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Abstract: The aim of this work is to describe a covalent immobilization of antibodies onto the poly-

acrylamide-acrylonitrile or hybrid material UREASIL and creation of optical immunosensor for 

determination of aflatoxin B1. For this purpose, mouse-anti- aflatoxin B1 antibodies with oxidized 

carbohydrate moieties were covalently immobilized on the membranes of polyacrylamide-

polyacrylonitrile copolymer, as well as the hybrid material UREASIL. To determine the affinity 

binding of the immobilized antibody with aflatoxin B1 was used "sandwich" method. Associated with 

the immobilized antibody sought ingredients interact with a surplus of secondary signal antibodies. 

The described method has been developed as a model system, which can easily be applied for the 

determination of aflatoxins in samples of different origin. To the best of our knowledge, this is the first 

study to show that in the establishment of biosensor was used hybrid material UREASIL. 
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Introduction 
Aflatoxins are natural mycotoxins that enter the food chain by contamination of crops and nuts, 

potentially posing carcinogenic risks to animal and human health. In fact, the European Committee 

Regulations (ECR) has established the maximum acceptable level of aflatoxin B1 (AFB1) in cereals, 

peanuts and dried fruits for direct human consumption: 4 ng/g for total aflatoxins (AFB1, AFG1, 

AFB2, AFG2) and 2ng/g for AFB1 alone (1). Aflatoxin B1 is the most common mycotoxin produced 

by strains of Aspergillus flavus and Aspergillus parasiticus that grow on food crops during their 

production and storage. It exhibits carcinogenic, teratogenic, mutagenic and immunosuppressive 

properties and has been regarded as a human carcinogen by the International Agency for Research on 

Cancer (2). 

Analytical methodology must allow the determination of aflatoxins at least below the specific 

regulatory levels (3). The measurement of antibody or antigen concentrations based on biospecific 
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recognition interactions such as immunoassay and biosensors, has been considered a major analytical 

method used in clinical diagnosis, environment, and biochemical studies and has generated much 

interest due to its cost-effectiveness, sensitivity and specificity (4).   

Immunosensing is a very active research field. The inherent combination of the exquisite molecular 

recognition ability of antibodies and the philosophy of rapid, continuous, reversible and automatic 

analysis of chemical sensors utilized in immunosensors is very useful in many fields (5).  In this sense, 

batch immunoassays can solve analytical problems that require a high number of determinations, 

while immunosensing is the better choice when automation and rapid results are needed (6).
 

The general strategy for immunosensor construction is to place the biological material in close contact 

with the transducer in order to obtain high sensitivity and to minimise the time of measurement.  

The aim of this work is to describe development of new immunosensor for determination of AFB1 

with participation of a poly-acrylamide-acrylonitrile or hybrid material UREASIL. 

 

 

 

Materials and Methods 

O,O-bis(2-aminopropyl)-polypropylene glycol-blockpolyethylene glycol-block-polypropylene glycol-

500 (Jeffamine ED-600, Fluka) was dried under a dynamic vacuum before use. 3-Isocyanate 

propyltriethoxysilane (ICPTES, Aldrich), tetrachloroauric acid (Aldrich), trisodium citrate dihydrate 

(Aldrich), absolute ethanol (Riedel-deHaën), citric acid monohydrate (Merck) were used as received. 

Distilled water with a resistance around 18 MS/cm was used for the preparation of diluted aqueous 

solutions.Monoclonal antibodies against AFB1 from rabbit (r-anti-AFB1) and monoclonal antibodies 

against AFB1 from mouse (r-anti-AFB1) were purchased from Sigma (St Louis, MO, USA). All 

chemicals and solvents used were of analytical grade and were used without further proceeding.  

Obtaining of membranes of poly-acrylonitrile-polyacrylamide and of UREASIL 

The particles from copolymer of poly-acrylonitrile-polyacrylamide were obtained according to the 

method used in. Then 0.100 g from obtained copolymer was diluted in 1 mL dimethylformamide 

(DMF) and the solution was stirred for 15 min on magnetic stirrer. After dilution 1:1 with anizol the 

prepared polymer solution was cast on a thin layer.  

The synthesis of the UREASIL monoliths included several steps. At the first step stoichiometric 

amounts of Jeffamine and ICPTES (1:2;R=2.0) were mixed in a glass vessel under stirring at 200 rpm 

for 10 min, so that the rapid uncatalyzed reaction between amino and isocyanate groups forming 

polyurea linkages took place (7). The obtained material will be referred to hereafter as a conventional 

ureasilicate precursor. At the second step an additional amount of ICPTES was added in order to 

adjust the desired molar ratio between ICPTES and Jeffamine in final mixtures. Ethanol was used as a 

homogenizing agent and was added 5 min later. The third step consisted of the catalyzed 

hydrolysis/condensation of the mixture by addition of ammonia or citric acid aqueous solution. The 

mixture was stirred for 10 min more and poured into a polystyrene cell, covered with Parafilm R, 

which was pin-holed after gelation at room temperature. The gelation time varied from 1 h to 3 days 

depending on catalyst used and R value. During the final step the cell with the resulting gel was kept 

in an oven for two weeks at 40
o
C, which assured completion of hydrolysis/condensation reactions and 

evaporation of residual liquids. This drying process led to sample shrinkages of about 30% of total 

volume (8). 

Method of oxidation of anti-aflatoxin B1 antibody  

The working concentration of monoclonal m-anti-AFB1 was 0.67 mg/mL. The oxidation of 

carbohydrate moieties of antibody with periodic acid (0.04 mmol/L in 0.05 mmol/L acetate buffer, pH 

5.0) was performed according to Zabrosky and Ogletree. The unreacted periodic acid was removed 

with 0.025 mmol/L ethylene glycol. The oxidized antibody was dialyzed against 50 mmol/L phosphate 

buffer with pH 6.0 for 18-24 h (9).
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Covalent immobilization of oxidized m-anti-AFB1 on polymer film  

The immobilization of m-anti-AFB1 was performed in the following manner: 5 mL of oxidized 

dialytic solution of antibody was added to a 100µg of membranes. The process was implemented for 

24 hours at t = 4°C in dark (Fig. 1).  

 
Fig.1. Immobilized antibody 

Modified Lowry method: 

The protein content was measured using a modified Lowry method (10). The principle behind the 

Lowry method for determining protein concentrations lies in the reactivity of the peptide nitrogens 

with the copper [II] ions under alkaline conditions, and the subsequent reduction of the Folin-

Ciocalteay phosphomolybdicphosphotungstic acid to heteropolymolybdenum blue by the copper-

catalyzed oxidation of aromatic acids. 

First, reagent A: 2% Na2CO3 in 0,1N NaOH, reagent B: 1% CuSO4.5H2O and reagent C: 2% sodium 

tartrate, were prepared. Reagent D was prepared by mixing reagents B and C in the ratio 1:1. Reagent 

D was prepared just prior to use of reagents A and D in a ratio of 1:50. 

After immobilization, the membrane was put into 1 mL distilled water. Thereafter were added 5 mL of 

reagent D, and the solution was left for 160 minutes with occasional stirring. Then, 0,5 mL 1N reagent 

Folin-Chokalteu (fosfomolibdovolframat) were added. After 45 minutes, the absorbance was 

determined at 750 nm against a control that contained the same components, but without the 

immobilized membrane. The amount of protein was determined by the standard. For reference was 

used a solution of m-anti-AFB1. 

Immunosensor for aflatoxin B1 using sandwich immunoassay  

 A membrane of poly-acrylamide-acrylonitrile or UREASIL with immobilized mouse-anti-

aflatoxin B1 was washed successively with distilled H2O, brine, and again with distilled H2O and 

placed in 0.025% solution of bovine serum albumin for 1 hour to blocking the free surface. After 

extensive washing with distilled water, the membrane was incubated with the solution described in the 

standard solutions of AFB1 for 30 minutes and again thoroughly washed with distilled water. On the 

bottom of the cuvette is placed membrane. The activity of the peroxidase is optically determined by 

the change in the intensity of the coloration due to the added H2O2 and o-dianisidine. The amount of 

enzyme is proportional to the aflatoxin (Fig. 2) (11). 

 
Fig.2. Immunosenzor assay 

Recovery of immunosensor 
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 After 20 min treating with citrate-phosphate buffer (containing 4.7 g/l citric acid and 9.2 g/l 

disodium hydrogenphosphate, Na2HPO4 anhydrous) at pH 5.0 the sandwich is destroyed and the 

sensor is regenerated. 

  

Results and Discussion 

The calibration curve was prepared using the Lowry method, using an m-anti-AFB1 solution at 1 

mg/mL concentration as a standard protein solution. Out of the solution, the following solutions were 

prepared (Table 1): 

 

Table 1. Standard solutions for determination of protein according the Lowry
,
s method 

Solution Control 1 2 3 4 5 6 7 8 9 

1 mg / ml 

mouse 

IgG 

- 0,1 ml 0,15 ml 0,2 ml 0,25 ml 0,3 ml 0,35 ml 0,4 ml 0,45 ml 0,5 ml 

d.H2O 1ml 0,9ml 0,85ml 0,8ml 0,75ml 0,7ml 0,65ml 0,6ml 0,55ml 0,5ml 

 

To each tube were added 5 mL reagent D and, after stirring for 10 minutes at room temperature, to 

each were added 0,5 mL 1N solution of Folin-Chokalteu. After 45 minutes, the solutions were tested 

at 750 nm photometry against a control (Fig. 3). 
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Fig. 3. Calibration curve. 

 

The designated amount is immobilized antibodies to the modified method of Lowry, as a result of 

which it was found that on smooth copolymer membranes is immobilized 1.228 mg/g antibodies on 

the membrane of a porous copolymer - 2,17 mg/g, while on the hybrid material UREASIL- 2,01 mg/g. 

To determine the affinity binding of the immobilized antibody with AFB1 is used so-called 

"sandwich" method (Fig. 2). In this method it is connecting to the immobilized antibody with pre-

diluted antigen - AFB1. In the solution for incubation are present and polyclonal rabbit anti-AFB1-

antibodies related to the enzyme peroxidase. The membrane was placed in a cuvette with a solution 

containing H2O2 and o-dianisidine, which initiates a colored enzymatic reaction. Measured absorbance 

to determine the presence of AFB1 and quantifying it. The analysis is very sensitive. 

The observed results are presented in Table 2. 

 

Table 2. Optical results of the analysis of a solution containing 0,01 ng / ml AFB1 

Membrane material porous copolymer  smooth copolymer  UREASIL 

ΔА/min  0,229 

*0,004 

0,139 0,222 
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For repeated immersion of the membrane in fresh substrate, after separation of the "sandwich" and 

rinse ΔA/min sharply reduced, since at pH = 6 sandwich separated (* Table 2). 

 

 

Conclusions 

From the obtained results it can be concluded that the principle of the method works. 

The described method has been developed as a model system, which can easily be applied for the 

determination of aflatoxins in samples from various origins. 
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