1o 127775 AT PURE SR HBAR 1) By, 7E F oK Hh BRI Ry 0.025
ng/mL (EETHEMEEN 0.50 ng/g) , VL L4 1-50 ng/mL (AR#EFE S EE N
20-1000 ng/g) ; HkREIZE N 82.50-115.08%, HHXIHREM 2<6.06%. 5 H R T &
KBE S SZBRAS I T, BRI TR S HPLC-MS/MS B B 1 — 8. X i
GOTE R R . RIS R R RE, LU K FB,
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NSRS o
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Abstract

Aflatoxin B1 (AFB1) and Fumonisin B (FB1) widely contaminating corn are highly
toxic and difficult to control, thus, rapid and sensitive detection methods are important to
prevent contaminated agricultural products from entering the food chain. In recent years,
commercial ELISA kits and test strips have been widely used for high-throughput detection
due to their high specificity and sensitivity. However, the accuracy and stability of ELISA
are affected by many factors; the test strip is usually based on monoclonal antibody (mAb)
labeling, and its signal amplification effect is limited and is easy to cause flase negative,
which affects the accuracy of detection results. At present, mAb is the key reagent for the
successful construction of immunoassay, which is mainly obtained by screened positive
hybridoma cell line. Therefore, the screening process of hybridoma cell mainly affects the
quality of the prepared mAb, which in turn affects the performance of the constructed
immunoassay. So, aimed at the AFB; and FB; seriously contaminating corn, as well as the
limitations of current commercially immunoassay products available, the main research

results of this project were as follows:

(1) Effects of different times of limiting dilution subcloning on the preparation of
mADb against AFBi: Hybridoma cells were fused and prepared by PEG method. The
positive cell line was screened by ELISA combined with different concentrations of
standards, and then was subcloned up to 10 times by limiting dilution analysis. The results
showed that the screening process with high concentration standard may be conducive to
the enrichment and retention of positive cell lines, with the increase of subclonal times, the
cell positive rate and the inhibition rate gradually increased. However, when the subclonal
times exceeded 7 times, the growth and reproduction of positive cell lines became slower,
the detection cycle became longer, and also the inhibition rate of mAb almost remained
unchanged or even decreased. In addition, the final obtained mAb secreted by the
hybridoma cell line ZFG8 was evaluated by ELISA, and the variable region gene and
amino acid sequence of mAb were analyzed. The half inhibitory concentration (ICso) was
1.1539 ng/mL, the detection range (IC20-ICs0) was 0.2829-4.7073 ng/mL, and the

maximum cross reaction rate to other aflatoxins was 0.73%.
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(2) Construction of ELISA for high-throughput detection of AFB; in corn flour: In
order to improve the accuracy and stability of ELISA, commercial and laboratory antigen
and antibody were collected, the effects of combinations of antigen and antibody from
different manufacturers on the titer and sensitivity of ELISA were studied. In addition, an
ELISA for the high-throughput detection of AFB; in corn flour was established by
optimizing the conditions. The results showed that the ICso of this method was 0.1625
ng/mL and the linear detection range was 0.0195-2.5 ng/mL (equivalent to 0.2343-30
pg/kg based on corn flour sample), the linear fitting equation of corn flour matrix was
=-0.4051X+0.2978 (Rag?=0.9821). Furthermore, the method could specifically identify
AFB\, the recovery rate was 81.13%-96.94%, and the relative standard deviation (RSD)
was lower than 9.14%. In the detection results of one corn flour reference material (GBW
(E) 100386) and three actual samples of commercial corn flour, the established ELISA was
highly consistent with HPLC. These results showed that the method had high sensitivity,
specificity and accuracy, which could meet the high-throughput detection of AFB; in corn

flour.

(3) Rapid quantitative detection of FB; by LFI based on indirect signal amplification
strategy: In order to amplify the detection signal, protect the activity of mAb and improve
the accuracy of detection results, goat anti-mouse IgG was labeled with europium
fluorescent nanoparticles to prepare a universal detection probe (Goat anti-mouse
IgG@Eu), under the optimal conditions, an immunochromatographic test strip based on
indirect signal amplification strategy was constructed to detect FB; in corn. This method
could specifically identify FBi, the detection limit in corn was 0.025 ng/mL (0.50 ng/g
based on the sample weight), and the detection range was 1-50 ng/mL (20-1000 ng/g based
on the sample weight), the recovery rate was 82.50-115.08% and the relative standard
deviation (RSD) was lower than 6.06%. This method was applied to detect the actual corn
samples, the result was highly consistent with that of HPLC-MS/MS. These results showed
that the method had high sensitivity, good specificity, accuracy and accuracy, and could be

used for rapid screening of FB; in corn on site.

In conclusion, the above research provided a certain reference value for hybridoma
cell screening, monoclonal antibody preparation and the selection of antigen and antibody.
The established ELISA and LFI could, to some extent, overcome the limitations of

commercial products, and meet the needs of on-site and high-throughput detection of corn
VI
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samples, thus providing certain theoretical and practical support for the construction of

other immunoassay.

Keywords: Aflatoxin B;; Fumonisin Bi; Times of subcloning; Monoclonal antibody

preparation; Enzyme-linked immunosorbent assay; Lateral flow immunoassay
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1.1 EEES=E

U B AR GR S AEIEAE . N T 38 52 1 I 7 A 1 B AR AR,
JUZAFET AW TR R s B B T AR RN A — R DL B R R, A
[7] F) 2L B P 7E [A) — A A R 3G 5, EIX P RRE L HR 28 5 3 R PR R AR DA_E 1 B
g BHEr, ©RBUL 400 FhE R R ARSI, Hob s g Hie®
T 5 (1) A& 9 i 5 B 2 (Aflatoxins, AFs) . fRI 5§ & (Fumonisins, FBs). &R
(Ochratoxin, OTA). L K7RE/EI (Zearalenone, ZEN)B), £ & RI54MEY
AR F B VAR AN RS, it A A5 sh i fid B i i ™ 2 b 470,

1.1.1 HHESZEMNIBEUYMRSEE

W E S R(AFs) FERZHEME Uspergillus flavus) M54 ME (dspergillus
parasitic) 7ERIRGACEY), XMEER R RS RAEBURBE R R4, fERH
TIRECEIR I S AF T 5 TG Sk 7 80, T A R DL AR IR P R A 3 A A
AR GERE ) — LA R AL A B, e PR 2R iy 1) WU Ak ¥ 7 1 9 B B0
tE, HilCa$ e 2 fmiiEsR, TEMiEERmE 1.1 PostY, o1&
N 312-346 Dal, M &, MEETK, ZETHEE. CEFAHERT: [N, &
ith 27 B 2 AE SN U R AT DU SR ZL AN [F U 5O . 25 IE B N AR B PEAE
M, EMHESRAEEESR P EGREM &2, ERER N (JARC)
KA EFR R T2 (I 2A. 2B, 3. 435, MmEmEFRPREENIMILS
Yy, BISEAHE# R Biv B2y Giv Go (AFBi. AFB,. AFGi. AFG,) M MIEH R
M1 (AFMD ¥J5 9 NSRBI 12800, R0, BRI 45 42 N il i Hefih g
ith 2 8 = 00 AR, X 5 3 ek o B RE R U5 R 00 T O 0 5 B AT O 1 1
4.6-28.2%0121,

&5 & B1 (Aflatoxin Bi, AFBD) H4rF A C/HOs, 73F & 312 Dal, 7£
365 nm AMGEN, KHEEETE, HEAREMEAERRENE, Wil &miE. 5
T BRI, 15 R 0 I B 00 T BOHE DU L 231454, AT eI L )
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mH, WH7RY], HhERR B CRKRA U RRBUEY), BA N R,
HAAHOEHE (LDso) 4 0.36 mgkg ((KE) , J& TRl ), sB 220 LRI,
AFB B4 St 3K PAS0 flok A B Al Dy o i 2 5 22 -8,9- S A L) (AFBO) , XL
Y15 DNA &6 HTERINEY), 58 DNA fifhlel, thsh, C&f &% AR
AT 2RSS IRAIE ) AFBy FLAT B B0 VU718 5 A PE AN S £ 09200, 1y H. AFB,
PR —MsRIG e 5, oA R AIE (HCC) M EEFFH R, KRUHLA
B MW 1R PO A PR P 808 XS, T )™ 16 T N SR AR R

OCH, o OCH,

Aflatoxin Bl R=H Aflatoxm B2 R=H
Aflatoxin M1 R=0H Aflatoxm M2 R=0H
(0] (o] (0] (0]

(0] o] 0
(0] (0]
OCH, 0 OCHs
Aflatoxin G1 Aflatoxin G2

K11 E LR s s R A
Fig. 1.1 The chemical structure of aflatoxins B1,B2,M1,M2,G1,G!!!]

112 REEHEMNEAMRSRESE

R E (Fumonisins) FE2HHBERRIIE (Fusarium moniliforme) 774 H1H
BRI 122), o — A H AN [ 1) 22 RN T = SR IR A F 14 45 R S B PR XU e 2R A
Y, HErC R 28 MR DEERRLYE, K, fR%%E % B (Fumonisin B, FB1)
25 ARG BRI 75%, RRDERMEERSAE WL, I B iR R,
RO R Byl EBREER 7N (TARC) JH 8 NKBUEY) 2B 4100,

R F % B1 (Fumonisin By, FB1) 43T~ C3aHsoNOs, 43 F4 721 Dal,
AN EEMAR, BT K PR CIEK, 1 i R R 5 4 i e R R R
I, WA T RE, MIREN, HIEAHRFRE MR8, KR H B R m B
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WraEtE. HEl, RSB RFIENE AU, HEHEA TR, RS RRN4ES
SR NE AL, =il B AR SR AL DL AR SE & R As, I Al ESZ A KV I
IR, BEMRL A0, HAFRRY, HRKRET FBI, WMy
LRt ATERENE . R RGN FEA AN, AR RRRS, o R R EERS,
XD UE W RKOT 1 FBy B 5 T 51 5 PP A 1R KURS AT ™ 2 S 3 AR P A 1Y
fi R o

.13 EESHENEECESRERE

HE#H RGP mRA R BAEN . o, StRgaid 25%
FIRAVED) WG B TR 2RV5 e, XLV 5 e BEURIEME FRIME TR, A7 AT,
IR AR IR FIBE L2 (38 AT S 350 R AR ROl 451 2 DL st Pk 28 B 45 2
I HE R R LN R EA TR B i s AR R N N A4, AT ™
faENFE AT 2205, A 20 4D 70 FEARTFAE, ATC A RN B H B 5 275 400
BHL R B N B i 4. SR, 4 M1k, R7= i B RT5 R — A i fr
R . BT HEMREZ, EARF M2, HXIHREEMEE 5, B,
AR R BAETHGERER. M. KK TR KESRAM N, Eai5i
TARL A A, AR A, o, B E#E R B MR DR Bl
g R, TRSER R IR . i, (£ 2013-2014 4, —pXfLhZR4E 520
T KB A K B R B R AR 5 7R, AFB1. AFB2. FBi. FB. DON. ZEN
WK, H AFBIEEFRE; 4k, 7F 2013-2016 4Bkt 382 4 T /N
it e B ARG HE o B B B RORR T8 R, 2018 4, — Xt 2017 4F 1-12 AR HIRE
ANFE A 1 876 4 ARDRHER it (I 72 45 S B AFB) (FIBH MRS 26 51 93.75%, FB. 1)
BRAPER H %8 88.75%, H. 98.97%MIERL K J5ORHSZ 3] 2 it [ DA b 25 1 2 35 G2l

B+ L2 00 (0 R R AN AT A R R IR O 1 e, 0T B0 R R 2 9 SR AR R o
A, S AN [ X T 06 T A B A R PR b B AN HE R
(R 1D, DMRIHETEMEE. SILFN, BEELSKE, TE2REHERMECE
SN TR RO, PR AR R A, R AIRE . ARSI VE RN 3 A R
Z, PrAE T RS L VRS 2R R E [EFR (GB2761-2017, GB5009.240-2016,
GB13078-2017) "FHIAMLE Vim iR R BT R AL SARRERE . BHAT
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Tab. 1.1  The limit standards of mycotoxinin in different countries and regions

HH R Hh X RS FREZR (ugkg)
B TR 20
China KA 10
AFB, INFE 5
FDA DN 20
WA gy ) LHC 7 63 dh 0.5
AFTs U B B A i 4
TR LK 10
China FLA AL B LT B 20
AFM; EU e 05
Ba )L 0.1
FDA 44y 0.5
o China NSRS 5
RT3 A FU BRI, 3
. China TR NZE 60
FAOREAR EU IR, 75
China Tk, NEE 1000
It S35 T B ) T O FDA INFE B FLAf] 1000
EU B J H A 750
A China KRS GERL W) il 50
EU ] A< 97 SR A i 50
China T oK S HAi 6x10*
FDA oK S H = 2000
R #E (FBi+FBy) RN KB 400
EU
B)LEKE 200

12 HESFEEWRHNITHMR

AR e A RE R AR RS ) E BRAD , SEe F R S T 2 ) R U AR S . H R
FLER B R ARV UM T8 H A DU IR IGRCAA4T (RNA | ssDNA B\ [H 24125 DNA).
OrTAEMIIREF89) | {2KI052 (DNA B, RNA . DR TOLEE) 70 T EIE s34
8, MERT HAMRN IO, TP ANE RN A RO R, T M
RERRENCE=y Al L LER N
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1.2.1 s

FAT, §UR 250, B8, XUppoeol, JLA TREHUA-6ISE, R LA
LA H IS ARERYE, thhn, ZHihHles, R TRl E s i morid
TE, BULPRS PTASE A T8I, RBUE BB TR LR R PR E b
Y, REUGSCBLRIZASIN, fRm VAR, HE A AT fl sl R A R ks 2
PR CAREG LR A] LS BB R E PESCE B PUAR, Rl LAS 2 EAR K $.4T (scFv. Fab).
AR GRGLA, (H SIS DN v 5 A B A H i S 2L A RS,
BRI RRREI R 2% TR, XU GURUIR . D RS i+ HB A B % 32 21
TSRO R OGTE . WEFCANNIA, AR T AP, S & o 2% 50 4 vk o it
FTfs, — Gl ELISA §fiif 45 & 4 UL be B st AT LA 357 B A 10 BH 1 2% 58 8 4
Fpk, ol R R LU AL TE 3 . BT B B AN, BLAS B HTiA R
VR — R AR TCAE T 2 N T S 0 b 7 iR I

122 B & FHERR

HAET, BAhid 2R A SR A M 0 WA A, [RLIG, el fR7 SRR L v B0 f L L
R A% R S WA 1o Jo e P70 10 P 24 52 88 200 MR R AT R A i R g R RO DR — 55 L )
PR O T2 R i 7%, 40 Jin Zhiyuan 28 A\ Wit 7 — b3 e 04 i 2 1
PGP L (SCSFIA) DA% 4% S A o) LAk, — LR 78 R 2
TG B R s PELSS) R A 0TS R | A ik, IXMOTVE TR IR R, R
ROC eI B LRSS, HAEBON S REE S G5, IR 7 R LR
FLHIERAE /& ELISA ik th A 3SR EAR, B BRMBVE T se B B E MR, |RE 4 IR A
A A 53 UA AT P A AR R MR, S AR 0 368 T A LT B R 3 VRO e, SRAG IR 2%
AL 4D9 REREFRE S BT AFB: IRSRET, S5, Bl & 1 PR AFB HA
BB SR A AR S, R & 1 5K R R AR LS, 80 R R P A 4 i 5 o 0 1) %
HPT AFM FLBTIFAE BL AL b 3RAF T SRR PR DU AFM AR il 04T 23 (0 o g2
GIRTIS BRIEZS BT T ELISA 454G BhRETRIG AR FHIE MR, 20 2-4 IR TeRE, &
2RI e Y — ok R B i B R EOE A #T 1C11 G AFBI. Bay Gi AT Ga IR
B (LA ICso Rn) KRN 1.2 1.34 2.2 F118.0 pg/mL) LK 2 MR #E i &7 K B
M RS VR BB, IR R AR I SRR £ T G JE A AR et A EE R U, X
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R TT IR T PR, ARG T PRI R Ok o ORI I LR e R A 4 3R
YT, ARG e PR, HOuF B VE AR MR I A I B0 . BT R U AR S R R 52
i AT 15 F 7 o

1.3 HEEBRRESHFERAR

FERE 2%, il R T o M i R AT L v ROBUH B VAT AR -
JRVEE IS SIS R 1 3R 8 A, BRI T E A I 45 R R HER, E
i E IR S TR P L 53 St AU ACER AN EL BB N B, X AT B At e xE DASE I BRE |
BRI . e ik BL BT BRI R T BT IA-SE R R S R0 0 S A R (B
MR, BEEAFRRSERME (BB ZO6E. 9URBRD LUESMEME. T’
KAE T EEANRE IR, BT AU PERE, Cpor kN &g i,

1.3.1 FREEBERSHG BRI

P2 U= 5B BAE R I — R, HSE B OGFABUN s i 4 2
[RAE T AEB R, P2 A T R ARSI U RN . T SR T B SR B HUN (Surface
Enhanced Raman Scattering, SERS) 248 24— 8673 H{WR bt 2ISELE R RE 10 42 8 CandiR.
WL &5 R ER, ENIh S B TR N 10410015, HET, HIEIRHEALL
R, ENNVERG R G E RS TP RS ALIEsR (4T85
X AL 5 B2 UM SR R R KGN BTN R A T & R TR R
ifi H SERS 7] LR AHA I SERS Sl (g A E =55, B2 N T4
P57 PRSI I AT B i Tl el 4 Li Yu 58 A AFB1-BSA. ZEA-BSA 11 OTA-BSA
BRI B 3R, 5,5- AR (BRFABE T S -2- LK H R ) (DSNB) b
WWEPIKIRL (GNPs) {ERFLZME /T, 5% MR BHURIS M SERS ##4t,
TP T —FheT SERS WIS M 777 ARl AFB1. ZEA. OTA, XFHiH uiF=
PSS ) S g ] RLEAT 2 B A0 M, 25 RK B, AFBi. ZEA. OTA IR IIIR 43 A
0.061-0.066 , 0.53-0.57, 0.26-0.29 pg/kg!’””); Zhang Wanjun 2 N4 1 X 2 Frid Al
=2k, Y 5,5- TEARL-2-IEEE R R (DTNB) 1 4-FiZEX IR (MBAD 5
it Au@Ag APKIRLAE AR 2 ARG 77, SRS BBAHRUA S, TERL SERS #7%, #
FEHET SERS FRIMIAL G2 2 AT 4R 4% [R] I AL oK A i AN Fh 25 T A K 178 BE T SERS
[ e oM ik B IR B WA . REBUE A BRI SO0 R, (H2 H T X 22
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L AR B TR - A S O iR
T R I A RIE IR D, WA AL TR BB 1 B 2 el & 51, ERT U AL
[¥] SERS #REF 155 JBOK S J5 S A FRFIR AW TT .

132 REFBEFHRRESH

KM% TR (Surface Plasmon Resonance, SPR) F&—FfitEIl R, &l
PR FAF T B (Au B Ag) RIMEAEM T 59T H 2840, Hox R
I T BB R S BBURR MR . o DL SPR 4 AR Ay B Al R T 5 25 7 SR o s A% IR 4%
HEFHREMEDN &S T ESRA . PURTUA RN Sh A SR =il =i ik
SR A, ERERIRI . B A, IR IS 2N AS 22 S, SR,
THI 55 B LR 0 I8 T K4 7oA, S 3O 4 8 RS TH 9 2 36 1) ] ) A
W, BHEBRET LI TIEY, Il E F MBS 402007, Tl LAAS [F)
9K RS 1 3 & J8 R, DL & U7 vE B R R 1 R . 4 Aleksandra
Karczmarczykac 55 AN £ | —FhJE T S 9K FURL 38 38 1) SPR [R] 452 56 5+ S 2 73 B ik
FR A I 2B RE F R ) OTA, LOD N 0.068 ng/mLIB%; ] SPR % 73 J5 i3k
AT SEE IS, A5 S5 RO AR AR R oA I o — Tk, L T DU A A&
Py, 78 77 B A 3047 40 K O 1) 2 T A oK o I — R PR o DRI, A F 90 2
MERTTARE SR b, BURIRRR-E 9K, BB AR ZR (SAM) , Fil
MY AR A BERgr, DI AFB,, 23645 REW, 5 HE 5 AuNPs ) SPR
G ISR L, JE T LB R SPR s 43 M7 iR AT R IR T 6 fiF81,
HAR SPR G A I T /Ny TR T AR S A 7, [FIRF, ZERIA SPR I,
PR 5 AR REAR 2 T B FERE SR B, R BT AL SPR S Fr s (XS /N R A AL S5 AT)
AT

aid

133 WELXREDH

%)% (Chemiluminescence, CL) & HI6 52 & B H RE B RS 51 L I &
FEPIMNIUR ASWOE BRI EEAS, Ml JerIr=2E, JEIRTE 1-2 min WIASEME, Mm%
KT BRI AITIN ), [ 3 G T ST RO G2 bt R RS Y RO, AR [ 45
SN 2 820, A g R 2 RO SR 43 A R A A T LU A oK i
A HaOo # R AL, T B ML AP &5 8K BUIHAT A I CL 3 A R,
BEAE, T R 2 B R R R SR AR BRI B, Xu Jie S8 N DAsLT, iS40
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iR TR S8 X B %k
R AL EOK AT HoOx R R, R IEZK O T AR TMER (SHPCMD B FEF L | —
Pl R B TS S R G A RS RIS AFB1. FBi FI OTARY; Syt o 5t
JF R I A B T, Xie Gang 2 N FH R RIURLRS 5 5 16 o 4 B85 5 TR Bl e 1 1
BEAAAE N, {4k Lumigen APS-5 V=A%, &5 BRI AFB, 1 LOD £,
40.05 ng/mL, XNEIFEA T HAR R R R A E B AL AT RS gt — 2D sEil
FHOK, BRACE ST, SEE RS, SRR BLAGIHT KA R AN 4K
TE R ToAR 25 BIA 27 RO TT 1R S /NG5 Ak 57 R DG A S5 7 THT I B 5%

134 BUELXRESH

HAL 22 %96 (Electrochemiluminescence, ECL) F& HAL22 51k 2% K645 A (774
A IR AL 5 RN LR BRI 5 R I RO SR80, A4 ECL R BEFALEE, ECL 4
REFEY N KA ECL AR, LMY ECL KR, P ECL AR, RigmWifiik R,
HARAE TN — SR LR T, RN F P AR BOBUR S I, ORI ERAL f5
[l BIES, R PR IR, TG, JailE 5 uol, Mol T
H AR € EALI . 40 Zheng HongLi 55 AR A TRM [P E T &g ([l € D) e AERE 1)
) TERAUR KIS S, BEMIELT (Ru(bpy)s?) ARALEKGH], it T —HMXiik
e O B HAL 2 R G A AT VEAG I ZEN, X B T RIS R R AR IR N
TR0 ECL e b A iR MM B8, Zheng HongLi %5 \AE JFR A 72 (1 i b
K, ZIRERRER (FCA) A LUA M K [Ru(debpy)s® 1) ECL (55, FIN$gm&
Kifif¥) ECL 5%, LLXPAS#TH ECL &4t Hoc, BIi-H P4 ECL 55 1hE,
R T — R B3 e R 5 (0 = BRIR Y ¥ ECL 4% 4% 828 T DON farill,
£5 RR W LOD 4 0.0167 pg/mLIE, HLALZ R 5 ROGRML, # B TS
SEPUE R, REUERHAT MR, KRR A mEEE, BRI
WER, R AR,

135 BUEREIH

HLAL 2 5% 73 BT (Electrochemical Immunoassay) 32 2 DAHUAA AR B TTAE, AR
C(EA A BTt Al S, 2 ENRI B 1EohEsHootE, it
5B BRI AR, SR BAEIE RS, 2405 TR AR

S GRS FHPT. BEREE) , PLSEIUN HARYIRE AN . b HAE R,
8



L AR B TR - A S O iR

Wi LR AR A TEARIRAE L A, CBONRIRIE . R R, Rk, BRI
JI T H o FAREE S oo A (AR LA P B0 5 A P A B AR P 1 AR B i R A
(R, FERSEILTT IR S 8 75 R GRPT B U 31 ro AR AR i DA AR ri A R R K
55 o — R M EARDUR TR IR B 8] 42 5 A Ry s A AL =2 e 2 i 5k il
Yugender Goud 5¢ N\ E: T A] 5 5E P8, E K ZEN-BSA BL4AE 22 W BV fL il L
JE AR P H AR B R B AR G 0 50, IR NS, #E4T DPV 354,
DU 3 FELAK 2 4 088 o BT AS U ZENDO); - Ajay Kumar Yagati 25 A @ i AN 7] (14 44 R 1
WG, Bk B b e e R T, @50 1 BT AFB R ) TG bRic Bk B B
A, T HEARORIREA ., R0 A AN, 205k B R
TPERECT, AL B TR R SR B IS, WA AR 50 REBUE R St
ZepFAE, (HER AL S S IR YR RE, T A8 B v r R R T ] 2 M AR E T
HCE PRI AL AR RE S TR 4 /N DL R R B SE

1.3.6 EREXGEWMIE

H 1971 % Engvall 1 Perlmann & & T B Bt % 7 W B 0l 2 ( Enzyme Linked
Immunosorbent assay, ELISA) HT 1gG &&=l & 3¢ &0, 151X —H ik KK
R IIR 1) J7 1% . ELISA S8 A RPUAR S Lk . B (AR e 4R A 42
e AR, FIF BIRTIVE, 45E SRR AR RIS, $em VA TERE, T
R DY ELISA &7 & o] UM T PR 8. Ko TEESDS, 1E AFB,
7716, Lai Wenqiang 55 AR FH HUER MR AL BE AT AFB) BLidbric & 40Kk T,
FIFH AFB1-BSA B HAER, BLK MnOs AR RIT R T —Fhi 10 58 5+ B G i S 1T 125,
M FRMAEAE T ) AFB, HAGMFRAKZ 6.5 pg/mL®);  Zhan Shengnan %5 A F] FHj #3k
H L5 5 1 S 9K BURL(AUNP) R &R JBOR AuNP 8055, TP R I3 T3hd0k
O ) B #2554 ELISA Xt AFB) BUE s 10 R U, A MIERA 0.12 pg/mLUl, EAR
FRIFEFER TRIRIIAA &R, O TRIIE S, e TR R BUE, (R ERIE
e, HARTERD ELISA & iz M. HAl, —MCR A B8 4 BRI 3%
iU ELISA iR E R I AFB,, QoG4 b 40 R G rEAR b, BT H B4
54 ELISA 7&Kl AFB:, ICso A 66 pg/mL, £X1% 76 H Y 10-810 pg/mLIoY; &
At 5T AFBy S0, FEMGERAN b, A 1Al g U ELISA ) S i 50K



R N A e 20" B i
AR ) AFB1, RAEEE A ICso N 1.502 ng/mL, Z&1ETEE] (IC20-ICso) A 0.342-6.597
ng/mL, TARME S FIRIBR A 0.836 pg/ke, VG 1.368-26.388 pg/kg!'?l, i H,
K E O &% ELISA i 7 & & & & Wl & 7 &b 1) 5 W 8 % 8 O8 B bR 7
(GB5009.22-2016) , ZFIEELKH AFB I H IR A 1 pgkg, RN 3 pgkg.
SR, A A ELISA G0 & i B E AN, BEAR 2 KBS A K F AN R KT ELISA
BAEXT AFB AT 1 BB VEOY, DAORUEAS IS5 S vt 1 103), {2 kA AR
KIEFE S FTHBUERBUR LA K, REAFE KMHUETART T ELISA 1%L
ARSI A, JeAh, JEMBI. FEMTTALEE . (R AISEE N 7 AR
S0} B ARG M 25 SR A R

1.3.7 MiReERSHE

37 % 24192 (Lateral Flow Immunochromatography, LFI) 2 %2 2 T4 iR
LA B UARFR AR, 38 I B0 1 0 R Bld 72 5 sl (R A O E A, AT
TE IR BB b S BRI ) 0 R G, BT I PR, H 2 AT a s,
I PR A2 ORI IR 535 e (R o v, 386 B ] 23 % A 6 AR R LIRS e 23 i i —
FAGF A FSRPUEM L, BFR RN S Rk, & TR
T, T SR B2 BRI 22 f) ST 041050, g Ji) 43 3 't A 2 AR AR 4508 R B K
Wi . ERIOLGMMMRITTER, JCHEH, MERTOEREIC. A5
LFL H, G E R AOR R B AR IO e ST b, X PO ERE oA il . AR
T AEAPET TR L AR 007, BRI, I AR IC 7 V5 IR e a5t A R 7E ) AR (i e
BEAR T AT AR, TR T BUR SPUR AR, AR T REUE, Bn T
R WL RE BT IOVE RE . Ak, BT B bR IE AR RS R BE R — PR E 1) B
bRA, CARRI B ARR AR ARG, TR E TR A MR, XK TS I,
WEINT BeAR, T EA A A — R4 092 A A 22 P g 26 . DRI, 4t Bl il A
VP2 WA IR T M EARC IR S =0T, B, Urusov %5 AUOSIHE H s A 47 B
(IR - S AR IR S I E AR KA KA S ¥ FBy, LOD 4 0.6 ng/mL, X
D9 FI R I 22 R g AR A OB AR AR, FEXPRT, BRpLIE S S REN R C
28 FIEPUR 1gG, X A RE 2 PRAS SR URIPUE R S U0, A SE et T 2k, &
17 REE AESLEER b, — 26BN SR T PO FARid A PR 1gG 1E RET,
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LR TR 18 X it
AT F At /N 537 B R R PR IS G883 s, i1, Urusov 45 AN pip Al
KRB R AN 3t 28 % Bi, LOD 23514 6 1 0.6 ng/mL; Majdinasa &5 A MOV /¢
AR A, H LODKZ 0.4 pg/mL; Li Z5 AMIE G405 o ) 3 i 5 8 1 M,
M=%E %, LOD 2% 0.009 F10.024 ng/mL; Dong 2 A2 fid 480 55 165 4k T1 45
B, H LOD 4 0.121 ng/mL, iX#SUE R 1 5T (B AR =R G 928 43 v T DA S ik BA
AR LFL R PR, R TR RvERE. SR, SRIRATAA, 1R 7T 55 K
F b3 753 € AT FB) .

2¢ LAT&, #F SERS. SPR. CL. ECL. EC M/ ik, HpriE s R &
SR, JoiE SEEL PR S A, T ELISA A1 LFI 88 5 ik b3k 77 9% 0 )= PR 1%,
JUHGR T ELISA BRI S AR AS, DAL B4 . m R A SN & A A
LI H AR DA 572, {H ELISA R0 & 0 vk PEAR R BE 5 P FH (R oA J5 1)
VEREA ¢, RARFE KPR TAXT T ELISA IR A1 R BUE RIS AE, ok,
TR A ETAL IR O ANSEEG N 53 R A 2 ) B A 45 S A g, [
SR AR B E VE AL R A A i s AR A0 5L T B i, HAB STOREH
AR, DA 5 i S PH RIS, T S M R 25 SR v v . TR, A A B B I i ol
Tk — i 7t LA iR ELISA AR ARSE I TR -

14 HEBHEEX

YR, A7 i TR SR BB AT R AR o B 2 A Il R P S SRR R Y PR AR E
SR AR I R R U T RS e, XM S B 7 i VR R B AT AR
Grage, i H ISR BIE A B FIRME R AE Ay 22 4. BT XS R E S Y R oK) AFB, Al
FBi, MM ELISA A& AR4U = m B AR g, REER. &EmE sl
A, TR N BN E T B2 . SRT ELISA (¥R R R 2 1 2
LR ; RSB I T P PihRic, HUSSHOMERA IR, Dk 5 it 5 55 H e
W, TSR T s A . EAT, SRHUR BRI BRI kA, HEE
SO 3 975345 P 4 A TR A 2 AT A, FRTTIT - 4% 50 98 40 L 0 934 3 R 2 8 2 393 2% £
G B, T S B TR G ) G2 A AT T K S A R . TR, XS
G EOKE) AFBy M FBy, DA H AT e il & s R 1%, AR sCE et it 7'/
PRV v [ BN AFB B Bi) & B se s ook, fEabssal b, #ETE IRk,

11



LR TR 18 X B %k
WA T ANRAE T TR PUART ELISA BIs2md, 15 H., Jfd s ELISA TAR MR E M
AAERPE, WKL, fERETRTUAA ST, M 7 ELISA Dlsnd Al £
KK i) AFBs B, IBOKIRAR SRR G S A m R a6 S, aor 7T
T TBOR SR B IR IR G928 23 1 ik DAROA & BRI FBy,  Bi& ELISA FHZE AT 4R 40
RS T AR S AFB A FB) B E L 0 A . DA BB 9T 9 2 28 IR 4 B
e BRI MBPURPUR G EIR M 7 — ERSEANME, Frdissig ELISA AU %
P S AT AT DA IR 5 7 ot B SR B A, 8 2 KA il B B el A R SR, XN
He gt FUAth G B 7 M T VAR B T — 8 RIS AN SE B SR

1.5 ARABRBARREL

A SR EARBE TN 20 R

CLA BRARRE . 5o B 1 O AFB B 4701 4% IR 20 - 23040 %% L P LT ELISA
R, G2 BRI Blab/e /N BRI IRATZ: PEG ft&5 5 B RERI 41U SP2/0 il &
RATTR AN, R ELISA 454G AN [RIVR BE AOARHE i 075 16 B PE A SR Al bk, RAHA
B A7 g V20T BH 14 40 B AR EEAT I8 10 IR S fe, WA PRI AR A KOIRES, &5 &0
MegE R CANMIBAPERS . AN BEAT 04T, SR T AR B HT T B SRR TR
VEAN AR WA B BT HEAT Rt . RBUE L R S VR CLVRO B B i, O 5 HLAh A
T P 4 10 AFBy BRHUBEAT 1 LU 24T, B xe B v AR IX 3 [RURN B BE 1R 2 41 234
DABIF 5 MV 58 B2 (R B0 AFB A% 3098 PRSI AR AR A A . B bl 4 iR, AT
ATIREARMLIRL . BBUHI AR MBS, Y SR T R I R B A

(2) #J% ELISA Plmi@ s i %2 3K Bi: Jyfidi ELISA HUHERATE, Uitk
MR = HURIUE, BT TR BAE KPUETUAL SR T ELISA IR A
REBERIEM . BeAh, 3 ELISA AR EVERN R BUE, i ot S5 PR
R . $hes Pk, pHAE. Bbs —PUMB SR, TER PR AL A
N, M ELISA DhsEn@ & R i AFBr. JFH, WHZ5knRe . Rtk
AL PEBEAT PRAN, DA 38 ELISA 207 Al oK S HAd AR 7™ i ) AFB, 243t
SR, PR HTEH, AR BUARIE R —E N S% .

(3) HET AT 5 TBOR HEmE ) e EHT IR AR DB E AR B8 5 B NI
KEMES, PR, SR Bt DU R TG R RS 1L 2E 41

12



St BN

Ll 7R LR 28 e 28 S O iR

f-1gG il &l I ZO6REE CGEPUR 1gG-Ew) , B4k T L EHIR . C Zefiudi=F 1gG
MU BPUIREE . SOCIREI MR (5 2 1, MY IR A 45A5 5 ORSES 1 %)% )=
Pl AR A SR P AR B3R By, PP L REUE . Rk R I A0 e i
Pe N APE, DUWOYfR bR miE R R B R I K T FBy SR BE 515

#8525 SCHk

FUH B R BALE o MG

2R ST IR A ) 2%

v

\4

A BR AR I e TR

B e

B %

LA Ry FLPURTAR X

GBI T ITIE IR

1 1
=i & ELISA 55 UK LFI
]

W H

1.2 BRI
Fig. 1.2 The technical route of this project
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L 2R B LR 2R e S A 18 S O A BRMRE 50 B REON AFB FLU] 7 (50

EE ARERLZEXHXS AFB R &S

[l

2.1 3

NORBEA ™ fh B 2 4s, REUIRIE . el & ke 5 22 Kb R A 2 —.
LR, BEED TEWY, REEAMBIRIA R RE, Yol o B J5iE 8 FOw 5 A
JiTHAS R T ORI (K ORTETS, (B SEIL RAF RIAIIRCR, SCBE 2 A AE T 3R 15 2k Al
J1v R PR R BUZ PR o, BT e R R LUAL e 36 il . AR 1] #L
LU AR, BRI R R, A MEYRBITCIE 2 B e o i
TR . FRT, n e v S 7 0 2% 52 98 A P At T 4 21 v B AT AR A i
FERARRDR B e R, 37k R A R0 2 B I ELISA i 45 & 4 YR I 5 b ek T DAAS 21 ok
BRI RS VE 2SR AR, BB 2 GBI 7 90 1A B AR L 5 7200k FH 4
FERRIARIRGS . BPiRr . REBUZ. Fe e tERRem | s B ot i s TR 7T

BTV B AE S, S =IAAKAET, JB TN T A AFB) 2558
PR AR A K EE . B PTHl s .. AELY R, PUILIE ELISA fafll, H
TR 1) Blab/e /BRI JRAIREZ PEG fl&ik 5 B REJR 40 il SP2/0 il £ 2% 28 8 2
fkk, SKHI BLISA &5 AR E (¥ bt fty 7 26 B VE 2 S AR, SR PRGBS
X BHPE A SR REAT =ik 10 U s, WL RHPEH MIpR B KRS, R4 iz s R (41
FEBRTER . iR ) BEAT 04T, SR T RERCIR BT R A SRR s X B R4 R 2>
W FRPTHEAT R REGEE S Ry VAl LA SR &, I 5 A e P 2%
(K] AFB BLTIHEAT TR EE AT, d i X B Al AR X AR DR AN LR 3 5110 A, DAY 2%
SIS B P BRI S, N R TTEA R SR A R e

22 #MRIERE
221 SLHESMEEE

(1) SPF 2% 4-6 J& e MEYE Balb/c /N R H GF g It SE g sh M E GG R o n], ¥F
A[ES: SCXK (&) 20190003,

(2) /NECERER A bR SP2/0 H L ARGHAEMRHE AR AR (hE, LR
MITH $Eft.

14



L Z8 B TR A B A A 1R ST O A BRMRE 50 B REON AFB FLU] 7 (50

222 FERFISULEE
S BT A ) 3 B SRR W2 2.1 B, HAthil 3 o, A< szat By
FE BN R IR 2.2 Fis.

F 2.1 ALK FEEG S FEM
Tab. 2.1 Main reagents and material of this experiment
A 2 FiE ] %

i Jig Wiky / 450 g (18 /hE%) el
FyEAEA / 500 g F%[E Sigma
—IKEITHEIR C¢Hs07-H,0 500 g (434D i E 2

3,3°,5,5 - DU H BRI A Ci16H20N: 5¢g R T
AR CHsN>0-H20» 25¢g R T
AFB-BSA / 1 mg [ Sigma

3B IR TR/ A T / 10 mL/Jif S Sigma

HEPES CsHisN204S 100 g % [H Sigma

L- &k i CsHN>O; 100 g F[H Sigma

RPMI-1640 H:fifis 77 5t / 500 mL 5[ Cytiva
XL CHEERZR)D (100%) / 100 mL 5[ Thermofisher
G2 i i / 100 mL WL RFU AR

e EEZ IR (100%) / 100 mL 5% [E Thermofisher

G NS / 100 mL e B S R

HAT/HT (50x) / 10 ) %[ Sigma
PEG1450 H(CH>CH,0),0H 500 g 2 [# Sigma
— H TR C2Hes0S 50mL CAEY)EHE ) F[H Sigma
1B 1gG-HRP / 2 mg/mL W 4R 4R
AFB; FrifE i Ci7H1206 1 mg/mL KRR IR
AFB) BRfE i C17H140¢ 1 mg/mL AR R 5
AFM, FRHE i C17H1207 1 mg/mL AR 7R 5
AFM, FRE i C17H1407 1 mg/mL TR R 5
AFG b C17H1207 1 mg/mL TR 7R 5
AFG, b f C17H1407 1 mg/mL AR R 5
AFB;-BSA / 2.5 mg/mL [ e Mk R 2E B
96 LI FE Z M BEAT IR / 3590 S Costar 2 7]

15



L Z8 B TR A B A A 1R ST O A BRMRE 50 B REON AFB FLU] 7 (50
R2.2 AR EEASE

Tab. 2.2 Main instruments of this experiment

D& 5 [
AR HL-AH PO T BT 2R
AL s MYP11-2 MR A A R ] i
PUE RS 3 SZ-1 B PN A R AN e i

BEFRAN Varioskan LUX 2 [E Thermofisher

VEARAL 888 2 [E Thermofisher

A R B0 AL Sorvall ST 16R 2% [ Thermofisher
73 e e 28 TROK B LDZX-50KBS g BT A

2L eppendof 1% eppendof

R A KAX LS MK2 % E PALL A
LHNEE TEG SW-CJ-2FD T LIRS AR
£ TR 0 AL TDZ4-WS HCES AU ES
BTG BDS400 BRI Ve
CO> 4l 5 7248 IN/PE 2% [E Thermofisher
TR AL 104 7 [ MR TR 22 A
pH it FE20-K AR AR
R e A KQ3200E B2 LT PR A AR
FL B X TR AR Dhg-9240A g —fER A

223 FERAIEH

2.2.3.1 ELISA FE&&ECH]

ELISA == R 5 e AR 46 31 75 B 38 5 2.2.2080, fE e Eeat B, %MFE 0.05
mol/L, pH9.6 B2 &h 2l : FREL 0.795 g BEEE4N (Na.COs) F1 1.465 g kg A4
(NaHCOs) R4k E €A 2 500 mL.

2232 ENHRESEIE FE T ECH

(1) el T/, WECHLHD « B 300 pL, 0.9%HJAHEER /KT 1.5
mL B0, —CK 200 uL, 1 mg/mL AFB-BSA, 500 pL #f [ 58 44 758 7 [RAS
FEEFIMA LR OEY, BHiRA )G, WEIFESHRKIEEYY 440 t/min, 1
[ 20 s, RV 20s, SCRIECT B0, E 4°CUKAEHAH 2 min, EE LR
HFREED 8 K. AAMTERUG, WA ENE K, AR E MBI E S K
b, BAY L RRFICAE 4IRS, I RNBE 4°COKF R .

16



IR HE T B S BRI S O AFB S 46 (B

(2) 1 mol/LHEPES (100x) : Fx#& 23.80 g HEPES (CsHisN204S) AT 50 mL
ToEE/KH, F 2 mol/L NaOH iff pH £ 7.5, HEHE/KERZE 100 mL, EEFTES
F, 022 pm SLIERRLIERR S, A, B OREHE, B T-20°CHA7

(3) L-B 2tz FREL 1.460 g L-#3 2 Mthz, N 50 mL JoHEKAE 78 0 i, 72
i TAEG N 0.22 pm MALIER IS ISR S, o3, HOEHOE, B T-20°CHK
FARAF o

(4) RPMI-1640 5455774k fEHF TIES FE 80 mL RPMI-1640 J:filil 77
W, WU 20 mL JE4EIME . 1 mL XHUAT 1 mL HEPES, JBA1)E4 .

(5) 2%HAT/HT ¥ 5% (v/v) : ®HL 86 mL RPMI-1640 5848537 3E, A 10 mL
[f) Clone Easy 37 7#% . 2 mL HAT/HT (50x) « 1 mL JE 0 TR FEMR A 1 mL L- B 2 BEi%
RAJE#H.

(6) 1 g/mLPEG1450 (m/v) : FREL 10 g PEG1450 (H(CH.CH,0),OH) ¥% T 10
mL, PBS (0.01 mol/L, pH 7.4) ", /S AHAFHEM, 15202800 T KK TS R
Wi, 121°CrRy R 7875 K1 30 min, AHIZEEEE, ERINEE T/ER Faiksc
ZRBENEAEE T, 1 mLAE, B T-20°COKMHAE, BhEATBCH 260 4°CUKAR R ,
FET 37°CHAEE &

(7) HHHEAFH: RH 9 mL RPMI-1640 5¢ 41535, A 1 mL — H FE P

(CHeOS) , WRAJEE T 4°CUKFERH .

224 Eh¥IRE

FI 1 mL Jo iR S 2 2 RS 18 I BCALAG B 0 e ], HE R, R il
TGS BN R ETTHR, B AES 4-5 Dl BSR40 pg/ A BIRGBECRH H IK
e, Rk 28 REEAT IR, IR EHLPUG B S # R 36 IRAS 58 e 57,
I TEITRIRE O 21 K, Gy d7 sUANGRIEE AR A, AR AR/ B S e S Lk 2.3
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L AR FE TR 2407 483 55 A B R S B B0 AFB S8 1 £ £ B2
R 2.3 AFEPBCT H G g

Tab. 2.3 Immune strategies of mice at different stages

FREIRT [k (R PEFE (ug/ ) AR Sl Bt
— 0 40 FUE B T 2 s #HIRTE AR
- 28 40 [E] I AT A
= 49 40 [ - AT A
7y 70 40 [ - KA T A
fi 91 40 [A] I IHIRATES

Mk il IRIPN 30 JUG s 3 558 e

2.2.5 HUniE ELISA #:50

TRGIE G, 5T RN RS, P T 37°CHAE RE 2 h )5, T 4°C
UKA IR, YR SIS B0 (7084 x g, Smin) 5 HUH _RIEWRL AN RIS
Hl, A E T-20°C% H . KA I3 ELISA K4t M5 0055 A0 0 f REE, DL
HAEMOR RAF (PUILE N AR BUZ =D 1/ R TRt & .
3% E 5 4+ ELISA bR UI T -
(1) @4 B 10 uL, 0.5 mg/mL ] AFBi-BSA, JIAZE] 10 mL, 0.05 mol/L, pH
9.6 BRERERZZ Py, TR A, $&HE 100 pL/ALIMAGRAL T, 4°C IR FHE & 8L 37°CIR A 2 h,
FRAMR, FH 0.05%PBST YLikBEFAHR 3 K, 0T
(2) HH: B S%E g4 -PBST (m/v) , %18 200 uL/FLID AL, 37°CiR
H 1h, FEHWM, H 0.05%PBST PeikEbrt 3 K, 1T
(3) ARSI LGB : BLifif A 0.5%BSA-PBST M 1 %1 1:1000 FF46
MR 11 51, & 12 52 At i, RUmFE SR 0.5%BSA-PBST. %1
100 pL/FLIIAGIALH, 37°CIEE 1 h, FEMMA, H 0.05%PBST PEEEEArtR 3 X,
(IR
(4P 1gG-HRP: BL 1 puL, 1 mg/mL [IEFFR —HT, I 10 mL, 0.05%PBST,
RAT G, 1208 100 pL/ALIIAGLFLH, 37°CIRE 1 h J5, 7 LBFbs — P, A 0.05%PBST
PR BEARAR 9 UG, 41T
(5) Bfh: 2100 pL/ALIMA B G, 37°CEYE NEE 10 min;
(6) &1k #2218 50 pL/FLIMANZ 1L, 7 BN BEAR SO 58 SN RAE 450 nm Ak
[RIOGAE, B OD .
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Ll AR 3 TR 22 54 1 S A B R v B BN AFB, B £ 1) R

(7) G5RHE: LU ODaso (KT 35T 1 B Tt B 1 Bt 0037 5 o B R 15 S0
ELISA ZH (FLIisEwE .

[l Hz 554 ELISA SBRRUN N : BREE (3D BIRAIE (7 BISL, HADRE 4
eGP TR 5 (3) BN AFB AndE S AT ISR : F 10% FF EE-PBS
¥ AFB. 5 LUARRE — RAIBL LIRSS, K LI AFB. b SRR SE 34 18 50 uL/ 2L 2
WALH, H 0.5%BSA-PBST M Hi i, M 50 uL/ALIMAZITAL S, 28 11 FI4E
Eed, % 12 EAXIR, BEIEEFL A 0 50 pL /4 0.5%BSA-PBST A1 50 uL ) 10%
FEE-PBS. 37°Ci & 1 h, 7F LS5, F 0.05%PBST PriskBEbsii 3 ¥k, 11+ 2 (7
AN 5 11 51 ODaso{ (FIMEAED 104E Bo, 5 1-10 31 ODaso {HiCAE B,
%12 57 A fEILE BT,

22.6 FITBAAHIEF

(D hitifes: MRAEPUMIE ELISA frllZ5 R, B e, RESE SRR,
TEZN M A PRI = R0 1%/ BT i e o BUACHRAED: ¥4 30 ug 119 AFBI-BSA H
BEH 0.9% M A B KRR 150 L J5, TRAIS), BEEESE /DR AR,

(2) HHER4N SP2/0 K45 H ) BUH SR A SP2/0 il RPMI-1640 58 485
FRIEBAT AL AR IR 2 AR K HOH (R PTG R 2 v i ok, ke it 240 ff
BRI AT, AU A SRS, BRI, KRR ARSI, A RPMI-1640 3
R ERE, 2O (1062 xg, Smin) , 3 L&, ®EIUE, HIAN—EEBK
RPMI-1640 JEALIE IR AL B 8, 3] B s~ A Mako- B s g i, A1 4 i e
BAIE 1-2x107 4>,

(3) dHARL & HTFEM AR AT . /DB RA B 10 %% . PEG 55 B BEJH
200 it 5 L0 0 R () BB RS W T 18 L 2.3.5.40140,

227 ZAEMELE TR SHIE

MMpRLS SRS 7 KRG, H— UMK BIEE AN 2%HT $578%, 1#/4L,
DA A 3SR A AE K 0, 5 14 RACAT, AR AT L% 9% 5L SRS 3 A B 1 stk
HEs R R A AR, SRS MK R IR L1 1/4-1/3, IX I AT R F (A1 42
ELISA JF45& A FR EEIK) AFBy bRy b Al 40 i HIE, DA @i % . & e il
SERE B S AN 2%HT £597%, 2 /FL. ELISA §7idk FH 14 44 22 98 40 Motk 1) L A5
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WLy TR 5 AR SR UCEO AFB) ST 4 (0
W5225 —8, RAWE 3) BDEME (1) DEAHE, F 3) SEANMA—E
W ) AFBy A S AI A B35 . I 10% FEE-PBS K AFB) #i e 2— ik E, 96
FLEEFRAR (173 508 4% B8 50 uL/ LN 10% F BE-PBS, %513% 8 50 uL/FLIn N — g ik
JEH) AFBy FRHEVEW, X R — AN, —MEES, 4L 50 pL/AL I BEAR R AL
IO _EISW, 37°CilRE 1h, FRMWBMAIS, FH 0.05%PBST BeisklEhrtk 3 ¢, 1
T BB () BBOAEE RHE: 96 FLEBERA AT HF ) ODaso fHICAE Bo, 1BH(F11¥) ODaso
fHIC1E B, #MiZ A (1-B/Bo) x100%.

2.2.8 PRMMKEIRTIEN

SR FH AT B 6 S0 e ¥ %o B M 2 58 R A AR SR AT 10 UK TR, ELISA AR 58 Ak
J&, PHEANARACRIA B S0 R 7R LR 14 B, S35 5K1E %% 2.3.3.60 0 ikt iT 5
e, MAIBECETE 200-300 AN AEAT Y, RHCATRAEA, AIAE] 20 mL RE IR,
PR 2 WAL 96 fL. EIRL IR BB =IRWEIERE S S 2. 1. 0.5%HT 597
B, IbJE M8 RPMI-1640 584859 dE. WrilEs 4 KAL, Sk n] WA, T
LRSS 7 KA 1 /FLANID RPMI-1640 52 485973, 55 14 KA, MK 240
FOFLEG 1/4 Ao A7, MR B FR R 3, RIAT B 2.2.7 A IEEAT 40 M _E 3 e Il

229 HEKEIESHMERT
229.1 BRKFHIE

(1 /N BB RS « A I3 IRAN 58 A7), T8 1K) 6 RS EYE Balb/c
NG 0.5 mL/R, B9 R, RIS BV 2R A SR 4 .

(2) JEAKH . BEFRBIVEI AT I A IR B2 58 1-2x10° A /mL, K FLvE I 21 30y
BAZIEN, K 1mL/R. K& 8 Kit, ATMEEINREBAEL, MEHIH A,
TS HARNIE R, BRI, mIHlBUE/K GE® NEEEA A armn) , 8H—IkKY
REHUIE/K S mL, [HIRG 2 R4, &R/ H AT R K.

2292 PHMERETE

MR PR 2.2.6 DIR (20 ML, RAAE, RBESREXNBUHKALE L, 57
FiE, BUUEE, A 12 mL ARG ARES, MmMERTFERHEUR, (840K E
2] 1-5x10° 4~/mL, AR T 2 mL IRAFEN. SBRRAGHRMNGAEET 4°C,

20



(L AR EE TR 5L 5 A IR S OO AFB S 6 3
10 min J&5, -20°C A7 30 min, ¥B WA LR, BIFHE ERARRTEH
KIEAT -

2210 Bidgk5H&
KRR KBS 0 (4°C, 44275 x g, 10min) , J5Zeaifh fr R A AR R 75

FEAB T 2.2.2.2014

22.11 BHAAN. REEFMFRNE

3R Fi 1B 422l 3 4 R0 3% 4 ELISA AR 5 73t 200 A 1Cso VPR BT S A F7 A
REUE . RA 3584 ELISA Kl 8 dh 28 8 R4, R4 Origin Pro 9.0 4t
A ICso M, iy N3E XUR MR A A AN BB R4 e

REX R (CR, %) = (a/b) x100%

Horb, afd AFBi I ICsofH, b #5HAthig th 875 R 45U ICs fH .

2212 AITXFSHR

A RNA S B & 4% IR U 15 R U SO 4 L RNA, SRACE Sk
32 cDNA 751, R4l IMGT I’ 5T 22 A5 B/ SR PTHA 51045 2 e v 25 2R 2 g ad ) 5
Y, 2 PCR ¥ GBI PUA T X P51, AL 2K it v BokE o IR Sl g2 1y, 161
seqman FAF LLXT RIS MIPUAR P51, HEXE 2Tl P 45 2R, M1 43 SIGUR a2 X 41,
TN IMGT 73Uk P41, a5 2P0 a] 22 X PR 5 .

2.3 HGR5ITR
2.3.1 #lLiE ELISA &
2.3.1.1  #rimESn
FEARI R SEIR 261 R, HUMIE RS, R HURM RS BBl s, B/ O e g
JREE U, 7 A 1 B B R A LA
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Fig. 2.1 Antiserum titers of mice under different immunization times

H ] 2.1 ATRUR B, BEE S R B0 m, 1. 2. 3 SN ILiE & e T,
JEREAG, XATRER B 1gM & B IR G B P AR IR, BE A AN T () G B2
B 4l S E BT RO 40 M R 7 7R R s, PR AR IR AZ A0 R AN B A, 5 TE
FRBEDURI AT T, 1gG 408 %, R TgG 2 Bk S N 2 0 3 B BREE 1,
Bk B e s S DO R NS, FEAH R s R T, /)N BRUSZ 3 1 G ol
B, B4 T RIEMZ. 45 /NRIIPUILE RN eI @G K, s mls
NI, XA RER TN R AR T 22 e, FEAH A e 260 T, S S i’k
R, GERAINEKFERAFGI RN Heoh, AR R FEN, B,
2 RE . KIS TRV S AR AR, ASERLAA T DA™ AR B R S P B R I A, — A
N, BAIEE] 1:16000 K LA BRI TAMR G . e NR)E, 4 RANRBEN T
1:64000, A/ LA T4 ft & .

23.12 InMEBEREE

AR A RS S UM AFB, [ B 400, DU TR, 7o 5 5 i
AN, AERIRLRORN R SRFI3E% ELISA il AN S S i i Bl
SR R A
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L R B TR A A 6 ST 5 5 AT IRMVREIE Se B 0N AFB) FLTL £ () R

107 = mouse 1, 1C_=0.1739 ng/mL
® mouse 2, IC,=0.1667 ng/mL
L A mouse 3,1C,=0.1341 ng/mL
=
@ 0.6
o
"
L 04
0.2 1
0.0+
T

0.01 0.1 1
Logarithm concentration of AFB1 (ng/mL)

B2.2 S/ BRI 1 58 4 Hh 26

Fig. 2.2 Competition curve of antiserum obtained

Kl 2.2 5 EIR, TR ARGIETRSG, 1. 2 3 5/ NRM ICo HEEAKR, H
h 3 5 R ICso I AeA%, HHEREE] 1. 2 M 3 /N AR ITE Bl (IC20-ICs0 1573 1) 9
0.0582-0.5190, 0.0332-0.8354, 0.1025-0.1756 ng/mL) , #F ICso {HZFEA KIITH T,
2 /)N BB RS DY B SE T LA S 2 S A, DRIt 4% 2 S BT 4R

232 FIEMARIERSTHEL

SR 2% HAT 35 77 3545 1 $ P b s 92 b & BEh I 2SS T A, 5 7 R AE A
FMIN 2% HT 157758 & S 3 atiff, DM ARodE SRS, (R AR K. 5
14 R4 AT A0 s R M o b 5 a3 8 P I HT 59 50K, H 2 5w Ak
RPMI-1640 56415754, DARRAR A28 8 40 B A= KR SR A ik, 5 92 e A o
LG 5 A AT 10 VKB BRFGRRVE T 7 %
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Fig. 2.3 The growth state of hybridoma cell (left: the 7th day, right: the 14th day)
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Fig. 2.4 Positive hybridoma cell screened by ELISA (Fig. a-j corresponding to
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OD value

%R 1-10 YRR 7 B i 6 )

the 1st-10th subclone screening respectively )

HE 2.4 WTULE N, BEEW SRR (K a) , L0 m Mt s 8
TN, HAZET AT R A A, IR W SRR O3 WA R UAR R O
Xt AFB1 (58 4/ E RTBOR B, PR 2% 508 20 M PR 1RO M0 3 4R HL R, X T e
ozt 2 ke EAL, BRYEAR IR LAY A s 4R, S 5000 A (1 s AN i)
BT e TP bR IR EEANS, ML Sa B Bk SR i (BT h-) , 4R
AREIAZAS, A RAR K, Hs i B B4R AR SR b, e il i)
PURI AN AT R U T B, anss 8 Y 5e BRI (1) D10 LAY 2.2959, #ifil %y
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WLy TR 3 BB RE T S KO AFB, B 6 20
0.9703, HFFEFEFL G8 BIRM A 0.7757, #iZ N 0.7133, X AREE H T AFBIfx
YA R P A, IS 4% 5 88 440 1 97 e A0 T S e k21 8 B (MR PR, EL 4R AR X G 59
AR ETIRS AL, TR B BT i, 3 gHE S .

1004~ 0D20.6, inhibition rate>30%
—a— 0D>0.8, inhibition rate>50%
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Fig. 2.5 The percentage of positive hybridoma cells under different screening time

] 2.5 AN, 85 4 M T e SR 3E N, ISH A 2 8 R A L o A R 0 12 2 i
B LRI, iR S IR, BRSARE K E 2 0.8 ppb I, BH:ZH
M LL 26 RPAR, X AT R KA — FF AR BH M A IR AN M ) AR KGR0, r b bk /b, A
LA BRI G JE A SR A B A B PR T R AN, SRR HE T RE R EH A
AN 20k . BRIk, 28 = ORNUEE DY IRIRIE, S 1 ARl mil BE, I FH MR i bl 22
Peme B /N GIRTEEIT A PR IR B2, RIBH A te 2 BT, HA L
0 P PR 20 T8 ) BRSO AT AR R B R v, BRI SR 5 (RO Se B R AL H12 733k )
BN M 0.8399, HIHIZ T 0.6829, FLEH 7 YOI 5 B FHIEFL A7 40U (¥ SR HTALN
1.5388, IR 0.8186; X W] fEAZ K AL b JLIRBA MR K & ST pE, #
PR SRR AT , DR B AR v S IR B JSTTT RO 12k 380 3% 4 O BE A RO PR MR . T3
NS 7 RS9 0.8 ppb BRI 8 IKI1) 0.6 ppb, HARFHMEANMIFLELAR T, (H
) B 200 A 3 0 £ BT 1) 2 R B SR AR, X AT B R HE D R AR M R
&, RZHPAERRSE B S roR R, 23, T4 30 B 1 T e R A B v
AL, DRI B A0 MR PR L. AR\ S TIRImIE T, FRdERIREAAE,
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WLy TR 3 BB RE T S KO AFB, B 6 20
20 PH P 2R T B, 3K AT B E T3 22 R0 e e R 34 6o A 46 B BB A S R R
M, FEMCARUESIRE T, SEGEAIARIMA . SIS T — MR 1Pt AFB) 2458
TEANMIRE, A4 ZFGS.

L EPTR, mREER) AFB, AR L ] REAA R T E S ORBE PRI 4R ik, BESE T
220 ks )1 0N R e s b A S AN M E (1) | RS e s fn ) | S e e s e S S S S U
JURNESE R, 5 BRI B YRR MO RAS LAy B A s 4, (A FE AR B2 (R bR v it 8
FLor WA BT AR FR AR AR By, AR 0 v P (R B 2 I8 Gl 7 kst FEVEZR A
MRAKETEZNS, Wl E R, B EIE R R E L AR R R,
IX R RE A R DA 22 T e B T e A B A 1 AR, EL I LAk BT A AR £ i PR
G/ ST 1) | o A K7 = 5 M A D i el

233 BHmAAN. REEMFRMY

KA b 5 IR HUR AR 0.01 mol/L, pH 7.4 FIBSRRZErH iAW (CH 0.22 um AL
JENRRLIED MR 2.5 mg/mL, ELISA BT AIHIEH R AFBi-BSA 1 [ iU R
WHF SR ft, K BBURBA 1:1000 f5LLMRE, BB ERNT, fEEd
ELISA, AFB #r#EfMEE 1 51 2.5 ppb fisbbAiRe, HABMKLEAAR . LI ah RE, #
PUIIRAN Y 1:1000, 1X 7] B8 BT IEHUARAT AR IRRT, o3 & i i BH PR bk &
Ky BOKHIERS, B PHVEANMAREL . BOKAEAGRS, BPIHUREZE, TIERRER
Bz, SBERIEMMER.

m  ZFGS8,1C,=1.1539 ng/mL

+

g o
o @
1 1

(B-B*)/ (B,-B*)
S
~
1

0.2+

0.0 — ——r
0.01 0.1 1
Logarithm concentration of AFB1(ng/mL)

Kl2.6 ZFG8 454 ihzk
Fig. 2.6 The competition curve of ZFG8 mAb
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WLy R T TR 2 18 S AR S VR AFB) ST 46 (B

mE 2.6 s, BPLHTEFA KM, H ICsofH N 1.1539 ng/mL, tuillia Ky
0.2829-4.7073 ng/mL (IC20-ICs0) »

¥ AFBi. AFB,. AFM|. AFM,. AFG fll AFG, kxS MEE 1 %1 2.5 ppb 1% LLFfi
B, ERPUEUN T, 1ERIEESE 4 ELISA LUTM bt irs ik, Ry R ek, s
%} AFB1 Y ICso {8~ 1.3339 ng/mL, X AFB: i ICso iy 182.60 ng/mL, X Hiith 7%
BRI ICsofH KT 182.60 ng/mL, ARHEAE XM FR A THFEN, G AFB, [958 X
NZEN 0.73%, %F AFMi. AFMa. AFG) 1 AFG: f58 SR B /N T 0.73%, IiEFH
JITA5 B BT RE % s g o 1R M TR ) AFB

234 ESRIFEBBHILLER

Hul, ENSMGIRZEXT AFB) bl & M (WK 2.4) , 5HALG7EE H
% AFB BAPLAIEL, ARSI A0 AFB R0 R BUS B, XAl B T M
7N B 8 5 13 ) 4 L i 5 ) o TR s AT M) 1 FER 200 L 035 12 5 TSR AR Sy
PR ARV . e i % i I o B OB 22, DN b AN DA ade 486 A AR 1 L 40 ) 2 v D 4
o, 2 U0EE, BT SRR E A SRS As B R, R
FEMELUFE R . AR, EAR 1C11 APiXt AFB, R BUS e, (HAR R — iRk i 555
FOEH AT, X AFBa A R N F Wi m (B XM 92.3%) : 595 2%
[¥) SD3 SBLAHLL, ASHEFT T4 1) AFBy S P RS RE i, 5 0 AFB, (A8 X
BRAZEAK, HESHAMMEMERER (AFGi. AFGy. AFM) FISE SR B R I/
T 0.73%, ik, Zi& RBUEMRESME, KT 5D3 Hifi. (UMM S, ZFG8
FRIRE S 1 B e, X RTRE A T R 1) A% ORI HS 22 1) S P IR B, # e  ERhixy
AFB) HRF i Bt
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L R B RS 2 18 S O A BRMRE 50 B REON AFB FLU] 7 (50
2.4 BUH AFBi FLYT L 5 B 208 UK 10 RIBUE 5 58 SO R

Tab. 2.4 The sensitivity and cross reaction rate of existing anti-AFB; mAb
and anti-aflatoxin universal antibody

= fil B vy (o
Bt e RHEUE (ICs0, ng/mL) LY (%) 6 St
7S A AFB; AFB, AFG: AFG; AFM AFBiAFB,AFG AFG2AFM;
7A1 KRt 004 015 040 045 040 100 267 10 89 10
icELISA 2017 [115]
4D12 A 002 010 010  0.09 0.10 100 20 20 222 20

2B6 icELISA FimtE 095 1.8 1.6 6.1 93 100 52.8 59.4 15.6 10.2 2007 [116]
3Gl icELISA ¢t 16 25 >100 >100 /»~ 100 64 <1 <1 / 2010[117]
357 icELISA f#5=1% 0.003 0.007 0.0034 0.016 / 100 42 88 19 / 2008 [118]
9c7cl11cdELISA Ff5H1% 0.045 0.057 2.530 2.120 / 100 78.9 1.78 212 / 2016 [119]
34 cdELISA FisfE 062 124 2 258 / 100 5 31 24 / 2006[120]
INP-DcdELISA F#51% 0.037 0.123 0.063 0.463 0.925 100 30 59 8 4 2016[121]
2A4 icELISA Ff® 012 13 08 103 3.1 100 92 15 12 3.9 2016[101]
5D3 icELISA FimtE 2 280 300 1050 86 100 0.71 0.67 0.19 2.33 2005 [122]

1C11 AP 0.00120.0013 0.0022 0.018 0.013 100 92.3 54.5 6.7 9.0
icELISA 2011 [70]

4F12 FesPE 0.086 0.095 0.101 0.416 0.201 100 90 84 20.7 42.8

ZFGS8 icELISA %5tk 133 182.6 >182.6 >182 >182 100 0.73 <0.73<0.73<0.73 2022 b

SRR IEARRTMZEE R 1Cs0, b TR AN URE P il 4 1 5 51
235 AIEXFFISH

HH BT 10 R 8] e 27 R B 1R e 41 45 SR (B s w6, S P AR [X g A EE R P 47 (SQ
VHNO.1) £ 355bp, HZtd 118 MR (SQ VHNO.2) ; HEE AT AR [X Z i 5k [H]
FF%) (SQVLNO.3) K 328 bp, H:4whd 109 MR (SQ VLNO.4A) . X ANHER
PR BURPUAR IR AINLRIEEFE . R AR DU O S it T Bt AR 12 S0 FF

24 FXENG
AR BT T A FRARRE T 5 R IR B0 AFB) SR 45 152, G 0d HAT JE#Ess
TR Rl S IR 2 ST AR, AR PEANWT B AIR ) HT 157728 w8 4R B PR 4 pk
KM ELISA L4565 AN R E ) AFBy Bt it i 328 FH PR AR SR FH A BR ARt BH 4
JORRIEAT 238 10 IR TeElL . TR ITT
(1) BEAE W50 BE R BRI B I0, 200 6 P 2 =R 378 V8w B4 Y 4 1) 3 328 4 o
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WLy TR 3 BB RE T S KO AFB, B 6 20
XA BE RN 22 IO T e, o v o A T B M A0 R A5 DA 2 B R 4, AR T 24 1 5 e
7 A, BHVEE AR AR K B TE RS, AR IR, HLA SRR SR A 2R
JUP AR E R RE, X ARER 2 YO 5 b ] R Al i i 1 4455, ELI % L4
BT AMBA G R PRE], A 2R A DA

(2) XTI Mk ZFG8 Fr 3l (R BT EAT VA, RN (ICs0) A
1.1539 ng/mL, H:iITE Y 0.2829-4.7073 ng/mL (ICa0-ICs0) ; EAHTXT Hidth 5 i 25 7
% (AFBa. AFMi. AFMa. AFGi. AFGy) WK XM FA 0.73%. LAk, dXt
PR A AR [X K R RN S B R T B AT 23 HT

(3) 5 HAMAF 7T H] % BT AFBy SRPUAI LG, AR 2% (4 5 BT A6 a4 o M R A
AFB, XIRAFEE Frl e i T3 2 W e R E, 18 T Bhist AFB: (IFE R IE S
G

PA_ETIF T8 A AC R AR M R G BRI s he it — e M 2%, NS o i i
FRARAL T AR BRI T
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L R 3 TSR 2 AR SF = M ELISA DL il A 2% i B 5 & By
$B=E5 HWEELISA SB=KRNHHMESEE B

3.1 5IF

HT i ERE R MR E L 90y iz BEREAEDR . Hordr, mimtkm S,
AFB) 2 CHIRR A BN BUEY), mTwlhaEsRrEio. Bk, Sl ki
PrEEE, WERRE. w AR S5FE I IR O FU R I R . T ELISA
FRORF ot i A B ] o, L SRR W] LS KRG A AR 2 55, Az I PREL 28 BEAIG, WIS
EOEEIE, HAET, DU EERI T ELISA WA e s th &S R i a3 7
Sz N, R URE R AR AL [ S PR S ARUE R, (H S I A IR B R AT 228 . 1k
4, ELISA )& I HER PEAR KAERE 5 BT T BUAR AN BB B PR e o, SR SRR
FIPURANGTE S T Frig i i) ELISA TERERISEmIANE, Bribz ob, J5idials #Edhal
REBR VA S ACES RIS I6 N B3 AR A 0 0 e 258 4 SRR HERA 7 A2 s il o [RL G, BEE AR
K%, s ELISA Kl (e PEAAS E P, PASEIUAR ™ o AFBy H M 0 A0 00 A B
R Yo

T Bt A, J9d e ELISA Rl fO#Ema e AR e, ook, BTG
ANSEHS % (1) AFBy $LURTUE, BT T ASFERRIRII SR PUALL & X ELISA T RE AR
HR, EREMPURTURA ST, B E PRRISE. FEIRE . pH. & 17K
B Bgbs —PUKEL, AR, @B IR I AR e 2 fJa, XHZTT
IRIRBUE S R E . RS TERTHERG PEBEAT DAL, CREAEY ELISA N H - KK
WA H R B MmBERN, I+ HPLC RIS BA LR,  CAVPAR R A

32 WRERE
321 EERFIEINEE

A FT BRI SACES A TE 2.2.2 B S5AEs . FRitz s, B RIR
ARF IR 3.1 Fis.
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TR B N2 e = 1A 78 SF = M ELISA DL il A 2% i B 5 & By

R 3.1 ARSI 3 2

Tab. 3.1 Main reagents of this experiment

%l (5 s ] %
AFB;-BSA / 1 mg/mL LI R &R
AFB;-BSA / 1 mg/mL Rt By,
YT AFB, Hi31 / 1 mg/mL LI R &R
$i AFB; H47t 1C11 / LNV HE M RNHER LR (DO
IIEEEA (OVA) / 10g F[H Sigma

322 FERFIEH

ARFARFIECHIE 2.2.3.1 (1 ELISA GAIBCHIAEF, BRittz 4b, b7 BUF BT 0
il

(1) 1%BSA/OVA-PBST (m/v) : #HX 50 mg BSA/OVA ¥%f#+ 5 mL PBST 1,
WA, DI, RN ATE T 4°C&H .

(2) 0.2 mol/L WEBRERGZ MR (FH T BT A 6] $h B8 IR BEAI AN 5] pH ¥ 5 R 8
LD AW, FREX 3.580 g T IKAEIR —EH (NaHoPO4 * 12H0) , AR T4
M, AEAIKERE S0 mL, BT 4°CHH: B, FREL1.560 g — /K-SR — SN

(NaH2PO4 * 2H20) , ¥EfET M, FEAUKERZE 50 mL, BT 4°CE .

(3) AFEERE FKER 0.01 mol/L, pH 7.4 BRREZZMIEW: B (2) d AW
A B WA 4.75,20.25 mL, LK E RS 500 mL. &= 4 4 FR%, F4 100 mL,
AN 04 0.24 0.8, 3.2 g SALEN (NaCD) , BECHIEL 0% 0.2%- 0.8%- 3.2%[1)#k
R ER R o

(4) AN pH 1 0.01 mol/L WFR Eh & i : B (2) i A R0 B ¥, %M
3.2 FrosBc), EZAE 100 mL.

F 32 AS[H pH 9 0.01 mol/L RAFR £h 22 phis
Tab.3.2 0.01 mol/L phosphate buffer solution of different pH

pH AW (mL) B (mL) HEAiK (mL)
5.7 4.675 0.325 95
6.5 3.425 1.575 95
7.4 0.950 4.050 95
8.0 0.265 4.735 95
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TR B N2 e = 1A 78 SB= % fJE ELISA DL i@ s il o i 4 5 & By

3.2.3 ELISA B{k£1E

Al ARS8 S MR 25 5+ ELISA W IRS 7 2.2.5,

324 AFREHAEAEE ST ELISA RN

ANFEHE T AFBI-BSA (A, B, C) H¥it AFB, B4t (1. 2. 3 BHHIHIEEHK
FE4r a2 0.5+ 0.5 F1 2.5 mg/mL) , #ZMR[A4E ELISA 15 H#dE, 45, i AR
JEHUAH AR ELISA &N A1 R U2, 3 ELISA 1R BUE, BN E =
REE = PR TUAH G M ELISA.

3.2.5 ELISA &4tk
3.2.5.1 AR
IO [FE R K B (1%0VA-PBST 1%BSA-PBST. 5%/t IS 43 -PBST.

5% flEWk-PBS) , AF354 ELISA, S¥dRAb)a, GLFERT M 1Cso B AR A 3f AR
N SN2 A o

3252 HEERERML

PR ()2 569 ELISA PR, RIS =P AN ASRIK I T BE-PBS (5% 10%.
20%- 40%, v/iv) FiREH— &5 AFBi bRk, DR, S8dRIE, EEE
Xt TC so B 5 ¥ Y BE-PBSS 94 55 s A S o 6 A1F

3253 EEFREHMRK

PR (A H56 4 ELISA sDYR, HIEE =P, JeH] 0.01 mol/L, pH7.4 MR &L MK

(0% 02%. 0.8%. 3.2% M &AL, m/v) BCHIAS A 5 FE (1) /i -PBS Al

0.05%BSA-PBST, i FHj 3R VA 7> B FEAR N () AFBy ARt i ML 5T, J5 B 3R — 3,
LSRRG, XS L ICso 1 B AR 85 TR BE g die B S S 2% A1

3.2.5.4 pH{EKMK

P8 (a5 4 ELISA %, EEE =20, St 0.01 mol/L, —EihE FIRERIA
5] pH 18 ARG Sh~22 i (pH 5.7+ 6.5, 7.4. 8.0) | H F#-PBS £1 0.05%BSA-PBST,
P BRI MR RL ) AFBy ARt s AR, R8P IR —3, KFURALHE )G,
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TR B N2 e = 1A 78 SB= % fJE ELISA DL i@ s il o i 4 5 & By

T X B 1Cs0 {E AR I pHAE M B HR S R AR A

32.5.5 EBfR—iniEREBAILIL

BRI R AR R BERR — 9T (1 mg/mL) BC I R A [F) #0520 ) B bR —$1-PBST V&R
(1:5000. 1:10000. 3:20000. 1:20000, v/v) . {ElAl#E3w4 ELISA 038, 2454k
B, HEREXT R 1Cso [H AR 1 BEFR — i B i BON B [ B2k A

3.2.6 HmTaiE

2 [W bR 7715 (GB5009.22-2016) : FREL 5.00 g FKFERI AT 50 mL 2.0,
B 20.00 mL, 70%H EE-/KIER (viv) , IwigiRe)E, BT A IR 20 min,
£ 6000 r/min N &0 10 min, H 0.45 pm A HLIEEEEIE 2 A8 HiGH, FH 0.01M,
pH7.4 [RIBRR R L2V M RE S £ J5 & FH
3.2.7 ELISA T{EfrBRYEL

B KBRS I 0 B R AL, G A R AL B J5 15 21 12 mL RIS,
Yo HoMRE 5 6505, FEFILFRE AFB ARl b 2 — RV R, 7RSI RN 441

N, WERE S ELISA, £ Origin Pro 9.0 $lE Ab#, &7 F EE-PBS F& 5 Al 1 K F
B TAEbRvE 2.

3.2.8 AEFEMN
3.2.8.1 ELISA ¥ M1 FEM

AR N 2R, WFFC T @S 7V E KR B R T o AN R A S R i R R
(AFB2. AFM,. AFM.. AFGy) NI RE.

3.2.8.2 ELISA 1Mt S/EMMEITEN

B KBRS N IVE R BRI P =R AFB, HIN
A IFRREESE 3 %, HEGANIFRKREES 3 R, HE 3 K, THEIIbR EE
A A, CLVPN 7V RS B P 5 v AR 1k
329 SEPRMAM

TS 1 4 TR B ARAEY) R (GBW (E) 100386) A1 3 43 T LKk, 42 IBEE
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Ly ZR 3 K S A 1S o — % A4 ELISA UL SAs I 35 i %55 3% B,
WAL B AR B EVS W, R 5 M5 )a, &L F AT 364 ELISA f& i, K
Y=(B-B")/(Bo-B") iy A& ETTHE, Je3K X, MIFESH AFB) B E C (ng/mL) =10%,
[FIRE ) KA 42 HPLC Al 3 EEAG 25 2R ASAIE ELISA 45 R A HEmR AT T Sk

3.3 HR5S5He
33.1 AEHEIAFLEEXT ELISA $20

A g 2 53 A 725 BRI AZ Lok T, 0 B0 A 1 A 2 8 v G 28 90 W7 77 Vi R U A
FEERIOCHE . TR, RtBlem, RUIRGUH B/, BHux AFB FSRATE 5.

0.8

(B-B*)/(B,-B*)

0.6 ™
o
A
044
*
024 <
»
°
0.0 H % C3
: ———rr ——
0.01 0.1 1

Logarithm concentration of AFB1(ng/mL)
Kl 3.1 ARPURTURAS T 5ag ik
Fig. 3.1 Competition curves under different combinations of antigen and antibody

TEFARRE AR AR ESL T, R 33 fLUEH, AERIERSUETUAL S,
ELISA MIZUNMAEZEA K HIRAK, X PTRER BT A B (R BR 1, DRI A [R SR (i
JRRSEFI AN S, 2 SRS T 1 S/ 35, R 2 SHEMEM I ER. £
MIFRBPUR, ARFSHAET (W Al. A2, A3) , ELISA IR MZEARK, HR
BB ZEIR K, X2 T APUs AR SR, WEpginkIE . #il&J7E . aifl I,
T A7 SR A S A RE R B B BT BT & . ZEAR R BT, AHBURA S T RBUEARE,
B2 M1 C2 JUFAHE, HE A2 HHEE X, XaTatEZ i THRMREZEE S &1, 5
4417 AFB1-BSA J&H1 AFB; #ll BSA fHIKT &, “FHUE AFB) 45K CERE KR,
FINEER G S5 EE) 5 BSA MBETTVE. RIS A, #5200 3] 58
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L ZRFE TR 2R 22 A 18 5 25— 5 K% ELISA DLy il SoAS I 74 i %55 3% B,
AR BT, T R B 58 A TR R SR AR BT U E . kA, AEEE T L
SN2 S, A3. B3 M C3 BRBUEJLF—B, KRB RGUS A R 58 5 )
WOBCRARRL, BE—BRW 3 SR A ERIE R RASE. BR, 2 SRR
My, ABJE REUEHAL, BN AFB) KRR IR R85 T AL A1 C1 41, HRBE
e FIBBNATRA, PR, a8 A ICso H, & Cl x—H &4
ELISA.
* 33 ARPUSTUALES TR AT ICso

Tab. 3.3 Titers and ICso under different combinations of antigen and antibody

A B C
1 1:1000%, 0.1856° 1:1000, 0.3383 1:1000, 0.1894
2 1:2000, 5.6755 1:4000, 1.5024 1:4000, 1.5173
3 1:1000, 1.2563 1:1000, 1.2081 1:1000, 1.1535

SRR HURBUALLS RN, AR PURPUAL S T 1Cs 8
3.3.2 ELISA &4tk

3.3.2.1 FHEALRRKAL

1.2 9 s 1%BSA-PBST, IC5i=0.1729
e 1%OVA-PBST, ICs50=0.2141
1.0 A 5%JR IR -PBST, 1Cs0=0.1847
v 5% IR gH-PBS, 1C50=0.2427
0.8
5
R 064
<)
%
m 044
Q
0.2
0.0
T T L L

0.01 0.1 1
Logarithm concentration of AFB1(ng/mL)

K 3.2 AFERSEIE PR 5 4 il 2

Fig. 3.2 Competition curves of different sealing liquids

dab AT N3 A BT A AP LRI R &85 6 (8 R T AN G5 B 48 B 1 3R A L A 15 B4R BA il X
IR, R H A AR AR R B, TR e 8%, — M
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L ZRFE TR 2R 22 A 18 5 25— 5 K% ELISA DLy il SoAS I 74 i %55 3% B,
0.05-0.1%PBST ¥ fi# BSA. OVA. Bifle@iky ARSI st v, PR & A KR EE
A, ATUASRMAL R LA E S S, M RRY S8 74, mhii-20 18
— PR ENER, ATOMRY BRI, JF BReE > S PR SRR R AR, A
HRERRARTY Al . Bk, TEARRIRIPUSETUAIIA ST, AT T AR PSS AW~
[ ICs0. HIFE 3.2 ATLAF340, 7E 1%BSA-PBST Hf ] F, ICso 4 0.1729 ng/mL, H} %%
BBl 5%/ AR WR-PBST ) ICso A 0.1847 ng/mL, BRI s 5%/BiflEWik:-PBS +t
WROR 72, X AT R Se T3 VR P R IR TS PR A iR -20. H1T 1%BSA-PBST M1
5% MLAR Yk -PBST fyds IR AR ZEA K, HH R E] BSA WELG 5, NTTALT A,
WMOEFE 5% LG WK -PBST 1 A 5 i A 2% 1

3322 HERERMLKL

HF AFBy MEE TK, S0 TR S A NLER, B8 2IPUAXS B AR
WAL TR, H W RS PUARRITETER — €M, A IsZma it B H AR ) R o

1.2 4
5%, 1C50=0.2320

[
e 10%,1Cs5=0.2019
1.0 A 20%,1Cs50=0.1718
v 40%, ICs50=0.2750
0.8 1
%
A 0.6
o
% 0.4-
‘? 0.4
e
0.2
0.0 4
T ANLELRE ¥ T T T
0.01 0.1 1

Logarithm concentration of AFB1(ng/mL)
K33 AN EEIKRE N 156 4 i 22
Fig. 3.3 Competition curve under different methanol concentrations
H 3.3 A%, Bl EEVR B A3 N, 1Cso fEJCPRR T, HLAE 20% H EE-PBS
NERRME, XAREE BT ERE S, AFB REFHUA M TR, HPRE
VR 2R 1R 1 R e e B8 B A1, 0 0AR S S R IE B B A /KT o R, 4 R RE-PBSS
Cviv) BIREED 20%IN, A s ) S %A
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L1 2 JH TR ST 2 A 18 S o — 5 K5 ELISA DLmyid Skl o4 fh 5525 3% B,
3323 BETRKEKK

BT RE U B A0 R T R AT A, AT ST L B L VA RS L KA T
Sk, BTRESE. PURME Y —RE AR, BRI R S TR, Rl A
R R T, SUARIKAE . BUKPERISE R, SBHUAMRR L ETTE,
ST BTAIE I

1.2 4

m 0%, [Cs5=0.2238
e 0.2%,1Cs5=0.2027
1.0 A 0.8%,1Cs5=0.1855
v 3.2%,1C5=0.2027
0.8 4
%
061
e
%
CfIJ 0.4 1
e
0.2 1
0.0 4

L ! ! L ! ! L
0.01 0.1 1
Logarithm concentration of AFB1(ng/mL)

K34 AREES IR TS M2
Fig3.4 Competition curve of different salt ion concentrations
HHE 3.4 FTH, BEEIRE TIRERIN, REJZWIEGE, 0.8%Hh & FIkE (L)
NaCl ) B, REEHE (ICs 4 0.1855 ng/mL) , MJE B TR RN, REUT R
T B AEG, 3K A RE A R DN TE I B2 (0 R 28 - IF, HUpAR ARV AR R s >4 28 28 Ik 2 P 7
i, P EAL R SR AR T USRI R S T AR R, S EUR B BRI
PRI, 3R 0.8% SUALENIR BEVE Ay e AR (M 4k B8 TR T

3.3.2.4 pH{EMML

T PR ) R IR A U S R AL . R A R MEE, 7873 W il 2 A e 4
B, R R H AR — e E LT, I pH E Y e Pk AT A=,
Xt — B PR AL (EhEE . EH A
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TR B N2 e = 1A 78 SF = M ELISA DL il A 2% i B 5 & By

m 5.6,1C50=0.2526
107 o 6.5,1C5=0.2433
A 7.4,1C5=0.1811
0.8 v 8.0, 1C5=0.2557
5064
B 06
o
% 0.4
0
8
0.2
0.0

a —— T —— T
0.01 0.1 1

Logarithm concentration of AFB1(ng/mL)
3.5 NF pH &0 T 555 2%
Fig. 3.5 Competition curve under different pH conditions
H&E 3.5 AT, BE%& pH MUMGR, REBUZHRTHE, HEEIC, £9 ik pH7.4 %A
R B (ICso 9 0.1811 ng/mL) , XA Re2 N pH it BREGE I, Hiik 1)
SIHEIR 3 W A A BH B T R BB B 7, IX7E— @ I ERIR T, REMAFRKE
RURFR, FMPUEDUARB . Bk, ERE 7.4 1E AR pH &1

33.2.5 BRIt ERami

® 1:5000, IC50=0.2327
1.0 ® 3:20000, IC50=0.2122
A 1:10000, IC5=0.2141
0.8 - ¥ 1:20000, IC5=0.2588
g 0.6
)
g 0.4
Q
0.2
0.0

o s LN L . LI |
0.01 0.1 1
Logarithm concentration of AFB1(ng/mL)

K 3.6 AFIBEAR —PURBEATECT 1384 i 26

Fig. 3.6 Competition curve under different dilution ratio of enzyme labeled secondary antibody
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L ZRFE TR 2R 22 A 18 5 =% i ELISA DA &l 3 h % 7 3 B,

TR bR —HUREIR A AT, DRI et i 5 ] v AE AL, gk 2t o R — B0
e P T LS e . (6 3R T B2 OD . i 3.6 AT AN, BEE B bR —BL AR RERSE0E In,
RPIESTrE, PR, X ] A8 RO EEAR —Hum R 5 B0 m sl (I 238 el 5 1
WRCR, 3t — D REm st K 1 FHE . BT BEbR —407E 3:20000 1 1:10000 HJ IC50 {EAHZ%
AR, NWLIEA, EFF 1:10000 15 NBEF: —HBAEE

3.3.3 ELISA T{E+rHHAVESL

e ERFARMIZEATE N, AFBARHE St E GRS 1 51 5 ppb {55 ELAREE 2255 10 41 0.0097
ppb, A1 FEEIL JFURN T Kok ik o (1 AR AR i 25

(a) (b) .
124 s HE, 1C50=0.2335 124
T o T KM, IC5=0.1625 |
1.0 H
A
a @ 0.8+
A o
g % =
;\\ ";n 0.6 4
R 2
) <
= 0.4
= 0.2
®
0.0 -
T ————— T ——— 0.0 = ——ry T
0ot Ol . ! 0.01 01 |
Logarithm concentration of AFB1(ng/mL) Logarithm concentration of AFB1(ng/mL)

K37 WEAFOKIER FROBG I (a: JELME b: b
Fig. 3.7 Fitting curve under methanol and corn matrix (a: nonlinear; b: linear)

WK 3.7 fios, EREERFR S, ICso A 0.2355 ng/mL, & TEE Ny 0.0422-1.2926
ng/mL (IC20-1Cs0) ; 7E L KM i, ICs0 N 0.1625 ng/mL, ZEPEAGIVEE Jy 0.0195-2.5
ng/mL CHH 24 F K KFE 50 0.2343-30 ugkg) » EKRMEFALEE TN
Y=-0.4051X+0.2978 (Raq?=0.9821) , FKEEIx (GB5009.22-2016) FiE LK H
[f) AFB1<20 pg/kg, HHERH ELISA W& £ K AFB, 19 HBR N 1 pg/kg,
TERIRN 3 pg/kg, MRIEFTEESLN) BELISA LR MRS I BBl P 0, %53k mT DA 2 £k
¥ AFB) () snd A
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[T 32 M N2 TR = 2 VA7 SF = M ELISA DL il A 2% i B 5 & By
3.3.4  FiFEEN

3.3.4.1 ELISA $554

1.2_'- AFB,

| AFB,
1.0-- AFM,
| ARM,
B AFG,

(B-B*)/(B,-B*)
o o
T T

<
~
1

0.2 1

0.0 -

3.8 ELISA IR IEVTFAN
Fig. 3.8 Specificity evaluation of ELISA

Wil 3.8 o, 1ES5ppb WAL, FKEF ) AFBaw AFMi. AFM2. AFG: I
(B-B")/(Bo-B") i T 0.8, RE & T AFB 1A (0.046) , & T[A]H:354+ ELISA 53,
BRES T R R LT 5 ppb, (B-B*)/(Bo-B*) fH 5 i, X BRI Z4FE b o (18
R R NTAE 60 pg/kg, FrE LT VERERs F R IR EK ) AFBy, RIS H)
JiiE R RAFIRE R

3.3.4.2 ELISA &AL ERM

XFBAVE TR R M ATAR . TR SRR (0.46. 15, 30 pg/kg) , fEHAL
AT NEAT 54 ELISA fnill, b 0 s Rk B 5 3 ik, HIA)sSEg 4K
B3R, ES3 K. WE IR ECR RIS AR 2 (RSD) , SEGgE Randk 3.4
BT, BRSO IRR IR A 81.13%-96.94%, AHXTARAEM £ 44<9.14%, FK AT
HOTIR IR R AT

41



TR B N2 e = 1A 78 SF = M ELISA DL il A 2% i B 5 & By

% 3.4 ELISA Jibs [EIUL
Tab. 3.4 Recovery experiments of ELISA

S VAJIIKIER il +S.D? Il A b v e 2=
(pg/kg) (ug/kg) (%) (%)
0.46 0.43+0.04 91.50 9.14
B 15 14.08+1.17 93.86 8.34
LAY (n=3) 30 25.15+1.50 83.83 5.95
‘ 0.46 0.39+0.03 83.52 6.76
fIklE] (n=9) 15 14.54+0.41 96.94 2.85
30 24.34+0.67 81.13 2.77
a FR 1) A2 b U I 2=

335 SEPRMAM

WK 4 4y FRHY (L NARUEVIIR, 3 U AT R KN BT EESL I 7772 0
TEORSERRAE SR, FFARYE KRy JE 5T AR AE I 2 TH B AFB) IR . B4,
JEE HPLC R IUAR R FIRE S, AT ot HRZEL,  DAAIE B LB P PRI 250 . 5 SRk
3.5 s, RoKBEAR 1 GRHEYI, GBW (E) 100386) Kiill%]& 4 AFBy, HA=4
AR MF] AFB1, H HPLC MRS 5 ELISA faill 25 B A — Pk, K9 ELISA
AR R KK AFB) s e iR T A, RAREMEN . mH, &7 Lk
ELISA RS 4, W] LARG % ELISA 1270 @Al T oKk S Al 7 it 1 1) AFBy, B
ORI R Y FEL

% 3.5 HPLC Ml ELISA SR i Al 25 R Lh 4%
Tab. 3.5 The detection results of actual samples by HPLC and ELISA

FF it NO. HPLC (pg/kg) ELISA (ng/kg)
1 27.00+3.00 27.25+1.11
2 ND ND
AN
Kb 3 ND ND
4 ND ND

ND = $8 M &7 AR 3] AFB,
34 XKE/E

stk T B G G BOK A . BRI KT AFB) DL A T ELISA R AN &M RRR M, %
PR T SLE6 % 1) AFB PURTUA, BF A R RIR T R PR % ELISA &4 Al R &5
FERIRm; Houk, R ELISA HOUERMPEAIRE & M, SEEl 5 KW b AFB) mil £,
M APURPUARIER b, @ B RS BRI B FIKE. pH
FIRERR PR E0, @50 T ELISA PAE @ &AM KM i AFB . EEE LI
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L ZRFE TR 2R 22 A 18 5 25— 5 K% ELISA DLy il SoAS I 74 i %55 3% B,
(D ARBFUETUAA S CAFAHEE R BURAUE, ARTURASUR , &
FRBUE (ACs0) AR, FBHHUARGUE 157 72 50 Frid i@ ELISA [ 1R Ui
REER R . Mg R BT ELISA DA 2 KM AFB) Bl 55Kk, B2 i%k4% C1
—# 5 H i ELISA.
(2) RN, TR T LI E TN Y=-0.4051X+0.2978
(Rag?=0.9821) , ZRMEKINE N 0.0195-2.5 ng/mL (H 24 K KFE ) 0.2343-30
ngkg)  BbAh, ZITERA RIFIR AR TE, 78 TR RE il (19 5 bRk il 5
H, BTS2 ELISA 5 HPLC H A i B2 1 — 2k, SR B 7 vE T LU A2 Bk H AFB)
Py e 1 2 A
EREEA, WA BT T R BURPUR R BRI 2%, £ T ELISA
WAL A 250, T ST ELIS A k77 & DA i &k ) Kok A oA % 7 it v %) AFB
PRI, S0 T2 AR 7 it o e A HA AR KR L
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FME ETEIEESHAKRER LFI RIZEEXRNAREEER
B

41 35|

R ¥ % B: (Fumonisin Bi, FB1) SRR M FE M FE W54, JEA
B, Tz TRk BT, T R G E AT AR A% AR T SR PRSI H AR LA
S E VR E B, S A RREATR A, (HYEZITIA, RIS 5 AT REA 2 2 B ROk
FORMIRE T R B A R B B F 0, 8 i s B, DR s il B3R R PR, P %2
B FE 2 4R T TR VA IR AR SR R At /N 23 TP 5 ASE s ksr It 1, R
AT A N FB A o

BT DL AT AR, 0 S G EOK P i HAER UK FBL, IO E
5 PRPTRPIRIEYEYE, SR E R AR, TEARETT R, SRR BRI IE 2T
B IgG %38 7OCRE CERR-IeG@Ew) , T EHR-1gG 2 /N R AT Fe
Fr BRI, TR 9O R e CEPTR-1gG@Euw) 7] 5 AT HoAth 3 K 10/ B
ST REPUARLE A, M E— 255 44 R R4 (R ) 4 18], Ay [ A I FLAth A 2 o
SROLE A AR . BRI, SFERSA FBI, TATS T & B EHE TS0
RER, TS CAE 5 B R S FB R BE 38 s A BRI 56 4 RIOR
S, TR 10 730805, MRS C 20N T 2 X 3CK T Ui M AN [RAR R L 6,
(3% T MR TOEE 515 AR A AR, AT R | B 7 i B bric
BHEPUR -1gG MR QA ZE s W27 I VERE S B B3R S 28 43 Bt 77 1k ik
77 EEE, PSS HAT R s 7E SRR KRR b il FBy I, BT 257 J5 V2 B s &5
5 LC-MS/MS Kl 75 ik 45 SR 24T 1 H L

42 MR5F%
421 FEAFISE

A BB AR SO E T 2.2.2 WA SRS, Rtz Ah, 63 HAk
RANFFEM K 4.1 Fros, HADES R 4.2 Fios.
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R4 SEIRPTH AR A FERS

Tab. 4.1 Main reagents and material of the experiment

W FEM (A= 5y HAK /AL S J %
ROR LT TS AR R / 200nm, 1% (m/v) I 24 £ 1A
EDC-HCI CsHisCIN3 100 mg F% [ Sigma
PVP-30 (CeHoNO)n 500 g AR R
FREHE C12H2201 500 g ] 24 45 4]
FBi-BSA / 1 mg F[H Sigma
T-2 C24H3609 1 mg %[ Sigma
FB1 C34Hs9NO15 1 mg %[ Sigma
FB; C34Hs5oNO14 1 mg F[E Sigma
FB; C34HsoNO\4 1 mg %[ Sigma
DON Ci5H2006 1 mg %[ Sigma
FHU-1gG / 2 mg ORI e TR
RPLF-1gG / 2 mg JEI I B AR
Pi FB; H41 / 2 mg [ BB (GERBO
W 7K / CFSP223000 J[H Millipore
BT Y R / / BT YR
NC fi# / / % [ Millipore
AR ERFLAR / / MRS E RN

0.22 pm FHFLIESE
0.45 um fFLIESE

I [E Millipore
< [H Millipore
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®42 SIS PTHIR) E B

Tab. 4.2 Main instrument of the experiment

e Lies "%
M5 4B XYZ3050 % [ Biodot
B CM4000 %% [H Biodot
VA VR B O CF16RX H 7% Hitachi
R A5G P SS-230 AR AR AR
BT T R CAP224S {8 % Sartorius
LC-MS/MS LCMS-8060 H A e
Milli-Q HELE/K £ 5t / % [ Millipore
(18.2MQ-cm)
365 nm 2EAMT / RWGFE I AR
M5 4B X XYZ3050 % [ Biodot

422 FERFIECH
FERGARCH 258 2 X R AR 3 3.2.2 02,
423 BARE GEMRR-1gG@Ew) MH&
38 PRI (¥4 % 2% Dong % A2,

424 WEERHIE
AL 20 mm BEFGLFHEE (FERED |« 25 mm EALAF4ERE (NC JEE) . 45 mm
SRR AR AL (B 4.1 (a) ) o K fEIRZ I FB1-BSA (0.25 mg/mL) Hlf#t
*F-IgG (0.1 mg/mL) FULHAEEE 0.7 ul/em L6 RS ER 74 2R 1R 2820 591 28 e 28
(T £ M4 (C 4 , LKA 5E RN NC JIRAE 37°CRIMEAE h 45 2 h &
FI 3 VA MRAL BRAE i 48 15 min, JFAE 37°C T4 2 hy WOKRITCFARMTEIE . Kt
i NC RAR AR Z R R IR AR B, R A ES 1-2 mm, &5,
A8 DD SEA VKR AR SR AR ) T A 3.8 mm B8 ) 550K, R D47 R AR O 2 3 T A7 £E 4°C
TEH.

425 BIAEMit
¥ 2 uL & U D S EREH IR I B R S FL A, N 133 pl BF S 2 R A B 0 '
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WLy R T TR 2 18 B0 T S SO ) LFT MU kil ik 5 By
WEE, SREF SuL, 0.5. 1. 2. 5. 10 pg/mL T FBy By B AL+ . A 20 pL
H 70%HEE-PBS (v/v) Wikt — RFIAFIAREER FBy AR, [FIE 3 & PR,
KA AL, RS 10 min f5, B SOGEMACGEI T Z9O0ME, KR
TEARFRGHET, T LRI

42.6 HERMALE
KRR TIAL BRAK FE 22 e 3 3.3.61 BB IR 34T

427 MRFRTHFIENEEZE
AL IS B 1 9OEERER L BT FBy SR RSB FB) bR IR, Al
SSARFRILE] 160 uL, A IRARSK T B SSAMFLIF R 10 4085, I iioa s B4
EERIERAGRRED, SCBlAESE F e o A SO GO K-
365 nm; KSFHEK: 613 nm) i3k T 4 C &MZOLES, K FBUIRE WX EEE
X B TRE C LRI ILERE N Y Hi, J8id Origin Pro 9.0 HEATHHE 17ELL
PERNZMEAN G, DAARTGASFZE BT T bR th 42

428 MRS EREN

TERMAAME T, RS AS [F) 28 L ) FL 1 7 38 DO O iR R e ik, A
MR = B B MRS R . VR B FBy ARl i, HEAT IR [l i s
5 CAVPAL T IR RS I I AN E AR R, H N SERR AR S 5 =0k, T H (R SRS AE A [ S
RWEMKEEL =IK; K% 53R LC-MS/MS 73 3 T 5K I S2hrke fhad i, 5
X EE REAT L, DAVEA FE R

43 HR5TL
431 MRFEDGERE
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i

: : EuNPs
Tline Cline
Sample pad Absorbent pad
() PP ]T | +  FBI-BSA
I | 4 FBI
ﬁf Anti-FB1 mAb
i A Goat anti-mouse [gG
NC membrane Backing pad v Tf Rabbit anti-goat [gG
(b) UVlight365 nm ?? _
. Goat antirmouse [gG-Eu
_Y ¥ 5t ¥ ¥ &
),‘,;('(( Anti-FB1 mAb-Eu
\\\
\
S ,% o XX
== e
- A
IgG indirect labeling (left: negative; right: positive)
(c) UVlight 365pm S, )
ek ‘ "&f‘
/
i -
-~
-~
—
N R \,;"t:( ~o
~N
N, @ 40‘ * AR X X
I"';‘J(, | I ,J(.j

mADbs direct labeling (left: negative; right: positive)

Kl 4.1 Al a0 R A MR S e 7 o7 iE A (o) R T E 9T -1gG AP IC A 4Rk A 4%,
(b) HFHPUM-1gG [HHRARC MR ZE MR R, (o) FTRPiTEZIRICH
TG JZ T 7 1 1 i 2R
Fig. 4.1 The configration of test strip and the mode of LFI  (a) The configration of test strip based on
goat anti-mouse IgG indirect labeling, (b) the principle of LFI based on goat anti-mouse IgG indirect
labeling, (¢) the principle of traditional LFI based on mAb direct labeling.

FEJRPE b, PO 2T P -IgG [AEPRIE (B 4.1 (b) ) B S = ik
HETH B gt EEN D (F 4.1 (o) ) MM e ENE, WENZERE
BERMAE =TT, &, WAL RN EI B AN, Fi# AR VA T8 DO
ERAHT FBy BB, S5 7 AR SO R AR R . 18 A FORIRE CEPUR
-IlgG@Ew) FrAHMEPLR-1gG 24 RIFEHEPI Fo i BUARE A2, XEWREE
EICIRET W] LS & FABAT AT /N SR e B pi A4, X O AP AG I Al A B o4 it 1 i

o JRT, T —ZERGT B RN IC R IR E R B8R — e E i H AR, A HFR
KA, RRET 75 2 B %, B B RIEFE . ok, 4tk C
LAWHRFIAFE, BIEK C LB RITFE-1gG, FEBWEIR-IgG. &5, F5
JERBERAN, A R (A5 5 IBORE,  LAAT FBy SRS, 818 FH 9L e
AR A SRR &, B RIFHE STBOMER, )5 & WS SRR A TR,
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WLy TR S TI B S OC M  LFT DOl BRI R D 3 % B,
SR R BUER T 52

BT EPR-1gG AL R LR 1) AR JEEIE 4.1 (b)) Fw: SR mE
%A FBi HARMRS, A FBiHyi)a, HEVOUREH S SERIFENEEY) (CRit-
FEHi-IgG@Ew , M TEMEUR, BEMIER T, REMERET L ER
FBI-BSA St 4+ 5, RIS EE&Waksm EBE), JF5 C & B RPiF-IgG
g5, B T SR C 2 HTE iR f ik AL 4, AN, TAE&CKR, CIEmR/D,
T/CHE K, SRANE. AR b & A IR EE Y FBy B AR, — 80500 e
fIHt FBr 501 FBy I 52 456, WM 5POGRHEGIRRE &Y (FBi-By-F41
R-lgG@Ew) , ZEAWIE K wis), BHiEES C4& LMabit-1gG 44, Mk
R ANEE EEEUR Y C Zesktr, HCEHER, HTHEMIER T &h &1 FBr Hix
Yy, WEESHIHT FB RPUANRE SE A, R, BRRIR BT 5 R RE S5 A T L)
SEY (AP-FEHR-1gG@Ew) , 482 M FIk3), #AME T 24 L FBI-BSA 54+
JEARE, T R — AU LU BGR I T 225k, H TN, T/CEARN, 4R A
BRAE . RE S AR D 2 A SR EE (0 FBy BRI, W SS90 FB SA404% FB) 58 A,
ESR-BUAE &Y (FBi-#90) , HS55OGIRH S S E R E &Y (FBi-#4i-
FEPR-IgG@EWIL R B T 2k, K VA 2 R I B PR T 4 E 3 FB1-BSA
e, PBL T RRBE G L, YOUEILFRNE, REE M C 4,
TEC AMBIOIRR, HEK, T/CAE®R/, S5 R2MME.

432 BiIAEMit

EAFBFIESTHE T, W50 T 260758 AE MG A FIR FE R E & CFH 70% H B -PBS
Fike FByARESL & 0.625. 1.25. 2.5, 6.25. 12.5. 25. 50 ng/mL) 384k, FHi%E
PEXT R
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2400 —8— (.5 pg/mL
—eo— | pg/mL

2 A—2 pg/mL
= 2000 —v— 5 pg/mL
~
= ¢ 10 pg/mL
2 1600
2
2
=
'8 1200
[l
Q
b L2
o 800 4|
g L2
=
=

400 ¢ \X =

— *
e X\v\
0 \_\- . . A r r vl

Concentration of FB1(ng/mL)

42 ByUHEMRML
Fig. 4.2 Optimization of mAb dosage

ZERNE 4.2 P, AT, BEESRSUHERM, T 285000 A i
Whn, XATREARE BT AE AR CIRE R, B BT AT 1) PR A H S N 0 i
B [, FEFEVERATTS, BEE FBOREERIG N, TR Z /DR, T Zr%RO65H
JEEWE R E, XWAFEIRAKNER ., fEERGUHEMNIGM, = T L0 KN,
FHRLH FB R FE AR K, IX AT RES2 RN I FRpTyE #8 7 5 Mk B2 FBy, FRAK T T 4k
OGaREE, TE FAINEE . R BT ERDN, TZRUESS, &5 HIEHME
AVEATESS R, SE IS RAHER, RV EYE; Byt HEL R, fEHE
) T/CAETS, BAKIVEEY KT, HRBIEATRESEIR. 2 Bk, BN
5uL, 5pg/mL.

433 MIREE ST ERMEE

ARAEFE S AL B I oK, TR 3R S 5 FRE G, TR FBL Anitk i
% 0.125. 0.25. 0.625. 2.5, 5. 20 1 50 ng/mL, [FIFf & E 70% FEEFR 40, BT 70%
HEE-PBS W MR FB ARl i 2 ERAHF IR FE, JFRE T AA, BIA IR FB
PR, SRTINAS [F] B B P B PR AR R IR . ANIRIE T T A BAPEARE S 20 Wk, BASRAS
P15 Bo MibrdE(R 2 (SD) , @it Y {8 (Y=Bo-3xSD) i NI TR & f it
HX, AR (LOD=10%) . £ 70% F E#E® +, LOD 4 0.026 ng/mL, ffEK
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FFiH, LOD K 0.025 ng/mL ARAEFEMER, H5F 0.50 ng/g) -

(@ -

®  70% methanol, IC, =0.2374 ng/mL
® corn, IC,=1.4840 ng/mL

Fluorescence intensity of T/C

0~0I ! L L | ! L
(b) 0.1 1 10

Logarithm concentration of FB1 (ng/mL)
Somg/ml. 2
1 B |

Kl 4.3 MR A iEri . (o) ANFEEBTT ARG 2
(b) 70% FEEIE N RARSAT I FBy 954 ]
Fig. 4.3 The establishment of LFI (a) Nonlinear fitting standard curves for FB1 detection in different

matrix; (b) The physical image for FB; detection in 70% methanol solution.

RFEFER R AR A ks 2R & 4.3 (a) FoR, 1E 70% . Tk, dk
LML A TR D BN Y=-0.59263+ 4.23028/(1+(X/0.23745)10-30981) (R,4?=0.9983),
Y=0.04227+1.5538/(1+(X/1.48405)"114%1) (Rqq?=0.9985), & MYEHI 1-50 ng/mL, ICso
438 0.2374 F11.4840 ng/mL. M1 4.3 (b) A%0, BEE FB 80, T Ligiaiz
WA E R R, CAMBIEZRETINE, X555 5 —8.

BbAh, 5 ORIE R S oA, JCHR T UREAT AR T EE R By s R T I
ARUAT (G 4.3 o) AHEL, ETEAMY R RIS L FR A, iR E e R,
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L 2R B LR 2R e S A 18 S

SEPUEE T AE ST SRR [ LEL P g SR 35K B,

AT I, iy HLHAS I R AR S v, A R B R, H AR
T 0 AR ) Te) e Am 10 AL S SR AT 1K 4R 2 11081,

A, TE 5 D7 i R R

Krf FBy R PRIH E PE AT E Al o

Rl A & 33 37 1 LFI /] T &

* 43 BAEMNRZESNTIE SR LFL A& FBy Ebi

Tab. 4.3 Comparison of this study with existing immunoassay for FB; detection

ol 735 R IE o LOD? ar W B 1] R BECHR
(ng/mL) (ng/mL) (min)
High-sensitivity
immunochromatographic / 0.6 15 Corn [108]
assay
Ic-ELISA 1-800 1.0 >30 Corn [124]
chemiluminescence 0.05-25 0.027 >90) Corn and [126]
immunoassay _ wheat
. Gray-imaging-based 0.24-15 0.24 o e malze
immunochromatographic peanut
QDs based Corn and
-immunochromatographic ~ 2.295-69.867 / 25 wheat [128]
assay
Colloidal gold .immunoassay / 25 5 Corn [129]
strip
Lgteral flow dual 9.34-100.45 523 30 Corn and [130]
immunoassay wheat
Lateral flow immunoassay 1.56-6.25 / 15 Maize flour [131]
Quantitative
fluorescence-based 0.12 20 Maize fl 132
immunochromatographic 0.25-2.0 atze Hodt [132]
assay
Gold nanoparticles-based .
lateral flow immunoassay / 2.0 >10 Maize flour [133]
Multiplex mycotoxin
immunocl:lrscég?tographic / 0.25 10 Cgrl’lnd\;filclgat [134]
ScFv-based .
immunochromatographic strip / 2.5 10 Maize [135]
Second antibody labeling 1-50 0.025 10 Com PN

based-LFI

* RNV AT LOD FF A ARG FE A B B Al B

434 MREE SR EREN

4341 LFIRVESM

N T BRI G A BT R RE SRR R FBy, 7E IR AR T, M
MASALF IO 20 uL FH 70% FHEE-PBS (v/v) IEWFFEK) AFM;. T-2. FBi. FBa. FB;

1 DON b, filfifr X
KRR, BRI FAFR Y 70%
% T &7 ES.

52
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AFM1: 20 ng/mL
DON: 50 ng/mL
T-2: 50 ng/mL
FB2: 50 ng/mL
FB3: 50 ng/mL
FBI1: 50 ng/mL

3000

2400

1800 —

1200

Fluorescence intensity of T line

600

Blank  AFMI DON FB2 T-2 FB3 FB1

Kl 4.4 LFIR R
Fig. 4.4 Specificity evaluation of LFI

RN 4.4 FiR, APV IE BRI, T LNPOGERR, 552 Ax AT
BEEF: HF FB BN, T LT LFHEL, SO6ESax EAMIER
4 (AFMi. DON. FBy. T2, FBy) HREZER, JLHZS FBI Z5H44HLLN FB,
1 FBs 268 . MWEIE Bk, XEIIRER—%, REBHLFARERGIE FB)
DAAMPHAD FL R TR 3R . S, MR s i HoA R IR

4.3.42 LFI B9rERatEFn R

P& H EIREE (24 20 F1 40 ng/mL, XN F#£ 5 40, 400 F1 800 ng/g) ) FBy
PRAE S ID 22 LC-MS/MS W52 4 9714 0 K RE S S BGR 32647 H P9 R H T
PRI, TSRS A AR AR 22, DAIE— D VP Ak BT g S 7V (A T AU 5
LC-MS/MS HEARSE U R WFF @R, @it (C18, 100 mmx2.1 mm, 3 um),
FEIR: 20°C, ¥iE: 0.2 mL/min, #EAEE: 10 uL, WAIHCAHEE (A A 0.1%H R
KW (B)  (viv, &F 5 mmol/L CH;COONH,) , ' H-fili I LR M6 B Ve AR 75
SFF RS, BFYR: BSI, JRIRE: 330°C, BYIEES: 4.0kV (ESTY) , BiyEk
HEFE: 300°C, MUAESARRIE: 10 mL/min; FUSHRRR: 2 RMEN (MRM) ,
RES T/ 7R T (722/334.4, 722/352.3) , HliERER > 718 26 f120 eV, &5 R0k 4.4
FiR. KB, [BIIER N 82.50-115.08%, RSD KT 6.06%, EMARTE LK)
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L 2R TSR 2165 SN LTI B BOCHE B LFI Yo iR T 3K By
VERISR , RINZOTE A R IR RO B, AT T SERR R A

K44 TORFER HFOInbr s s
Tab. 4.4 Recovery analysis of FB; in spiked corn samples

I KM {E +S. D2 [E] g 2% FH A A i 22
(ng/g) (ng/g) (%) (%)
40 33.0+1.80 82.50 5.45
HN (n=3) 400 445.242.30 111.32 0.51
800 733.3+15.10 91.66 2.05
40 34.6+2.69 86.50 4.34
Hia (n=3) 400 460.2+21.34 115.08 5.15
800 758.8438.29 94.86 6.06

@ bR 7
435 LFRMAM

Y BT £ 2 1 7 VE R R TS0 FOR SEBRAE SRl o, SERBREE R LC-MS/MS $ AR
RN 4.3.42 iR . S5 RUWNR 4.5 . TE50 EKRFESH, FORFEM 1L 20 3 #kE
M FB, KRS 4. 5. 6 £KGIE] FBi, %4 EFT1345 15 LC-MS/MS % —3L,
RIFZITIERE N F KA R R FB) 8 SEE I 77k, BRI E s .

# 4.5 LFI5 LC-MS/MS Kl SRk i 45
Tab. 4.5 The results of natural samples by LFI and LC-MS/MS

Sample NO. LC-MS/MS (ng/g) ALK (ng/g)

1 328.4 285.6
2 233.6 271.2
3

T 519.4 461.2
4 ND ND
5 ND ND
6 ND ND

ND FoR N %7 751 A A %) FB,
4.4 EEBNG

Bt P Y e FOK = . BRI ORI FBy BA AT B R ARSI R BR M, ORI 15
T, PRI R, AR DL G BRI AR IC EPUR 1gG, #1458 A IEREr (G
PR IgG@Ew) , B EH R AR E . RILRIERE . BPuRE . 2L IRE
FEASH G 7 2T 85 5 HOR SRS 119 5698 2 il 4056 H TR oK 1) FBy o 32 24
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) 7R 38 T A2 22 16 IS T RIS SO I LF Huk e Mk D 5 % By
W

(D FERMRBZFAET, ZIVELE TR HRIER A 0.025 ng/mL CB: T 5 # &
4 0.50 ng/g) , FINTE 2] 1-50 ng/mL CHEAEARE S EE 8l 20-1000 ng/g) , %7772
REAF PRI FBy, £E R KA S s [l %2 0 82.50-115.08%, AR AR 2 (RSD)
KT 6.06%; 4N H] T T KRR S B SEpntaill o, Brd 2 i) 7775 HPLC-MS/MS E
A B — 3 . ISR BZ VA B RIFIRE e RSB AR L, WA T K
Kb FB1 I PO 5 2

(2) 5 H AT BN 2 11 & 2R 1 Tl Eebm i IR S R BT SR L, 1275323 1
ROIBR B T 2220 20 £, HE G 58 I 2 13 e R s v 1) R LS

ARTE ST IR S AT VE R T BB, BOR 7RG S, HAZ Hin sk
SITERAE T AR IERES, BT T oK FB I PR e A T A, XA
NHAR ARG T — 2R ITES %
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EHhE FiLS5RE

5.1 g

BIXF ™ B 5 Y KoK AFBy A FBy, LARILA 185 ELISA 5 G AR 4R 2% 1 = B
M, ARSCE ST TG PR RE I T B A AFBy SR & RS, il 4% T B i A R
R G DRGSR o, MEER ELISA N1 LFI 70 A1) SEBL 1 3 2K K
F it AFBy A1 FB B snE B . AR 3 0 U BER AT

(1) A BRARE L 38 P R B0 AFB, S48 R B 5 0 e B B 36

24 o BH P 22 A0 B3 VR R T R S R ST A, SRR EOS £, BHPEA B R AE KB
THLENS, R AR, HLARM IR b BB 2 LA FE A BRI . R R
b, RAFARREE T E I PT AFB) BB R AT APk ZFG8. 42 ELISA filll, %
BRI 2 R IR E (ICs0) N 1.1539 ng/mL, 4 I 78 Fl 9 0.2829-4.7073 ng/mL
(IC20-ICs0) » M HAME MR (AFB2. AFMi. AFM,. AFGi. AFGy) MK
SRR 0.73% 0 WA X BT AT AR [X 5 R RIS B TR 91 o T o 5 LA 5 2
F[PT AFBy BAPUAHEL, AUREH] % I BB IR e P s, X AR KRR E b AT A2 T
Z (W0 SRR R T SN AFB) R I R

(2) ¥J% ELISA DArmid &kl Lok A i) AFB . SKRE AR KPR SR
X T ELISA B R AT R B I SE I AN ], 38 B HUARST R 1 5T & 2 5 i i ) 2 ELISA
N R R BB R . 7E CLIX—A &, Bk ML, 37T ELISA
DAl A B Kk o ) AFB . S5 3R W, 7E FOKRy L5 T, 12059725 1Cs0 9 0.1625
ng/mL, ZEPERGINTEE Y 0.0195-2.5 ng/mL CHH 24T T K AE S 1 0.2343-30 pg/kg) , It
Ab, ZITERT DURE PR RN AFBL,  £E R ORI S BN IR Dy 81.13%-96.94%,
RS FRTHE I 72 359<9.14%, 1E 1 3 AR AEYI BT (GBW (E) 100386) A1 3 it &
Koy S BRRE B A I 45 B b, BT SL Y ELISA 5 HPLC Eof s B i) — k. Xk
AR5 T AT & KM AFB) 114 e Al

(3) A [ARAT 5 ORI MR 2 i sk € ATl FBr:  DABE S 648K
RIbRICFHUR 1gG, Hl s @ AR CEPUM 1gG@Ew , fERMIIFMAT,
T THFEAT S TBOR S 1) S 2 BT iR o F A I K P ) FB e 1205 950] AR 7
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(R B T2 i B SR
PEHBIR S FBy, 7E T K R IR A 0.025 ng/mL GEFHEFEE N 0.50 ng/g) , &
MFEE 214 1-50 ng/mL - CRRIEFE S E 88 20-1000 ng/g) 5 7E T KFE S H ks HIICR
N 82.50-115.08%, AHXIAREMRZ (RSD) KT 6.06%. 3N H T FKAE i 15 br
R, BT ST 75 S HPLC-MS/MS B mFE M — 8t . X R i A )
R RAFIORE R R AR, T RLA T oK FB) I PO i A

gi BRIk, VLW SSR AIR IR  AT S g R B T e S E, LR
PSRBT IR T ELISA ferill o4 i 2275 % B1 A1 LFL AR B33 By, iRkl
G ITIRAE — E R BT DA i &5 7 i (W R BR P, SEBUCE B T A, 1X
NPRBEA ™ il R 2 PRI 1 s AN BRI Dy i H A bRk 4 %€ 73 B 5 1%
PR T — B B A ST R SRR

52 RE

AWFFAAEAE LR L2 hb, 5 SE ST AR Te 3 Ll e 3

(1) ELISA AIJFR AT OB Bk, AL F s, HiZik5 2
BE VEBIETE ISR R (A5 R 20, X TR R T LR ARI ;AT
STHRIBERARS, AR P AU EERY S VSR, TR AR AR it
TR
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SQ VHNO.1 (HEHER]AF[X DNA JF%1) FR1-CDRI-FR2-CDR2-FR3-CDR3-FR4

GAAGTGATCCTGGTGGAGTCTGGGGGAGGCTTGGTGAAGCCTGGAGGGTC
CCTAAAACTCTCCTGTGCAGTCTCTGGATTCACTTTCAGTAACTATGCCATGTC
TTGGGTTCGCCAGACTCCGGTGAAGAGGCTGGAGTGGGTCGCAACCATTAGGA
GTGGTGATGATTTCACCTACTCTCCTGACACTATGAAGGGACGATTCACCATCT
CCAGAGACAATGCCAAGAACACCCTATACCTCCAAATGAGCGGTCTGAGGTCT
GAGGACACGGCCATTTATTACTGTGCAAGACATAACTGGGACTGGTACTTCGA
TGTCTGGGGCGCAGGGGCCACGGTCACCGTCTCCTCAG

SQ VHNO.2 (EFEAAZXZIERFF) FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4

EVILVESGGGLVKPGGSLKLSCAVSGFTFSNYAMSWVRQTPVKRLEW VATIRS
GDDFTYSPDTMKGRFTISRDNAKNTLYLQMSGLRSEDTAIYYCARHNWDWYFDV
WGAGATVTVSS

Glu Val Ile Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly Ser Leu Lys Leu
Ser Cys Ala Val Ser Gly Phe Thr Phe Ser Asn Tyr Ala Met Ser Trp Val Arg Gln Thr Pro Val
Lys Arg Leu Glu Trp Val Ala Thr Ile Arg Ser Gly Asp Asp Phe Thr Tyr Ser Pro Asp Thr
Met Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr Leu GIln Met Ser
Gly Leu Arg Ser Glu Asp Thr Ala Ile Tyr Tyr Cys Ala Arg His Asn Trp Asp Trp Tyr Phe
Asp Val Trp Gly Ala Gly Ala Thr Val Thr Val Ser Ser

SQ VLNO.3 (B#r4F[X DNA /7%]) FR1-CDRI1-FR2-CDR2-FR3-CDR3-FR4

CAGGCTGTTGTGACTCAGGAATCTGCACTCACCACATCACCTGGTGAAACA
GTCACACTCACTTGTCGCTCAAGTACTGGGGCTGTTACAACTACAAAGTATGTC
AATTGGGTCCAAGAAAAACCAGATCATTTATTCACTGGTCTAATAGGTGGTACC
AACAACCGAGCTCCAGGTGTTCCTGCCAGATTCTCAGGCTCCCTGATTGGAGAC
AAGGCTGCCCTCACCATCACAGGGGCACAGACTGAGGATGAGGCAATATATTTC
TGTGCTCTATGGAACAACAACCATTTGGTGTTCGGTGGAGGAACCAAACTGACT
GTCCTAG

SQVLNO.4 (B n] A X ZIEMF5]) FR1-CDRI-FR2-CDR2-FR3-CDR3-FR4
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QAVVTQESALTTSPGETVTLTCRSSTGAVTTTKY VNWVQEKPDHLFTGLIGGT
NNRAPGVPARFSGSLIGDKAALTITGAQTEDEAIYFCALWNNNHLVFGGGTKLTVL

Gln Ala Val Val Thr Gln Glu Ser Ala Leu Thr Thr Ser Pro Gly Glu Thr Val Thr Leu
Thr Cys Arg Ser Ser Thr Gly Ala Val Thr Thr Thr Lys Tyr Val Asn Trp Val Gln Glu Lys Pro
Asp His Leu Phe Thr Gly Leu Ile Gly Gly Thr Asn Asn Arg Ala Pro Gly Val Pro Ala Arg
Phe Ser Gly Ser Leu Ile Gly Asp Lys Ala Ala Leu Thr Ile Thr Gly Ala Gln Thr Glu Asp
Glu Ala Ile Tyr Phe Cys Ala Leu Trp Asn Asn Asn His Leu Val Phe Gly Gly Gly Thr Lys
Leu Thr Val Leu
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