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Abstract: A polyclonal antibody against the currently concerned estrogenic bisphenol compounds
was produced according to a new scheme.  4,4-Bis (4-hydroxyphenyl) valeric acid was used to
synthesi ze the complete antigen in which the characteristic bisphenol structure was exposed to the
largest extent. The produced polyclonal antibody showed high specificity and affinity for
bisphenal A.
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Krishnan® reported in 1993 that bisphenol A (BPA) released from flasks made of
polycarbonates had weak estrogenic property. Later on, Perez et al®. identified that
besides bisphenol A, some other related hydroxylated diphenylalkanes are also
estrogenic.  Since these compounds are very widely used in industry, particularly in
plastics, potential exposure of human beings to them is becoming a significant issue.

For the time being, chromatographic methods combined with solid phase extraction
( SPE ) and other chemical analytical techniques are the most commonly used methods to
measure the bisphenols in environmental and biological samples®™. As it is known,
such methods usually suffer from laborious sample-pretreatment steps and the limit of
detection was hindered by the interference of other phenolic compounds with smilar
structures but at a much higher concentration in the matrix. Regarding of the biological
activity of bisphenols, immunoassay is supposed to be a specific and sensitive tool to
detect them. There have been some reports concerning the production of antibodies
against BPA®’.  However, in these research, one of the two hydroxy groups of BPA was
carboxylated so as to conjugate bovine serum albumin ( BSA ) (Scheme 1, conjugate 1 ).
Thus part of the structural characteristics of BPA was lost in the synthesized antigen.  In
this paper, we chose a commercially available reagent 4,4-bis(4-hydroxyphenyl) valeric
acid (BHPVA) to prepare the complete antigen based on a new scheme (Scheme 1,
conjugate 2 ). The conjugation took place between the amino group of BSA and the
carboxyl group of BHPVA, thusthe structure of interest was favorably exposed.

N-hydroxysuccunimide(NHS) and 1-ethyl-3-(3-dimethyl-aminopropyl)-carbodiimi-
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de « HCI (EDC) were used to activate the BHPVA in dimethyl sulfoxide (DMSO) for 2 h.
The molar ratios of BHPVA, NHS and EDC were 1:1.25:1.25. BSA solution was
prepared in 0.1 mol/L NaHCO; (pH adjusted to 7.0 by adding HCI). To this solution,
the above active ester solution was added dowly in droplets under irring. The
reaction was performed for 2 h and the obtained solution was dialysed against 0.01
mol/L PBS a 4°C for 24 h. After 6 changes of the PBS, the solution was dialysed
against pure water for 48 h with 8 changes of water. Finaly, the solution was
lyophilized and the obtained BHPVA-BSA conjugate was used to immunize rabbits.
The molar ratio of BHPVA/BSA was found to be 20:1 based on a Coomassie Brilliant
Blue spectrophotometric method®,
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Thetitre of antiserum was determined with ELISA using BHPVA-OVA (prepared in
the same way as BHPVA-BSA) as coating antigen. HRP-conjugated goat anti-rabbit 1gG
was used as the enzyme tracer. The color reaction of substrate 3,3,5,5'- tetrame-
thylbenzidine (TMB) was terminated by adding 2 mol/L H,SO,. The optical dendty was
read at 450 nm.

The obtained antibody was purified according to a modified caprylic acid-SAS
method®. The optimum concentration of BHPVA-OVA and the titers of antiserum and
purified antibodies were determined by a chequerboard method. Based on the
definition of “titer” as the antiserum dilution required to bind 50% of a small, given
amount of labeled antigen™, the titers of the antiserum and purified antibody were found
to be 1:50,000 and 1:10,000, respectively and the optima concentration for
BHPVA-OVA as the coating ligand was 12.0 pg/mL.

The cross reactions were tested with several commonly existing substances
containing phenol groups, including phenol, hydroquinol and p-hydroxybenzoic acid.
Standard solutions of one of the competitive compounds (BPA, phenaol, hydroquinol and
p-hydroxybenzoic acid) were five-fold diluted in serial and then mixed with the
5000-times diluted purified antibody solution (volume ratio 1:1) and then added to the
coated wells. The dose-response curves of the selected compounds were shown in
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Figure 1. It can be clearly seen that with the increasing of the concentration of the
competitive compounds, the antibody-antigen reaction was significantly inhibited by
BPA, while the other three simple compounds have little influence on the reaction.
According to the 50% displacement method™®, the cross reactions of phenal,
hydroxyquinol and p-hydroxybenzoic acid were al much lower than 1%. Thus it was
demonstrated that the produced polyclonal antibody specifically recognizes the
bisphenalic group, i.e. two phenolic rings bridged through a carbon atom. The linear
range for quantitative determination of BPA was found to be 1.0 — 10000 ng/mL, with
the lower limit of detection of 0.1 ng/mL of BPA.

An immunoaffinity column (IAC) was also generated by coupling the polyclonal
antibodies to Sepharose 4B. The IAC showed high affinity to BPA while other
compounds with similar structures were barely retained. Further application of the
polyclonal antibody is under study now in our group.

Figurel Dose-response curves of the selected compounds based on competitive ELISA.
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