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ABSTRACT - Isolation and characterization of carberdazim-degrading bacteria from agricultural

soil samples.

The use of chemical pesticides in agriculture gatesr many ecological and human toxicological
problems. One of the most frequently used funggidearbendazim, however, in spite of its imparéan
there are only a few reports dealing with its mixiab degradation in the environment. It has hightac
ecotoxicological effect, as well as a suspectederide disruptor potential, so its residues in f@ou
feed are dangerous. Until now, single isolate®s&éudomonasRhodococcusand Ralstoniahave been
found to be able to degrade carbendazim. Among ifuoige isolate ofAlternaria alternata and
Phanaerochete crysosporiumvere described as good carbendazim degraderserigctiegradation
pathways have been partially explored: the firsp $6 the hydrolysis of the carbamate group, foldvey

a ring-fission in 2-aminobenzimidazole resulting2-tliaminobenzene. This compound is further
metabolized via the beta-ketoadipic acid pathwag/pArt of our studies on pesticide biodegradatiem
carbendazim-metabolizing bacteria were isolatednfrBlungarian agricultural soil samples. These
degrader bacteria were isolated from soil sampyesibrobiological enrichment methods. The molecular
analysis revealed that the best isolates belonigetvariovorax paradoxuspecies. The isolate 10/1 was
able to use carbendazim as sole carbon and nitregance. The pH optimum and temperature optimum
for growth were found to be pH 6.3 and 30 °C, resipely. This isolate seems to be an efficient tool
the bioremediation of carbendazim polluted agrialk soils.
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INTRODUCTION

The use of chemical pesticides in modern agricelgenerates many ecological and
human toxicological problems. One of the most ferdly used agricultural fungicide
both in Serbia and in Hungary is carbendazim (Eiy. In spite of this, there are only
few reports dealing with its microbial degradatidnhas high acute ecotoxicological
effect, as well as a suspected endocrine disrygaitantial in human and animals, so its
residues in food and feed are dangeralrgtil now, single isolates oPseudomonas
(FucHs andDE VRIES, 1978),RhodococcugHOLTMAN et al, 1997) an&Ralstoniastrain
(GUI-SHAN ZHANG et al, 2005) proved to be able to degrade carlzmdd aking into
account fungi, one isolate dflternaria alternataand Phanaerochete crysosporium
described as good carbendazim degradersASet al, 1996: 1999). In case of bacterial
degraders the degradation mechanism and pathwagls@agartially explored. In this
process, at first the carbamate group is hydrolype2tamino-benzimidazole, which is
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further degraded by ring fission leading to 1, andino-benzene. This intermedier is
further metabolized via the beta-keto adipic aciathpay. As part of this, an
investigation was made to isolate carbendazim-aisgrhacteria from agricultural soll
samples.

MATERIAL AND METHOD

Soil samples were collected from agricultural feeich Hungary, where carbendazim
was regularly used. Isolation of carbendazim-dagrptlacteria was carried out via the
continuous enrichment culture method. Briefly: Sagnple of soil was suspended in 50
ml sterilized NaCl solution 1.0 (g/l). From thisspension 0.1 ml was inoculated into
the enrichment medium, (g/):2KPO, 1.0, MgSQ 7H,O 1.0, NaCl 0.5, supplemented
with carbendazim (200 mg/l). Carbendazim (puri®:696) was firstly dissolved in 1 M
hydrochloric acid at 20 mg/ml concentration. The gfthe medium was about 7.0 after
the addition of carbendazim solution. The flasksenacubated in the dark at 20 °C on
a rotary shaker at 200 rpm. After 14 days, dilusenies were made from each culture
and from these dilutions 50 pl aliquots were spedadnto yeast extract glucose agar
plates (YEG: (g/l) yeast extract 2.0, glucose Bécto agar 18). Plates were desiccated
and incubated for 3 days at 20 °C. The dominardries were picked up and tested for
their carbendazim degrading ability.

The taxonomical positions of the isolates with aegrading ability were determined
by partial sequencing the 16S ribosomal RNA geries. PCR reaction standard
conditions were applied with the following primeisub-341f 5-CCTACGGGAGGC
AGCAG-3" and UP-765r 5-CTGTTTGCTCCCCACGCTTC-3'.

Carbendazim degrading abilities of the isolatesewaeasured in enrichment medium
supplemented with 50 mg/l carbendazim and 150 yegbkt extract. After incubation,
samples from the cultures were diluted to twicel foith ethanol, centrifuged at 10 000
g for 3 minutes and the absorbance of the cleaersapants were determined in a
spectrophotometer at 280 nm where both carbendazth®-amino-benzimidazole have
strong absorbance. The degradation of carbendazm asrrelated with the reduced
absorbance values measured.

RESULTS
From the ten soil samples collected, eight differdeacterium isolates were obtained
after the enrichment step where carbendazim wasdaleecarbon and nitrogen source in

the medium.
The carbendazim degrading abilities of these isslate presented Trable 1
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Table 1. Carbendazim degrading abilities of differat bacterial isolates obtained
from Hungarian soil samples. Incubation time: 14 dgs.

Strain code Species identity Residual carhendazim
{control 100%4)
12 Varigvorax paradoxus T304
6/2 Acidovorax defluvii 69 %o
/3 A, delafieldii 60 %o
6/5 Pseudomonas sp. 64 %o
6/8 Microbacterium phyllosphaerae 78 04
101 V. paradoxus 1024
10/4 Acidovorax sp. 44 %
10/5 Acidovorax sp. 97 0%
120
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Figure 1. Structure of carbendazim Figure 2. Degradation kinetics of

carbendazim byV. paradoxusl10/1
isolate.
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Figure 3. pH- and temperature-dependence of the grath of V. paradoxusl10/1
isolate.

After preliminary experiments, composition of thariehment medium has been
reformulated: it turned out that in the presenceNef,Cl the bacterial isolates were
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unable to degrade carbendazim. Further investigatieere carried out with the isolate
10/1, which has the best degrading ability. A mdirits 16S RNA gene was sequenced
and analyzed: web-based similarity searches agdémestGenBank and Ribosomal
Database Project databases revealed that 10/1dsh@®&6 identity with the 16S rDNA
of strains ofV. (formerly Alcaligene$ paradoxus(Comamonadacea@&VILLEMS et al,
1991). Our results show that. paradoxusl10/1 was able to degrade 90% of
carbendazim within ten daygi@. 2.). The isolate was able to grow in ranges pH 5.5-
7.5 and temperature 10-40 °C, respectiveig.(3.).

The carbon and nitrogen source utilization spedfathis bacterium were also
investigated. From the tested 23 carbon sources/lé&e, D-sorbitol, D-mannitol and
some amino acids (L-leucine, L-izoleucine, L-preliti-phenylalanine and L-tyrosine)
supported its growth. In the presence of glucoséaaose and other common mono-
and disaccharides, the growth of the strain was.g€&rom the compounds tested, urea,
L-glutamine and L-asparagine (besides other L-andoimls) were the best nitrogen
sources.V. paradoxusutilized NH,Cl and NaNQ very poorly. In the carbendazim-
degrading strains we detected highly active esterasthe periplasmic space or in the
cytoplasm, but never in ferment broths. The samanst intensively used methylacetate
and L-tyrosine methyl ester for growthig. 4.). Probably these esterases are also able
to hydrolyze the carbamyl-methyl ester group irbeadazim.

0,6 -

0,54

o
S

@ Methylacetate
@ Methanol
O Sodiumacetate

o
w

B L-Tyrosine methyl ester

o
N

Growth (OD=620 nm)

o
o

o

n. 2. 13 14 5.  1/6. 7. 6/1.  6/2. 6/3.  6/4.  6/5. 6/6.  6/7. 6/8. 10/1. 10/2. 10/3. 10/5. 10/6. K.

Figure 4. The use for growth of distinct esters byhe bacterial strains isolated
from carbendazim degrading communities.

CONCLUSIONS

Soil samples proved to be excellent sources ofebactvith carbendazim degrading
ability. Key parameters of an efficient enrichmeathnique were optimized. It is
proved that besides the ubiquitous soil bacteRalstonia Rhodococcusand
PseudomonagheVariovoraxspecies also have great potential in the biodegjad of
carbendazim. Until now only bacteria belonging toee tgeneraPseudomonas
Rhodococcusand Ralstonia were known as good carbendazim degradersi-(G
SHAN ZHANG et al, 2005). BJONGHE et al. (2003) described. paradoxusability to
degrade Linuron, a worldwide used herbicide. Théemdar structure of Linuron has
some common features with carbendazim: it contamsliphatic carbamyl group and
an aromatic ring. This suggests that some stepsdwmmicommon in their degradation
pathway inV. paradoxus
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