Metabolism of carbamazepine in hairy roots assisted by endophytic bacteria
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Carbamazepine (CBZ) and its metabolites are usually detected in sewage and surface waters. Because of its persistency in the environment, this antiepileptic and mood-stabilizer drug has been suggested as a good indicator of human influence on water systems. When applying phytoremediation for the removal of xenobiotics, plant roots can be used as model systems because they are the first organs to have contact with pollutants, and have developed specific mechanisms of detoxification. Hairy roots (HRs) can be used as a simple and fast tool to elucidate xenobiotic uptake and transformation mechanisms such as conjugation, and compartmentation into vacuoles or cell walls. HRs have been successfully applied for the degradation and metabolism of organic pollutants as well as heavy metals and radionuclides. Additionally, they can be used for production of enzymes involved in detoxification such as peroxidases and laccases.

In previous research, we have isolated endophytic bacteria from roots and rhizomes of Phragmites australis plants exposed to 5mg/L carbamazepine, a concentration 20–80 times higher than those usually found in municipal sewage water. Here, we present the results of the cooperative detoxification mechanisms between plant cells and endophytic bacteria in a laboratory study model such as horseradish hairy root cultures. HRs are able to metabolize CBZ in a first step where the predominant metabolite is carbamazepine-10,11-epoxide (CBZ-E) which has been reported to be more toxic than the parent compound. When endophytic bacteria are added, further steps in the detoxification of this compound are obtained, resulting in a reduced concentration of the reactive CBZ-E and in the formation of new metabolites. Among them, we report for the first time the presence of a glutathione conjugate. The significance of this novel pathway for CBZ removal by phytoremediation assisted by endophytic bacteria is critically discussed. 

