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ABSTRACT

The world practice of using agrochemicals for Igmgriods, in an indiscriminated and abusive way, basn a
concern of the authorities involved in public hbadind sustainability of the natural resources, asoasequence of
environmental contamination. Agrochemicals refeatbroad range of insecticides, fungicides and rudes, and
among them stands out atrazine, a herbicide intehgiused in sugarcane, corn and sorghum cultuaesong
others. Researches have demonstrated that atr&agdoxic effects in algae, aquatic plants, aquatsects, fishes
and mammals. Due to the toxicity and persistencatraizine in the environment, the search of miabbktrains
capable of degrading it is fundamental to the depeient of bioremediation processes, as correctieéstto solve
the current problems of the irrational use of adremicals. This review relates the main microbigbexds and
research on atrazine degradation by isolated mia@bbpecies and microbial consortia, as well as @@ghes on
the development of techniques for microbial remo¥atrazine in natural environments.
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INTRODUCTION thus, inhibiting the photosynthetic electron
transport.
Atrazine [2-chloro-4-(ethylamino)-6- Atrazine is a pollutant of environmental concern

(isopropylamino)-s-triazine] is a selectivedue to its low biodegradability and its high
herbicide belonging to the family of the s-potential to contaminate the surface waters and
triazines, which contains in its chemical structur@roundwater (Chan & Chu, 2005). Although it is a
an aromatic hexameric and symmetrical ringdanned or regulated substance in several countries,
constituted by three carbon and three nitroge00 ng T to dug I' concentrations have been
atoms in alternate positions (Fig. 1). Atrazine igeported in surface waters (Paetaal, 2004).
worldwide used, often in combination with otherOnce in aquatic environment, atrazine may alter
herbicides (Chan & Chu, 2005), to controlthe structure and function of the communities.
broadleaf and grassy weeds in agricultureStandard toxicity tests performed on five
especially in corn, sorghum and sugar cane cropsicroalgal species of different taxonomic families
and in conifer reforestation planting (Ribegbal, revealed differential sensitivity to atrazine
2005). Atrazine Kkills susceptible plants by bindingexposure. Species listed in order of increasing
to the quinone-binding protein in photosystem Il sensitivity were:Isochrysis galbanaDunaliella
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tertiolectg Phaeodactylum tricornutum green algaRaphidocelis subcapitatavia et al.
Pseudokirchneriella subcapitata and (2006) found that photosynthesis was the most
Synechococcussp. (Weiner et al, 2004). sensitive process, and atrazine was among the
Comparing the acute toxicity of 40 herbicidesmost toxic herbicides tested.

exerting nine different modes of action on the

Cl
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CH,CH,NH™ "N~ “NHCH(CH,),

Figure 1 - Chemical structure of atrazine.

Triazinic compounds such as atrazine, simazindprmation (Mandelbauret al, 1995; Rosseaugt
propazine, as well their metabolites, mainly 2-al., 2003; Singet al., 2004a).

hydroxyatrazine, diaminochlorotriazine, The biodegradation of atrazine in soil is space
deethylatrazine and deisopropylatrazine, wergariable, being slower in subsurface zones than in
shown to induce mammary gland tumors insurface soil. Under vadose zone and subsurface
Sprague-Dawley (SD) female rats (Stevehsl, aquifer conditions, low temperatures and the lack
1994). Atrazine has also been suggested to beoé degrading organisms are likely to be primary
potential disruptor of normal sexual developmentactors limiting its biodegradation (Radosevieh

in male frogs (Hayest al, 2002; Murphyet al, al., 1996).

2006) as well as to alter some aspects of th€he research on atrazine-degrading microrganisms
immune response (Christet al, 2004). In 2007, has been directed to the isolation and
the United States Environmental Protectiorcharacterization of natural occurrence lineages in
Agency (USEPA) began reviewing severalenvironments contaminated with this pesticide.
epidemiological cancer studies concerning atrazinAccording to Rhineet al. (2003), the repeated
and its possible association with carcinogeniexposure to atrazine can increase biodegradation,
effects in humans. which may be also enhanced as a result of limited
Although atrazine has toxic effects on life, itsN availability. Fanget al. (2001) observed that the
metabolites, including deethylatrazine andnumber of atrazine degrading bacteria did not alter
deisopropylatrazine, are currently assumed to bsgnificantly prior to atrazine exposure, but
less toxic than their parent (Krogt al, 1992; significantly reduced the acclimation period
EPA 2002). However, especially in agriculturalpreceding the onset of mineralization. Sikfaal.
soils, deethylatrazine and deisopropylatrazingi2004) demonstrated the occurrence of fast
which retain the chlorine atom, are considere@trazine mineralization after an acclimatization
phytotoxic (Honouet al, 1998). period of approximately 28 days.

Biodegradation of atrazine Atrazine degradation by bacteria

Atrazine is considered persistent due to itfAmong bacteria, there are reports on atrazine
moderate water solubility (33 mg kt 20C) and degradation by individual strains such as
low soil sorption partition coefficientkg = 3.7 |  Pseudomonasp. (Mandelbaunet al, 1995; Katz
kg"). Although the halogen, methylthioether, andet al, 2001), Rodococcus rhodochrougoneset
N-alkyl substituents on the s-triazine ring of thisal.,, 1998), Acinetobacter spp. (Singh et al,
group of herbicides hinder the microbial2004a), Aerobacteriumsp., Microbacterium sp.,
metabolism (Wacketet al, 2002), some reports Bacillussp.,Micrococcussp.,Deinococcusp. and
have demonstrated the ability of some soiDelftia acidovorangVarghaet al, 2005), as well
microorganisms to degrade atrazine partially oas by species consortia includidgyrobacterium
totally directing it to carbon dioxide and ammoniatumefaciens, Caulobacter crescentus,
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Pseudomonas putida, Sphingomonas yaniokuya8puzaet al.,1998a). Garcia-Gonzalet al. (2003)
Nocardia sp, Rhizobium sp, Flavobacterium have demonstrated that atrazine catabolism is
oryzihabitansandVariovorax paradoxugSmithet induced under nitrogen-limited growth in a
al., 2005). Pseudomonasp. ADP, isolated from manner reminiscent of general nitrogen control in
soil contaminated with atrazine, was shown td°seudomonasp. ADP.

mineralize  completely the triazinic ring TheatzABCgenes are constitutively expressed and
(Mandelbaumet al, 1995). Singet al. (2004a) are not regulated either by induction of atrazine o
isolated a bacterium member d@fcinetobacter by repression of other N sources in this strain
genus capable of degrading atrazine as a carb@artinezet al., 2001; Deverset al, 2004). The
source at concentration as high as 250 ppm. latzDEF genes are divergently transcribed from
granular activated carbon column filters inoculateditzR, predicted to encode a transcriptional LysR-
with  R. rhodochrous atrazine degradation type regulator. A putative LTTR binding site can
achieved 72.6% after 39 days (Joeesl, 1998). in fact be found upstream @#tzD gene, thereby
The strain D. acidovorans D24 mineralized suggesting that transcription of tazDEF operon
atrazine as a sole source of carbon and nitroganay be regulated and the protein encoded by the
(Varghaet al, 2005). orf99 (AtzR) play a role in this regulation. The
The atrazine degrading bacteria generally initiatatzDEF operon resides in a contiguous cluster
the  degradation through ~a  hydrolyticadjacent to theorf99, a potencial LysR-type
dechlorination, catalysed by the enzyme atrazinganscriptional regulator (Martinet al.,2001).
chlorohydrolase (AtzA), encoded by tha&tzA In order to analyze the regulation of the expressio
gene, followed by two hydrolytic deaminationof atzDEF genes, atzD-lacZ and atzR-lacZ
reactions catalysed by hydroxy-atrazinetranscriptions fusions were obtained, and e
ethylamino-hydrolase (AtzB) and N-isopropyl- galactosidase assay was performed by Garcia-
ammelide isopropyl-amino-hydrolase (AtzC), Gonzéalezet al. (2005). Expression of the cyanuric
encoded by the geneszB (trzB) e atzC (trzC), acid degradatioratzDEF operon is specifically
respectively (De Souzet. al.,1996; De Souzat. induced by cyanuric acid. The AtzR regulator
al., 1998a;Sadowskyet al., 1998), which convert activates the expression afzDEF operon in the
atrazine sequentially to cyanuric acid that is thepresence of cyanuric acid and represses its own
completely mineralized to GQand NH by other synthesis. The expression of th&R gene was
three hydrolases. In some bacterial strains thalso induced by nitrogen limitation and repressed
biodegradation of atrazine initiate through N-by AtzR. Nitrogen regulation oftzD-lacZ and
dealkylation of the lateral ethyl and isopropylatzR-lacZ expression was dependent on the
chains to deethylatrazine and deisopropylatrazinglternative sigma factas™ and NtrC (activator of
(Kaufman and Blake, 1970) (Fig. 2). o" promoters), hence suggesting that the cyanuric
Pseudomonasp. ADP is the best-characterizedacid degradation operon may be subject to general
bacterial strain capable to degrading the herbicidgitrogen control. HoweveratzDEF transcription
atrazine. The atrazine catabolic pathway in thignnears to be driven by the major sigma faatr

bacterium contains six enzymatic steps encoded Qyhile atzR is transcribed from a™ dependent
atzABCand theatzDEF genes. ThatzABCgenes promoter. In fact, theatzR-lacZ was almost

have been shown to be widespread and plasm
borne in a number of bacteria isolates (de Setiza
al.,, 1998a; de Souzat al., 1998b; Rousseauat
al., 2001; Toppet al, 2000; Wacketet al.,2002).

In Pseudomonasp. ADP, theatzABCDEgenes
are harbored on the catabolic plasmid pADP-
(Martinezet al.,2001).

éﬂ)olished in ampoN (c") mutant. Expression of
atzRfrom a heterologous promoter revealed that
although NtrC regulation adtzD-lacZrequires the
AtzR protein, it is not the indirect result of N&rC
ctivated AtzR synthesis. AtzR activity is in turn
odulated by the presence of cyanuric acid and by
a nitrogen limitation signal transduced by the Ntr
In Pseudomonassp. ADP, theatzDEF operon guqiem  The mechanism for NtrC  mediated

e_ncodes (_:yanuric acid amidohydrolase (AtZD)activation ofatzDEF expression has been not yet
biuret amidohydrolase (AtzE), and allophanatqdentiﬁed (Garcia-Gonzéalezt al, 2005). The

hydrolase (AtzF), involved in cleavage of thettect of nitrogen on the herbicide degradation

cyanuric acid to carbon dioxide and ammonia athway is strongly relevant to the use of this
train in bioremediation, since many agricultural

which is assimilated as a nitrogen source (d
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fields are rich in nitrogen owing to routine A multicomponent phenol hydroxylase converts
fertilization. phenol to catechol, which is further metabolized
Pseudomonasp. ADP is able to degrade atrazinevia ortho pathway using catechol 1,2-dioxygenase
as a sole nitrogen source and can also grow usiiyeumanret al, 2004). The strain was stimulated
phenol as the carbon source. Genes encoding degrade high concentrations of phenol (1,000
phenol degradation are located on its chromosomeng ') and atrazine (150 mg) simultaneously.
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Whereas atrazine did not show any significanAccording to Ostrofskyet al. (2002), the gene
toxic effects on the cell, phenol reduced growthrzD, present irPseudomonablRRLB-12228 was
and activated or induced typical membraneinvolved in s-triazinic ring cleavage, and was not
adaptive responses known for the genudominant among atrazine degrading population in
Pseudomonagust to name a few, changes in thesoil. The Chelatobacter heintziCitl, that showed
fatty acid composition of membrane lipids andthe capacity to mineralize up to 80% of atrazine in
isomerization of cisunsaturated fatty acids to 14 days, possessed the atrazine degrading genes
trans-unsaturated fatty acids (Heipiepetr al., atzABC and trzD (Rousseauxet al, 2003).
1992; von Wallbrunret al., 2003). This showed According to Piuttiet al. (2003),Nocardioidessp.
that Pseudomonassp. ADP could be usefully SP12 utilized a different degradation pathway
employed in the study on the regulatorycombining the genedrzN, which codified a
interactions among the catabolic genes and stresklorohydrolase, witlatzB andatzC leading to a
response mechanisms during the simultaneoysoduct with the same characteristics as the
degradation of toxic phenolic compounds and ayanuric acid (Fig. 2).Arthrobacter sp. strain
xenobiotic N source such as atrazine. isolated from the rhizosphere of atrazine-resistant
The ability to degrade atrazine by using theplant by Vaishampayaret al (2007) utilized
products ofatzABCDEFis not an exclusivity of atrazine as the sole nitrogen source and harbours
the Pseudomonagenus. Recently, a strain CDB21atzBCDandtrzN on chromosomal DNA with high
was identified as a noveB-proteobacterium sequence similarity witttrzN from Nocardioides
exhibiting 100% sequence identity with thesp. C190.

uncultured bacterium HOCLCi25 (GenBankLittle is known about the biodegradability of
accession number AY328574). CDB21 alscatrazine under anoxic and methanogenic
possesses the entire set of genes of atrazigenditions in soils. In anaerobic systems, atrazine
degradation present iRseudomonaglwasaki et is more resistant to degradation, with the had-lif
al., 2007). The nucleotide sequences of th&alues varying from 160 to 330 days (®u al,
atzABCDEFgenes of strain CDB21 were 100%2003). However, Pseudomonassp. ADP was
identical to those dPseudomonasp. ADP, which shown to mineralize more than 50% of ZuBI
suggested a dispersal of tlz genes in the atrazine within 14 days under both aerobic and
environment. According to this, studies revealedienitrifying conditions (Clauseet al, 2002). The
that atzABCgenes were widespread, having beemacterium M91-3 was able to use atrazine as the
detected in Canada, U.S.A., France, Croatia argble carbon and nitrogen source under anoxic
China, and were also highly conserved (>97%onditions leading to hydroxytriazine and triazinic
similarity) indicating their recent dispersion with ring cleavage between C-2 and N. These results
soil microflora (de Souza, 1998a; Rosseatral., suggested a possible application of this bacterium
2001; Deverst al, 2004). in a fixed bed reactor for anaerobic removal of
Devers et al. (2005) demonstrated that theatrazine and nitrate from water (Crawfoet al,
atrazine-degrading plasmid ADP1::Tn5 wasl998).

transferred fromAgrobacterium tumefacierst96- In a laboratory scale system for the treatment of
4 to soil microflora at a frequency of 4(Qper Danube river water, the main atrazine metabolite
donor cell. In two of the gram-negativewas hydroxyatrazine (Varghaet al, 2005).
transconjugants isolated, namelariovorax sp. Atrazine utilizing strains isolated from sediment
MD1 and MD2, theatzA and atzB genes had showed diverse atrazine metabolism leading to
moved from pADP1::Tn5 to the chromosome. Aammeline and ammelide products. Because
recent study demonstrated for the first time thelealkylated and dechlorinated metabolites are
involvement of the insertion sequent®l071in more easily degraded than atrazine and
the transposition of catabolic genes (Dewaral., hydroxyatrazine, subsequent mineralization could
2007). These authors also suggested st be performed by an adapted microbial consortium.
mediated transposition of tlaz genes could also

be indirectly  involved. Indeed, such Atrazine degradation by microbial consortia
rearrangements led to diversification of taeg The biotic degradation of atrazine can follow
genetic supports and could contribute to increasseveral metabolic pathways that involve stepwise
the frequency of horizontal gene transfer (HGT) ofransformations mediated by single species or
theatzgenes. microbial consortia. Although several atrazine-
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degrading bacteria have been isolated and the@nhance bioremediation process performed by
individual catabolic pathways extensively studiedpiofilms.

the cooperative metabolism of atrazine is yet

poorly described. Atrazine degradation by fungi

In a microbial consortium, after the dechlorinationThe degradation of atrazine was also observed in
of atrazine by Nocardia sp., the resulting fungi such asAspergillus fumigatus, Aspergillus
hydroxyatrazine was afterwards degraded in twastus, Aspergillus flavipes, Rhizopus stolonifer,
different ways. In one of themiNocardia sp. Fusarium  moniliforme, Fusarium roseum,
converted hydroxyatrazine to N-ethylammelide vigFusarium oxysporum, Penicillium decumbens,
an unidentified gene product, whereas in the othePenicillium janthinellum, Penicillium rugulosum,
hydroxyatrazine generated Wyocardia sp. was Penicillium luteum, Trichoderma viride It
hydrolyzed to N-isopropylammelide by proceeds through N-dealkylation of either
Rhyzobiunsp., which contained the gea&zB All  alkylamino group; however, with qualitative and
the members of the consortium contairetdC ~ quantitative differences, leading to two main
responsible for the cleavage of the ring, besidedegradation  products, deethylatrazine and
the gene trzD. However, none of the deisopropylatrazine (Kaufman and Blake, 1970).
microorganisms showed to cargtzD, E or F  The potential of the white-rot fungi to perform
genes (Smittet al, 2005). situ bioremediation has been ascribed to their
Kolic et al (2007) characterized a four-memberability to degrade a variety of xenobiotic
atrazine-mineralizing community enriched from anchemicals via free radical mechanism mediated by
agrochemical factory soil, which was capable oextracellular  peroxidases  (Reddy,  1995).
rapidly mineralizing atrazine (approx. 78% ofDegradation of atrazine by the white-rot fungus
atrazine was released 4€0, within 6 days). The Phanerochaete chrysosporiumas demonstrated
analysis of the genetic potential of individualby a 48% decrease of the initial herbicide
community members reveled that twoconcentration in the growth medium within the
Arthrobacterstrains, named ATZ1 (carryingzN  first 4 days of incubation. Results point out 25%
and atzC genes) and ATZ2 (carryingzN, atzB  mineralization of the ethyl group of the herbicide
and atzC genes) might be involved in the upperand the formation of hydroxylated and/or N-
pathway producing cyanuric acid, and that othedealkylated metabolites; however, no
two members, Ochrobactrum sp. CA1 and mineralization of ring-14C-labeled atrazine was
Pseudomonasp. CA2 (both carryingrzD gene), observed (Mougiret al., 1994). In non-sterile soil
were responsible for cyanuric acid catabolism.  samples amended with the same white-rot fungus
The physical and chemical associations ofn the presence of wood chips, atrazine was
microbial community members in biofilms lead tomineralized especially in summer, spring and fall
interactions at the genetic level intra and inter{Entry et al, 1996). Pleurotus pulmonariusis
species. Some bacteria in  contaminatednother lignocellulolytic fungus that has been
environments are in fact submitted to genetifound to degrade atrazine in liquid culture,
events, such as transformation, transduction argfoducing mainly the N-dealkylated metabolites
conjugation, thus acquiring improved abilities todeethylatrazine, deisopropylatrazine and deethyl-
degrade hazardous substrates (Stoodieyal., deisopropylatrazine and the hydroxypropyl
2002). Perumbakkaet al. (2006) demonstrated metabolite hydroxyisopropylatrazine (Masapéty
that it was possible to modify the microbialal., 1993). In a solid medium based on a mixture
biofilms through natural transformation in order toof cotton and wheat stra®, pulmonariusvas not
improve their biodegradation capabilities. Thes€apable of mineralize the triazinic ring, beingtpar
authors transformed biofilm communities with theof atrazine adsorbed to the straw, and another
geneatzA that encoded atrazine chlorohydrolaseportion transformed into either chlorinated or
Both kinds of biofilms communities, pure and soil-dechorinated atrazine metabolites, as the result of
derived cultures, were transformed wittzAgene the activity of both the fungus inoculated and the
cloned in the broad host plasmid pBBRINCSSpatural bacterial population (Masaphgt al,
and all of them displayed the ability to degradel996a). Manganese concentrations up to (300
atrazine. These results suggested that the natumihanced atrazine transformation by this fungus
transformation should be useful as a tool tavith accumulation of both N-dealkylated and
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propylhydroxylated metabolites, probably due tocontaining substrates, being the rate and extent of
an increase in non specific oxidative activitiesmineralization of the ethylamino side chain
involved in the transformation of xenobiotic significantly accelerated by a decrease in the C/N

compounds (Masaplst al, 1996b). ratio of the amendment. Glucose release or a
transient production of glucose as an end-product
Strategies for microbial removal of atrazine of cellulose depolymerization might induce the

The technique of bioaugmentation, that is, additiocatabolic repression of dealkylation enzyme
of natural microbial strains or genetically systems and be responsible for a decrease in the
engineered variants to decontaminate polluted so#trazine side-chain mineralization (Yassir al,

IS a strategy often utilized when low 1998). The biodegradation of atrazine by an
biodegradation is detected in the contaminatednaerobic mixed culture was higher in co-
site. Rousseauwet al. (2003) observed that the metabolic process than in the absence of external
introduction of 10 UFC ¢ of Chelatobacter carbon source or carbon and nitrogen source (first-
heintzii Citl in soil poorly mineralizing atrazine order degradation rates of 5.5%]®.5x10° and
resulted in a 3-fold increase in such a capacityl.67x10° day' respectively), being maximum
Gupta & Baummer (1996) studied the effect ofatrazine degradation observed in a medium
poultry litter, commonly applied to the soil ascomposed of 300 mg'lof dextrose and 5 md bf
manure before the utilization of atrazine, on thetrazine.

biodegradation of atrazine and verified that théds most atrazine-degrading bacteria use this
rate of atrazine removal in soil was two timesherbicide as a nitrogen source, the presence of
faster than without the litter; nutrients (mainly preferential nitrogen sources in the environment is
nitrates and phosphates) present in litter did natetrimental to atrazine degradation. Nitrogen
play any role in the degradation of atrazine. amendments were in fact shown to decrease
In a field-scale remediation study of a soilatrazine degradation rates Bseudomonassp.
contaminated by an accidental spill of atrazine (uADP (Clauseret al, 2002; Garcia Gonzalet al,

to 29,000 ppm), bioaugmentation was performe@003). In  fungi, nitrogen  suppressed
using a killed and stabilized whole-cell suspensiomineralization of atrazine but stimulated the
of recombinant. coli engineered to overproduce primary growth, thereby suggesting that N could
atrazine chlorohydrolase,  AtzAAfter eight alter the microbial processes and C uptake and
weeks, atrazine levels declined by 52% in plotshus influence the rates of herbicide degradation
containing killed recombinantE. coli cells, (Entryetal, 1993).

whereas 77% biostimulation was detected in plotk rhizosphere soil, an increased degradation of
that received 300 ppm of phosphate (Strehgl,  xenobiotic compounds may result from co-
2000). Cell-free crude extracts frddseudomonas metabolic processes enhanced by organic
sp. ADP containing the enzymes that catalyzedubstances originating from roots exudates with an
atrazine degradation were entrapped in sol-galverall increase in microbial activity (Famg al,
glass; however, there was a significant loss d?001). Atrazine was degraded faster in
activity in comparison with the non-entrappedcontaminated soil planted with Pennisetum
crude extract (Kauffmann & Mandelbaum, 1996).(Pennisetum clandestinQrthan in unplanted sail,
This strategy could be only a promising alternativeorresponding to nearly 45 and 22% respectively
for the bioremediation of atrazine, since thewithin 80 days (Singlet al, 2004b). Contrarily, it
consequences of release of engineered live cellswas not so for atrazine degradation in grass
the environment are already unknown. rhizosphere (Fanet al, 2001).

Bioaugmentation with Pseudomonassp. ADP

together with citrate or succinate biostimulationFinal remarks

markedly increased atrazine mineralization in &his review highlights the main microbial aspects
soil that had an indigenous potential for atrazinef atrazine degradation, focusing its catabolism by
biodegradation (e.g., addition of 11.6 mg of cérat indigenous and engineered microorganisms as well
per g of soil increased mineralization of 33jgt as the effects resulting from biostimulation and
of atrazine per g of soil from < 2 to 79.9% in 13bioaugumentation. An overview of these aspects
days) (Silvaet al, 2004). Cellulose substantially reveals that the complete mineralization of
stimulated atrazine side-chain dealkylation by soiétrazine is possible as a result of the microbial
microflora in comparison with other carbon-activity. Since a deep knowledge of the microbial
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activity and its implementation in the engineeringClausen, G.B., Larsen, L., Johnsen, K., LipthayRJ.
area are the basis for the expansion of the use ofie, Aamand, J. (2002), Quantification of the atrazi
bioremediation systems, the remediation of natural degradingPseudomonasp. strain ADP in aquifer
environments contaminated with this herbicide is Sediment by quantitative competitive polymerase

. . chain reactionFEMS Microbiol. Ecol.41, 211 - 229.
expected to be accomplished in the near future. Crawford, J.J. Sims, GK. Mulvaney, R.L.

Radosevich, M. (1998), Biodegradation of atrazine

under denitrifying conditions. Appl. Microbiol.
RESUMO Biotechnol. 25, 618 - 623.

de Souza, M. L., J. Seffernick, B. Martinez, M. J.

A prética mundial do uso de agroquimicos por Sadowsky, and L. P. Wackett. (1998a), The atrazine
periodos extensos, de maneira indiscriminada ecatabolism geneatzABCare widespread and highly
abusiva, tem mobilizado as autoridades envolvidasconservedJ. Bacteriol.,180, 1951-1954.
em sadde publica e sustentabilidade de fontél§ Souza, M. L., Wackett, L. P. and Sadowsky, M.J.
naturais, como uma conseqiéncia da (1998b), The atzABC genes encoding atrazine

contaminacio ambiental. Agroguimicos referem- catabolism are located on a self-transmissiblenuihs
¢ - Agrog in Pseudomonas sptrain ADP. Appl. Microbiol.

se 'a. uma am.pl.a variedade de inset'icidas,Biotechnol’m 23232326,
fungicidas e herbicidas, entre estes a atrazina, U Souza, M.L., Sadowsky, M.L., Wackrtt, L.P. (1996
herbicida intensivamente usado em culturas deAtrazine chlorohydrolase fromPseudomonassp.
cana-de-acucar, milho, sorgo, entre outros. strain ADP: gene sequence, enzyme purification and
Pesquisadores tém demonstrado que a atrazina terprotein characterizationJ. Bacteriol., 178 4894-
efeitos toxicos em algas, plantas aquaticas, iaseto 4900. _
aquaticos, peixes e mamiferos. Devido &€vers, M. Soulas, G., Martin-Laurent, F. (2004),
toxicidade e & persisténcia da atrazina no Real-time reverse transcription PCR analysis of
ambiente, a busca de linhagens microbianas &XPression of atrazine catabolism genes in two
' . . bacterial strains isolated from soill. Microbiol.
capazes de degrada-la é fundamental para Qvieth 56. 3-1
desenvolvimento de processos de biorremed.iagagevers’, M Hénry, S.. Hartmann, A., Martin-Laurent
com uma ferramenta corretiva para SOIUC|Onar F. (2005), Horizontal gene transfer of atrazine-
problemas decorridos do uso irracional de degrading genes az) from Agrobacterium
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