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 Aflatoxin M1 (AFM1) is the hydroxylated metabolites of aflatoxin B1 (AFB1) and 

stable during heat treatments like pasteurization.  AFM1 is known to be a hepatotoxic 

and carcinogenic agent. Therefore, detection of AFM1 presented in dairy products is 

essential. The aim of this work was to generate monoclonal antibodies against AFM1 

for future development of ELISA detection test kit. AFM1-BSA conjugate was used as 

an immunogen to immunize five BALB/c mice. All mice responded vigorously to 

AFM1 which yielded the antiserum titer between 8,192,000 and 32,768,000. 

Splenocytes from these mice were fused with P3X myeloma cells to generate 

hybridoma, yielding five monoclones including AFM1-1, AFM1-3, AFM1-9, AFM1-15 

and AFM1-17. Isotype of all monoclonal antibodies were IgG1. Their sensitivity, which 

was calculated in term of limit of detection, was 16, 15, 5, 7 and 8 pg/ml, 

respectively. The monoclonal antibodies showed strong cross reactivity with AFB1 

and AFG1 but the cross reactivities to other substances unrelated to aflatoxins were 

negligible. Thus, these monoclonal antibodies have a potential to be used in the 

development of an immunoassay-based test kit for detecting AFM1.    
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A Absorbance 

Ab Antibody 

AFB1 Aflatoxin B1 

AFB2 Aflatoxin B2 

Ag Antigen 

AFG1 Aflatoxin G1 

AFG2 Aflatoxin G2 

AFM1 Aflatoxin M1 

AP Alkaline phosphatase 

AFs Aflatoxins 

BCA assay Bicinchoninic acid assay 

BSA Bovine serum albumin 
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CDRs Complementarity determining region 
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EIA Enzyme immunoassay 

ELISA Enzyme-linked immunosorbent assay 

FCA Freund’s complete adjuvant 

FCS Fetal calf serum 

FIA Freund’s incomplete adjuvant 

FI-IA Flow-injection immunoassay 

FRs Framework region 

H Heavy chain 

HAT Hypoxanthine, Aminopterin  Thymidine 

HGPRT Hypoxanthine-guanine phoepnoribossyl transferase 

HPLC High performance liquid chromatography 



 

   

 

HRP Horseradish peroxidase 

HWE Hot water extraction 

IAC Immunoaffinity column 

IC50 50% of inhibition concentration 

Ig Immunoglobulin 

L Light chain 

LC-MS Liquid chromatography-mass spectrometry 

LOD Limit of detection 

LOQ Limit of quantitation 

M Molar 

MAb Monoclonal antibody 

MHC Major histocompatibility complex 

MSPD Matrix solid phase dispersion 

PAb Polyclonal antibody 

PBS Phosphate buffer saline 

PBS-T Phosphate buffer saline  0.05% Tween20 

PEG Polyethylene glycol 

ppb Part per billion 

ppt Part per trillion 

Rf Relative mobility 

SDS Sodium dodecyl sulfate 

SDS-PAGE Sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis 

TC Cytotoxic T cell 

TH Helper T cell 

TK Thymidine kinase 

V Variable region 

v Volume 

% Percent 
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  1 

 

1.1  

 (Aflatoxins; AFs)           

 Aspergillus flavus  Aspergillus parasiticus 

 

 (AFB1, AFB2)  (AFG1, AFG2)  (AFM1, 

AFM2)  A. flavus  A. parasiticus 

 (Tekinsen, 2005) AFM1 

 AFB1 

 AFB1  

AFM1  AFB1  

(Cathey , 1994)  AFM1   (Lee , 

2009) 

 (pasteurization) 

 

, 2005)

 AFM1    

 

 (Rastogi, 2004)  (European 

Commission)  AFM1

 0.05  0.025 ppb  (European Commission Regulation, 2004)

 AFM1  

 High Performance Liquid Chromatography (HPLC) 

(Manetta , 2009)  Liquid Chromatography-Mass Spectrometry  (LC-MS) 

   



2 

 

(Cavaliere , 2006)

  

 Electrochemical immunosensor 

(Micheli , 2005)  Enzyme-Linked Immunosorbent Assay (ELISA) 

  (Pei 

, 2009)  ELISA   

 (Screening Test) 

 ELISA  

 

 AFM1

 

ELISA  

1.2  

1)  AFM1  

2)  

1.3  

1)  

2)  AFM1 

3)  AFM1 

4)  

5)  

6)  
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1.4  

 AFM1

  

 

 



4 

 

  2 

 

2.1  

2.1.1  (Aflatoxins; AFs) 

 (Aflatoxins; AFs)  Aspergillus flavus  

Aspergillus paraciticus  . . 1962 ( . . 2505)       

  - -              

(A-fla-toxin)  “  (A)”  “  (Aspergillus)”  “  

(fla)”   (flavus)”  “  (toxin)” 

 “  (Aflatoxin)” (Lillehoj, 1983) 

       

  4  1 

2  

256  365 1 2 

 ( , 2546) 1 

1 

1 

  

2.1.2  

  

        

    

 24-32  

 75  ( , 2543) 

     

 

  

 



5 

 

 

 

   

 ( ,2545)  

 ( , 2527; Heathcote,1984) 

 

80-85  17  24-35  (

, 2538; Wilson , 1994) 

2.1.3  AFs 

 (heterocyclic 

compound)      

1 2  (bis-furano-

isocoumarin)  

(isocoumarin) 1 2 1  

 (hydroxylation) 1  2.1 

 

1 2 

 356 1 2  

 260  (  2.1) 
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      1              2  

    
       1                2  

 

1 

 2.1  AFs 

 2.1  

  (Da) (ºC) 

B1 C17H12O6 312 268-296 

B2 C17H14O6 314 286-289 

G1 C17H12O7 328 244-246 

G2 C17H14O7 330 237-240 

M1 C17H12O7 328 299 

: Reddy Waliyar, 2005 

 

 



7 

 

2.1.4  AFs 

 1 

  

    

       

                   

 ( , 2543) 

 

 

2,3-epoxide-aflatoxin B1  

  

2.2 

 

 2.2 1   

  

 1 

 1  12-24  

  1 

 1% 1  ( , 2543) 



8 

 

 

   

           

   

   (Curtis  Zhang, 1995) 

  

 ( , 2527) 

 (Sahoo 

Mukherjee, 2001)  (Gallagher  Eaton, 1995)            

 Afla-toxicocis   

    

 ( , 2526)  

 

      

  

2-3      

     

 

 

    

    

   

 

 Reye’s 

syndrome 
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2.1.5  AFs  

 (ppb) 

     

 2.2)  

 (USFDA) 

 20  0.5 ppb  

 20 ppb  2545 

 10 ppb 

1  0.05  0.025 ppb  

 (Codex Committee on Food Additived and Contaminants, 

Joint FAO/WHO Food Standard Programme) 

   

1  0.5 ppb (  

,2551)  98 . 2529  

 20 ppb 

( , 2529) 
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 2.2  

     (ppb) 

 B1, B2, G1, G2  20 

 B1, B2, G1, G2  20-300 

 M1  0.5 

 B1, B2, G1, G2  2-15 

 M1  0.05  

   0.025 

 M1  0.01 

 M1  0.01 

 B1  5 

 B1, B2, G1, G2  15 

 B1  10 

 B1  10-20 

 M1  0.5 

 M1  0.5 

 B1, B2, G1, G2  20 

 B1, B2, G1, G2  50 

Codex B1, B2, G1, G2  15 

 M1  0.5 

: , 2547; Patricia A. , 2006 

1 

1 

1 

1 1

 100  1 , 2544) 

1 

             

1 1 
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 (Diaz , 1995) 

 (Galvano , 2005) 

  HPLC  

ELISA , 2549)   HPLC 

 (confirmatory method)

 ELISA 

 (screening method)

 ELISA 

 10,000    

 

2.1.6  AFs 

2.1.6.1  

2.1.6.1.1 High Performance Liquid Chromatography (HPLC) 

 

 2000 Kim  HPLC  AFM1 

   AFM1  

 0.01 ppb

 

2.1.6.1.2 Liquid Chromatography-Mass Spectrometry (LC-MS) 

 2005 Yang Chen  LC-MS     

 (clean up)  

immunoaffinity columns (IAC)  AFM1    



12 

 

0.001 ppb   0.0096 ppb  LC-MS 

 

2.1.6.2  (Immunological method) 

 (Immunology) 

                

Enzyme Immunoassay (EIA) 

  

 (solid phase)  

(polypropylene)  

 Enzyme Linked 

Immunosorbent Assay (ELISA)  Shi Chun Pei  (2009) 

1           

1  ELISA 

 0.04 ppb 

 

2.1.7  

2.1.7.1  (Antigen, Ag) 

 (immunogen) 



13 

 

 (hapten) 

  

 (carrier protein) 

 hapten-carrier conjugate 

  

1.   

 (immature lymphocyte) 

 

2.  

 100,000 

 

 5,000-10,000 

  

3.  

 (complex) 

 

 

(homopolymer) 

 (co-polymer)  

 



14 

 

4.   

 

-

 major histocompatibility complex (MHC) 

 class II MHC  Helper T cells (TH) 

 class I MHC  Cytotoxic T cells 

(TC)  

MHC    

 

 ( , 2548) 

 

1.  

 

 

 MHC

 (receptor) - -

 

2.  

 (tolerance) 
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-  (Intravenous injection) 

-  (Intradermal injection) 

-  (Subcutaneous injection) 

-  (Intramuscular injection) 

-  (Intraperitoneal injection) 

 

3.  

 

 (co-stimulatory signal) 

 Freund’s complete adjuvant  Freund’s incomplete adjuvant 

 (mineral oil)  emulsifying agent  mannide monooleate 

 Freund’s complete adjuvant  

Mycobacterium  muramyl dipeptide 

 class II MHC  B7  

(cytokine)  TH  

 

 

 

 



16 

 

2.1.7.2  (Antibody, Ab) 

 (immunoglobulin, Ig)     

-

 (plasma cell)  (humoral 

immunity)  

(neutralization)          

- -

-

 2.3 
 

 
 2.3  (humoral immunity)  

: Midlands Technical College  



17 

 

 1  4  

 (heavy chain, H) 2  (light chain, L)      

2 

 N  amino terminal 

 V (Variable region) 

  C  

carboxy terminal  C (Constant region)      

 2.4  light chain      heavy 

chain  5           (class)  

IgG IgM IgA IgD  IgE  H chain 

    chain  2  ( 1  ( 2 ) 

  4  1 2  3   4   2.3 

 

 

 2.4  

 : Abcam's antibody guide 

 

 



18 

 

 2.3  Ig  

   

(H-chain) 

 

(L-chain) 

 

(subclass) 

IgG      1, 2, 3, 4 

IgA     1, 2 

IgM      

IgD      

IgE      

: , 2548) 

 Ig  

 V  C       

 H chain  L chain  

 -pleated sheet 

 (globular domain)  H chain       

L chain   

 V (variable region)  

(hypervariable region)  3  H chain  L chain 

 CDRs (complementarity determining region) 

 FRs (framework region)  

 (Isotype)  Ig  IgG, IgA, IgM, IgD  IgE 

 H chain  C 

  

(effector)  (  2.5)  IgG 

 IgG  4  (subclass) 

  1 2   3  4  IgG1 IgG2a 
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IgG2b  IgG3  4 

 90-95% 

 H chain  IgM 

 5  (pentamer)  (multivalence)

 IgA  2  (dimer)  4 

 (tetramer)  J chain  Fc 

  

IgD - -

 IgE 

 (mast cell)  (basophil)

 IgD  IgE  ( , 2548) 

 

 
 2.5  5  

: Phoenix collage (2010) 
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2.1.7.3 -  

-  (B-lymphocyte)  (B-cell)  

 (specific antibody) 

-

-  (binding site) 

-  (Memory       

B-cell)  (plasma cell) 

                       

( , 2541)  2.3                     

2.1.7.4  

- -

  

 (polyclonal 

antibody; PAb)  

 (monoclonal antibody; MAb)      

- -

  

 

 2  2.4 

2.1.7.5 somatic hybridization 

-

 (myeloma cell) 
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. 1975 Kohler  Milstein      

-

 (hybridoma) 

-

 

 2.4  

        

   

   

 

(specificity) 

 

 

 

 

 

(affinity) 

  

 

 1 mg/ml  100-200 g/ml 

  100 ml  

 

 

 

  

 

 

  6   4  
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2.1.7.6   

-

  (fusion) 

 polyethylene glycol (PEG) 

 

  

(hybrid cell) 

 

           

. 1964 Littlefield  selective medium  

aminopterin, hypoxanthine  thymidine  HAT medium   aminopterin 

 folic acid analogue  folic acid reductase  

coenzymes  DNA  "de novo" synthesis pathway 

 HAT medium  DNA  "salvage pathway" 

 Thymidine Kinase (TK)  Hypoxanthine Guanine 

Phoepnoribosyl Transferase (HPRT  HGPRT) 

 DNA  (  2.6) 

 

 

 

 

 

   
 2.6  de novo pathway  salvage pathway  

                 : , 2548 

De Novo Pathway Salvage Pathway 
Ribose-5-phosphate Thymidin Hypoxanthine 

 Aminopterin 

 
Nucleotide 

TK+ 

(Thymidine kinase) 

HGPRT+ 

(Hypoxanthine guanine 

phosphoribosyl transferase) 

 

DNA 
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 HGPRT

 6-thioguanine  8-azaguuanine  toxic base 

analogue   DNA  HGPRT   

  HGPRT    

 HGPRT -  

 HGPRT  TK 

 HAT -  HGPRT 

 HAT  

 3-7 

  2.7) 

 

 

 

 

  

 Enzyme-Linked Immunosorbent Assay (ELISA)  
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 2.7  

                                 Keith, W. 2005  

 

 

 

 

 Fusion 

 

PEG 

 

HGPRT+ 

TK+ 

 

 

 

   

  

  

  

  

  

HGPRT+ 

TK+ 
HGPRT- 

TK- 

  

HAT media 

 (Limiting dilution) 
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2.1.8  Enzyme linked immunosorbent assay (ELISA) 

ELISA   enzyme immunoassay (EIA) 

 (chromogenic substrate) 

 ELISA  alkaline phosphatase (AP)  horseradish peroxidase 

(HRP)  

 ELISA 

 ( , 2548) 

 ELISA  2  

1. Indirect ELISA  

 indirect ELISA   

 Fc 

 microplate reader  96 

  96  

 2.8 

2. Competitive ELISA 

 competitive ELISA 

 96

 (  indirect ELISA) 
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indirect ELISA  

(absorbance)  2.8 

 

 

 

1. Indirect ELISA 

 

 

2. Indirect Competitive ELISA 

 

 2.8  indirect ELISA  indirect Competitive ELISA 

    :   

     :   

                   :  

           :  horseradish peroxidase 

                 :   
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Shundo  (2006)  AFM1 -

 Thin Layer Chromatography (TLC)  

HPLC  Immunoaffinity Column 

 AFM1  0.01-0.5 ppb  TLC  % recovery 

 73.86 - 85.83%  0.01 ppb 

 (LOQ)  0.02 ppb  HPLC  

% recovery  84.5 – 86.1%  (LOD)

 0.01 ppb  

 2006 Cavaliere  AFM1  Grana Padano  

Mozzarella  LC-MS  Matrix solid phase 

dispersion (MSPD)  Hot water extraction (HWE)  

  90:10(v/v)  150 ºC 

 Solid-phase extraction(SPE)  Carbograph-4 

 LC-MS    MSPD 

 Grana Padano  Mozzarella  0.025  0.019 ppb  

 HWE  0.143  

0.048 ppb 

 2009 Manetta  AFM1  Grana Padano 

 AFM1  SPE-C18 

 HPLC  Supercosil LC-18  40ºC  acetic 

acid, acetonitrile, 2-propanol  2:10:10:78(v/v)  

 1.2  353 

 423   25  AFM1 

 0.03-0.098 ppb  (whey)  0.017-0.061 ppb 

 (curd)  0.093-0.309 ppb  Grana 

Padano  0.111-0.413 ppb  0.008 ppb 
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 Kim  (2000)  AFM1  HPLC ELISA 

 AFM1  0.005-0.5 ppb  HPLC     

% recovery  103 - 120%  0.01 ppb 

 ELISA  % recovery  88-106% 

 0.002 ppb 

 Woychik  (1984)  AFM1 

 BALB/C  AFM1-BSA    

 P3-NS1-Ag4-1  2  AMW-1  AMW-4  

 50% (IC50)  25  50 ppb 

 AFB1  AFG1  AFB2  AFG2  

 2009 Pei  AFM1 

 AFM1  IgG2a  AFM1, 

AFB1  AFG1  100, 13.9  6.7% 

 0.04 ppb  AFM1  0.1 - 3.2 ppb  % 

recovery  98% 

  2004 Badea  AFM1  

 flow-injection immunoassay (FI-IA)  amperometric 

 HRP 

 HRP 

 Protein G  Protein G 

 TMB  

 AFM1 

 0.011 ppb 

 2008 Radoi  AFM1  

ELISA  superparamagnetic nanoparticles  ELISA 

 superparamagnetic nanoparticles

 AFM1  blocking 
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 96  AFM1-HRP  

 650  450 

 0.004 ppb 

 2009 Goryacheva  

AFM1  AFB1 

 AFM1 79%  Sepharose 4B  AFB1-HRP 

 

AFM1  AFM1

 0.04 ppb 
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  3 

 

3.1  

 3.1  

            

 BALB/c (inbred strain)      

          8  

 

  

 SP2/0-Ag14 ATCC: CRL 8287 

 P3X 63AG8 ATCC: TIB-9 

3.2  

 3.2  

  

 1  5  Nipro, Thailand 

 18G  21G Nipro, Thailand 

 Nikon, Japan 

 Boro, Germany 

 10  250  Nunc, Denmark 

 Hettich Zentrifugen, Germany 

 Metter Toledo, USA 

 Microtiterplate reader Titertek multiskan, Finland 

 ELISA  96  Nunc, Denmark 

 Spl, Korea 

  96 , 48  24  Costar, USA 

 Bio-rad, USA 

 Theera Trading co., Thailand 

 Thermo Electron Corporation,USA 
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 International Scientific  

 Supply Co., Ltd.,Thailand 

  Axygen, USA 

 Iwaki, Japan 

 HBG, Germany 

 Gilson, France 

 Udono-RII Memmert, Japan 

 1.5  Axygen, USA 

 15  50  CLP, USA 

  Nunc, Denmark 

 Memmert, Germany 

 

3.3  

 3.3  

  

Acrylamide gel Sigma-Aldrich, USA 

Aflatoxin B1 (AFB1) Fermentek, Israel 

Aflatoxin G1 (AFG1) Fermentek, Israel 

Aflatoxin M1 (AFM1) Fermentek, Israel 

Aflatoxin M1-BSA (AFM1-BSA) Sigma-Aldrich, USA 

Aminopterin Sigma-Aldrich, USA 

Ammoniumpersulfate (NH4)2S208; APS Sigma-Aldrich, USA 

Anti-mouse IgG (Fab specific)-Peroxidase Sigma-Aldrich, USA 

Anti-mouse IgG (whole molecule)-Peroxidase Jackson Immuno research 

laboratories, USA 

BCATM protein assay kit Pierce, USA 
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Beta mercaptoethanol Sigma-Aldrich, USA 

Bovine serum albumin (BSA) Sigma-Aldrich, USA 

Bromophenol blue Sigma-Aldrich, USA 

Chloramphenicol Sigma-Aldrich, USA 

Cinoxacin Sigma-Aldrich, USA 

Ciprofloxacin Sigma-Aldrich, USA 

Citric acid Merck, Germany 

Coomassie brilliant blue R-250 Pierce, USA 

D-glucose Sigma-Aldrich, USA 

Deoxynivalenol (DON) Fermentek, Israel 

Diethyl ether Merck, Germany 

Dimethyl sulfoxide (DMSO) Merck, Germany 

di-Sodium hydrogenphosphate (Na2HPO4) Fluka, China 

Fetal calf serum (FCS) Invitromax, USA 

Enoxacin Sigma-Aldrich, USA 

Enrofloxacin Sigma-Aldrich, USA 

Freund's complete adjuvant (FCA) Sigma-Aldrich, USA 

Freund's incomplete adjuvant (FIA) Sigma-Aldrich, USA 

Gentamycin T.P.drug laboratories (1969) 

  Co.,Ltd., Thailand 

Glycerol Sigma-Aldrich, USA 

Glycine Sigma-Aldrich, USA 

Hydrochloric acid (HCl) Sigma-Aldrich, USA 

Hydrogen peroxide (H2O2) Fluka, Switzerland 

Hypoxanthine Sigma-Aldrich, USA 

Isotyping kit Sigma-Aldrich, USA 

L-glutamine Sigma-Aldrich, USA 

Nitrofurantoin Sigma-Aldrich, USA 
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Norfloxacin Sigma-Aldrich, USA 

Oxytetracycline Sigma-Aldrich, USA 

Polyethylene glycol HYBRI-MAX® (PEG) Sigma-Aldrich, USA 

Pyruvic acid Sigma-Aldrich, USA 

RPMI 1640 medium Biochrom AG, Germany 

Skim milk Anline, Thailand 

Sodium bicarbonate (NaHCO3) Sigma-Aldrich, USA 

Sodium chloride (NaCl) Merck, Germany 

Sodium dihydrogen phosphate (NaH2PO4) Merck, Germany 

Sodium dodecyl sulfate (SDS) Sigma-Aldrich, USA 

Sodium pyruvate Sigma-Aldrich, USA 

Sulfuric acid (H2SO4) Merck, Germany 

3,3’,5,5’-Tetramethylbenzidine (TMB) Sigma-Aldrich, USA 

N,N,N,N-Tetramethyl-Ethylenediamine (TEMED) Pierce, USA 

Tetracycline Sigma-Aldrich, USA 

Thimerosal Sigma-Aldrich, USA 

Thymidine Sigma-Aldrich, USA 

Tris (hydroxymethyl) Aminomethane (Trizma base) Sigma-Aldrich, USA 

Tween 20 Riedel-de Haën, UK 
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3.4  

3.4.1  AFM1 

 AFM1  (AFM1-BSA; 

Sigma -Aldrich)  Freund’s complete adjuvant (FCA) 

 1:1  2.5  100 

)  BALB/c   8 

 2  Freund’s 

incomplete adjuvant (FIA)  1:1  3-4 

 7  (titer screening)  

indirect ELISA  3.4.2.4.1  AFM1 

 indirect competitive ELISA  3.4.2.4.2  AFM1-BSA

 96  ELISA  AFM1  

 AFM1-BSA   2.5  

Freund’s adjuvant   4           

 3.4.2.2  

  

  

 (Protocol No. 1061001)  

3.4.2 

 AFM1 

3.4.2.1  

   P3X  RPMI 1640  

(fetal calf serum; FCS)  20% (v/v) 

 4-5 

 107  RPMI 1640  

gentamycin 0.2  380 g  5 

 5  
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 3.4.2.2  

    

 

 10

 RPMI 1640  40  gentamycin 0.2 

 380 g  5 

 5  

 3.4.2.3  (Fusion)  

  3.4.2.2  P3X

 3.4.2.1  1:3

 380 g  5 

 50% PEG  3000-3700 

 50  

 PEG  1  1 

 RPMI 1640  gentamycin 0.2  30 

 380 g  5  

 2  PEG  HAT 

 hypoxanthine, aminopterin  thymidine  FCS  20% (v/v) 

 96  200 

 5%  37  10-14 

 25% 

 AFM1  

3.4.2.4  
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3.4.2.4  AFM1 

3.4.2.4.1  1  indirect ELISA 

 96  AFM1-BSA  1 

 50  4  

12-24  0.01M phosphate buffer saline (PBS) pH 7.4  tween20 

(PBS-T)  0.05% (v/v)  3  (skim milk)  

5% (w/v)  PBS  300  37  1  

 PBS-T  3  )  100 

 37  2  PBS-T  3 

 goat anti-mouse IgG  horse redish peroxidase (GAM-HRP)  

 100  37  1  PBS-T  3 

 3,3’5,5’-tetramethylbenzidine (TMB)  H2O2 

 0.2 M citrate buffer pH 4.0  100   

 10  1M H2SO4  100 

 450  

3.4.2.4.2  2  indirect competitive ELISA 

 AFM1 

 AFM1  2  50  96 

 AFM1-BSA  1  50 

 PBS-T  

 (  3.4.2.4.1)  50 

 AFM1  37  2 

 indirect ELISA  AFM1 

 AFM1 

 AFM1 

 limiting dilution 
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3.4.2.5  limiting dilution 

     

 AFM1  2 

 1  2-3  

 25% 

 AFM1  

AFM1  AFM1  

AFM1  

 

3.4.2.6  

 RPMI 1640  FCS 

 10% (v/v)  (log phase) 

 380 g  5  

 (dimethyl sulfoxide, DMSO)  

10% (v/v)  1 

 2 

 -70 

 -196  

3.4.2.7  

 37 

 RPMI 1640  10  380 g 

 5  RPMI 1640  FCS  20% 

(v/v) 
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3.4.3  

3.4.3.1   

 Isotyping kit  Sigma-Aldrich  

  IgG1, IgG2a, IgG2b, IgG3, IgA  IgM  isotyping kit 

 1:6,000  PBS  ELISA  96  100  

 37  1  PBS-T  3 

 100  37  

 1  PBS-T  3 

 IgG  HRP   (

 Fab (HRP-Rabbit anti mouse IgG Fab specific)  IgG  1:2,000  

PBS  30  PBS-T  3 

 TMB  H2O2  0.2 M citrate buffer pH 4.0  

 100  10  1M H2SO4  100 

 450  

3.4.3.2  (sensitivity)  

 50% (50% of inhibition concentration; IC50)  

indirect competitive ELISA  

 (limit of detection; LOD) 

 0.0048-4 

 graph pad prism 4  Y  

%B/B0  X  LOD 

 B0-3SD  B  B0  ELISA 

  SD  
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3.4.3.3  (specificity)  AFM1 

 AFs 

 AFs  indirect 

competitive ELISA 

 AFM1  

AFs  2  AFB1  AFG1  0.0048-4  

 AFs  deoxynivalenol  Fusarium sp

 chloramphenicol, cinoxacin, ciprofloxacin, enoxacin, enrofloxacin, 

nitrofurantoin, norfloxacin, oxytetracycline  tetracycline 

 graph pad prism 4 

 Y  %B/B0  X 

 50 % (50% of inhibition concentration; IC50) 

 50% B/B0 

 IC50  

              IC50  AFM1          x 100   

                                    IC50  

3.4.4  

 AFM1  

RPMI 1640  FCS  10%  500  1  

 37     

 (affinity chromatography)  

3.4.4.1   

 (protein G sapharose) 5 

 20%(w/v)  2.0mM sodium phosphate buffer pH 7.0 

 = 
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 1 

 

 500  2.0mM sodium 

phosphate buffer pH 7.0  0.1M glycine-HCl pH 2.7 

 1  1M tris-HCl pH 9.0  

 65 

 280 

 indirect ELISA 

 PBS  0.01% thimerosal  3 

 4  2  

 

3.4.4.2  BCA assay  

 BSA  0-1.2 

 2  PBS

 BSA  96  25 

 A  

0.1     

 B  4%  2   

50:1 (v/v)  200  37 

 30   562 

 

   

3.4.4.3  ELISA  

  3.4.4.3.1  

  

 Johnstone  Thrope (1987) 

 280 
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 IgG ( )  =   280  

          extinction coefficient  IgG 

 :  extinction coefficient  IgG 1  

      280  1.35 

  3.4.4.3.2  

 1:1,600  1:3,200 

 0.122-125  indirect ELISA 

 450  

  

3.4.4.4  

3.4.4.4.1  

        

(SDS-polyacrylamide gel electrophoresis; 

SDS-PAGE)  15% separating gel  5  8 

 0.2  30  

 5% stacking gel  separating gel 

 30  

3.4.4.4.2   

 5  20 

 SDS, mercaptoethanol  bromophenol blue (SDS staining dye) 

 1:1  95  5 
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3.4.4.4.3  

   

 (electrophoresis chamber)  SDS  

(running buffer) 

 20  marker  2 

 100  120 

 coomassie blue (staining solution) 

 (destaining solution) 

  

3.4.5  

 indirect 

competitive ELISA  3.4.3.2 
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  4 

 

4.1  AFM1 

 5  AFM1-BSA (Sigma-Aldrich) 

 2.5  4 

 7  4  indirect ELISA  

indirect Competitive ELISA  1,000 (Liddle 

 Cryer, 1991)  AFM1     

 

-  

 

4.1.1  (antibody titer)  

 indirect ELISA  4.1  

.1, ) 

 450  0.1 (Liddle  Cryer, 1991)  5 

 AFM1-BSA   

        5  AFM1-BSA  8,192,000 –     

32,768,000  1 2  

8,192,000  5             

32,768,000  4.1 
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 4.1  AFM1-BSA  5    

  indirect ELISA   

 

 

 

 4.1  AFM1-BSA  5       

                   Indirect ELISA  

  

1 8,192,000 

2 8,192,000 

3 16,384,000 

4 16,384,000 

5 32,768,000 

 

 

0

0.5

1

1.5

2

2.5

3
 4

50
 

 1

 2

 3

 4

 5

 (1:1000X) 
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4.1.2  AFM1  

  AFM1  indirect 

competitive ELISA  450  

 1.0-1.3  AFM1 

 5  AFM1  

2   450  

 AFM1 

 AFM1  52.97-85.87 %  4.2 

 4.2   

 indirect competitive ELISA 

  

 450  

 AFM1 
AFM1 

(2µg/ml) 

%  

1 1: 256,000 1.258 0.541 56.99 

2 1: 512,000 0.927 0.410 55.77 

3 1:512,000 0.956 0.185 80.65 

4 1:256,000 1.196 0.169 85.87 

5 1:1,024,000  0.808  0.380  52.97 

 

4.2.   

       AFM1  

 5  AFM1-BSA  2.5 

 4 

 AFM1 

 1-3  SP2/0 

 4-5  P3X 

 50% PEG

 HAT 

 10 
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 HAT 

 

1  4 

 indirect ELISA 

 (  450  

 0.7)  

AFM1  indirect competitive ELISA  4.3 

 1  1 

 (fibroblast) 

 

 2  3 

 AFM1-BSA  ELISA  indirect 

ELISA  AFM1  indirect competitive ELISA

 

 4 

 AFM1  2 

 limiting dilution 

 indirect ELISA  

indirect competitive ELISA

 (stability)  

 5 

 AFM1  11 

 limiting dilution 

 AFM1  indirect competitive ELISA 

 AFM1  90%

 AFM1 AFM1   

 5   AFM1-1, 
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AFM1-3, AFM1-9, AFM1-15 AFM1-17  4.4

 

 4.3  5  AFM1-BSA 

 

 

 

 

 

 

 
AFM1 

 

 

( ) ( ) (%) ( ) (%) ( ) (%) ( ) (%) 

1 1,152 - - - - - - - - 

2 1,776    386 21.73 175 9.85 - - - - 

3 1,152 110 9.55  98 8.50 - - - - 

4 2,200 990 45.00 87 3.95 2 0.09 - - 

5 1,584      639     40.34         157 9.91 11 0.69 5 0.31 

 

 4.4  AFM1  

                    5 

 

 
 

 450  

 AFM1 AFM1 (2µg/ml) 
%  

AFM1-1 130/1F/5G/11E/10F  2.737  0.088  96.78  

AFM1-3 130/1F/6F/10B/6H  2.838  0.075  97.36  

AFM1-9 131/11D/9D/10H/7G  2.992  0.277  90.74  

AFM1-15 70/3F/8H/11C  2.900  0.091  96.86  

AFM1-17 151/7B/12F/9H  2.756  0.118  95.72 
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4.3  

4.3.1  

 1  (antibody affinity) 

 (antibody avidity)  

 IgM  affinity  IgG  avidity 

 IgM  IgG 

 IgG  

IgG  affinity 

-  5  indirect  ELISA

 5  IgG1  4.5 

 

 4.5  indirect ELISA 

 

 450  

IgG1 IgG2a IgG2b IgG3 IgA IgM 

AFM1-1 1.087 0.071 0.086 0.085 0.073 0.216 

AFM1-3 1.098 0.073 0.071 0.088 0.072 0.221 

AFM1-9 1.124 0.074 0.086 0.09 0.07 0.219 

AFM1-15 1.034 0.071 0.084 0.087 0.074 0.225 

AFM1-17 1.051 0.072 0.083 0.09 0.071 0.226 

 :  5  
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4.3.2  AFM1  

 

AFM1  indirect ELISA 

 AFM1-BSA  0.2 

  450  1.000

 AFM1-1, AFM1-3, AFM1-15  AFM1-

17  1:3,200  AFM1-9  1:1,600  4.6 

 4.6  indirect ELISA  

 0.2  

 

 

 450  

 

AFM1-1 AFM1-3 AFM1-9 AFM1-15 AFM1-17 

1:200 1.932 1.927 1.968 1.938 2.076 

1:400 1.782 1.507 1.717 1.978 1.993 

1:800 1.946 1.132 1.854 2.020 2.066 

1:1,600 1.778 1.966 1.479 1.836 1.593 

1:3,200 1.293 1.462 0.865 1.170 1.058 

1:6,400 0.686 0.837 0.486 0.589 0.767 

1:12,800 0.494 0.476 0.319 0.349 0.346 

1:25,600 0.273 0.271 0.213 0.209 0.190 

 :  

  

  

 IC50  LOD  indirect competitive ELISA  AFM1 

  4.8               

(0.0048 )  4  4.2 - 4.6  
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  AFM1-1, AFM1-3, AFM1-9, AFM1-15  AFM1-17 

 IC50  39.8, 35.8, 16.7, 28.3  22.3    

LOD  16, 15, 5, 7  8    4.7  

  LOD 

 Pei  (2009)  

AFM1  LOD  0.04  (40 )  LOD 

 AFM1-1, AFM1-3, AFM1-9, AFM1-15  AFM1-17      

 Pei  

AFM1  (European Commission)

 AFM1  0.05 

 (50 )  0.025  (25 ) 

 

 

 

                 

 

 

 

 

 

 

 

 

 

 4.2  (B/B0)  AFM1  

                  indirect competitive ELISA  AFM1-BSA     

                0.2   

                 AFM1-1 

 

0.0001 0.001 0.01 0.1 1 10
0

25

50

75

100 Clone No.1 MAb 1:1600

     EC50 0.03984

AFM1 ng/ml

%
 B

/B
0

IC50 39.8 pg/ml 

LOD   16     pg/ml 

 

AFM1 Concentration (ng/ml) 

Clone AFM1-1 
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 4.3  (B/B0)  AFM1  

                  indirect competitive ELISA  AFM1-BSA     

                 0.2   

                 AFM1-3 

 

 

 

 

 

 

 

 

 

 

 

 

 4.4  (B/B0)  AFM1  

                  indirect competitive ELISA  AFM1-BSA     

                0.2   

                 AFM1-9 

0.0001 0.001 0.01 0.1 1 10
0

25

50

75

100 Clone No.3 MAb 1:1600

     EC50 0.03581

AFM1 ng/ml

%
 B

/B
0

AFM1 Concentration (ng/ml) 

IC50 35.8 pg/ml 

LOD   15     pg/ml 

 

0.0001 0.001 0.01 0.1 1 10
0

25

50

75

100 Clone No.9 MAb 1:1600

     EC50 0.01667

AFM1 ng/ml

%
 B

/B
0

AFM1 Concentration (ng/ml) 

IC50 16.7 pg/ml 

LOD    5     pg/ml 

 

Clone AFM1-3 

Clone AFM1-9 
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 4.5  (B/B0)  AFM1  

                  indirect competitive ELISA  AFM1-BSA     

                 0.2   

                 AFM1-15 

 

 

 

 

 

 

 

 

 

 

 

 

 4.6  (B/B0)  AFM1  

                  indirect competitive ELISA  AFM1-BSA     

                 0.2   

                 AFM1-17 

0.0001 0.001 0.01 0.1 1 10
0

25

50

75

100 Clone No.9 MAb 1:1600

     EC50 0.02230

AFM1 ng/ml

%
 B

/B
0

AFM1 Concentration (ng/ml) 

IC50 22.3 pg/ml 

LOD    8       pg/ml 

 

0.0001 0.001 0.01 0.1 1 10
0

25

50

75

100 Clone No.15 MAb 1:2000

     EC50 0.02831

AFM1 ng/ml

%
 B

/B
0

AFM1 Concentration (ng/ml) 

IC50 28.3 pg/ml 

LOD    7       pg/ml 

 

Clone AFM1-15 

Clone AFM1-17 
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 4.7  AFM1  

                 indirect competitive ELISA  

                  AFM1-1, AFM1-3, AFM1-9, AFM1-15  AFM1-17    

 

 4.7 IC50  LOD     

indirect  competitive ELISA 

 
IC50  

( ) 

LOD  

( ) 

AFM1-1 39.8 16 

AFM1-3 35.8 15 

AFM1-9 16.7 5 

AFM1-15 28.3 7 

AFM1-17 22.3 8 

 

4.3.3  AFM1 

         

 5  indirect competitive ELISA 

 AFs  AFB1  AFG1  AFs  deoxynivalenol (DON) 

0.0001 0.001 0.01 0.1 1 10
0

25

50

75

100

AFM1 ng/ml

%
 B

/B
0

AFM1 Concentration (ng/ml) 

 AFM1-1 

 AFM1-3 

 AFM1-9 

 AFM1-15 

 AFM1-17 
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 Fusarium sp.  tetracycline, oxytetracycline,                         

chloramphenicol, ciprofloxacin, enrofloxacin, norfloxacin, enoxacin, cinoxacin  

nitrofurantoin  graph pad prism 4  IC50 

 4.8, 4.9, 4.10, 4.11  4.12 .2 .5, )    

  5 

 AFB1  AFG1  DON 

 AFs  4.8 

 2 

       

 5  AFs  

AFs  Pei 

(2009)  AFM1 

 AFM1, AFB1 AFG1  100, 13.9  6.7% 

 ( Pei , 2009)  

 

  

  

 

   

 

 

 

 4.8  (B/B0)  AFs                  

 AFM1-1 

 indirect competitive ELISA   

0.000010.0001 0.001 0.01 0.1 1 10
0

25

50

75

100

Competitor concentration (ng/ml)

%
 B

/B
0  AFM1 

 AFB1 

 AFG1 

  

Clone AFM1-1 
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 4.9  (B/B0)  AFs                      

     AFM1-3 

 indirect competitive ELISA   

 

 

 

 

 

 

 

 

 

 4.10  (B/B0)  AFs                      

     AFM1-9 

 indirect competitive ELISA   

0.000010.0001 0.001 0.01 0.1 1 10
0

25

50

75

100

Competitor concentration (ng/ml)

%
 B

/B
0

 AFM1 

 AFB1 

 AFG1 

  

0.000010.0001 0.001 0.01 0.1 1 10
0

25

50

75

100

Competitor concentration (ng/ml)

%
 B

/B
0  AFM1 

 AFB1 

 AFG1 

  

Clone AFM1-3 

Clone AFM1-9 
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 4.11  (B/B0)  AFs                      

     AFM1-15 

 indirect competitive ELISA   

 

 

 

 

 

 

 

 

 

 

 

 

 

 4.12  (B/B0)  AFs                      

     AFM1-17 

 indirect competitive ELISA   

0.000010.0001 0.001 0.01 0.1 1 10
0

25

50

75

100

Competitor concentration (ng/ml)

%
 B

/B
0

 AFM1 

 AFB1 

 AFG1 

  

0.000010.0001 0.001 0.01 0.1 1 10
0

25

50

75

100

Competitor concentration (ng/ml)

%
 B

/B
0

 AFM1 

 AFB1 

 AFG1 

  

Clone AFM1-15 

Clone AFM1-17 
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 4.8  IC50  AFs  indirect competitive ELISA 

 
AFM1-1 AFM1-3 AFM1-9 AFM1-15 AFM1-17 

IC50 (pg/ml) % CR IC50 (pg/ml) % CR IC50 (pg/ml) % CR IC50 (pg/ml) % CR IC50 (pg/ml) % CR 

Aflatoxins           

AFM1 39.8 100 35.8 100 16.7 100 28.3 100 22.3 100 

AFB1 3.0 1,328 2.4 1,491 1.6 1,043 0.9 3,144 1.6 1,393 

AFG1 14.8 269 34.1 105 15.7 106 16.2 175 12.5 178 

Mycotoxin           

DON >100,000 <0.04 >100,000 <0.04 >100,000 <0.02 >100,000 <0.03 >100,000 <0.02 

Antibiotics           

Tetracycline >100,000 <0.04 >100,000 <0.04 >100,000 <0.02 >100,000 <0.03 >100,000 <0.02 

Oxytetracycline >100,000 <0.04 >100,000 <0.04 >100,000 <0.02 >100,000 <0.03 >100,000 <0.02 

Chloramphenicol >100,000 <0.04 >100,000 <0.04 >100,000 <0.02 >100,000 <0.03 >100,000 <0.02 

Ciprofloxacin >100,000 <0.04 >100,000 <0.04 >100,000 <0.02 >100,000 <0.03 >100,000 <0.02 

Enrofloxacin >100,000 <0.04 >100,000 <0.04 >100,000 <0.02 >100,000 <0.03 >100,000 <0.02 

Norfloxacin >100,000 <0.04 >100,000 <0.04 >100,000 <0.02 >100,000 <0.03 >100,000 <0.02 

Nitrofurantoin >100,000 <0.04 >100,000 <0.04 >100,000 <0.02 >100,000 <0.03 >100,000 <0.02 
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4.4  

4.4.1   

 

AFM1-9  AFM1-9    

 -hemolytic 

Streptococci strain C  G  Fc  IgG 

 AFM1-9  IgG1  

 pH 2.7  

(fraction)  280 

 Indirect ELISA 

 450  ( .6, )  1:12,800 

 4.13  

 
 4.13  AFM1-9     

 0.1M glycine-HCl pH 2.7  

1   

 

0

0.5

1

1.5

2

2.5

3

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

 280 

 450  

 ELISA  

1:12,800
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 7-15  280  

450 

 AFM1-BSA  

 pH 7.4 

 

4.4.2  

 BCA .1, ) 

 BSA  

 4.238  0.897  ( .8  

.9, ) 

  

 IgG  Johnstone  

Thrope (1987)  280 

 tyrosine  tryptophan  

280 

 0.61 

 indirect ELISA 

 

.2, ) 

 0.135  ( .10, ) 

 % recovery  (% purity) 

 10.16%  68%  4.13 
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 %recovery  

 

 4.9  AFM1-9  

 

 

(ml) 

  

%recovery %purity 
 BCA  ELISA 

    

(mg/ml) (mg) (mg/ml) (mg) 

 400 4.238 1,695.2 0.135 54 - 3 

 9 0.897 8.073 0.61 5.49 10.16 68 

 

4.4.3  

   

  AFM1-9  

 SDS-PAGE 

 2 

 2  

SDS-PAGE  2-mercaptoethanol 

 (heavy chain)  (light chain) 

  

     

 (Relative mobility; Rf)

 ( .3, ) 
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 AFM1-9

 (H)  (L)  65.62  29.58  

4.14  4.14 

 

 

 
 

 4.14  AFM1-9  

                  SDS-PAGE       

  1     

                                  2         (FCS) 

                                  3         RPMI  10% FCS 

                                  4         AFM1-9  

                                  5         AFM1-9                        

 

 

 

 

 

    1          2          3          4         5 

70 
55 

25 

35 

15 

10 

kDa 

Heavy chain = 65.62 kDa 

Light chain   = 29.58 kDa 
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 4.10  AFM1-9  

  SDS-PAGE 

 
 

(kDa) 
Relative mobility (Rf) 

   

1 170 0.02 

2 130 0.04 

3 100 0.08 

4 70 0.15 

5 55 0.22 

6 44 0.31 

7 35 0.44 

8 25 0.58 

9 15 0.88 

10 10 1 

 AFM1-9   

       Heavy chain 65.62 0.24 

       Light chain 29.58 0.55 

 

4.5  

4.5.1  

  AFM1-9  

 AFM1-BSA  0.2   

indirect ELISA  450 

 1.000  40 

 ( .12, ) 
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  AFM1-9  AFM1 

 indirect competitive ELISA  4.15 .13, ) 

 IC50  21.87  LOD  3  

 

 4.15  AFM1  

                  indirect competitive ELISA  AFM1-BSA  0.2  

      AFM1-9 

      40  

  AFM1-9  AFM1 

 AFM1-9  AFM1 

 4.15  

 4.11  AFM1-9  AFM1  

 indirect competitive ELISA  

 IC50  

(pg/ml) 

LOD  

(pg/ml) 

 16.70 5 

 21.87 3 

0.0001 0.001 0.01 0.1 1 10
0

25

50

75

100 Clone No.9 MAb 40 ng/ml

     EC50 0.04023

AFM1 ng/ml

%
 B

/B
0

IC50 21.87 pg/ml 

LOD    3       pg/ml 

 

AFM1 Concentration (ng/ml) 
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  AFM1-9

 AFM1  

(LOD)  (European Commission)

 AFM1  0.05     

(50 )  0.025  (25 )  

 AFM1-9

 AFM1  ELISA  
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  5 

 

 

 5  AFM1-BSA  

5  8,192,000  

 32,768,000  AFM1

 AFM1

 5  AFM1  2  

 AFM1  52.97-85.87 % 

 AFM1 

 1-3  SP2/0 -

 AFM1-BSA 

 AFM1  indirect competitive ELISA

  4-5  P3X  

 5  AFM1  5   AFM1-1, AFM1-3, 

AFM1-9, AFM1-15  AFM1-17 

 5  

indirect  ELISA  5  IgG1 

   AFM1  

 AFM1-1, AFM1-3, AFM1-9, AFM1-15  AFM1-17  IC50  39.8, 

35.8, 16.7, 28.3  22.3    LOD  16, 15, 5, 7 

 8   

 

 5  AFB1  

AFG1 

 AFM1-9 

 0.61 

 68         
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 SDS-PAGE 

 AFM1-9

  65.62  29.58 

 AFM1-9  AFM1 

 IC50  LOD  21.87  3  

  AFM1-9  AFM1

 (European 

Commission)  AFM1

 0.05  (50 )  0.025 

 (25 )   AFM1-9 

 AFM1   

 

  AFM1-9           

   AFB1  AFG1  AFM1-9

 (generic test)
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.1  450  indirect ELISA  

 

 ( ) 
 

1 2 3 4 5 

8,000 1.756 1.739 2.14 2.38 2.514 

16,000 1.753 1.728 2.19 2.29 2.625 

32,000 1.764 1.744 2.12 2.35 2.601 

64,000 1.712 1.71 2.20 2.07 2.524 

128,000 1.573 1.699 1.93 1.69 2.495 

256,000 1.161 1.497 1.45 1.20 2.474 

512,000 0.709 1.05 0.96 0.70 2.063 

1,024,000 0.424 0.658 0.69 0.45 1.463 

2,048,000 0.265 0.383 0.41 0.28 0.914 

4,096,000 0.172 0.244 0.26 0.17 0.562 

8,192,000 0.136 0.122 0.24 0.15 0.328 

16,384,000 - - 0.19 0.11 0.277 

32,768,000 - - - - 0.175 

 

 

 

 

 

 

 

 

 

 

 



75 

 

.2  450  AFM1-1, AFM1-3,    

AFM1-9,  AFM1-15   AFM1-17   AFM1             

indirect competitive ELISA  

 

AFM1 

concentration 

(ng/ml) 

A450 

 

AFM1-1 AFM1-3 AFM1-9 AFM1-15 AFM1-17 

0 1.696 1.717 1.199 1.748 1.546 

0.00048 1.871 1.672 1.150 1.739 1.624 

0.0009 1.812 1.739 1.131 1.772 1.638 

0.0019 1.836 1.612 1.103 1.752 1.606 

0.0039 1.735 1.856 1.075 1.716 1.543 

0.0078 1.680 1.697 0.945 1.428 1.253 

0.015 1.486 1.455 0.692 1.240 1.045 

0.03125 1.184 1.113 0.352 0.992 0.778 

0.0625 0.714 0.588 0.189 0.402 0.296 

0.125 0.289 0.224 0.105 0.211 0.176 

0.25 0.153 0.133 0.079 0.124 0.108 

0.5 0.097 0.091 0.069 0.085 0.079 

1 0.063 0.083 0.059 0.067 0.070 

2 0.067 0.060 0.056 0.059 0.070 

4 0.067 0.062 0.059 0.054 0.060 

IC50 (ng/ml) 0.03984 0.03581 0.01667 0.02831 0.0223 

LOD (ng/ml) 0.016 0.015 0.005 0.007 0.008 
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.3  450  AFM1-1, AFM1-3,    

AFM1-9, AFM1-15   AFM1-17   AFG1             

indirect competitive ELISA  

 

AFG1 

concentration 

(ng/ml) 

A450 

 

AFM1-1 AFM1-3 AFM1-9 AFM1-15 AFM1-17 

0 1.696 1.717 1.199 1.748 1.546 

0.00048 1.829 1.858 1.235 1.622 1.542 

0.0009 1.631 1.813 1.195 1.730 1.432 

0.0019 1.673 1.693 1.091 1.335 1.302 

0.0039 1.504 1.710 1.126 1.627 1.258 

0.0078 1.348 1.708 0.958 1.521 1.032 

0.015 1.089 1.503 0.746 1.136 0.899 

0.03125 0.417 1.100 0.255 0.333 0.260 

0.0625 0.168 0.480 0.150 0.159 0.133 

0.125 0.099 0.168 0.104 0.095 0.098 

0.25 0.079 0.100 0.076 0.071 0.073 

0.5 0.081 0.090 0.074 0.058 0.060 

1 0.070 0.070 0.061 0.062 0.061 

2 0.058 0.058 0.060 0.057 0.063 

4 0.074 0.056 0.067 0.057 0.058 

IC50 (ng/ml) 0.01476 0.03408 0.01568 0.01621 0.01247 

LOD (ng/ml) 0.005 0.016 0.007 0.005 0.003 
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.4  450  AFM1-1, AFM1-3,    

AFM1-9, AFM1-15   AFM1-17   AFB1             

indirect competitive ELISA  

 

AFB1 

concentration 

(ng/ml) 

A450 

 

AFM1-1 AFM1-3 AFM1-9 AFM1-15 AFM1-17 

0 1.696 1.717 1.199 1.707 1.546 

0.00003 1.6845 1.649 1.1125 1.661 1.548 

0.00006 1.6995 1.8235 1.2225 1.6215 1.503 

0.00012 1.681 1.779 1.1755 1.6545 1.4495 

0.00024 1.6045 1.7515 1.1215 1.3955 1.0855 

0.00048 1.536 1.675 1.139 1.249 1.168 

0.0009 1.446 1.575 0.922 1.018 0.713 

0.0019 1.224 1.177 0.568 0.435 0.300 

0.0039 0.813 0.565 0.170 0.121 0.132 

0.0078 0.168 0.262 0.131 0.262 0.186 

0.015 0.136 0.119 0.094 0.131 0.112 

0.03125 0.104 0.079 0.078 0.086 0.085 

0.0625 0.095 0.072 0.067 0.074 0.080 

0.125 0.091 0.074 0.066 0.063 0.072 

0.25 0.082 0.064 0.065 0.055 0.070 

0.5 0.073 0.064 0.061 0.074 0.094 

1 0.072 0.066 0.096 0.069 0.068 

IC50 (ng/ml) 0.002982 0.002438 0.01571 0.00089 0.001571 

LOD (ng/ml) 0.001 0.001 0.001 0.00024 0.00019 
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.5  450  AFM1-1, AFM1-3,    

AFM1-9, AFM1-15   AFM1-17   AFs   

100   indirect competitive ELISA  

 

 

(100 ng/ml) 

A450 

 

AFM1-1 AFM1-3 AFM1-9 AFM1-15 AFM1-17 

Mycotoxin      

DON 1.581 1.904 1.274 1.367 1.306 

Antibiotics      

Tetracycline 1.926 1.916 1.931 1.905 1.906 

Oxytetracycline 1.896 1.910 1.909 1.884 1.902 

Chloramphenicol 1.925 1.937 1.954 1.922 1.923 

Ciprofloxacin 1.920 1.928 1.929 1.903 1.902 

Enrofloxacin 1.945 1.955 1.962 1.936 1.915 

Norfloxacin 1.949 1.957 1.957 1.942 1.938 

Enoxacin 1.937 1.954 1.952 1.931 1.941 

Cinoxacin 1.935 1.970 1.964 1.935 1.914 

Nitrofurantoin 1.883 1.905 1.914 1.867 1.862 
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.6  280     

                     indirect ELISA  450  

 

Fraction  A280 A492  Fraction  A280 A492 

1 0.247 0.323  16 0.312 - 

2 0.257 -  17 0.288 - 

3 0.279 -  18 0.271 0.719 

4 0.295 0.344  19 0.268 - 

5 0.314 -  20 0.251 - 

6 0.286 -  21 0.271 0.43 

7 0.541 1.015  22 0.227 - 

8 1.446 2.286  23 0.278 - 

9 1.475 2.472  24 0.267 0.265 

10 1.078 2.326  25 0.248 - 

11 0.765 2.232  26 0.208 - 

12 0.585 1.94  27 0.243 0.227 

13 0.501 1.638  28 0.202 - 

14 0.43 -  29 0.216 - 

15 0.374 1.411  30 0.211 0.224 

 

               –  indirect ELISA 
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.7   562            

                    BSA  BCA 

 BSA 
A562 

(mg/ml) 

0 0 

0.1 0.152 

0.2 0.325 

0.4 0.564 

0.6 0.793 

0.8 0.989 

1.0 1.155 

1.2 1.349 

 

 

 

.1  BSA  BCA 

 

 

y = 1.108x + 0.166
R² = 0.989

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0 0.2 0.4 0.6 0.8 1 1.2 1.4

A
 5

62

(mg/ml)
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.8  AFM1-9   

562  BSA  BCA   

 

Dilution 
A562 

 
 

(mg/ml) 1 2 3 

1:10 0.617 0.655 0.62 0.631 4.197 

1:20 0.395 0.393 0.42 0.403 4.278 

 4.238 

 

 

 

.9   

562  BSA  BCA   

 

Dilution 
A562 

 
 

(mg/ml) 1 2 3 

0 1.135 1.119 1.225 1.160 0.897 

1:2 0.655 0.664 0.669 0.663 0.897 

 0.897 

 

 

 

.10  

 

Dilution 
A562 

 
 

(mg/ml) 1 2 

1:1600 1.304 1.355 1.330 0.141 

1:3200 0.616 0.586 0.601 0.128 

 0.135 
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.11  indirect ELISA  

 

 

(ng/ml) 

A450 
 

1 2 

125 1.936 1.879 1.908 

62.5 1.045 1.033 1.039 

31.25 0.531 0.424 0.478 

15.625 0.294 0.275 0.285 

7.81 0.2 0.194 0.197 

3.9 0.155 0.138 0.147 

1.95 0.12 0.12 0.120 

0.976 0.117 0.111 0.114 

0.488 0.12 0.112 0.116 

0.244 0.108 0.098 0.103 

0.122 0.091 0.091 0.091 

 

 
.2   indirect ELISA  AFM1-BSA  

     0.2  AFM1-9     

     0.122-125  

y = 0.015x

R² = 0.978

0.0

0.5

1.0

1.5

2.0

2.5

0 20 40 60 80 100 120 140

A 
45

0

 (ng/ml)
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.3  Rf  (kDa)  

 SDS-PAGE 

 

 

 

.12   AFM1-9   

 0.2   indirect ELISA 

 (ng/ml) 
 AFM1-BSA (0.2 ug/ml) 

 
1 2 3 

100 2.164 2.198 2.066 2.143 

80 1.978 1.972 1.96 1.970 

60 1.464 1.448 1.522 1.478 

40 0.96 0.958 0.969 0.962 

 

 

 

 

 

y = 121.6e-2.57x

R² = 0.952

1

10

100

1000

0 0.2 0.4 0.6 0.8 1 1.2

M
ol
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gh
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kD
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Relative mobility (Rf)
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.13  450  AFM1-9  

 40  indirect competitive  

ELISA  

AFB1 

concentration 

(ng/ml) 

A450 

1 2  

0 1.001 0.964 0.982 

0.00048 0.931 0.881 0.906 

0.0009 0.915 0.914 0.915 

0.0019 0.87 0.898 0.884 

0.0039 0.856 0.845 0.851 

0.0078 0.849 0.859 0.854 

0.015 0.771 0.751 0.761 

0.03125 0.669 0.681 0.675 

0.0625 0.461 0.38 0.421 

0.125 0.37 0.372 0.371 

0.25 0.283 0.264 0.274 

0.5 0.152 0.156 0.154 

1 0.17 0.166 0.168 

2 0.148 0.143 0.146 

4 0.149 0.133 0.141 

IC50 (ng/ml) 0.02187 

LOD (ng/ml) 0.003 
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1.  ELISA 

1) 0.2 M Phosphate buffer, pH 7.4 

Na2HPO4   27.60  

  NaH2PO4   71.63  

  1  pH  NaH2PO4  pH 7.4 

 

2) 0.01 M Phosphate Buffer Saline (PBS), pH 7.4 

  PB Stock   1   

  NaCl    175.2   

      18  

 

3) 0.05% Tween 20  PBS (PBS-T) 

  Tween 20    500   

  PBS    1   

 

4) 5%  

     5   

  PBS    100  

  PBS  

 

5) 0.2 M Citrate buffer, pH 4.0 

  Patassium citrate   33.2  

  Citric acid    21.54   

      1  

  pH  Citric acid  pH 4.0 
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6) Substrate solution TMB  

  3,3’,5,5’-Tetramethylbenzidine  3.0  

  DMSO      300  

  0.2 M Citrate buffer   9.9  

  30% H2O2    1.2  

  ( ) 

 

7) 1 M H2SO4 (Stopping reagent) 

  H2SO4 (96%)    98  

       902  

  (

) 

 

3.  

1) Stock 100X HAT  

 Hypoxanthine  0.1361   20  

 Aminopterin  0.0018   20  

 Thymidine  0.0388   20  

  100 

 Millipore  0.22  10 

 -20  

 Aminopterin  water bath 

 60  

2) 100X HT 

  Hypoxanthine 0.1361   20  

  Thymidine 0.0388   20  

  100 

 Millipore  0.22  10 

 -20  
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3)  RPMI 1640 

  RPMI 1640    10.4  

  NaHCO3    2  

  L-glutamine    0.1  

  Glucose    2  

  Pyruvic acid    0.11   

       1  

  Millipore  0.22 

 100  4  

 

4)  HT 

   RPMI 1640  1   

  HT 100X    10   

  Millipore  0.22  

100  4  

 

5)  HAT 

   RPMI 1640  1  

  HAT 100X    10   

  Millipore  0.22  

100  4  

 

6) 50% PEG (Polyethylene glycol)  

   PEG 5  60 

 RPMI 1640  5  

 1  4 

 37  
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7)  (Freezing medium) 

   RPMI 1640   90  

  Dimethyl sulfoxide (DMSO)  10  

  -20  (  4 

) 

 

4.  

1) 20 mM Sodium phosphate pH 7.0 

  Na2PO4 •12 H20   2.77   

  NaH2PO4•H20     1.69  

       1  

  pH 7.0  Millipore  0.22 

 

2) 0.1 M glycine-HCl pH 2.7 

  Glycine     7.5      

  Conc. HCl    2.42   

        1  

  pH 2.7  Millipore  0.22 

 

 

3) 1 M Tris HCl buffer, pH 9.0  

  Trizma base     121.14  

  Conc. HCl     6.41  

  pH 9.0  Millipore  0.22 
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5.  SDS-PAGE  

1) 10% Separating gel (1  8 ) 

       3.836  

  40% Acylamide/Bis    2   

  1 M Tris-HCl pH 6.8   2  

  10% SDS    80  

  10% (NH4)2S2)8    80   

  TEMED                  40  

  TEMED  polymerization  

 

2) 5% Stacking gel (1  2 ) 

        1.204  

  40% Acylamide/Bis    250   

  1 M Tris-HCl pH 6.8   504  

  10% SDS    20  

  10% (NH4)2S2)8    20   

  TEMED     2  

  TEMED  polymerization  

 

3) SDS Staining dye 

  SDS dye    900  

  -mercaptoethanol   100   

 

4) Running buffer 

  Trizma base    15.1  

  Glycine-HCl    94  

  SDS      5  

       1  
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5) Staining solution  

  Comasssie brilliant blue R 250  5  

  95% Ethanol    450  

  Acetic acid    100  

       450  

 

6) Destaining solution 

  Methanol    250  

  Glacial acetic acid   70  

          680    
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