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Electrochemical Detection of Endocrine disrupting chemicals By Impedance techniques and via yeast two hybrid microbial system
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Tel-Aviv University, Ramat-Aviv, Tel-Aviv, Israel

Endocrine disrupting chemicals are exogenous substances that alter function(s) of the endocrine system and consequently cause adverse health effects. Various chemicals such as pesticides, plasticizers and persistent pollutants are highly suspected to display endocrine-disrupting effects in animals and humans.  Recently, several compounds originally considered harmless were discovered to be endocrine-disrupting chemicals. Xenoestrogens are man-made or natural chemicals that interact with the estrogen receptor and have been reported to feminize wildlife.

The work presented here describes two bioelectrochemical approaches to monitor the binding between a hormone receptor and its reciprocal hormone or xenohormone. Both approaches monitor the receptor dimerization promoted by hormone binding. 

We have developed a fast impedimetric sensor by embedding the receptor in a lipid bilayer on the surface of a gold electrode. The synthetic bilayer membrane mimics the receptor’s natural environment and also functions as an electrical circuit of capacitors and resistors. Estrogen or testosterone binding to their respective receptors on the modified electrode was immediately followed by conformational changes in the lipid layer, leading to alterations of the electrical circuit components that are detected by the sensor. This electrochemical system enables the characterization of small differences in the bilayer structure and the quantification of hormone binding to the receptor at the pM level. The conformational changes in the lipid structure were also followed by optical techniques (AFM, SPR). 

In parallel we have developed a modified yeast two-hybrid bioassay for the highly sensitive detection of protein–protein interactions, based on the electrochemical monitoring of -D-galactosidase reporter gene activity, using p-aminophenyl--D-galactopyranoside (PAPG) as a synthetic substrate. In a model system, the sensitive detection of 17--estradiol was achieved at concentrations as low as 10−11 M (approx 2 pg/ml) by monitoring 17--estradiol receptor dimerization after exposure to 17--estradiol. The sensitivity of this system was higher than that of standard optical methods by three orders of magnitude.

To assess the effectiveness of the systems for detecting other estrogenic chemicals, we tested environmental xenoestrogens: bisphenol A, nonylphenol and narajinin synthetic xenoestrogens:  genistein, -a phytoestrogen. The changes in membrane impedance and the -galactosidase expression caused by very small concentrations of estrogen, testosterone, or their xenohormones concurred with the biological activity of these chemicals.  In addition, we tested the effect of the anti cancer drug tamoxifen and the drug paracetamol on the receptor dimerization in the presence of the hormone estrogen. A considerable reduction in the binding was observed in the presence of these drugs.



