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Microbial adaptation to pesticide
biodegradation: contribution to
soil natural attenuation of pesticides
Fabrice Martin-Laurent
INRA, Université de Bourgogne, Microbiologie du Sol et de l’Environnement,
F-21065 Dijon Cedex

Repeated applications of pesticides often lead to the adaptation of soil microflora to enhanced biodegradation of pesticides. Enhanced biodegradation of
pesticides contribute to increase the performances of soil natural attenuation
by decreasing the persistence of pesticides in the soil thereby their further
dispersal in the environment. In most of the cases, this adaptation relies on
the acquisition of the genetic potential coding the enzymes forming the biodegradation pathway. Until very recently, the studies of pesticide-degrading
microbes were mainly based on classical microbiology notably allowing the
isolation of those microbes and their further characterization by biochemical
and molecular approaches. However, the recent development of molecular
tools allowing the direct extraction of nucleic acids (DNA/RNA) from soil
offers new insights in the analysis of pesticide degrading microbial communities. To illustrate the importance of these new advances in the field of
pesticide biodegradation, I will report the results of several studies aiming to
understand the molecular mechanisms involved in s-triazine (atrazine) biodegradation.
The repeated application of atrazine, one of the most widely used s-triazine
herbicides during the past four decades, led to the adaptation of soil microflora which acquired the genetic potential (atz and trz genes) coding the
catabolic pathway responsible for atrazine mineralization. The development
quantitative PCR (Q-PCR) targeting atz and trz genes allowed the estimation
of the atrazine-degrading genetic potential and of the expressed atrazinedegrading genetic potential in soil DNA and RNA extracts, respectively. QPCR notably allowed to show that the atrazine-degrading genetic potential
and that the expression of this potential were transiently increased in soil
treated with atrazine. Indeed, maximal values were observed concomitantly
with maximal atrazine-mineralization rates. The use of Q-PCR also permitted to demonstrate that the bacterial host may influence the expression of plasmid borne atrazine-catabolic potential. In addition, the molecular characterization of atrazine-degrading consortia isolated from the maize rhizosphere
revealed that microbial consortia genetically able to degrade atrazine were
highly complex being made of different bacterial strains and harbouring hi7

ghly diverse atrazine-degrading genetic potential. Altogether, these results
tend to indicate that microbial communities able to degrade atrazine are highly diverse and opportunist, and that they share atrazine-degrading genetic potential through the establishment of cooperative catabolic pathways in
soil. Genetic based studies showed that atrazine-degraders were able to exchange atrazine-degrading potential by horizontal gene transfer (HGT) and
to modify their degrading potential by homologous recombination mediated
by IS-elements. These results highlight the great genomic plasticity and dynamics of the atrazine-degrading community and offer new perspectives in
the understanding of the molecular mechanisms involved in the microbial
adaptation to pesticide biodegradation.
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