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Highly efficient screening and immunoassay technology for
monoclonal antibodies against mycotoxins in agricultural
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Abstract

Aflatoxin B1 (AFB1), the most harmful of the aflatoxins (AFs), and T-2, the most toxic of
the trichothecene toxins, both damage the human immune system. Low doses of the toxin can
cause an inflammatory response, and long-term exposure can have a suppressive effect on the
human immune system. Timely and accurate detection of fungal toxin contamination in
agricultural products is an effective way to ensure the safety of agricultural products.
Immunoassay techniques are widely used for rapid mycotoxin detection because of their high
sensitivity and simple operation. Immunochromatographic assay (ICA) and Enzyme-linked
immunosorbent assay (ELISA) kits are commonly used for rapid on-site testing of agricultural
products. Food inspection methods issued by the General Administration of Market Regulation
are used in the colorimetric and test strip detection methods. The core reagents of
immunoassay technology are antibodies, and obtaining positive hybridoma cell lines that
secrete high-quality monoclonal antibodies is a prerequisite for monoclonal antibody
preparation. At present, the sensitivity of rapid detection products on the market is not high,
prone to false positives, cumbersome operation steps, time-consuming and costly, and the
quality of the key core reagents - monoclonal antibodies need to be improved. In response to
the serious contamination of agricultural products with AFB; and T-2 toxins and the
shortcomings of the current commonly used rapid immunoassay detection techniques, the main
research results of this topic are as follows:

(1) The AFB:1 monoclonal antibody was obtained by a distribution function-like vertex
subcloning method combined with a three-step amplification sample assay and a
multi-concentration standard assay.

During the study, it was found that the distribution of the cell supernatant assay data with
subcloning resembled a distribution function. Cell wells with high sensitivity and specificity
near the top of the distribution function were selected for subcloning. As the subcloning
proceeded, the concentration of the standard was gradually reduced to domesticate the cells to
improve the sensitivity of the monoclonal antibody. However, the single standard
concentration has some limitations for the detection of cell supernatants, and some good cells
are overlooked when there are more antibodies in the supernatant. The cells screened under a
single standard in a 96-well cell plate were amplified in a 24-well, 6-well cell plate and culture
flask, and the supernatant was detected by using multiple concentrations of standards, and the
cells with consistent comparison data were the stable cell lines obtained by monoclonal culture
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best hybridoma cell line AFB1-B56-0591A2-2, which stably secreted anti-AFB: monoclonal
antibody, was eventually obtained. The semi-inhibitory concentration of the secreted
monoclonal antibody MAbA2-2 was 0.13522 ng/mL, and the detection range was
0.08518-0.21464 ng/mL.

(2) Establishment of a dynamic, pseudo-homogeneous immunomagnetic bead-based
indirect competition ELISA (MBs-icCELISA).

The MBs-icELISA was constructed using the monoclonal antibody MAbA2-2 as the
recognition element and MBs as the antigen carrier, which has a larger surface area than the
plate to fix more antigen and transfer the reaction system from solid phase to liquid phase to
make the reaction system more homogeneous. The addition of external conditions allows the
MBs-icELISA to be dynamic, not only increasing the binding rate but also greatly reducing the
detection time. Compared with existing ELISA, MBs-ICELISA reduces the detection time by
2/3 and increases the sensitivity. Under the optimal reaction conditions, the linear fitting
equation in methanol solution (10%, z/0) was Y=-0.57IgX+2.64 (R?=0.99396), the linear
detection range was 0.004-10 ng/mL, and the limit of detection (LOD) was 0.0013 ng/mL.

(3) Construction of a fluorescence immunochromatographic assay (FIA) based on
bioactivity protection and signal amplification.

Most current immunochromatographic detection techniques are based on direct labeling
with target antibodies, and the labeling process is prone to damage antibody activity and low
signal acquisition efficiency, so in this study, an FIA was established for the detection of T-2
toxin. The fluorescent probe (IgG@Eu) was prepared by combining polystyrene fluorescent
microspheres with sheep anti-mouse 1gG, which not only protected the monoclonal antibody
activity, but also improved the binding rate of the fluorescent microspheres to the monoclonal
antibody and thus amplified the fluorescent signal. the standard working equation for T-2 toxin
in methanol solution (70%, z/0) is Y=-0.43022X+0.7308 (R?>=0.98593). the LOD of T-2 toxin
in methanol solution (70%, z/0) was 0.01 ng/mL with a linear range of 0.0625-50 ng/mL. the
LOD in corn substrate and feed substrate was 0.052 ng/mL, 0.071 ng/mL, and the recoveries of
T-2 toxin ranged from 95.31%-119.03%, 95.7%-110.33% with the relative standard deviations
less than 11.38% and 16.02%. The method was validated by LC-MS/MS, and the results
showed that the method has good accuracy.

This study provides a theoretical basis for the innovation of hybridoma cell screening
technology, and the established MBs-ICELISA and ICA are expected to be transformed into
products to be sold in the market, realizing on-site high-throughput rapid detection of
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agricultural products, and providing a theoretical basis and practical technical support for the
construction of immunoassay methods.

Keywords: Aflatoxin Bi; T-2 toxin; Immunomagnetic beads; Enzyme-linked

immunosorbent assay; Fluorescent immunochromatographic assay
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SRAEFIALER . F H T A B O 3 L A e 72 E /N SR s s DASI I, 7R 2
Tl N 53 AR AR It A R A e O 5 DA BB 23 Ar o 40 B T ' B 2 I PR 36 2
W B PR E 7 AR 1 5% A5 5 R 9% % ST A BE Al 305 53k 10K A gk 4700 3 7
AR, TR 5 B A, PO AR R, AR TR fE
R 2 2R FH I B 1 2 2R 4 AR e T 0o St HAT 1597 LB R & i B e 41
PRI BTN, 454 ELISA VI PE I ALS , FRE A FRFRIE vk it )k &
BT 2-4 50TfiE, B 200 AR E R IR AR P PE A AR A A 3R o BEAN PRI I R G
kR, FERANIIWS1, ARG ERNTAE R, SECHPUATT R AR MEER,
ST AP SRR RIA,  $Em R PR R KR ) 2

13 HESHRSREESTEMEAR

X LB R R I E BRI S T 0 R Gl i, i 2 ke oA
RO SRR - S B e ALY . DL E VA g SRR e AR v, (R AE R
REr 5 2 5 51 AR BRI BOR N B3« R dh IRTACEE SR, s DASE I PR
e AR . AT UL EIRARRIRNE, DAPURSUA R e e R g SR R ) G 7 b
I (AR PR R,

131 FTEFSETHELIRSPR)REL RS

FIMAE B TR3EHR  (Surface plasmon resonance, SPR) & ¥C B2 H Wood 7£ 19
SRR ), SRR B TR IR —Fh 8] B B R, B R AR T e 4
SR S A T b e R PR B LI & R R T i = A ek i —Fole s i, RIFE—
ANREE RIS RIILIRA T, &K H HRG KR FRIBOLFReE, SR IR
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(54881, [i] 2 7 S 2 TH ROV 0 5 8 BT 0 - T R e e 5 o 2 5 B30 A5 5 (R AR A
991, SPR gy MU U 737 A AR, T AR (e i R . S i
Rl FEAR/NESK, X0 RER. AR R LA FY R AR AR
o L2 i 1 v P ARSI LA i g (B0

Solution in

Intensity
Resonance
Signal

>
—

Angle Time

1.6 JHT SPR AMMEIR AL Gt i R 47 8 6 4k s e (R0

Fig. 1.6 Schematic diagram of the conventional Kretschmann optical structure for SPR biosensing®

BT SPR 1/ HR 43 FIoAmic il & — A ER PR, 125G 15 5 ORI /N B hsY)
RN AE 5 28— 2, T 2055 BOR A Be b AT EOR ARSI 2 AL I . Hema
Bhardwaj. Hong Lei 25 AP2CIEFRI K4S (AUNPS) {E4# 52 (5 5 O AZE 3R LR
AT T IR I T WS . Hema Bhardwaj 28 A 924 3 2025 5.4 2

(SAM) Au s Jrilid EDC-NHS ZZBGRIEATIRF 20, 53R E a, & 551 AFBLit
HIEAER, WK 1.7 Fr. R SAMAu S H EVTRITHREALER 18 AuNPs, SRJE
81 H EDC-NHS GRS A Mg DiRe st 4], 3 m a AEEdT AFBLPULiE, il 728
A 2 E 3R . %2 =DiRet AuNPs 121 Au 55 i FH T 0.01~50nM () AFBy
K, FEIFR A 0.003 nM. S5#EE A% Au it A, AuNPs FIRSIIRZFE 7y 0.19 nM,
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LEPERSINYE A 1-50 nM.,

Step-1
HAuCl,.xH,0(0.01 M), Solvent LA(0.01M)
H,PtClg.xH,0(0.01M), extraction
NaBH,(0.01M) (0.1 M) CTAB AuNPs  pcm, AuNPs, CTAB LA-Au NPs
e S
: - S < In-situ activation ’
4 2y i Eonts o Antibody FB,
L Y\/\}‘) : tm'ti-As‘E1
Auchip J SAM LA Grlftlnl of
H,N NH Proteln A
Mg\ —— Interaction wi h
In situ activation oay AFB
LA AuNPs EDC NHS antl- AFB, 1_) w
émw—s/\/ Graftmg of \
cystamlne JUSS :P"m'"'A

K17 SPR E%ﬂ:’%’@%&{ﬁ 3 T A2 U o BT B AR [R] 20 B8R ) 7 755 ] 92
Fig. 1.7 Schematic representation of the different steps involved in the active surface modification of
SPR biosensors!®

132 HUFHREERE

EE'%# (Electrochemistry, EC) ufift s & T[S a8 L e AECAAR I AE s

ar, Hh e I AR G BME SRR I LU A 4t ) EC MR, WA, AL, B
?/&E\ B BASEPTAR MR, EC Gl b B is T b R B A e ) S5 4
i ERL M RSEPRR ) EC RIS, &, ATAS AR S ke 7 S 7 Bk . EC Hefhlk
R RL [ A /N ANV TE 1Y) E S AETE & R DA 7 TR 21 7 R B RIS, SR, 7ERR
AR b, NI AL R N R R . R, A B S N — S B MR R IR
HEERMR, $2m GCE HyH TG EM REUE . Na Wang S5 N\PSUR A6, WEE
AHAELRATRL (Zn/Ni-ZIF-8-800) « FEZEH# (Chitosan, CS) Fl AUNPS X #REEHRIR T
kAT 7 okt B4R ANIMELE (Metal-organic framework, MOF)#4 RS K 2 AR .
T I R A AR EE . AuNPs A0 IS RV A A A 1 . CS L (M s g
JIFI R AT I JEF—RMIEE T 35T AuNPS/Zn/Ni-ZIF-8-800@ 1 S 1) HLAH 2 f J2
ik, AT PRgER Al i) AFBy, W& 1.8, fERAEFZATT, WA Rt kes
(2R LTy 0.18~100 ng/mL, AIFE Ay 0.18 ng/mL. Ak, FFhil45 i AL AL 2% A
AKIPRE TR = IR, HON/ N PR N B¢ 1 55Ail. Zhenhong Yuan 4%
NOF S48 (Prussian blue, PB) KRR, WA DKPLERERAESE-8 (ZIF-8) FiIZE
Z B (Dopamine, PDA) £ i PB@ZIF-8/PDA £ 415 SHREF, 45T ZIF-8 [ fLIR
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F. PB MUAFH AL SR A PDA R B S R S TS R BE (K19 .
B/ NRAIEERE T G Ihfgtk PB@ZIF-8/PDA, i & AL SR e i 1 3L T Ak a4
W ] 5 B 2 G AL R, B % DON FRASIN R AR vy, G FRAG

702e Mwng ' methanol . N, 800°C

Nz
\
e oo v v "" 1'.
® 5 b A ) - 5 A«
HMelM Intermediate Zn/NI-ZIF-8 Zn/NI-ZIF-8-800

v

2= &
%
, z ,
i/ e ‘._“

Poduda Y v 8CF
® . ° Y = o
Graprans Zn'Ni-ZIF-2-20¢ Chiosan AuNPs Ab BSA AFE1

1.8  Zn/Ni-ZIF-8-800 [ £ L. 2 F1 AFBy HIAK 2 G2 A4 Bk A 7 7 ] 196]
Fig.1.8 Schematic diagram of the synthesis process and aflatoxin B; electrochemical immunosensor of
Zn/Ni-ZIF-8-8001¢!

_EDONHS O DON © BSA
" DON-Ab Y 1gG
PB@ZIF-8/PDA

A rl*-grz\
' =

—— A

2-MI h

S

>
PB@ZIF-8

PB@ZIF-8/PDA/NgG
B ‘-’-’_ without target
RORR EROR 93
--v'-'—] wash T—-v*—] E-‘-'W-I' ~\t
PB@ZIF-8/PDA/IgG E
® 999 999 £
—ﬁ—bii"'_)" ead Y )
l AUE loos.ns,\ o= ! ve3 o
2.2.2 2.2.2 222 -
AR B T e
PB@ZIF-8/PDAIG

Potential /V

K11.9 DL PB@ZIF-8/PDA/IGG {155 AT DON A5 il ) e /B S gt < it P 7]
Fig. 1.9 Schematic diagram of the sensing strategy using PB@ZIF-8/PDA/IgG as a signal probe for
DON detectionl"]
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133 HBEUERNGRERRSE

B4k 22 (Electrochemical luminescence, ECL) fE%ET Bt kA b i 74
1, RGO AT RO CH— PR B4 5 & Ot (Chemiluminiscence, CL) IL%, #oGik
JiR EC BRRTE T —elB®, 556t ridiLt, ECL ANFE BRI AT LUBHGRE &
RICHNTIEE . 5T IR A 77 v DL & Ak SRR L, ECL BAA B R At s,
UGS S AR, RS SR E UL, BRI AT DU Sz o 7 TRO010M ol eyl S
PER SRR PR S ECL IS S I T ECL e AL BaS E B KN 5
HFr v REUE R HK. mEtsi. obrid D, Fenii. M ECL 153
AR ERGIR, W Ru(bpy)32b. & Kik. F-SHET NS BPKMEIZE. Xiaohui Lv
2 \NDOALE I8 R PE T R I NS T LA =4SR5 4k FLaSY (NPCo) , 1Y
A =% (Cosos) 7E NPCo Kt —PEK, SR)5E15E] NPCo/Co304. B 44K TR
Tttt NPCo/ Coz04 (NPCo/ Co30s-Au) [EIEFiMA % ECL B faAR, F TRl 25 14
# DON. 4, AuNPs F15I Af&E T HL 3%, NPCo/ Cos0s-Au Xf RuSi@Ru (bpy) 32p
kB BRI e H 9K 2 LA mT DU 3E R &AW 55 FUR AR [
Efb. AL AL A (Potential-resolved electrochemical luminescence, PRECL)
SETEIEAMR 2 I R s AN R A = AE 20818 ECL RITHIAFE, IE4k, HAH
BLorHEI A RO A SR AE AN e 207 T AR 1 BRI 77« Xiaoyi Lv 55 A\
NOSL5 k1 BAT PRECL ROGHHEIIA NN R S5O IBPHF, 1ZMREHE 1 PBS ¥
53 TTE BEA DX R R AR X & AT ) ECL 55 . F Tl e 2 TR =42
FLIERBRYKATEL (Three-dimensional porous starch carbon nanomaterials, 3D-PSC NPs)
A REFI R FREMNAEYMENE. Bk, RIS SEEE IBPHF BI00REREA I 54
3D-PSC NPs 2 [ fJ B [FI4E FH AT LASZE ST AFBy AT HERRASIN . X 9 24 W AT A 4
ST TR 2 T e

134 RAREIERRS

SR IR 57 G 3 A 2 PR A RS DL ) SR 8 3BT BORTO - 189 5 G e 3 LK A= 4 5
TR EEGARMEL L, #HRAEER T IEATH . PP Ze IriEml H T BB 2R AORE Y
R, ANTE B BORE ROV, AR TRALEE H AR 3 2 LU L A0S Bt I LA
SRR RICL SRR AR — R FIRDE MRS, 46 TOER (&
RIGSE) MGt CGarifefeth) LR, EERAR] T EAMPURBARRIFF R T
JOCSIRAEEREFAE (FRET) ARSI B S, AeE R M R AR T 4
FISZ A4 2 T BRI N 5 SE R0 5 LA S AR - (A ELAE PO, T FRET e B AR
TN iz, e Tl R A S WIS IGT BB A S R IR
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PR TF i L1081, Liang Zhang %5 AT R T —FleJF R etk idas, FTFXTEK
PSR T B 2 Byy B2 Al Bs (Fumonisins By, Bz and Bs, FBi. FBo Al FBg) (A48,
Uk 1.10 Fiis R 2 FFIH B 7ff &L B (Rhodamine B isothiocyanate, RBITC )1 AuNPs
VERRERBMA-Z AN, IERDOCHES FB IR L, Rgs R REH, %t
“TFJa AR IR AE KRR 1) FBs 3 B BRI N T 77

‘® ::»c@é}ﬂ%

RBITC-AuNPs probe

7 &
/:f\\ QQ

N A
¢z,> <
9

P AR AT

):}Quiqo

® @
| — — — | -—
@ FBs Y Mo == BSA
‘ O AuNPs 9 RBITC «a® OVA-FB, . \\ Cysteamine

Bl 1.10  SOGTF R AL AR R FBL 7 & [ 108
Fig. 1.10 Schematic diagram of the fluorescent "on" sensor detecting FB1[108]

T R R R TR B A A T o AR T B R
PE, AR, SUOGIREE, mottREtE, SrOtE T EARKIOM G, R
WORWEKTT, ATCARIN A AT 2R, P TE 5O S [R5 A A B 01830,
Jingming Zhou 2 AR YRIT & T —FhBEF 2 (a1 41 (Quantum dots, QDs) Arictf¥jHf
AR R oK AR (Zetilenone, ZEN) Aiffih#&E#EE A (Ochratoxin A, OTA)
2 BRI RPENHTITE, B 111 PR, IEFEMFER R 520nm (486 (1)
ZnCdSe/#/7e &5 FAFJIbRiEH R, it 15t ZEN-mAb-QDs A4t OTA-mAb-QDs 1F4
FPERNAREL o TEAR RO B AN AR R S i 28, DU e BN H AR

SRR (FP) J&—Fhas KT R BUNEA, i8I 5 ehsic o B 2651
R ARSI T2 7T AH LA SO 5 e i S TRl (FPIAD S — b
FIBEAR, BAAH T SR RIS . fllid FE ., Pud, FRTATATEE,
FERN TR E G, v DA (8] 3G nge ki, AR AR el

12
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Vincenzo Lippolis £ NSy 7 —Fh R A, dERINI FPIA FHT-I5E [F4RT5 G/ Nt e
[ OTA. L E R T —Foe e EARC T OTA R, FER 7 35 =P v A
GERNL, SegtE FP b BRI EE(E 0.48 ng/mbL. /NEERESH ZAEK
(60:40, VIV) $EHL, £ FP Sl /b2 Jir, A FH 2 2k P8 ZE A an i Pkt [ A 2 R 144 T
alitk, JSAHTIENT 20 mine /NERESD (3-10 pugkg) HISFIAIRIIR N 87%, AHNFR
HEZ— KT 6%, KeIPRANE E=FR 4514 0.8 png/kg A1 2.0 pg/kg. Chenglong Li %5 A1)
BT R milEE. 2K PEHEE FPIA (MWFPIA) , FFE2KH DON. T-2
B AN FBy FELDAT I . A A Gebb-G B 2 R ERAIFNRE M SR BTUA (mab)
AT MWFPIA. 7E B RT3 TR S R AT T300E, FF5 HPLC-MS/MS 45 AT
T H#.

Ex=450nm
—
E\;=520nm

0
Y
9 9

b 4 y e

ZEN-OVA OTA-OVA OVA anti-OTA-mAb-QDs anti-ZEN-mAb-QDs
N7 Y4
O 1 Y 5 %
Green QDs Orange-red QDs mAb (ZEN) mAb (OTA) OTA ZEN
K111 BT 2ZEE 7 RE N ESNE ZEN A OTA 177 Jon & K4

Fig. 1.11 Schematic diagram of the method for simultaneous quantitative determination of ZEN and
OTA based on multicolor quantum dots(14

& Eyp=610nm

1.35 BBk ERME

Bl I 40 2 W RS (Enzyme Linked Immunosorbent Assay, ELISA) &k &K AR &
Engvall #1 Perlmann 7£ 1971 43R 19G a2 &l sz (1 S 202, HAE 5 8200 R F Hh ek
IR IS () —Fh 3% . ELISA & FHBIA X BAIGONE. BIE. IR TES%
Al EE X DA . ELISA BN HFERT 2, JoiRRAE R Tl N+ il
HEAS 2 T A . Tingting Yan 55 N2 T —FAE YR -SRI =Y HEEG ELISA
(BA-ELISA) , FIFIAEMIERILKIGIKAE Nb26 FIBEEEAIE (Streptavidin, SA) fHEE
BE BT A B (Horse radish peroxidase, HRP)  (SA-PolyHRP) et it 4

13
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VI i) AFBr. fEBRALSEME R, AFB1 ) BA-ELISA fEAMHI Mk B =3 0.21 ng/mL,
TR T SRR HR A I PR LR, A R TE 1 h IR EATE T 218 98% BTk,
Huang Dai %5 N2 ZE 3 2Ot dabs, B0 T — MGl AFBy FHi28 L 5 ELISA.
DUBRBEAN i/ R A BREE 1 G FRIR SRR E Shrid, EAL T —Fhi s 4%
bR IC e T i IRB AL R 2K AR AR R, B2 TV pH A, R
BEAEDRIE L6 N r B Y U B, 0 TR ERAS . S5, SRR I N R R
TeEm, AT LB RS, AFBy BT UL PR T s M E
£ 0.01-5 ng/mL JEFE N LM R, KIFRA 67 pg/mL. Kunlu Bao 25 A\ OTA 4
SRR (ND28) 5 ¢4 4565 E (Cbp) ¢ i B ey, B H AR IARLS
HH (Nb28-Cdbpa) o Ak, FIFIE A - LRI A 1 — ik R U 54 (RG]
WIMPHERE it OTA Y ELISA . 12 R BURE 3 5 AW P4 B 2 0.13 ng/mL, LOD 5 0.009
ng/mL. FTHeH BIgRAAZ AT DU — PRl AR 5| JJ 0 s, DS & & Fh e b
(1 REBZ TS5 . Shengnan Zhan %5 NBSITF R T —Fzh#&6HUR (Dynamic light
scattering, DLS) M5 B 4554+ ELISA (DLS-dcELISA) , F-T-H8 A I £ K o
) AFB1. FIFI¥R3EE HIE S AUNP BRI AUNP BUSHE S, BT R
DLS-dcELISA X} AFBy FA i) R R, #ailllf >y 0.12 pg/mL, DLS-dcELISA HA R
TFRREENE . RS BEAIACR A S T o 1A W] UGS TR S5 3 TR B (A5 5
VENTPED TG T, DU RS R R R eI, ELISA 2R i ikd sl
R H A RS ) — MG 5 3%, EALSE ELISA FEAil 5 IR 3 1 3-47 QR ke il 7 iE
RGUE 55

136 ®ERMIIE

P EHT T (Immunochromatographic assay, ICA) & —fhgh & 7 it i
AREHT FIHBURUAR PIRE R A, s AR A% B0 1E
JISEIATA FER 3 HTRE JT . ICAREDURS A1 ARG 2 FHE) . HEms, i
]2 TR R R U012, Yiyi Chen 25 NPT 7 — b cbodk 1) 25 1 F AR
KL ERT 8T (IUCNPs-ICA) HTAGI ZEN, Wil 1.12 FioR. RANERIRGES
% T #5244 Lu3+[ UCNPs, 157k 30% Lu3+(1] UCNPs RILH Ak e Re . BiJEH K
T IUCNPs-ICA, HFAERAEM: RIS ) ZEN. Shuai Zheng 25 NBOHRGE 17—
TS FH D Re A0 QDs AR A SRS D RE S RE B 2 8% 1C) % ERET 1T LA Jw] iy Uk
AR ) AFB1. OTA A1 FBy, 40 1.13 . USRI 220G &1 gk
Zk (Magnetic quantum dot nanobeads, MagQBD) 1] LA & 24V A8 253k =Fb H kr
HW R, HETPONETEREHE—AN ICA a7 b E A EAT.

14
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a
B , ‘\ ODE
YClL, YbCL, ErCL LuCl, ————— T
UCNPs
UCNPs-COOH UCNPs-ZEN-mAb
b xovE g
Sample pad Conjugation rad Absorbent pad

NC membrane
+

1 Bum

v
Tline C line Laminating card

Negative
Sample lipid
E
Wi excieg light | sirip reader
e LT e
. |
Sample flow Tline Cline ‘ T line C line
d
e @ Sample lipid Positive
' 3= e |
o SRl exciting light strip reader
—_ | T | > /.\
v s
Sample flow T line € line T line C line
© UNCPs Y Anti-ZEN mAb ZEN z UCNPs-mAb Probe 4 ZEN-BSA Goat Anti-mpuse TgG

1.12  PUEAGI ZEN ) IUCNPs-ICA 77 [&][129]
Fig. 1.12 Schematic diagram of IUCNPs-ICA for rapid detection of ZEN[1%]

I Fe0, Fo;04-PEI
' PEI QD QD

: [ 2 ) 1T 2
: Coating Adhering

PEl-coating

ﬂ nﬁ

" : !
: :
& l'nq:v:l Sample pad Absorbent Pad
4 ichment 4
\) "
N uu» \ @
n "
EDC '\Hi .........
" Pmm\e

S "
,/’l,"‘ & " : sample:
% Magnetic AR
‘g’. separation << “u
& :: “ ¥ it
"
"
v " Sample pad ¢ o Absorbent Pad
N <& ¢

Y ¥ ¥ ¥ @ v % 48 e

| AFBl-antibody ~ OTA-antibody ~ FBl-antibody  Goat anti-mouse IgG AFBI-BSA OTA-BSA FB1-BSA AFBI1 OTA

1.13  (a)XIfie MagQBD il & FRHLE], (b) A ARy S At BT i 2 i ¥ %% MagQBD il #%, (c)
i %% MagQBD W & R E M # ,  LLAL(d)FE T MagQBD 1) ICA [ A = oh 25 1 23 21 130
Fig. 1.13 Schematic diagram of (a) preparation of bifunctional MagQBD, (b) preparation of immune
MagQBD modified with different specific antibodies, (c) magnetic enrichment of target mycotoxins by
immune MagQBD, and (d) simultaneous detection of three mycotoxins by MagQBD-based ICA[*3

15



L ZR B TR AR 2 S B R

FRIET U AR FOGAE S [ ICA LUSh, SEEEET 6 G B 124 . Qing
Wang % \IBUE A CSA GRKRTRIAN HAUCH 1) B R SEIE R s Sl & 48R CSA 9K E
EMEL 5 AFBL HURES S TR BOCHIREE, I M T AFBL R L s,
B 1.14 Foe Rk, 28 R s al ROy —Pivenill 2 1 2 2 € AT (0371, LA 2
Foah DAV AR IR, B P ORIER % 4. CSA MUPUARL & mim HAA R
FA . S ICA ARLL, VRIS 10 R BT IIVE AT B2 AR, iRl
AR R T Al RS R B DREAS I . BRAL, IR AR R A S o)
Hrep AN IR 1 R

A
SeO . “ . i
\'cl - CuSO HAuC IJ’ 7 ]r
Ve antibody
CTAB
B 808nm laser &'l'hcrmal camera
4 Tline  Cline Negtive : 9¢ # ®
0% \ / P4 .
; K £

a g
»

Conjugate pad PVC pad Positi R e 7%,
Sample pad NC membrane Absorbtion pad bt " ,‘.:- i
@ senes @ csa E Csaab
visual [T 200 ]

Thermal [

& arB1 @ AFB1-OVA | AFBI antibody
Sample concentration

Low » High

N # . 3
jr Goat anti mouse antibody

K 1.14 PT-ICSs f7ni . (A) CSA Fll CSA-Ab & T fE. (B) PT-ICSs A& A M 7,
T 4. MAZ[AFB1-OVA], CZk: XMEZ[H/NRITAL. (C) ELEIRADEIGESS Rt sy
Fig. 1.14 Schematic diagram of PT-ICSs. (A) The synthesis process of CSA and CSA-Ab. (B)
Construction and detection procedure of PT-ICSs, line T: test line [AFB1-OVA], line C: control line
[anti-mouse antibody]. (C) Comparison of colorimetric and photothermal results*3!

ZR LFiA, ICA FTELISA f&fic b Tl T Ul i e s, S5 ids
SRS B TS &, RIS IS R e SR EMTIE R SRR BT LA i AT
B RHRE AL . AR R FHRIPRIC T AU e B UA B AR T, fricid e s
EEARFDURNEYE, S SHOUER, okl sy RHERYE. fL5tH) ELISA
RIS TR A ey HODBREE,, G AR R RIR 9%, Db B A s I e A Jse o 7 A%
FEBIT AT I A G, BRI 1 SIEIR N 8] ST BLAT 203G A IR
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14 WMREMEXSMHEAR

141 WRENKEENX

R M BTFAE AR TR R EARE K HB TS, 52 AR ot 522 4 (1) ]
WARFFHAGER T tH o Bk At AR P i R 22 47 g R 1 D R o 5 e e Bl P 3
PREE R G e e AR T BRI B 30 T5 P M I8 OS5 e LR & Be ik, i Has fa 3
W SR A 224, BRI, DUsRI R 7= i P B S B R TS R TR
BRI REEFR 2 —. HuiEEE RN SRl R R, H
ELISA RFIE LA ICA X477 it (1) i il s B A 5 o 7 (Sl £E 401 ELISA 25
R, NN PR T AT, A AN BRI S S VRO U R 1 S ) 45 it
2. HATHTHE L) ICA % R s BEHUAR BEATARE, X 25 50 5 T B BT AR R 1 12
P, 25 Gt AR P 1 LR U AN 157 S AT RO Fh B B o T LA,
BT B U FH PH P 24 SR T 23 AT P ISk 2 S T8 200 P 7 e T e 381 B 5 o
PURII TR, BEM RS VAN R . FrLA, 0 R = 5 YR P S I AFBy
T2 B3R, DASEAH ek = 5t R BRE, AR s el AFBL N HARY, R
PS03 A e BT RO b PR 285 -G =D R AR TSR AN 22 9K BERREE Al T/ 126 B 8100 AFBy
[ BTT DA MADA2-2; HUREHATEIA ELISA Ml Al . sBIR R, 45 & R
A, BLAFBL R SERE BT IR G T B T2 D35 R 1WA ER ELISA: &5, N
TRAP ALK DG T B FE DU ST BCR O E S, WET FIA 4URfLEE. D
RN P A A SR AR M R R AR R ST BE BRI ) A PRt T — s IR A A R
SCHF, ELISA 1 ICA e v ik H AT A IE AR I RFRE, AN E G R = iE s
Rl B, N HAd G2 i EOR I TR AL 1B R 5 5

142 RFEAHNE

(1) KRHIZE0 A5 R BT A oa v 45 & =25 UORREAS R 22 1R RS A ol Ry i 12
AFB; H.rEBEHTIA

WHFe I RE R, B Se B HHEAT, AR s A e B 7 A R ABA T A1 R 2L
EFE A R B 0w PR A ML AL AT — 2D T se i AR vy B e B U RO S 1%k o BEAE T
SO R RIREAT IZ T B o i (VAR BT AL BE AT DI LA s PR T B U ) RBUEE N, (B2
B AR R BT A ARSI S R R, 3 AR I 2 g — L
M DRI B ot R SR SR Y 96 FLAHBRAR "R AiARAE 24 FLAT 6 FLANMIAR Rt T
EIEREATIOR, H R 20 EEIR EEARHE RhEATAS N, X EE 15 Jm 4R i et
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B — S AR RN A B e BE RS RS AR B OGO iR, SR BRI I FO AT A T 24T
IR AN B AT PUAR I ) & o B RIS RRUE I T AFBa PR T [ P A 1 2% A2 I8 4T o ik
AFB;-B56-A2-2, JIT /b8 e ik MADA2-2 2403 4 0.13522 ng/mL, A&l
i A 0.08518-0.21464 ng/mL.

(2) HETEhE. A MBs-icELISA K% 57,

PLEATEREPTIA MADA2-2 ARG MBs AR EAK B T I
MBs-icELISA, {ENEEAH R MBs LR BAA SR B R IR [ 5 2 PR, IR
A 22 M TEAH A% B VR ASE S GRS N8 &), i b0 772644 T LAE MBs-icELISA 4k T—
Fhzhas, AU w4 G 2 AR K4 5 7 Rl e 8] o 5 30 BRIl 7 vE AR L,
MBs-icELISA# KT 1 2/3 tllisf [6], $ i 1 RBUE AL B2 AT T, HEEE R (10%,
210) TR M E T RN Y=-0.571gX+2.64 (R?=0.99396 ), £ 461l 7% [ %y 0.004-10 ng/mL,
YRV EE 55 5 MIEYL, LOD 24 0.0013 ng/mL.

(3) FTAEDFE MR AE SIOR FIA BT,

FL R IR DO UMIR 54 RV R 196 S5&H14% T JOtiREN (IgG@EW) - i
B 19G BERE ORI iR DUE, TR G55 . XFbmid s 7 ootiok 5 5
TLREPIARM S AR, T2 FRAFEIFEW (70%, z/0) ks TAE RN
Y=-0.43022X+0.7308 (R*=0.98593) . T-2 # Z 1L FEL# (70%, z/o) H#) LOD 4 0.01
ng/mL, Z&MEIEE RIF (0.0625-50 ng/mL) o 7E LK F IR A 0.052 ng/mL, 7E
FERHEYIH A 0.071 ng/mL. FKFEMS T T-2 R [EIERLE 95.31%-119.03%2 7], #H
XIARE R ZE /N T 11.38% . FELAVEIEE dh Bl Z20y 95.7%-110.33%, AH X Aw it ZE K T
16.02%. KH LC-MS/MS VEXZITVEHAT T3k, S5REW, &7 5 A BT HER
P

18



L ZR B TR AR 2 S S R A RO W e i AFBy LA

FBE REASHERBN I ETRiE AFB ik

BEEEMB AR, VAU, ERAARA O A B R R JEIRTE, Pk
L@ AAH Le A E R SRR ), PUR )i B B UE T ARSI R, 3k
SN eI LN R ep s i B R v e N O S A N 4 Vvt N e e )
TR SR A Ih R, Wik R = H e RS 05 B v P LA AR W B A
FFETR T ISH E A IFA P ORI o H BT SL50 2 9 B P 14 2 2 T8 200 i i i 77 v 0 2
E0FE R G E R AR 1 R [F) A AR e 5 T b 0 M 2 T 2 ' B 28 W P R B i P e
B o MG BE R AR 1 R [ A AR 0de 77 v ) el S 7 LA Pt s R S A T A i, TR
K& I (ALK T 1 U B R AR, AR MR T 56 S 2 BT 75 EEAE 4R M R T A T
G RN R G M, A —E M AERE . RSN & 75 RN
AR FR EIE T U R A SR TR AR AL N QA T4, U T L S
FRFL O GH LR T B 1 7 B2 o 0 F P P e A TR A M Ak, S i o (RLRAR e ) A R A
PEETRE IR AR 5 BH A 24 A2 R 0 4 D ) 0 7 i T

FTLL B trAES, ARSCUL AFBL N BARIHILRE WS U R AFBL L e ST
Ao AHIF R 285347 BRI R 0 S BV S B =D REARTBOR RN 22 94 B b RS 7 2695
B AFBy HUIEREGUA . B FUA AR o A B v R 4 P B AS B () 3 A AR T 43 AT Ry
K, DRI R 000 T A BEA T e B . 15, SR BRAEAR T VA BE () 7 Y0 4 ik
1Tk vk, 182 U S b i ot B — bt S e H ORI A B A T DU A OR, RA
ZRREEIRBERRE AR U B, SRR e . SR ) DL RS PR AT I At
IR RN R

21 MRIERHEE

2.1.1 SEIES4mER

(1) FHTFSEIeH/NR A SPF 2% 4-6 RS MEM: Balb/c /MR, T35 g IR 5258 5))
WEEARAT, WAlES: SCXK (&) 20190003,

(2) FTF4uffmh & /N SR aniurk SP2/0 il R SR AEMIRIEA TR AR (b
H, WWAREEMTD 24t

212 FERF SR

ARSIZEG T P ) R B GR S AR AR 2.1 Plrs ARSI R R BRIk 2.2 Fr
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R21 ARG S A

Tab.2.1 Main reagents and material of this experiment

%l (fa=v kg J K
ek / 4509 (18 /M%) ey
AiEHEH / 500 g 2£[H Sigma
AN NaCl 5009 (4rHrad) [EZY
+ KA R N Na;HPO, 12H,0 5009 (43#frat) E523]
Afrep KCI 5009 (43Hr4d) 5]
TR — S KH2PO4 5009 (4t E5E23]
BRI Na.COs3 5009 (4rrak) 24
TRIR N NaHCO; 5009 (4rrak) 24
FrR CeHsO7 5009 (Hrirat) [EZ
—IKEFTRIR CeHsO7 H0 5009 (A4t [E 2
3,3,5,5 - DU H B R i CisH20N2 59 iR R T
AR CHaN20 Hz0- 259 iR R T
FE CH3sOH 500 mL [ 24
oK C2HsOH 500 mL [ 24
R H.SO4 500 mL 24
AFB;-BSA / 1mg J[E Sigma
IR ICTE A e AT / 10 mL/jfk [ Sigma
HEPES CgH1sN204S 100 g F[H Sigma
L-2r S Bk i CsHN,03 100 g [ Sigma
RPMI-1640 J7ili% 555 / 500 mL 2[H Cytiva
X (HEEREZR) (100 / 100 mL Z£[H Thermofisher
GRS / 100 mL s
e T REERR (100 / 100 mL 2 [ Thermofisher
KT / 100 mL jbﬁ@gﬂ‘ﬁ%&ﬁ
HAT/HT (50%) / 10 i [ Sigma
PEG1450 H(CH.CH:0)0H 500 g [ Sigma
TN C2HsOS 50 mL CAEVITE R ) £ [E Sigma
P 19G-HRP / 2 mg/mL LI ZR G4
AFBy FRifE i C17H1206 1 mg/mL TR 7R
AFB2 FrifE i C17H1406 1 mg/mL TR 7R
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AFM; bRt C17H1207 1 mg/mL R IR
AFM, B Ci7H1407 1 mg/mL AR R B
AFGy iy Ci7H1207 1 mg/mL R R
AFG, iy Ci7H1407 1 mg/mL R /R
T-2 C24H3509 1mg AR IR
DON C15H2006 1mg AR IR
ZEN C18H2205 1mg TR 7RI
OTA Ca0H1sCINOs 1mg AR IR
96 FLEER LIABEHRAR / 3590 & Costar 2]
22 RSEGH T EAA
Tab.2.2 Main instruments of this experiment
& LiER) I
AR HL-AH WU A B T 2 ik
WE TS MYP11-2 Wiz is2 e ES
PUsR SR Sz-1 N RA 3
FEEARAX Varioskan LUX S [& Thermofisher
BEAAL 888 S [& Thermofisher
R R B OHL Sorvall ST 16R 3£ [# Thermofisher
SR AR UK B LDZX-50KBS Mwistt kA rg
2t eppendof 1% eppendof
FEALKAX LS MK2 [ PALL AT
VRS SW-CJ-2FD TN LR TR
& ARE 0L TDZ4-WS NGV IRVE
EESAT G BDS400 HRBUAF 2%
CO AR =46 IN/PE & Thermofisher
BRI AL 104 T E R R 2G5
pH it FE20-K IR AEANER
P IR VE KQ3200E E LT A
LA T IR Dhg-9240A b fERAA

213 EEA5ACH

(1) ELISA T BA R H

@ BEERERZZE P (PBS ¥, 0.01 mol/L, pH 7.4) : Bl BT R YRR 24.0 g NaCl.
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8.7 g NagHPO4 42H20. 0.6 g KCI A1 0.6 g KH2PO4 B4l /KA iR G €4 % 3 Lo

@ PBST ¥ (0.01 mol/L PBS ¥ i+0.05%M-75.-20) = F 1 mL #¥itty 2 YR EL
1.5 mL rHi§-20 Jn#E) 3 L0.01 mol/L ) PBS ¥, =i FREIHFEEST 1h,

@ W22 (CBS AW, 0.05mol/L, pH9.6) : I 7R FHERFREL 0.795 g
Na,COs 1 1.465 g NaHCO3 F B 47K ¥ ik fi 78 % 22 500 mL.

@ 10%FEE-PBS ¥ (viv) : EHL 10 mL CHsOH fn A% 90 mL PBS &+, &
)&

® 0.5%BSA-PBST &K (miv) : HHFRFRRE 0.5 g BSA A Z] 100 mL PBST
R

© HHH BT « HHETFRFFRE L g BilE gk i F] 20 mL PBST ¥

H,
@ BRI F T RSP HERRFREN 4.665 g CeHsO7 F19.205 g Na;HPO4 42H,0
TRk IR E RS 500 mL, 7T 4T &M

TMB 9 F 1R FFREX 100 mg TMB 7T 50 mL CoHsOH, Y (#47T-20C
VKFE & H -

© WEMEMER (3%) : FHHETRFHIL0.3 g CHaN20 Ho0, ¥ T 10 mL
gk, BOGAFT 4T UKFEE

ELISA Z 1B (2 mol/L H2SO4) = HE R EHUAIIER 54.5 mL, hnidizEwES%
TREIZEIS IR 400 mL B4k, , WA EE=EE, HB4A/KERE 500mL, =
TBCE & .

(2) BhY)5 400 S5 3= EHAGR Rl

@® 0.9%MAEFEIK: FHFRPFREL 0.9 g NaCl ¥ # T 100 mL &4k, fiide%
SEATTEAR, F 0.9% A EEER KA 0.22 pm TIALIENE IS JERREE, 70255 B T-20°CUKAR %R
7o

@ NaOH ¥ (2mol/L) : HHF R FHAERIFREL 8 g NaOH [E{A¥ A, FMEAiKA
fif It 2% %2 100 mL.

(3 HEPES 473 (1 mol/L, 100 x) : HHLK"F-#FRHL 23.8 g CsH1sN204S ¥ T 50 mL
ik, FH NaOH ¥ (2 mol/L) i pH & 7.5-8.0, #RJ5 HHE4l/KEZRZE 100ml, 7
TR AR & L IERR B, 7 BT K AR E T-20T /A7, (EHRHERTSE
AT PR

@ L-BRABNETR: FE TR 1.46 g L-B2BE, I 50 mL @4t Af
HIBM AR ERAE G I JERRR, 22 B IRAT KU B A4S T E T -20°CURFE R 17 »
ST RTCE 4T 3R
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® HAT/HT AR (50 x) = BUBZER HAT (HT) ¥R T EREEES F, S
AN 10 mL [ RPMI-1640 JEalHEEFREF S 2 HAT (HT) JifiH, JREIE 35 2HERTK
wA T, B T-20°CORMGAE, RN IEATRE 4T PRk,

©® PEG ¥#: FIHFRT-FREL 10 g PEG AT 10 mL PBS 3 (0.01 mol/L, pH 7.4)
1, BT 121CTRHCKE 30 min 5 5L % 1 mUE H KR AR -3, RIF(E
4T UKFA

(@ RPMI-1640 52415 77: JCHFAHE FEL 400 mL RPMI-1640 FEAtis F= K MmN
100 mL fifZFIMiE . 5 mL SUHUFI 5 mL HEPES W42, 1R2))5 4T /4%

HAT (HT) }557: TEPFAEE FE 90 mL RPMI- 1640 52 435350 10 mL )
Clone Easy 5773, 2 mLHAT (HT) WA (50x) . 1 mL L FREEEMRA L mL L-4¢
BRI, 121G 4T RAF

© YMIEAA: = 9 mL RPMI-1640 SE4-REF#il, I 1 mL —H A

(C2HeOS) , JREIJG 4T 1RF7-

214 Th¥%RE

BTSSR /N oA Balble MEPE/NR . BERZ R A 200 pL qEiksn,
A5 50%IARFR 1) 35X e R B I A T 2R 40 ng AFB1-BSA. LAY H/NRA—
HIATEW %%, B 200 pg AFB1-BSA (1 mg/mL) I 300 uL 0.9%F¢)AE 3 5 /K HEATHi
FE, BEJGAIA 500 pL 3 IRAEFIH R SRRV T A B erlfIAN e GRS
RN 2 SRS T % . IR A ) S A 8k IR e R, [AIRG 21 KRG
3R A e AT IR %, BEGEE 42, 63, 84, 105 R K558 xSy A
1 69 5 AN BT S

2.1.5 $uIniE ELISA 40

FEER IR AR H/NIRRIE G R ER 7 R AR 77 s/ BRI, s i) g AR
T2 R B 041 8000 rmp #9505 min, BUEHHUARR) EIBEBINA RS HR S B T
20°CUKFELRAE, B )G RH R4 SE G+ AN 55 4 ELISA X/ BRUMIBEA TRl o

[ #E 35 4+ ELISA b I%:

(1) f4%: HL 10 uL AFB1-BSA (0.5 mg/mL, &4 50%H ) F 10 mL CBS iAW
Wik 0.5 pg/mL, %88 100 pl/ALINIA 96 FLEBARIR AL T, BT 4°COKFE PR (B
3T°CHEFERS. 2 h) , FEEBHRE E T Bl - PBST sk 3 Ik, Flhati /e
WK AR 0T LA Tl R A

(2) 01 FHHF IR FAEFREC 1 g BLAEZA TN 20 mL PBST ¥ - /E & P
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R 200 pL/ALIMAN 96 FLEEARARISFLA, BT 37°CHUAHR . 1 h, FFEE G E Tk
BHLEFH PBST ¥ RGeS 3 1K, K BEARIRAE MK AR EA0FFL Rk .

(3) —Hi: K IE /S B O A 0.5% BSA-PBST 0T 11 N RS
MikE, 1% 200 uL/ALKIINA 96 FLEEARIR AL, WE —HZ Bl (R
0.5%BSA-PBST ¥, & T 37°CHAR M 1 h, F 2= MIEFBRGE B Tl _EF PBST
VGRS 3 IR, I BEFRARAE K AR B30T FLA TR A

(4) ZPt: ABBACAEFIEI | L “FH0 BB —PTEBOmnA 10 mL PBST & i
B, 1% 100 pL/ALIIA 96 FLERFRR AL, BT 37°CHUFER N 1 h, FFEPiER)E
BT UL EH PBST IS RBEE: 6 I8, RBERARAE R /K AR 0L R

(5) B %18 9.5 mL AP RRZEMIATR. 05 mLTMB &R, 32 pL i E SR
W ETE S R , %8 100 pL/ALINA 96 FLEg R AL, B T 37°CHt
FHEEEIEE 15 min,

(6) &1EE A ¥ 2 mol/L ) HaSO4 4% 50 uL/ALAE: 96 FLEEH IR IMAL -hd B0 2
Wit SRJE SR BRI E R BLEEAE 450 nm AR SE{ERD OD fH.

(7) Wiee: HeF OD MEAE 1 i L A I3 AR RE b 2 i A R

)45 55 4+ ELISA b I%:

(L g [FAHEAEES ELISA G iR,

(2) #H: [FAEEIETE S ELISA 3P ER

(3) —Fi: ¥ AFBLVERAE B L T ] 10% FBE-PBS VAWGEAT 10 AN BRI R4
FE, MIEARE R AR SE 4 ELISA IEFRHIBUN I 2 5o ARV BERA M RE AFBL IR
P08 50 pL/FLARUOIMNBEFRE B P2 XTI FL (RN 10% H EE-PBS #50
Y85 0.5% BSA-PBST IiM B A MG T2 50 nL/FLAROUMABFArt 38—
FIXHIEFL (R8N 0.5% BSA-PBST ¥ PBST i) » BT 37°CHURER N 1h, FEEM
5 B Tl PBST W RBEE 3 1K, K BEARIRAEOK AR EF0FL R .

(4) Zht: AR S ELISA iR,

(5) &fh: [F[AEEIETE S ELISA RAPER,

(6) 1B Mg ELISA L1EB PR, B NEH NEIKE AFBL A
TREIBEFRALLE 450 nm ALTROGAE, Bo AU MBI EEARFLLE 450 nm ALEOGAE

(7) BARALE: DL AFBLIRFE NREALER, BIBo ANARER, ZefilbrErhek, HH/INR
137 0% E (BRI ICs0) -

216 ZAZTEHREAYE]E
(1) wilifers: HHE/NFIILTE ELISA KI5 PE G SOR I /N R T 2258 R 4 il
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PRI, EAMBRRLG T = R A/ R 55 = 1) AFB1-BSA #HAT i e, i)k
F 0.9% )4 3 EL /K ERFFE S 150 pL Ja i s 2/ U

(2) EHERLIM SP2/0 FIF 5EFR: KA R VRAF A B VR U A B S Pl
TN 37°Cils /K R 88 SRR, Fraifit iR 5 RPMI-1640 BEAili 55 75 M s 40 1 J5 H
RPMI-1640 5835 IR 255 7%, #H47 2 AR 75 RPMI-1640 il 775X 41 gk
178 R MRV RO, R AR 1-2>107 4.

(3) /MR AR KD RBE AL, 7 T5%PPREIRIE 5 min JFREA
R TAES, FBY IR RN BRUEESHT T B e B i BT . A et S 38 ST FE IR
FLALANGE 2% P C R AR A B L, {6 e Pt A AR A MR R R TS e R . BB S 200 E 4
T i g 2 B IR b B 7 M 2 5 2 43, RPMI-1640 FEfMt 5 75 045 2 2 it o Frt 2140 i, K2 4
/NRVZRESAZR, B a F RPMI-1640 FEfilis 7500 AN AT & 48 F sk bt 4.

(4) MMt er: AR AR A R A RRAR =13 fRLbqe] ) B i
INIE E 1 SR 4L PEG N THIMRMA G, SEMaEG A2 HE % 100 mL
(¥ HAT 5578 # 22 96 FLANAAR -h 1555

2.1.7 ZATEMRIEFE Sk

YRS TG B 7 R, [AZHARFL PR AN 80 pL/FL HAT 15557 AR 2 i A K S0
TENVE TR, AN LB PO A SV P 25 S8R N AR KB E A AR, X2
P E 38 AT AR, ST SR P (12 E 38 4 AR ANBRAE SRR BE I35 4 ELISA X HIEHEH TR
T, A, SN —AMAEIFL 5 A A SR 5 M 100 pL/AL HT $5753
b5 T 2.1.8 M4 fAkm B e e . WSERESE 5 RAcds, (EHTRAE: I LA LA
Mk, FES-LRMINHESE 80 uL/ALAMNIN HT 5595700, B8 1 MR A 2B KRt 2 gk
ATAIN DA R IV B e, RSl 22 JE M7 B50%HT 3595 354+50% 7% 10%4: KR 1 58 45 55
o PN RR—EANIN S HAT B3R, 58—V 5 e L IV 5 e PR R AE A T i b
T2 HT 853800, 38 RO v 2 DA RO e B AR CE R I T S /MR 2 &5 50%HT 15
FrHE+5007 10%4EKF T II5E IR, B 5 =B DL I v B DL K T e B DL S5 1
BRAEASIHT S AN 10004 KB 7158 15550

ELISA i 126 BH P e s e At Bk AP 3R -

(D A [FAEEE S ELISA G P IR,

(2) #H: [FAEEIETE S ELISA 3P ER.

(3) —¥4i: ¥ AFBLVAWH 10%HEE-PBS R RIFT IR, 18 ALk p 47
1) 96 FLEGFRAR 173 2081 R % R 50 uL/FLI R 10% FHEE-PBS ¥, 8551+ 4% 50
uL/ALREIMAFERE ZIAT TR IR LI AFBL VAR, 85 FA RS AR AAR - —Z 0. b
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i 50 pL/ALIIABEARR AL — &R —MEXS, BT 37°CHAMERM 1 h, F
FIMIERRER G B T UL EH PBST ¥ RBES 3 1K, IBFARR LR /K 4R 0Ll
R

(4) Zt: [FAHEEETE S ELISA —HiP R,

(5) fh: [F[AEAETE S ELISA AP,

(6) ZlWth: [AAHEIETE S ELISA 1B OB 5K,

(7) FAAabEE: 7R85 =25 10% H BE-PBS AR M AN FL NI E Bo, 7R =20
HN AFBL IR IAN L FL e B, (1-B/Bo) =<100% M Al 2 .

218 [FEMBRYBETIZL

7 ELISA Krill e sifa,  LAFTAR 2K Bo A2 R iiide hrift 25 G 4 M AR KR £
UFRIANARIEEA T Sa e o USRI R (40 M FL Py A S 2/ F 200 1, ELE2KE 4N FL P9 41
WCHT FH 10 mL B5 7R 8 b AT e, BT animc b . 2 anioi s w2 nt, &
e AR AL N AR A T AT A A A A A, (S A IR B A T T RS MR B B R A
[ IE, 7E 96 FLANMIAR AT 8 144 100 pwL/FLI) & N4 Ak BE A A 5 ANmL 14 =
W, 5 4 B 100 pL/ LR A0 FEVR B 50 ANmL 2B -

B SERER A HT $57800 885 RS A8 50% HT £5375:+50% 7% 10%A4: 1A
FHIFEEEFRAE, WEMHEHT 1004 KR FrsEahi sk,

2.1.9 = SHARRK

=IPREATIOR TR MRS 7e [ 5 96 FLAHMIAR PN AOAHARR A 2.1.7 H i) SR AR s
M2 FF Bo(H>1.5 I HARS A RIHIRIAT K2 24 SLANMRIR AT R TR Ar A i 2 4R 5K
PR AT SE 4 IR SE 4 ELISA Rl ARFEAS TN 45 RIS KA 6 FLANMIAR it 4T
BT 2 PR RO KR AT 55 = U SE AN SE 4 ELISA AN, ARAEAS 25 Rk %
AT R 2 A0 B TR AT 1S TR A A0 SR R O R AT R = Al sE S AN AR e 4
ELISA A6l %t bb = Al Al e PR B PR 8 FRBEAT VR A7 DL ST i 26X L 4 o Pk
= A IEE, 32635 1Cso fELASE HLARAMMIREA T3 R T DU R 45

2110 BERERAAIHIE

(1) Bige: ERRIETESS FIVESR AT AR AT 3-10 RI%HE 0.5 mL/ A ks A 2458
EEFRERS 2 6 A i HENE Balb/c /NIRRT T, A/ BRUIEIEEAL T BBURIRES -

(2) WK 26+ A5 PRt 5 SR B SR RO BE 1k 2 S IR A O AR 22 1-2>41.0° ML,
R 2T B B O SRR N RIRIE A, KA1 mU R SR BATE A SR 4 bk
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7 KJGBE WENRUIRES, P NRIEHH R, BRIREL. 1T312E18 BAE IR
BESEH /N RS IR o SIS — M 2R A6, AR 2 R 5 2140 e
B, KA RBERIEK S AR AT

(3) MEKB4ith: KRR R ES AL KA 4T, 8000 rmp, 10 min &5
b7 SR P SRR R 0o IR 35t AT ik, ik )5 BB IAA T A TIEH LT &
M ARATT-20°CUKAH -

(4) PURBIPE: KA s B4R R S GR35 4+ ELISA 145 SEkT
PN, R ARs BLILAR 3 i B f AN LA B 200 A TR A TR VA - K
origin AT AT AL B SRAF S B 10 75 S I ZE A 1IC20 {H . 1ICso . 1Cs0 1

TXRRBEZE (CR, %) = (a/h) x100%

Hrb, ath AFBLI ICsofH, b FEHLAhHE I B E RN 1Cs0 (-

2.1.11 PHMHRERTE

ARSI AN 58 i R AR %, f TR 2 2 08 1B HAC T3 EO0 40
PIZERRE IR AT & 5, O PR O R IO IE S A AR A R Bt AT =, I
ERTHEOC B80S IR AR R R (4 A 1-55410° AN/miL, KEZH LB 8 1 mL/
BRI R TIRATCKIE I 2 mL RAFE N o RS BT 4C UKFEEH B 10 min J5iCT
-20C VKFGURAF 30 min, HEREME ETTER,  Ha et BRERER AR T

22 HER5118

221 INRBEMR

AT RN e P8 SR AT 526 5 7 (P 8k 3G T — IR i . Bl G S I3
I, /N R MRS SR S . ARSI SR A RS A RS2 IgM. 19D Bdidk,
HHRE S5 A L B 1IgM (mIgVD T2 AR Rl B 4R 5, AR B 41X FRIA migM,
i B AR AT (R R IE mIgM. mIgD . Bl 22 R B Sz R, FATTAE 220 19G 2
FUAIZEI L. FTLESRIEWIH, 1gM. 1IgD BiFiiAi i, (HBEE Sz s in, 7
FRMLYA P R BT AR R > S BUNR IS U GG R, (HREE e 4k 84T B
AHMLIZET S, FRATTAREL 19G PR BN RIMIE R B 1 Bl FEdR e — Ik g
BRI /)N B 20 278 16000 L L, B56 £l B57 5 %4/ 4 32000, B59 5l B57 54 16000
Pk 3] 7 PAVEZERIRCR . i B59 S/ 1Cso fER I, E Gk |7 B59 S/NRIHAT
YHAERA . B56 Fll B57 S/ RAES /NI L&A F] T 32000, {H &4 AT LIKIMNIE
RN A, B56 5/ LT S HUAR A S, (A HL 58 Al i) 1Cso 12
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HEEF, T BS7 /R LU Gt P A IR WL L I el
o XL R SR SR i 2 HE v B59-B56-B58-B57

70000

; T }
60000 B 1.0 C 10
50000
0.8 . 0.8
£ 40000 = 3 . 2
2 20.6 y £0.6
= 30000 a \
20000 041 . Bseicso-0.6a223 041 . Bse1cso-0.60816
02] ° BSTICS0-628784 o]+ BsTICS0-001883
10000 1+ Bss1cs0=0.51261 021 . Bsg 1C50-0.10034
0 0.0 _2_BsYICS0=1.77126 0.0 L B ICs0-022360
BS6 B57 B58 B59 "0.01 0.1 1 10 ’ 0.01 0.1 1
Mouse number The concentration of AFB1 (ng/mL) The concentration of AFB1 (ng/mL)
D, K.
1.0 1.0
0.8 0.8
2 0.6 £20.6
0479 o Bs61C50=0.17175 . BS61C50-0.40211 041 o Bs61C50-0.27084
o]+ BsTICs-0.12612 o]+ BsTICsI-051231 o] ¢ Bs7ICs-023302
029 . Bsg 1C50=0.22991 021 | BsgiC50=0.69722 0. BS8 1050=0.32432
o +  B59 1C50=0.19875 o0 o B59 1C50=0.52075 o0 +  B5Y9 1C50=0.21967
' 0.01 0.1 1 ’ 0.01 0.1 1 ' 0.01 0.1 1
The concentration of AFBI (ng/mL) The concentration of AFBI (ng/mL) The concentration of AFBI (ng/mL)
IR ES g2 70 44 B R . = 2T Y ES o 2 50 A0 IR LA Y A o Vi A Ed
2.1 PRAESRE. Ar ARGERBUNRIE SN B B-F: 85 R BIE /S IR /N B
vE s %l
MR

Fig. 2.1 Immunization results of mice. A: Serum potency of mice immunized at different times; B-F:
Serum competition of mice immunized for the second time to the sixth time

222 FAEMREIL e hE

ARSI T =R AR, R RS = AR — RN R a4 A
AFB1-0519 DL B59 il B56 5/ AT T AR & o 75 =X ImiE 2 IR 7 =4
(RIS, H T A FPRES N 4R A TR . AFB1-0519 FE4H AL A 41 22 21
FRFLE 16 ZcAq i EAT EIER, W SRANRSL N AELE 2RI, A 4E M 2
ECLF IR A AT PR — 28, 52 S BN I I A KA B I A I A A i e . DRI
B59 Fl B56 54 ffa st it F2 A 2 it A2 K 28 500 AN AC A5 I EAT T Al . (B2 B
S5 4T M ) A K DR L T Bl A B A DA S A B 3 A SR (A TR 2 5 34 i A K A iy
W5 5 IR, [RIHTE BS6 5 AHARffiEi FE3g in T — k4, 7EAIAK & 500
AN AR A A T B 70 R S AT 3B -

W& = VR £ ) 20 B ASI AN AFB1-0519 %1 B59 Fi 51 B56 M3k E& BofE AT 0.6
H 1-B/Bo KT 0.3 IZN B FLYEHEAAR | F5 Hi e SR8 I 14 o (A Pt o 3 o e R B 384
PR FLA R R &7 e a SO B T IRARE S, I B KA e FE Al i — BoR 153
Bl B PR Anppk,  TREAE B56 5T v AR S S JE USEE 1 96 FLAHMY L kAT
EFEG TS ELISA Filll, FHodr 180 2 527 96 fL Hid kil 0.6<Bo H. 0.3<1-B/Bo ) |-
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5, 314 /27E 96 FL LIEAT I 1<Bo H B/B0<0.3 1) Fif. Fidkls: Rk 2.6 Fiow,
1-4 5 RIEHISMEIES AFBL B RS AN A ) HTAA o SR — Rt i B B RIS AN
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AT R HLR R H AR AR ARSI 7 it e — e A4
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Fig. 2.2 Graph of supernatant assay data of the first mouse. A-C: Primary cell plate first to third
supernatant test data; D-P: Data from the first to thirteenth subclonal cell supernatant tests
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Fig. 2.3 Graph of supernatant assay data of B59 mouse cells. A: Primary cell plate supernatant test
data; B-G: Data from the first to sixth subclonal cell supernatant tests
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Fig. 2.4 Graph of supernatant assay data of B56 mouse cells.A-B: Primary cell plate first to second
supernatant test data; C-N: Data from the first to twelfth subclonal cell supernatant tests
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K25 A: 96 fLANHtR LB IE ARE; B-C: Wi+ RIUATEMEE N M KK
Fig. 2.5 A: Color rendering of 96-well cell plate supernatant detection; B-C: hybridoma cell growth at
subclonal 10 days under four - fold microscope
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Fig. 2.6 96-well cell supernatant competition ELISA assay chart

DUNE 234 7| ST S P e e A1t B WS B RS 15 G B B VP 1 BU R p i e v R
SRR BRI LS, T LA I S B AR S SR I A 2 TRl A — e B R ) 72 57
FENV 5o B BARAS U, BofE KT 0.6 H 1-B/Bo KT 0.4 AHMIALIR/D, MTERaRIRAH,
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X EEFL BRI EEBIATIORAE 240K o MV 3 FEEAR A B L %) 23 A KR 40 A = AN X8, #8404 Bo
{EH/NT 0.6 FIZNMFL, XE 4IRSt AFBy A S5 Tagn i, BiRH R PE 40 A
AR, 5 B BofE KT 0.6 H 1-B/Bo KT 0.3 RUZIAESL, BEmIguiu L+
FRI4H X AFB1 B S FSE AN S RIS - Bo B A 85 =370 K F 0.5 H.1-B/Bo /N T 0.3,
XA PR TS, — R EAT TN AFB1-BSA HEA1 T, {EX AFBL %A AT,
TAETATR AFBy BAT RAFIISERU AR S, TEARRREIIESL T, LN 4R o
fdtiascz, XHE RIS ZEAN G . A S R IIECH R R I, 32438 i — IR FEEAR A
A EIEBRAFEIR KGRI . NG B T0R E BN 2 40 (145 2 22— Se i dls R 47
I

22.3 PRMYAREFREVIEIFSHIARIAENL

2.3 G G b R AR ARV
Tab. 2.3 Summary of each index of each cell supernatant assay after flask expansion

EHiTR7S Rty BO(ZE4+) ICso (ng/mL)
AFB1-B56-0519A2(25T0612) 1/16 1.35930 0.14082
AFB1-B56-0519A3(25T0612) 1/32 1.28840 0.19655
AFB1-B56-0519A4(25T0612) 1/32 1.26475 0.49911
AFB1-B56-0519B1(25T0612) 1/24 1.20910 0.14153
AFB1-B56-0519B6(25T0612) 1/32 1.37770 0.29642
AFB1-B56-0519D3(25T0612) 1/32 1.39465 0.38429
AFB1-B56-0519D5(25T0612) 1/32 1.60165 47895.84380
AFB1-B56-0602C1(25T0627) 1/128 0.72990 0.15767
AFB1-B56-0602C6(25T0627) 1192 1.26010 0.50066
AFB1-B56-0602D6(25T0627) 1/64 1.37515 0.35058
AFB1-B56-0602A6'(25T0627) 1/512 1.03005 0.23179
AFB1-B56-0618A4(070425T) 1/96 1.22790 0.16639
AFB1-B56-0618B1(070425T) 1/512 1.08835 0.18250
AFB1-B56-0618B5(070425T) 1/64 1.02876 0.24678

£ B56 /)R S A GiE AT, SR BRI E XS Bo {EBT A EEAT iR
AR HAESEGHRI 565+ EILSA JEATASIN o — LSRGl 25 SR LT IR A0 MO R K FH S — ol A
YIPSS =35'% vt/ PN SN2 e S ol woV/ A o /i E i e e B e 2 7 N O I E 2713
FERRTEE ARSI o HREASIN 45 SR P TR A L B Bo (BB I HARBS AN AR K2 24 5L

32



L ZR B TR AR 2 S S R A RO W e i AFBy LA

MARFLEATRE TR . A 24 FLIGFEAR P ARG R B G IE 4 f2 2 6 FLARMFLH AT
Ry KEE TR X =k s, 1Cso 1 — B0 4H AR BN D9 20 B ve P FT 1S 4 B PR
BHTESFRY KR 7R, Gid = S BRI 5 4 KR 72— B8R0 14 PRatMe,
HAy KRG 5 20 _EiB A U BR AT 6T b, XU BIRINE —Fn. ST 14 ¥RgmMsE
G ELISA RIAH T30 1Cs0 1, 13 7SHREANAE 1Cs0 (EAK T 0.2, 38 3k %of LE PURR LA 1Cs0
BRI Bo {f K/ Mk %% AFB1-B56-0519A2-2 347 i 7K i 4 .
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Fig. 2.7 Data of supernatant detection of each cell line after flask expansion
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Ay, BRI B TRIREL S, XTSRRI B AA e e RS i i/ BRI T
PGS IR, B/ E & 2.8A s, Bl Ja R RSB R HaE X i AT
alitk,, itk J5 ik 4 8 MAbA2-2, B ELISA Rl 4bift o A SeE w i 2.8B A,
4tk JEHiik MAbA2-2 [¥) 1Cso 4 0.13522 ng/mL, &l (1C20-1Cs0) Ay 0.08518-0.21464
ng/mL. B Ja X aifb PTiadb TR e e Rill, MADA2-2 Xf %2 F IR R ik 2.4
Fim o RIFBUA 3 BRI EA Atk ik, bifkE 22 1gA. IgM. 1gGl. IgG2a. IgG2b,
FIFH SDS-58 T8 s Tt e st JI2 RGO LA IEAT 23 BT B 28 e 7 HH IR 2 R A 2%

# 2.4 MADA2-2 X AR #E 3 Ry S 1t Hdfe
Tab. 2.4 Data on the specificity of MAbA2-2 for different toxins

Toxin IC50 CR%
AFB1 0.1352 100
AFB2 >2 <6.8
AFM1 >2 <6.8
AFM2 0.4752 285
AFG1 >2 <6.8
AFG2 1.0609 127

T2 >2 <6.8
ZEN >2 <6.8
DON 1.1746 115
OTA >2 <6.8

2.3 KE/

AELLAFBL N BARY, Zeid Balb/e /MR B S AIPLILIE ELISA A, B S5k
ST (/0 BRUBBLNE A PR A A5 /0 B REJRE AT PR SP2/0 283 PEG il vk il 48 A A8 R AT i »
T HAT A HT JEPEEEFR AL 1% tH A& RO 2 S Al ik, SR ELISA V545 &AW
BREARCIY AFBy FRitE itk FE IR de 403 v S E DU PR A T At bk . 22451000
(1) Eve A AR b Is R I IR o AR T 0 AT ek B, 3643 20 ek 5 s P i
PRI BRI AT O S B
(2) WG TERERIREAT, IR ARARAE S IR B A ATk, (H 2 B — it
AR FE T3 ARSI — e R PR, i T Ui 2 i 2 S — LB T (R 4H i .
ISt B — b i 328 HE R A 96 FLATAAR AR 4B AE 24 FLAN 6 FLANFAR TR kAT EIEREA KL
K, R ZREEAR bR A TR, 6 EEPR Ry 55 fE A s R s, HdE 2k
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(R4 L B R B0 S P IR AR A (AR, e 3 do R m Tt A2 7% A T AR R ) 45

()il I AR 35 4 55 4 ELISA ST MADA2-2 BEATHEMY, F2 4k (1Cs0)
4 0.13522 ng/mL, FYER 0.08518-0.21464 ng/mL (IC20-1Cso) -
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F=E HTFmhA. (A& MBs-icELISA gtz

AFB: R FH R ORI —Fh B B ES, TP Hdb i AR SR A R 77 V2l = B e
IMFAFLE . B AT O 2Pk e ih 25 235 2= A 712, BB BUB 2 T -V 2
R JENTE LA . BEEEMIERIRRE, DA, & iAo A AL ik
st R IGE, BN ELISAL ICA. POt ImIR Hhtaik. MR brE i e i 7 A4k
WA R o B FLE LA LA B R R e AN SR A J) o DABUA AR A A F I
TS 77152 ELISA, {H2 ELISA JHFER R HIHFEFEM 2, — IR/ ZE 5h,
HRAE S, EAME ST F B R REACEEIE 5K R GA IR S A PR ARSI
JEEA 2 ERE. T ELISA [IfRRRME, fEBHibS:. AR RIEHERAR
F ELISA [ B R B R A2 AT o BT REBRAE AR M @2 ELISA
TR AR, BRI T 926 1) ST LA LR A SR

BT Bt EE, ARSI T, LRSI RESUR MADA2-2 RIRRITTH . i
B (MBs) AR E A MBs-icELISA, 1EN[EIEME] MBs b-FiiCE A S KR
RN 8 B2 IHUIE,  FFH OSIAR 2 M EI AR 3 7% BV S BRI B a5, i Bak 775
AT LUE MBs-icELISA AT —Fhahas i, AMUBR 4G 3 m HARKAi R 1 Al A 5
A RN 7 iAH G, MBs-icELISA 4i%E 1 2/3 Rl [a], $em 7 REVE.

31 HHST®

311 FERFISLE

ASZIG AT ) EAAF SR R 3.1 Fos, AR b ali; ARSEIG AT I
FEALBR N 3.2 iR

R 31 ARG LA S AR

Tab. 3.1 Main reagents and material of this experiment

5%l (a=iM Fitk ] =

MES CeH13NO4S 1009 faf == Duchefa
R R 500 nm HILHA)

EDC CsH17N3 1lg < [H Sigma
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* 32 ASZINH) T EAUE
Tab. 3.2 Main instruments of this experiment

& e %
W1 e a MYP11-2 R A AR CGR G
TR
PRideiR 198 SZ-1 BN RAN A 3
AR Varioskan LUX 2 [# Thermofisher
Feite eppendof 7% eppendof
HRA KA LS MK2 F[E PALL A+
TR AL 104 T MR 2 A 3R
pH it FE20-K R ALRR
LA R T A Dhg-9240A AR

3.1.2 FERFIAEH

(1) MES buffer (0.05M, pH5.0-6.0) ¥: HH TR FHAERIFREL 0.976 g MES ¥}
K, FABLEKIEMESRZE 100 mL, ] NaOH 75 pH % 5.0-6.0.
(2) HEERIEALF] (10 mg/ml EDC SFHIAAC) « #ERIFREL 10 mg EDC ¥3 K, F 1 mL
MES buffer i
HARE MG AT A ELISA T 255

3.1.3 AFB;-BSA {BEt#i¥k (MBs-AFB;-BSA)

AFB1-BSA IR AT R R F R AE AR AR S ) 500 nm FRIFRFL Bk, 1] R ER
ERFRIEEE AFB1-BSA AT AEMMERL. B S 10 mg ARIEMIBIZRH MES 22
i (0.05 M, pH5.2) HEATEVE =X, ] EDC ¥ TE S5 N AAFRRSPIRAH L 40 min,
SRJG, I 100 pg ABF1-BAS HLiEfESIA (A 0.05 M MES ZEMiiENT) , ZRIBIER KX
. 12 h, BN F 37 0.5 ml AREFR SRS B S LR S 4 ho FHERAEZEMNR 2 ml
TR =K T 4°CIRAF

3.14 MBs-AFB:-BSA {BELTIZEUMIL

(1) AFB:-BSA [{FHEML
1418 AFB1-BSA (RERHEIR D IR, REBRIEACIT SN TR #2081 mg BEER > 3% 5. 10,
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R TR SR8 5 0 T, PR MBs-icELISA 1z

20, 40 pg 1) AFB1-BSA BEATRABRIFARIG, HAR PR30 KRB R ER3EAT R 0.
0.2, 1ng/mL ] AFB1 RH] MBs-icELISA ZEATHNI, Xof b2 4 A AT 2 i B e I s
ii}=
(2) EDC &Mk
T8 AFB1-BSA BECHIER D IR, 1E AFB1-BSA UNInFH44 18 1 mg BEER 4> HIE 0 0.2
0.5. 1. 1.5 pug 1) EDC FATHABRMARIR, HARPIR—30 SRR R Ek#E1T 1K H 0.
0.2. 1ng/mL [J AFB1 KH] MBs-icELISA BEATHSIN, X b FIAE LA A G £ i Ui
ii}=
(3) BB pH AL
PR AFB1-BSA (BERILER D IR, ARERGEI T 53 2R H pH=9.6 1] CBS ¥ .pH=7.4
(¥ PBS % pH=5.2 [f) MES WRBAERRIEL, HAPIR 3, BRI R AT R
F1 0. 0.2. 1 ng/mL ] AFBy K- MBs-icELISA HEATH I, Wk H62A B LA R 2 1% 3%
1w pH.
ORI ERENINE T EFSUR /N
Wik TR FEIR PO R, KB B A SUA S B bs 5 & R A S RS —
Pi—PMNATHE S, FHREERAS NPT S InBEbR — B oL E s R4

3.1.5 MBs-icELISA B9#3iE

B 1 pL 3.1.3 il % () MBs-AFB1-BSA i& TR H PBST i3k 3 3, IIA 100 pL AN [FJHEE
() AFBy A1 100 pL #4884 1: 400 1) MADbs JE&7E 0.5 mL EP & (EIR A2 rh 37°CHiE &
30 min. 285 i B TRk - 5s, B3 BIEWL 7 EP BN EPU R B AR —Pi(Ab2-HRP)
TEIREIZE 37°CHFE 30 min. HEEAY (MBs-AFB1-BSA-MADbs-Ab2-HRP) 7EHEEL
PER ™, FH PBST 4 23k 3 K. I 200 uL TMB %53, 7 37°C T~ B E 15
min. HX 100 uL & T 96 kst A I 50 uL # 2 M FifRZ& 1k [ i, fiH Varioskan
LUX Z ZhReREba O E 23 (OD450)

3.1.6 MBs-icELISA #E3RT a1k

(1) XF MabA2-2 HI5% & i (Al Ak

¥ H8 MBs-icELISA sP3E, A MabA2-2 J5{k/xi# & 10, 20, 30. 40. 50. 60 min,
HAGIN AFBL AT, JE8PBR—8, GBI, SRR SR X R i 5 B
A e R SR N 2%
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WIZREE TR L2 i F=E ETAE. VIR MBs-icELISA [z
(2) MabA2-2 [ &AL
41 MBs-icELISA 53, KN 100 pL FifefE Ay 1/50. 1/100. 1/200. 1/400-
1/800. 1/1600 '] MabA2-2 HANEIN AFBL IR, a4 DIR—8, B R )
IS 1458 7 T Ay o S 2o
(3) HRP-Ab2 [1fi FH &1L
2 MBs-icELISA 2%, AN AFBL VR MabA2-2 7 & J5 K UM 100 pL #%E
F£5 60, 80. 100. 120. 140. 160 ug/mL HIEgbs —HUaW, S8R E)s, WL
JEE B R 7 P90 15 i [ Ay A S S 2%

317 tnERZRVIEN

F 10% H EE-PBS IIAA R E K] AFBy, 4T MBs-icELISA #5ill. N 1 #7401 4k
B, WEEAMPRICREEEE I 3 7k, FHEEFRCSE 450 nm ARIIBOLEE . XS5 REET T
it orir. UATERIREEINEUE Y X AE, AR RBIRIRICEE N Y H, 15314077
o G BIERE ST 20 YR E, 73 20 FAVERE T 1P ME Bo FIFRHER 2 SD, # (Bo-3*SD)
AT ZTTHE, FRRIIR (LOD) .

32 HR5THL

32.1 MBs-icELISA By#95E

FEGE I ELISA SETEREFRI - SZEL, 11 MBs-icELISA #4584 o o e bt k. tnFE T
7N, MBs-iCELISA J&LL MBs {ENIAKSLHLN), 454 AFB1-BSA HEAT 58k, 7
MBs-ELISA F1 735 R {7 MBs-AFB1.BSA {ENTiFERS, TR RIEMAAAEIRRIRSPIR
B TFHREM AR T EI5PIRA . MBS-ELISA (IR EE N 4 #5r: 5H—, A0
PRI AFB1-BSA 5 HARY) AFBy T Ab AT S+ MR SR N 88, RGBS )5,
Ab2-HRP #t—35 5 %5 ik 2 1H ) AFB1-BSA FUBE SN, TR =G 2 &4, 6
=, KEE A B 3 YA, TN TMB B&JRY), BE5em/b Hmmitir4
1A B ER R (AT P B C S S o B 2 FHRR XN 8 S BEITE 450 nm Ak
WO
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b

=& HETEhE. thIR MBs-icELISA [z

. |

S -l“ 2 3

A ( ) AFB.-BSA/BSA \ w
Wash three times g

MBs-COOH with PBST

Sample/Mabs
—
Magnetic separation

HRP-Ab,

—
Magnetic separation

}\j T
g“ }\k\
C30 \\y
25 \\;
A (”" U;l [A\H';l( ng/m| l)m
o x AFB1
G MBs- AFB1-BSA ' MADA2-2 ———
K 3.1 MBs-icELISA EFE ., A: MBs-AFB1-BSA & inEE; B: MBs-icELISA #illid fE R &

bg

Fig.3.1 Schematic diagram of MBs-icELISA. A: Schematic diagram of MBs-AFB1-BSA synthesis; B:
Schematic diagram of MBs-icELISA detection process

3.2.2 MBs-AFB1-BSA B4k

MBs-AFB1-BSA {1 8—/NEJE, MIFGRFEFm 7RI 7 vk ) R, k4% T
AFB1BSA [ & EDC UL RABBRGETE R pH X =ANHE R AT T4k @i E OD
{8 450 FHIHI KPR 2411 %) MBs-AFB1-BSA JEVERIEA . #1565, AFB1-BSA 7
5-10 pg FEEWER T OD EWAL T EFHBT B, M 10-40 pg BEFE W) T+ OD fEAL
TEAZH), HEPRMRFEEI 10 ug MEARZ R PURMERE (B 32A) o HIX,
0.2 ug ¥ EDC i&H T MBs fl AFB:1-BSA [IffE: (K 3.2B) , id&ffH EDC H51{F
AFB1-BSA iR, 25—, %P T pH N 9.6. 7.4, 5.2 I =LEMHIEHAT T T MHEL
ZEII pH X OD450 {E 52 (8 3.2C) , 1F pH M 5.2 1) MES ZEiiA i, 0D450
Efrmr, MfIE R BEPURPURRRIREREEAT 71k, WK 3.2D, A N RE
PEA A —HfEol, B A BOMA A S Eb: PR &g g oL, C Nkiiihs
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TS iy N 1 e 1A 7 =5 ST A, bR MBs-icELISA I

BEbR P BUMABATIE A RO 48R ER B BOMA RIS & RCR BRI 125
BRCRYE

A ™0 ng/mL B 2.4/ 90 ng/mL
2.0 1 ng/mL [l 0.2 ng/mL
0.2 ng/mL 2.0 11 ng/mL
1.6
- 1.6
1.2 1 w
2 1.2 »
0.8 ©
’ 0.8 -
0.4 1 0.4-
0.0- 0.0H
5 20 40 0.2 0.5 1 1.5

0OD450

10
Amount of AFB1-BSA (pg/mg) Amounts of EDC (pg/mg)
L0 15
C [0 ng/mL D B:MBs-AFBI-BSA two steps
2.51 ] 0.2 ng/mL C:MBs-AFBI-BSA 'singl:-s‘:eps

1 ng/mL 0.8
2.0
) = 0.6
% 1.51 ‘ <
8 8 -
1.0- 0.4
0.0 0.0 T T T
CBS (pH=9.6) MES(pH=5.2) PBS(pH=7.4) A B C
Buffer solution pH

K32 MBs-AFB1-BSA £ iidt F2 etk itz
Fig. 3.2 Optimized data plot of MBs-AFB1-BSA synthesis process

3.2.3 MBs-icELISA ##3RFFEa9L 1L

% T MBs-AFB1-BSA IS FE 3R IR2MA , SRR H ARk 7 s in £ A
] 2540 MBs-icELISA R . [KItX MabA2-2 55 & i ] . MabA2-2 F1 HRP-Ab2
(s &gk AT T4, SR Es SR an i 3.4 Fvr. B %%, MabA2-2 (15 & i (Al 7E 5-30 min
Hhit 2 s TR] B35 in OD {EZT BT+, 30 min 2 J5 OD fELiZ#T 142, 1EHX 30 min MabA2-2
i E A, HY%, MAD /F4 MBs-icELISA #ix = iR B FAF e T 1IR3 1) R U,
R FFRE LU Mab, BE%& Mab () L7+ OD450 iZ#it -k, Flik 1. 400 J5 2P
# o, HRP-Ab2 RN T MBs-icELISA HIE 0 N, i3/ /) HRP-Ab2 450
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W AREE TSR S = T, IR MBs-icELISA g
FRIRISFTI PR, &2 1 HRP-Ab2 XL KA SH KRG, (HEARETLEEX
HRP-Ab2 HIH =T 7tk kg Ranl® 3.4C Fizn, HRP-Ab2 HsftH=R 120
ug/mL.

4.5
A 4o B
A 4.0
3.5 {/1'“’
=) =35
u, W
2 =
530 S 30
2.54 2.5
2.0 T T T T T 2.0 T T T T T T
10 20 30 40 50 60 1/50 1/7100 1/200 1/400 1/800 1/1600
Time (min) Dilution ratio of MAb
C 1.4
1.2
(=]
]
a P
S 1.0 }/{
0.8 1
0.6

60 80 100 120 140 160
Amount of HRP-Ab2 (pg /mL)

4] 3.4  MBs-icELISA i 3o #2 1t 4k a1
Fig. 3.4 Optimized data plot for MBs-icELISA capture process

3.24 MBs-icELISA ¥rfEphZk

HERAESAE IS T MBs-icELISA %t AFBy IR BIE. % AFBL RS IGHN, 1%
SRS G FEAE B BEAR, 7€ 0.004-10 ng/mL (P37 Bl A S H A AT i R e o
R, GMERER 5 MUESR. AFBREIIIE (LOD) 4 0.0013 ng/mL. 45
T RE UGN (A SRR LA A B R Y R o

42



AR TR AR A8 S =5 ST A, bR MBs-icELISA I

4.5

Y=-0.571gX+2.64
4.0 1 R2=0.99396

0.01 0.1 1 10
The concentration of AFB1 (ng/mL)
3.5 MBs-icELISA #ri 25 &
Fig. 3.5 Standard curve of MBs-icELISA

3.3 ARE/NE

EARZEF, DS F & M AFBL IR TSR MADA2-2 il il [ A Ae) el 2k
T DA MBs-icELISA, At T Szl ¥k 5Hi)R AFBi-BSA RIS FE
AFB1-BSA HIHEEDC LA SARERG MR pH X =ANKZR, df it T MBs-icELISA
1 MabA2-2 [ B I E] . MabA2-2 F1 HRP-Ab2 [ X =&

(L) ik 5Pili AFBr-BSA MBS R A= s RN 0.2 ug 1) EDC 4T
TEEIIN 10 pg AFB1-BSA 7E pH B4 5.2 1) MES 22t TS MabA2-2 I H
I F IR E] A 30 min. EERRREEL N 1: 400, HRP-AD2 8 &N 120 pg/mL.

(2) fEmMMM RN 4T, BEEERMEEME TN Y=-057gX+2.64

(R?=0.99396 ) £k 1146 I3t FE g 0.004-10 ng/mL, Zki:EEIE % 5 MR . AFBy 1K
MR (LOD) 4 0.0013 ng/mL.

FREETL, ATRLA A SR SRR B S R — e S, JET MBs-icELISA [
SR DAFAL A ELISA 7R G S il sk A 7= i i ) AFBy, B KA g i
LRI, ST it o 2 A B I B B B R S
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FUE ETEYEMHRIPAE SRR BB AR
M T-25=

T-2 HREHBIFHT AN —FESEREER, ERANSFESENREFXET 5
PR, NSRRI BESO A TEE R EE. BEE ICA MRE, %I ZHTEAE AL
a5 OB T T-2 BRI ARS8 5 TH57, nTH T ORI, 408
JEER T LU Ak Ak FALEE A, Pl . ERFFEH, AuNPs 2% 1 FAE %
P ERTR AR AR AR bR ek, RO EATTEA R EERIZ ZF 0 i, If
HAESE K. SR, AuNPs I VFL IR, fln, Hilss R 5 284G R T4,
HRBUEARHARE . AT IRE R ENTRIN AL B8 0 RS, Hrbsict e T
M BT RYPKERCHEH, BT AR EREIRETH, (AR S G FH )
TLE . R ICERIURAESH) AUNPSs FlE-T SE A (8] 5 HE 6% EATVE AR iC AT AL,
FEITAER I — S . BRESYIRDU R AR IbR S SRR I A ae
Gy T RIDIReA, HETHOGRE IR 5 & R FHERA T . #6522k (Fluorescent beads,
FBS) BAIAEHIF MR tE: 2eFFarts, WoOtiEs, KIHEEETAR, X
FEHBONIRATRER ) 15 P R e R HBoE S ENPRICHM R G R . A4 ICA #iG
HHE R, AR ERES T2 SRS . EEBGIRE T, PR R B A ]
— 3 PIFA R — L 2 B, DMEEAIS A —iE. A, EEGIAE IR A YETE
gy, FBARFUGUNBURIRE S, XS e R 2 AT R .

R, JET UL RSN T — D5 mi i R, ORI SERRPUR, FRATE S T 5
F AR RRICIER FIA 403 E, R FBS A& T-2 858 . EIXITAEH, FPii
190G 55K LR HHWERMBIAE N POLERE, 5 T-2 BRIUAL S . DL T-2 B2 AEFF,
DA T-2 B HUA L ORATC R, B T B TR R U RS ) FIA 4REAR B2
AR TZNER R Foe e e Frm tESRet, KRR T FORA k)
FESL T T-2 HRMEIN, FH5 LC-MSIMS 143 Hr4s BdkiT 7tk

41 HHSTE

411 FERFESNZE

A2 T B A FEEM AR EE 2.1.1 P EJER, BRIz 4B R A EER
Wk 4.1 s ISR 4.2 Fiiw.
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F 41 WAFIHEEM

Tab. 4.1 Main reagents and material

WFVFER (fa==v kg1 J K
R CIRHRT AN K FIRL / 200nm, 1% (miv) [ 244 141
EDC-HCI CgHi15CIN3 100 mg [ Sigma
PVP-30 (CeHoNO)N 500 g AR
TR C12H201u 500¢g 24 4]
FB:-BSA / 1mg F[H Sigma
T2 C24H3609 1mg <[ Sigma
DON Ci5H2006 1mg & [H Sigma
PiR-19G / 2mg AR TR
RPLF-19G / 2mg R B E YR
Pt T-2 BRI EDUA / 2mg HrE O RERE (B0
WK 2 / CFSP223000 2 [# Millipore
BERRAT YR / / g T AR
NC Jit / / % [ Millipore
AIHRE AL / / R ER
0.22 um FFLUENE / / 2[E Millipore
F42 FEUHE
Tab. 4.2 Main instrument
& RS J K
eI XYZ3050 J%[% Biodot
VIZEHL CM4000 J%[% Biodot
AR E O CF16RX H A Hitachi
fEHEO X SS-230 FIERARAE R
iV CAP224S 14 [ Sartorius
LC-MS/MS LCMS-8060 H A By
M'!'I'S%ﬁffjéﬁ / 2[5 Millipore
365 nm 41T / IR
eI XYZ3050 & Biodot
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LR TR 2R3 SR ST ARG RO B RO IO S AT T2 R
412 TIRERIHEIE (1gG@EW)

100 pL FIEALEEFLIMN 400 pL () 0.2 M WIERZEr AT (pH8.18) H, FF{di Al i
iR e AT IR G o A ALIE 10 min J5, SEAERFLR ) ST BEERN IR G vt b .
T WEE AN USRI R R DU PR 19G I, 76 FR il N — & B (1Er
il 25 ¥ EDC ¥ (15 mg/mL) , FFIEIE sl HseE 15 mine 285 Fiamnd Es.0 10
min (13300 rmp, 10°C) , FF% BIGW, RUTied)E 2 4E 500 pL TRRZz .
P BRI R RS 10 min, {FHERAM . EE 0 10 min (13300 rmp,
4C) J&, FFEEEB, A 1ImL & 0.5% BSA KIBHERZE MR, FFEMGIR FHRS 3 /N,
R ERFE T IREE (IgG@EU) 7E 4°C R A7 LAS3E— 4 F iR,

413 FIA REALRLERIHIE

FIA 48RRI 4R NC 5. BERE. IR i, Wil 4.1 (A)
ffizn, NC B NIZFT, St Bk (T 28) Mgk (C £k . H XYZ 3050
RUBRACEs T-2-BSA 2551 2EPT R 19G SSTERSIRAT 4RI b, AE 2R A fR R,
BAEFEAN 0.7 p/mL. brida, JREE 37°C R T8 2 h, FJ CM 4000 #4618 881]
BRI (Amm 55D o ARG, BRERT. NC AR RSB IR G2 b |, EE
1mm. SRRVIBE R RS0 TRANBERIE T, 1E 4°CFIRAF

AR TAE RN 4.1B FR. B DR SRl HPamEsEmx
IR HCIREL L S B BRI B . B SR FR R 160 uL BIAE MIARAE 37°C
NInF 10 min J5, ARG RSSO RAR BT B R .
MEEHRG, FHBLAR A AR RS . AR IR BRI, ARV P B B oe FE B i
GG CREBE T 248 B BRPURE R E, SRR MEZ RS &ML &3 C
& ERIRPIE 19G. XN, T &WSIGIRERA, C L7t R/), TIC HiK.
YFEa A AR B AR, BRI R E B UA S 0OIREE (IgG@EW 454G, TERL
HEY (MAb-IgG@EW) . X, E4% (MAb-IgG@EW) K15 Jc 540 B b v, I
WRBTE 19G [ ELE C £ b FIRNEEGVHIFELRRE (T-2-BSA) FIEET & F. &
&, TEERRIRE M Z RNEEYE C 4 LRI 196 46 . B THFRHFE T 550
PR, T &POUESHES, A5 C &VOUE T, T/IC EAMRM M. Rz, T
MG, T &G F8kE, T/ICEH/N.

46



Y/ BN T e A7 VYR ST AEVRNEVE GRS ANE SISO SRS PO R EN TR T-2 B3R

A T-2-BSA

Y Rabbit anti-sheep
IeG

Cellulose nitrate film  Apsorbent pad

Sample pad
‘,‘J i Y
[
Test line Control line
Backing plate
Y ~ Y  Sheep anti-mouse IgG
—\ /- =
| Sample 1 Positive

(?.o':e ? ﬁ - ﬁ
R - 2 4

J '_ Sample

?:’-

\q.,amc

Rabbit anti- Z . .1, Fluorescent probes
T-2-BSA sheep IgG Y T-2 antibody # T-2 toxin 3¢ (IgG@En)

K41l A: FIA LGRS B:  FIA 40 RS TR
Fig. 4.1 A: Structure diagram of FIA paper-based sensor; B: Operating principle of FIA paper-based
sensor

4.1.4 FrERZAYES

FERGEI P (R BT i B I AR HER ST, T 70% K . KIS A DR o 73
BN T-2 55, #ATHRBRN. T T s, WEEMRLREEZIE 5 X,
A IO o M RBAT TG00 Mr. DAaE s R AUEDy X E, ULT
LRNEFEE CEWRIESHEME (TIC) MY H, HRIZM TR X YIHERE
17 20 e, ASRIRIIERE AT 2AME Bo MIARHE(WZE SD, 45 (Bo-3*SD) AAAbRiHERHZL
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AR T A2 SIS ST R RS B R W 3 G Rl T-2 252
JiE, EERRAIE (LOD) .

415 FIA 89N

(1) FIA e

R P RAR AR I E B 2 — . Rr MR Ed I R 1 FIA 5HAWVE R R RIS X
SSRIEAG ). ¥ AFMi. DON. T-2. ZEN. FBubrdESh N BIZERER Y, [l &k
920 ng/mL. 100 ng/mL. 50 ng/mL. 5ng/mL. 50 ng/mL. P& 4% AREMERNIE
E AR SR T B o S8 AR T SRR B SR AN A D 5 32 R R ek

(2) FIA [IAER AN AER P

W8 LC-MS/MS Al () BF 4 B R ARLRERE i, FRIIAIG, Ay il B H R4
BEE, BNREEM 3 MR . WHE — ARG TARIC, B B AR 0 SR AR v
ZERAE BRI PRSTR EEAER M . X R BT =0, I A R R DL
SINEIINEEE

416 HEmElE

5.0 g BB KFARIEE S BE A 8, FH 20 mL FREE/ZK (70:30 viv) $2HL 30 7%
F 0.45 pm A E RS e B AR, ] 4 mL BIZRIRRRRE 1 mL, #E4T 5 (5FRE. Rkt
W 0.45 pum PIRRISGE JERERE, VR eIl FH R HRBGH -

4.1.7  XFSEBREm AR

N T BAEZOE SRR SR LR i B AT AT 1, SRR AT LC-MS /
MS LA I FORANERE dh, XIS LS REAT 1

4.2 LERMTTHL

421 FIA KEAERRZAEEML

(1) EDC H=EMtiL
ASZEGR H EDC WU R CTHERIIREE, SR IBE A& EDC H & 1A
AR FREEREEUOE T FOUHMERT R hiid 2 A AT F] . # 10 L. 20 uL. 30
uL. 40 pL 15 mg/mL ] EDC UM ZIZAEH, EE L, WEAMRELER. £
4.3 iR T AN[F EDC HEX EAEEAANE LRI 24 EDC IR T 80%5T 30 uL
i, FURFPRES RIF. AETAREN, %P 30 uL 15 mg/mL [ EDC /KBRS A
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LI

% 4.3 EDC HEM
Tab. 4.3 Optimization of EDC dosage

EDC H& 10 uL 20 uL. 30 uL 40 uL.
FUBRA | o g ] ANGE L] ANl

(2) P 19G HECE ML

EUR 19G EREE ] AR AR B I RS ARVE B . — i E iRt
22 | HEHE LI —hn FH RS FRATTIE SR 100 uL RN ER AL 2EBTR 196G G

(3) T-2 kG EMAL

T-2 PR EERALI P —NEESH, EEHBEIUE 7% 7 R
JEH TR R B BB S B AT e, BATT T-2 Uk I EIAT Tk, 3R
i7% 5 pos 1 g 05 pg #1 0.1 g MR sepEdiide S BRI R RIZOCIRER &
HARE N FR R T-2 TR, SRR [F— R AR R A b T
Rl [ —BEFIA) ), FPORAGRE S, b T LRA5e Y eomE . DA Jffdh, DL T
LRV EsR AN . W 3 Fs, 4PUiAIE Y 0.5 g A1 0.1 g B . FOLsREETE 12.5
F125 WA, XS IRT IR A . MPUAHERN S o i, 4 T2 HERMHE
L) 50 B, FORSREATIN 700 A7, HASKARR G, X SECRLR IR BUE T .
YHUAHER 1 g i, T E&RIERERE T-2 BRI S, B350 ng/mL i
PRSI R. Bk, EF 1 g 1EA T-2 PRI E.

4000

3500 - = 5

w
=
=3
=4

o

[4)]

Fluorescence Intensity(T)
o [} N
N = n
=l = >
> =) =l

—
=
=
=

W
=
=

=l

Y

T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55
Concentration of T-2 (ng/mL)

K 4.2 T-2-mAb Ik
Fig. 4.2 Optimization of T-2-mAb
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(4) RARBHNE AL

¥ C LRHIRPTE 190G IKEWE N 0.1, 0.2 F10.25 mg/mL, W% E N 0.5, 0.7
AT1.0uL/em, T 28K T-2 HUEIRE®E N 0.1, 0.25 F1 0.4 mg/ml. 58 J6ERE 43 M
THBE 50, 100, 160 1200 5. =MpRZRIET ELISA HEVE#ITH S . &id kR Eil5,
¥ T-2-BSA (W5 € 9 0.25 mg/mL, Rbi=F IgG MImHTIE €A 0.1 mg/mL, Wi iH AL
N 0.7 ul/em, FIEHETIRRELLBIRGE Ny 160 fif. EILXFPA A, RAEATIE A AT
DASRAGHEAR ) 7 B -G T PR AT I Y )

(5) Ff LR

FE B UM S VR ) (Tl o AN SRR VRt 52 BI5MR,  SOBEDX IR OS2 32 3]
s o AERAREIE T T =FARIMRHRE i B 4F4E. Fusion 5 ATIMLIBE JEAR .
I {FFH Fusion 5 B, SGIRENERE T AT NC IRFIAZ AL ERREYS, AR .. 24ff
FHIERRRT, M eRE ™ IS ZE, EREA AR b, HARET S C ZRREER D, DA
o BB YE I ZO R ET SO ESF, 2O, AR T [ 58 4 OB
BEAT . DRI, ARSI IR RE IR LT AR B S

(6) ZErPiEmIiiL

SN G R T E R AR R e S B, MRt S . FRA TS TR PR
[ FLRRAN R I i, AR T I, SR AN Rl N M 26 U FE AN i e
SRR 44 PR, HIRFRGEMR 5 I, SRSUNSEER R, A E RO AT
DA i /K A A 150 52 - BSA AT AR I ERE 1t 45 5 i D3RR e 456 - Tween-20
AT AR R S S AR 5 T AN G A R SR I BE 1 PVPK 30 AT R0 e, AT
TH R NC IEARY 5 0. LLK+1%JEHE+0.5%BS A+2%Tween-20+1%PVPK 30 1 A f2 3 255
o

R A4 RMGRERIITAL

Tab. 4.4 Reaction slow-release solution optimization

55 SN o it
1 Water PR Y P
2 Wiater+1% Sucrose L &
3 Water +1% Sucrose +0.5% BSA 5952 &
4 Water +1% Sucrose +0.5% BSA+2% Tween-20 = =
Water +1% Sucrose +0.5% BSA+2% Tween-20+1% o
5 = .
PVPK 30
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AR TR 25 U ST YR P A SO Sl BTSRRI T2 %
422 T-2 SZRFRERZRESN

YA RIS E AR UEAD I 21 2 [ S 5 AN TR TR L s 1) 28 AR P AR A i
Mo CLT-23REEA X ol LAT 26 C ZiIZOME LR Y i AriEh 2. 45 R 4.3
Fiome T-2 fEH B (70%, z/o) R EIARdE TAE 7 FECh Y=-0.43022X+0.7308, R*A
0.98593. [HMEAEALIIE 20 K, 153 HAE M H~F-4{E Bo A1 R 2 SD, ¥4 (Bo-3*SD)
RNFRAERN TS, SRR (LOD) . T-2 fEFEAR (70%, z/0) i) LOD
4 0.01 ng/mL, Z& Vi K 247 (0.0625-50 ng/mL) o 7£ T KA KRR A 0.052 ng/mL,
TERRENEYIH R 0.071 ng/mL.

A Y=-0.43029X+0.73079 B e
s R*=(,9856 A A Feed

0.8+

TIC

0.4

0.0+

43 A: T0%HEEF s BRI ARAEIZE: B: R RRIERLEE e BRI bR 2 C:
70% FH I o ) E A Y S R
Fig.4.3 A:Standard curve of quantitative detection in 70% methanol; B:Standard curve of quantitative
detection in corn and feed samples;C:Real picture of quantitative detection in 70% methanol

Wi 4.5 7w, HETHRESESUASEVE DR 9O o B RN T AR AL AR R T e L
fIAR. SEAMITEAE, AR A R AN BRI, RAER . 27
IR 2R S R DA
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® 45, KWHFLSEA R L
Table 4.5. Comparison of the present study with existing detection technologies

R 7% Foril £ 2%

DNA zyme-assisted triple-amplified electrochemical
aptasensor for ultra-sensitive

Imaging surface plasmon resonance biosensor assay 1.2 ng/mL [134]

Ovalbumin antibody-based fluorometric
immunochromatographic

Multicolor immunochromatographic assay 30 ng/mL [136]

Fluorescent immunochromatographic paper sensor based
on specific antibody activity protection

0.107 fg /mL [133]

10 fg /mL [135]

0.01 ng/mL This work

4.2.3 KEERFAIMRENNK

(1) FIA 55
T MRAARAT BRE R, AN 72 EFE S . AFML. DON. T-2. ZEN #1 FB1.
W R AR T M5O . Wi 4.4 For, SN BARbRiER, T 28)175%
VS AEEbRbRES I T RS 2 H AL IXRIFET —HE Ot s 2k
FEATIN A B BRI

3000

Fluorescence Intensity(T)

Blank AFM1 DON T-2 ZEN FB1

K44 BT aRTRAL G A VRV
Fig. 4.4 Paper-based sensor specificity evaluation
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(2) FIA [IAEHETERAERPE

R 4.6 Fiax, KRR ECRAE 95.31%-119.03% 2 (8], X bR Z KT
11.38%. {ELARIFEM A, [BIUCE A 95.7%-110.33%, FHXIFRUERZRT 16.02%. AHFFR
H, JET T RBUARRICH T-2 1) FIA 4REEAE s B Bm 1 S R RS RS %, ]
DA A2 S A () 2K

K46 FIA KPR TERIHED, I
Tab. 4.6 Precision and accuracy of FIA

FEAD RS (ng/mL) il (ng/mL) EICR (%) FEXSHR T 22 (%)
1.00 1.14 114.33 3.06
EVN 10.00 11.90 119.03 11.38
30.00 28.59 95.31 3.33
1.00 1.10 110.33 8.60
iz 10.00 10.61 106.13 16.02
30.00 28.71 95.7 10.22

424 ¥ETS T-2 SZa094E

Bz RN T KA R S A, F S LC-MSIMS #E4T T HeE, 45 WE
A7, SIS LC-MS/IMS FHELZE RN .

F 4T FESH T-2 BRI
Tab. 4.7 Detection of T-2 toxin in Samples

FE i LC-MS/MS (ng/mL) FIA (ng/mL)
oK1 11.30 12.86
K2 15.84 14.33
Tkl 1 15,57 16.08
TR 2 8.92 9.31

43 KERL

PSR FRPEBORI T-2 |20 BAaA, A5 BT i Bl gl ac sk al, F01

i 190G 5 RIELIGTOCHERMBEANEAVOLIRE, 5 T-2 RPUREG. UL T-2 2004

b, LA T-2 [RGUA R OIRBITeHE, @S 7R T R R VEDTRIE P ORG  FIA 4RI
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#ro AL T TAEZA:, W EDC i, PUAMBBCE. T2 hiiEHE. mrulRmamEsE.
SPRACRET S5, W S IR REOIEAT 1 d . fERR AR N MR T oo s 2
Prikatsk,
FELERUR:
(1) T-2 FRATEIEH (70%, zlo) HFRHE TAETT 0N Y=-0.43022X+0.7308
(R?=0.98593) . T-2 BZAEFFEEEW (70%, z/o) i) LOD 4y 0.01 ng/mL, £t

R (0.0625-50 ng/mL) o« 7£ F KA FIALIIFR 9 0.052 ng/mL, 7ETEEHEY)H 4 0.071
ng/mL.

(2) T KFE S H BIUSCRAE 95.31%-119.03% 16], FHXIFRiEMmZ /N T 11.38%. 7E1H
BHE M SN 95.7%-110.33%, AHXMARAEMZ(CT 16.02%. %777kt LC-MS/MS
BT T AIE, 25 SRz R R R IR T

(3) SKEREE R, ZITERBUE G, Femthlr, Roligs Ruemf, RereRimE W
SEHLE bRARTI, BT TR S T-2 BRI RO

REEEAN FIA s EHUATT OS5 FBS (A4S & R (R Hd ik B s 177K
FTEERFI R T RETUA Z [R5 G2, AT A5 T-2 BRI Yo e A E
AL, XM ER RIS T —E N ES %

54



L ZR B TR AR 2 S FhE SR

FHE ZiPFIREE

5.1 %t

wihERER (AFS) HEFHHRRNE I ERR By (AFBY) Ml &A=
PERORH) T-2 RS E N RE RS, (KRIEMERA SRR N, K
X NARI G R G A THIER o 3 ISR G2 7 Arer U7 i R B . ELISA 27 &
R R B G568 RCERAREE, 5 RIS PR 0 i 4R 2% A FH 1) B s B A bR e 7
2™ F M) L 5 S B AR R M T MR AR 2 (1 R . ARSCR 5 LA AFBL N H SR
FHZE A7 BR BTV 50 3 P 5 — 2D TR AN 22 ¥R A RS20 e 15 81 AFBy B850
BEdifA MADA2-2; HIR, LA MAbA2-2 iRl e ie i 1 5 T 23540 1) MBs-icELISA;
B JER R T AT ARSI R RS S 0K EIA. ARSI EZ A NSRRI

(1) W FE AR IEAS A 1R 0 AT AL T AT ek B, a3 T B Al SR A% 1y
(I BRI T SR o BB V. b P AR A T 320 LR v ot R IR B A B EA T 9L, (R B
— b SR EE T AH I ARSI — s B RBRE,  EIE PR 2 I 2 e — Ll
Fflo DRI B — Ry i 7 1 R 1R 96 FLAERRAR A ARAE 24 FLAN 6 FLANRRAR kAT 3
FEATIOR,  FERF 200 FEA BEARUE St A TAS I, S LU VR 15 5 40 A, £
i —E A0 B RO Dy B v B R R S RAS I AR MO bk, e B e () T 3 2 e B AT B 1 )
o BITEIEAETE SR E S ELISA XHUA MADA2-2 HHA T34, HFHMHIRE (1Cs)
749 0.13522 ng/mL, FrIFEE (IC20-1Cs0) 4 0.08518-0.21464 ng/mL.

(2) PR 5PUR AFBL-BSA MBI FEH, =T MERINA 0.2 ug 1 EDC
AN 10 pg AFB1-BSA 7£ pH {54 5.2 ] MES Z2iiA A TiHER; MabA2-2
A E AN 30 min. JAEREELL A 1: 400, HRP-Ab2 f it & A 120 pg/mL. 7£#
IS 26 R, B IR ML A T A Y=-0.571gX+2.64 (R*=0.99396 ) Z& 1Al
76y 0.004-10 ng/mL, ZetyufEEDE 5 MiES. AFBRMIE (LOD) 74 0.0013
ng/mL.

(3) T-2 FRAEFEEE (70%, zlo) HIbsiE TAE 720N Y=-0.43022X+0.7308

(R?=0.98593) . T-2 T RIEHEEEW (70%, z/o) HH) LOD 5 0.01 ng/mL, £kt
R 4F (0.0625-50 ng/mL) o 78 R AR F il FR 7y 0.052 ng/mL, ZETERNEA 10y 0.071
ng/mL. T KRR B EISERAE 95.31%-119.03% 2 1], AHMARAEZ /N T 11.38%. 7ETRE
FE L EICR A 95.7%-110.33%, FHXSFRiEIRZ(E T 16.02%. % /@it LC-MS/MS #H4T
THAE, RERIZHEEA RIFHIMERTE. SZIGss BEH, ZhERBE S, KRt
0, ASZE SHERR, REAERT N [A] P S B ARBORI, AT AR T T-2 TR IR
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