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The use of microorganisms in the degradation and
detoxification of many toxic xenobiotics, especially
pesticides, is an efficient tool for the decontamination of
polluted sites in the environment. A novel bacterial
strain (M1) was isolated from several water samples
contaminated with methomyl which is capable of
degrading methomyl pesticide (1000 ppm) in the
presence of 0.05% glucose. These water samples were
collected from different irrigation sites in Egypt where
methomyl is heavily applied. The partial sequence of
16SrRNA gene of the isolate showed the highest
similarity to Stenotrophomonas maltophilia. Restriction
fragment patterns of isolated plasmid DNA showed that
this strain harbours two different plasmids PMa (8Kb)
and PMb (5Kb). PMb succeeded to be transferred to
Escherichia coli DH5a strain. This transformed strain
(M2) acquired the ability to grow in the presence of
methomyl (1000 ppm) and 0.05% glucose. So it was
deduced that the gene responsible for the degradation
process was encoded by this plasmid. The ability of the
two strains M1 and M2 to degrade methomyl was
detected by using solid phased extraction coupled to
capillary liquid chromatography-electrospray
ionization-mass spectrometry (SPE-LC-ESI-MS).

The excessive use of pesticides leads to an accumulation of
a huge amount of residues in the environment, thereby
posing a substantial health hazard for the current and future
generations due to uptake and accumulation of these toxic
compounds in the food chain and drinking water.
Bioremediation constitutes an attractive alternative to
physico-chemical methods of remediation, as it is less
expensive and can selectively achieve complete destruction
of organic pollutants (Alexander, 1999). Methomy!l belongs
to a class of compounds known as oxime carbamates, and it
is widely used for the control of insects and nematode pests
by inhibiting the enzyme acetylcholinesterase which
hydrolyzes the neurotransmitter acetylcholine. The IUPAC
name of methomyl is S-methyl N- (methylcarbamoyloxy)

thioacetimidate (Tomlin, 2003). The WHO (World Health
Organization), EPA (Environment Protection Agency) and
ECC (European Chemical Classification) classify
methomyl as a very toxic and hazardous pesticide.
Methomyl is highly soluble in water (57.9 g/liter, at 25°C
(Tomlin, 2003), and since the sorption affinity of soils for
this pollutant is rather low, it can easily cause
contamination of both ground and surface water resources
(Strathmann and Stone, 2001).

At the same time; microorganisms are thought to play an
important role in the removal and detoxification of these
toxicants from the environment. Many bacteria that are able
to degrade carbamate pesticides have been isolated from
soil around the world (Desaint et al. 2000). Many pesticide
degradation genes present in soil bacteria have been shown
to reside on plasmids, a common location for other
degradation genes (Chung and Ka, 1998; Laemmli et al.
2000). Plasmids that bear genes encoding for enzymes
capable of degradation have been of great attraction where
these plasmids, known as catabolic plasmids, can give the
organism containing them the ability to degrade certain
compounds. Many catabolic plasmids have been found in
species of Pseudomonas, Alcaligenes, Actinobacter,
Flavobacterium, Klebsiella, Moraxella and Arthrobacter
(Sayler et al. 1990). Conventional approaches (e.g. land-
filling, recycling, pyrolysis and incineration) to the
remediation of contaminated sites are inefficient and costly
and can also lead to the formation of toxic intermediates
(Dua et al. 2002). Thus, biological decontamination
methods are preferable to conventional approaches because,
in  general, microorganisms  degrade = numerous
environmental  pollutants  without producing toxic
intermediates (Pieper and Reineke, 2000; Furukawa, 2003).

In this study, several bacterial strains were isolated. Only
one bacterial strain was isolated and identified which had
the ability to degrade high concentrations of methomy!l up
to (1000 ppm) in the presence of 0.05% glucose. The
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Figure 1. Isolated plasmid from Stenotrophomonas
maltophilia M1 strain and transformed E-Coli. Lane 1 and
lane 4 represent supercoiled DNA ladder. Lane 2 represents
the plasmids harbour in strain M1. Lane 3 represents the
transformed plasmids to E-Coli.

plasmid bearing gene (s) was transferred to Escherichia coli
DH5a strain and the transformed strain acquired the ability
for methomyl degradation. The degradation ability of both
strains was confirmed by solid phased extraction coupled to
capillary liquid chromatography-electrospray ionization-
mass spectrometry (SPE-LC-ESI-MS) analysis.

MATERIALS AND METHODS

Isolation and identification of methomyl-degrading
bacterial strain

Several water samples were collected from wasted water
contaminated with pesticides from different agricultural
fields in Egypt, as a source of methomyl degrading
bacteria. 1 ml from each water sample was added to 20 ml
of autoclaved M9 minimal salt medium (MSM) containing
methomyl (100 ppm) as a sole carbon and energy source.
Cultures were incubated in an orbital shaker at 30°C and
160 rpm for 7 days, 1 ml of each enrichment cultures was
then transferred to 20 ml of fresh autoclaved minimal
medium and incubated for additional 7 days under the same
conditions. After enrichment cultivation, 0.1 ml of the
culture was spread on minimal salt agar plates (MSA, MM
containing 1.5% Bacto Noble Agar) that contained
methomyl (100 ppm) as a sole carbon source. The plates
were then incubated at 30°C for a week. A colony from

each isolate was then used to inoculate 20 ml of MSM
containing methomyl (100 ppm) and incubated for a week
in an orbital shaker under the same condtion in order to
confirm the biodegradability. The strain that showed
notable growth under this condition was selected as a
possible methomyl degrader and designated as M1 it also
showed the abiltiy to grow in the presence of relatively high
concentration of methomyl (1000 ppm) in the presence of
0.05% glucose. Fresh cultures from a -20°C stock were
regularly obtained to ensure maintenance of the degradative
phenotype.

Characterisation and identification of isolated

bacterial strain

The selected isolated bacterial strain was characterised and
identified on the basis of physiological microbiological and
biochemical characterisation (Duguid et al. 1996) also it
was subjected to further molecular characterization by
polymerase chain reaction (PCR) amplification and partial
sequence analysis of the 16S rRNA gene. The amplification
was carried out by using PCR master mix kit (Promega)
according to the manufacturer's instructions. Universal
primers pairs 9F and 1512R were used to amplify ~1500
bp. These primers are used to amplify the 16S rRNA gene
of most eubacteria (Weisburg et al. 1991). PCR products
were purified by Wizard® SV Gel and PCR cleaning up
system kit (Promega) following the protocol provided by
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Figure 2. LC-ESI-MS of the standard sample.
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the supplier and then resolved by electrophoresis on 1%
agarose gel. The purified products were sequenced. The
sequence of the 16S rRNA of the strain was compared with
another 16S rRNA sequences that were published on the
NCBI database [http://www.ncbi.nlm.nih.gov]. That was
done using the BLAST program to determine the nearest
phylogenetic neighbors and to compare it with previously
published sequences.

Plasmid DNA isolation

Plasmid DNA was isolated from M1 strain by using
Wizard® Plus SV Minipreps DNA purification system kit
(Promega) following the manufacturer's recommended
protocol. Isolated plasmid DNA (usually 10 pl) was
analyzed by gel electrophoresis (0.7% [wt/vol] agarose).
Restriction enzymes Bam H1, EcoRlI, Hind Ill, Pstl and
Sau3A were used to detect the number of plasmids in the
this strain.

Transformation experiment

Isolated plasmids carrying the degrading gene (s) from M1
strain, was strongly suggested to be responsible for
methomy! degradation. Therefore, the plasmid DNA was
transferred to E. coli DH5a strain by transformation. Two
microliters of the plasmids were transferred into E. coli
DH50. competent cells. After transformation the cells were
plated on a Luria Bertani (LB) agar plates containing
methomyl (100 ppm) and allowed to grow for 16 hrs at
37°C. Methomyl pesticide was used to select E. coli with
plasmid (s) which had the ability to degrade it. During this
double selection, the pesticide killed any E. coli that lacked
the plasmid (s) carrying the degradative gene (s). Single
colonies were inoculated in liquid cultures, allowed to grow
overnight, and stored as glycerol stocks. 5 pl of the stock
was inoculated into 10 ml LB containing (500 ppm)
methomyl for subsequent plasmid DNA preparation.
Electrophoresis was carried out at 90 v for 1 hrs (0.7%
[wt/vol] agarose).

Analytical technique

Degradation of methomyl by M1 and M2 strains in liquid
media was confirmed by solid- phase extraction SPE-LC-
ESI-MS assays. All samples were prepared in triplicate; the
first one (standard sample) was a non-inoculated sample
containing methomyl (100 ppm) in 20 ml of M9 minimal
salt medium and 0.05% glucose, only kept as a control. In
the second sample (the original one), a single colony from
original strain (M1) was used to inoculate 20 ml of M9
minimal salt medium containing methomyl (100 ppm) and
0.05% glucose. The third one (transformed sample) M2 was
used as inoculum in the same medium. All cultures were
incubated in an orbital shaker for 48 hrs at 150 rpm at 30°C.
Methomyl was extracted from the liquid media by solid
phase extraction method in which each cartridge (Oasis

HLB, water; 6 ml, 200 mg) was conditioned with 3 ml of
methanol-acetonitrile (50:50, v/v). Each sample (20 ml)
was passed through the cartridge at a flow rate of 1 ml/min.
After extraction of the water sample, the cartridges were
dried by centrifugation at 3000 rpm for 3 min. The column
was washed twice with 3 ml of deionized water, followed
by air drying for 2 min. Subsequently, the elution of the
pesticide took place with three volumes of 1 ml of
methanol-acetonitrile (50:50, V/V). The residues were left
to dry then redissolved in 200 pl of deionized water. After
agitation by vortex they were analyzed by LC-ESI-MS. The
analyses were carried out by LCQ Advantage Max from
Thermo Electron Corporation. C18 Hyperpurity column (25
cm X 4.6 mm, 5- pm particle size) was used. The mobile
phase consisted of acetonitrile: water (25:75% , v/v) with
0.1% formic acid (w/v) as proton source was eluted at a
flow rate of 0.5 ml/min. Atmospheric pressure ESI was
carried out in the positive mode. In the full-SCAN mode
the parameters were as follows: mass range m/z from 50 -
200 using a 0.1 unit step size dry gas flow (N;) 10 I/min,
nebulizer pressure 50 psi, drying gas temperature 350°C
and capillary voltage at 3500 V. All samples were analyzed
within 2 hrs after elution.

Data analysis

Standard deviation on means and p value were calculated
using Sigma Plot software. A p value of less than 0.05 was
considered statistically significant.
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Figure 3. LC-ESI-MS of the original strain.
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Figure 4. LC-ESI-MS of the transformed strain.

RESULTS AND DISCUSSION

Characterization and identification of methomyl -
degrading isolate

The enrichment procedure generated a pure culture,
designated as M1, which is able to grow in minimal media
containing methomyl (100 ppm) as a sole source of carbon.
Furthermore, this bacterium tolerates a high level of
methomyl up to 1000 ppm in the presence of 0.05%
glucose. Taxonomic characterization of M1 strain revealed
that it is gram - negative, aerobic, motile, oxidase negative
and catalase positive. Partial sequence analysis of the
amplified 16S rRNA gene confirmed the classification of
the isolate as a member of the genus Stenotrophomonas
where it showed the highest degree of similarity (99%) to
that of Stenotrophomonas maltophilia. Based upon this
finding, the isolate was designated as Stenotrophomonas
maltophilia M1 strain. It has been reported that S.
maltophilia is able to degrade many xenobiotic compounds
(Lee et al. 2002) and to detoxify high molecular weight
polycyclic aromatic hydrocarbons (Juhasz et al. 2000).
Therefore, it possesses a potential for soil decontamination
(bioremediation).

Plasmid DNA profiling of M1 strain

The plasmid extraction method, previously described, was
used to extract the plasmid encoding the methomyl

degrading gene (s) from strain M1. The size of the plasmids
were estimated on the basis of electrophoretic mobility of
the isolated fragments as compared to the sizes of Promega
supercoiled marker as shown in Figure 1. Analysis of the
restriction fingerprint patterns of the plasmids of strain M1
was done after treatment with each of EcoRI, BamHl,
Hindlll, Pstl and Sau3A restriction enzymes. The first
three restriction enzymes yielded two bands at 8 kb and 5
kb which indicated that the strain M1 harboured two
different plasmids (PMa and PMb) and each plasmid had
only one restriction site for these enzymes Sau3A was
found to have more than one restriction site in each plasmid
yielding different bands at different sizes while Pstl was
had no restriction sites on any plasmid (data not shown).
The involvement of naturally occurring plasmids in the
degradation of carbaryl has been extensively documented
(Hashimoto et al. 2002). Catabolic plasmids are thought to
play an important role in the evolution of pesticide -
degrading ability in microorganisms (Sayler et al. 1990).

Transformation of another bacterial strain with the
gene bearing-plasmid

The two plasmids PMa and PMb were used to transform E.
coli DH5a strain. Only PMb plasmid (5 kb) was
successfully transferred to this strain to allow it to grow on
methomyl while PMa plasmid was not detected and may
lack the gene responsible for the degradation process.
Positive transformants were selected on a minimal salt agar
plates that contains 100 ppm methomyl. This strain
(transformed strain) had the ability to hydrolyze methomyl
(100 ppm) in M9 media and maintain its activity after
repeated subculture. The plasmid profile of the transformed
cells was analyzed by agarose gel electrophoresis as shown
in Figure 1. The location of the degradative genes on
plasmids can aid or promote transfer to other strains and
lead to an increase in the metabolic diversity of the soil
microbial population. Marecik et al. (2008) reported that
the positive effect of microorganisms in the process of
xenobiotic degradation can be explained in terms of a
variety of different species and a broad spectrum of
produced enzymes. Microorganisms can therefore use
different sources of carbon and nitrogen to adapt to
different environments.

Also, new gene combinations could allow the degradation
of related compounds, degradation via different pathways,
or recombination between related genes to generate even
greater metabolic diversity (Karns, 1990). When this
plasmid is genetically transferred to a new host it confers
the capacity to metabolize the compound of interest.

Monitoring of the degradation of methomyl by
SPE-LC-ESI-MS

The capability of both strains M1 and M2 to degrade the
methomyl was detected by a method for the ultra-trace
analysis, using solid-phase extraction followed by
electrospray ionisation mass spectrometry (SPE-LC-ESI-
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Figure 5. Shows the intensity of the methomyl in studied
samples.

MS).The methomyl in the water samples was isolated by
solid-phase extraction (SPE) and the recovery rate was
98.9% (Farré et al. 2002).

In the positive mode of the LC-ESI-MS analysis, carbamate
pesticides can be qualitatively and quantitatively analyzed
at the level of 0.02 pg/L. In addition to protonated ions (M
+ H)", various molecular adduct ions were observed
(Ferndndez et al. 2000). The spectrum pattern of the
extracted methomyl shows molecular ion peaks at m/z [M
+H]* 163 which is consistent with methomyl molecular
formula CsH1gN,0O,S (Figure 2, Figure 3 and Figure 4).

In the original sample (M1-inoculated sample), the intensity
of methomyl was significantly reduced (8000 + 200, p <
0.001) when compared with the intensity of standard
sample (17033 + 152).This confirmed the capability of
strain M1 to degrade the methomyl. In the case of the
transformed sample (M2-inoculated sample), the intensity
of methomyl was significantly reduced (13466 + 152, p <
0.001) compared with the standard sample but was still
higher than the sample of the original bacteria as shown in
the Figure 5. This may be attributed to the fact that the host
strain M2 acquired the ability for methomyl degradation
after transformation with PMb plasmid, which encodes the
degradative gene (s) from M1 strain. The rate of
degradation was slower than M1, which may be due to the
slower rate of replication of the transferring plasmid to the
host DH5a strain than the original host. Positive-ion spectra
of low molecular weight compounds often comprise simple
adduct ions with one or more cations (e.g. [M + H]", [M +
H + Na]*") and cluster ion (e.g. [2M + H]"). Therefore the
peak lists of LC-ESI-MS measurements can contain
hundreds of peaks, and manual inspection of all of them is
simply impossible. Therefore, the possibility for the

prediction of the degradation pathway of pesticide by this
tool is inconvenient.

CONCLUDING REMARKS

This  study  demonstrated  that  the isolated
Stenotrophomonas maltophilia M1 strain possesses a strong
ability for methomyl degradation. This strain contains two
plasmids; one of them (PMb) was believed to be
responsible for the degradation of methomyl carrying the
degrading gene. This plasmid could be transferred to
another bacterial strain in the environment and provide it
with methomyl pesticide degradative ability and potentially
a selective advantage under a given environmental state.
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