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Abstract
The extreme human poison, oxamyl, which is commonly used to control a
broad spectrum of pesticides, including nematodes, was subjected to
bioremediation using a newly isolated soil bacterium, Micrococcus luteus OX.
This bacterium utilized 12.2% of oxamyl within 48h under shaking. Besides,
growth was enhanced in the presence of the pesticide-containing MSM.
Oxamyl residues were precisely estimated using HPLC/MS/MS system. The
current study is the first to report utilization of oxamyl using Micrococcus
luteus. Therefore, I recommend M. luteus OX as a bioremediator not only for
oxamyl, but may be for other carbamate pesticides as well.
Keywords: Oxamyl, Bioremediation, Micrococcus luteus, HPLC/MS/MS,
carbamate pesticides.
INTRODUCTION
Pesticides are chemical substances which are used to manage pest populations. Due
to their mobility, pesticides represent a hazard for life [1]. Oxamyl, for instance, has
been classified by the U.S. Environmental Protection Agency (EPA) as Restricted Use
Pesticide (RUP) due to its acute toxicity to humans, birds, and mammals [2]. This
insecticide controls a broad spectrum of insects including nematodes. It belongs to a
family of pesticides called carbamates which work by blocking of cholinesterase, an
essential nervous system enzyme [3]. This extreme human poison, oxamyl, can enter
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the body throughout three different routes: inhalation, ingestion, or skin absorption [4,
5]. The EPA Lifetime Health Advisory (LHA) level for oxamyl is 200 ppb [6].
However, oxamyl soil half-life is one to 5 weeks, with residual levels found for up to
6 to 12 months later [7].
Bioremediation refers to any strategy can be used to remove undesirable effects of
pollutants from any environment using living organisms. Bacteria have been
extensively used in bioremediation due to their fast growth, easy handling, and low
cost [1]. Osborn et al. (2010) have isolated and identified oxamyl-degrading bacteria
from UK agricultural soils [8]. However, Micrococcus spp. are so effective
bioremediators that can degrade carbaryl, carbofuran, naphthalene, and many other
aromatic compounds to be used as growth substances [9]. In another study of Tallur et
al. (2008), Micrococcus sp. strain CPN1 was effectively used for degradation of
cypermethrine, a pyrethroid pesticide [10].
With the recent advances in HPLC/MS/MS (Mass Spectrometry) instrumentation, it
can be used to simultaneously monitor hundreds of potential contaminants including
those difficult to be detected by GC. The MS/MS detector allows for very specific and
sensitive detection of the pesticides species. On the other hand, LC is important to
ensure the highest data quality. Therefore, LC /MS/MS is a highly precise and
specific technique to detect different types of pesticides [11].
In this study, a recently isolated bacterium (Micrococcus luteus OX) has been
successfully used for bioremediation of oxamyl from a minimum salt medium.
Pesticide residues were precisely quantified using MS/MS system combined with
HPLC. The current study is the first to report utilization of oxamyl by Micrococcus.
MATERIALS AND METHODS
Sampling and bacterial isolation
Soil samples were collected, less than 1 cm in depth, in May- 2016, from a farm
located at Nubarya, Beheera Governorate, Egypt. The soil samples were collected
from different locations within the farm and mixed together. One gram of the soil
mixture was agitated in 100 ml sterile and distilled water. Soil suspension (0.1 ml)
was mixed with melted nutrient agar in Petri-dishes after different serial dilutions. In
48 h, the total bacterial count was estimated after incubation at 33 ͦ C. Bacterial
colonies were counted, purified and maintained in glycerol.
Pesticide estimation in the soil sample and aqueous solutions
Pesticide residues in the previously described environmental sample and liquid
minimum salt medium were quantified using LC/MS/MS (liquid chromatographymass spectrometry). LC/MS/MS was performed with an Agilent 1200 Series HPLC
instrument coupled to an API 4000 Qtrap MS/MS from Applied Biosystems with an
electrospray ionisation (ESI) interface. Separation was performed on an Agilent
ZORBAX Eclipse XDB C18 column 4.6 x 150 mm, 5 Micron particle size. Necessary
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reagents, preparations, extraction procedures and analytical steps were performed
according to Attallah et al. (2012) [11].
Bacterial resistance to oxamyl, captan, and thiophonate methyl
Pure bacterial colonies were cultured in nutrient agar plates supplemented with
different concentrations of oxamyl, captan, and thiophonate methyl, separately. The
plates were incubated at 33 ͦ C for 48h. Pesticides names, mode of actions, and
manufacturers are listed in Table 1.
Table 1: Pesticides names, mode of actions, and manufacturers
Pesticide chemical
name
Captan 80% WG
Oxamyl 24% SL
Thiophonate methyl
70 WP

Brand
name
Captan
Nematex
Topsin M

Mode of
action
Fungicide
Nematocide
Fungicide

Manufacturer
Arysta Life Science, France
Medmac, Jordon
Wuxi xinan pesticides Co.Ltd.,
China

Oxamyl biodegradation and growth monitoring
A promising bacterial colony was selected according to oxamyl resistance test results
and subjected to grow in the presence of oxamyl as a sole carbon and energy source.
Nematex was added to 50 ml sterile minimum medium (MM) in a final concentration
of 100 ppm. A separately sterilized yeast extract solution was added to Nematex MM
in a final concentration of 1% for growth induction. Finally, the selected bacterium
suspension was added to the mixture (1%) and its ability to grow in such minimum
medium was tested under shaking conditions (150 rpm) at 33 ͦ C. Bacterial growth
(OD550) and oxamyl residues were estimated throughout time intervals till 48 h. The
MM composition was as follows in g/l: Na2HPO4, 2.2; KH2PO4, 1.4; MgSO4.7H2O,
0.6; (NH4)2SO4, 0.3; NaCl, 0.05; CaCl2, 0.02; FeSO4.7H2O, 0.01 and pH, 7 [10].
Bacterial growth in absence of oxamyl was also monitored using the same previously
mentioned nutritional and environmental conditions to compare between the growth
patterns in absence and presence of the nematicide.
Phenotypic characterization
Gram stain and motility test were used to detect cell morphology of the newly isolated
bacterium.
16S rDNA partial sequencing
DNA was extracted using GeneJet PCR Purification Kit (Thermo Fisher Scientific).
Amplification of the 16S rDNA and amplicons purification were done according to
Mohamed (2016) [12]. After DNA partial sequencing (GATC Biotech), sequences
were compared with those in the GenBank data base using BLAST search [13]. The
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sequences were finally deposited in the GenBank and accession number was obtained
as will be indicated in the results. Forward and reverse primers (Macrogene
incorporation, Seoul, Korea) used in PCR reactions and sequencing are illustrated in
Table 2.
Table 2: Primers used in PCR reactions and sequencing
Direction

Sequence

Forward

5`- AGA GTT TGA TCC TGG CTC AG-3`

Reverse

5`- GGT TAC CTT GTT ACG ACT T-3`

RESULTS
The collected soil sample was subjected for analysis of pesticide residues including
oxamyl, captan, thiophonate methyl, and others using LC/MS/MS system (Figure 1a).
In Figure 1b, a sharp oxamyl peak was detected in a liquid minimal salt medium at a
retention time of 3.5.

a

b

Figure 1 Pesticides analyses using HPLC/MS/MS for: a, the soil sample; and b,
oxamyl in a MSM. Oxamyl retention time is 3.5.
In parallel with pesticide analysis, the total bacterial count was estimated and 697 cfu
were detected with five different morphological types (data not shown). However, one
phenotype, E1, was dominant (around 60%) among the others and characterized with
yellow colonies on agar plates. Besides, bacterial resistance against 3 different
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pesticides was recorded and E1 was found to be the most resistant phenotype (data not
shown). The three pesticides are Captan, Nematex, and Topsin M. According to Table
3, E1 can resist Captan,
Topsin, and Nematex till 150, 100, and 200 ppm,
respectively. Therefore, Nematex was selected for bioremediation using E1 phenotype
which was identified using the 16S rDNA partial sequencing (approx 1338 bp). Blast
search indicated that the bacterium belongs to Micrococcus luteus (100 %) and its
accession number which was deposited in the GenBank is LC209194. This bacterium,
Micrococcus luteus strain OX, is a Gram- positive, non-motile cocci usually arranged
in tetrads.
Table 3. Bacterial sensitivity against different pesticides
Captan
50 100 150 200
R
R R
S


Pesticide concentration in ppm
Topsin
Nematex
50 100 150
50 100 150 200
R
R
S
R
R R
W

R, resistant; S, sensitive; and W, weak growth.

M. luteus was allowed to grow in two different liquid media. The first is a Minimum
Salt Medium (MSM) amended with 1% yeast extract for growth induction, and the
second is the same as the first one in addition to 100 ppm Nematex as a sole carbon
source (Figure 1b). With Nematex medium, M. luteus OX growth was enhanced and
reached an optical density of 0.62 at 550 nm in 24 h, if compared with the MSM
without the nematicide (O.D.550= 0.483) (Table 4). This indicates the utilization of
oxamyl by the bacterial cells as a carbon source for their growth. In 30 h of shaking
incubation, cells continued to grow reaching an O.D. of 0.75.
Table 4: Micrococcus luteus OX growth in the presence and absence of oxamyl
Time (h) Growth in MSM with oxamyl Growth in MSM only
0

0.025

0.021

2

0.265

0.263

4
7

0.316
0.365

0.305
0.317

9

0.48

0.41

24

0.62

0.483

30

0.75

0.46

To quantify oxamyl concentration which was utilized by M. luteus OX, nematicide
residues were precisely estimated by LC/MS/MS system at different time intervals
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(Table 5). Surprisingly, only 12.2 % of oxamyl was detected in 48h and longer
incubation periods did not show appreciable oxamyl reduction (data not shown).
Table 5. Oxamyl residues (ppm) estimated with the growing Micrecoccus luteus cells
at different time intervals
Time (h)

Cell growth (OD550)

Oxamyl residues (ppm)

0

0.025

100

2

0.265

90.2

4

0.316

78.2

7

0.365

70.8

9

0.48

66.2

24

0.62

56.2

30

0.75

40.6

48

0.98

12.2

DISCUSSION
Pesticides can move through the air to reach other parts of the environment such as
water. They can be washed off the soil into nearby water bodies including
groundwater [14]. Hence, this study concerns with the bioremediation of oxamyl in
aqueous solutions.
Resistance of Micrococcus luteus to the tested pesticides (Captan, Nematex, and
Topsin M) and may be to other pesticides is expected due to its presence in a pesticide
treated agricultural soil (Figure 1a). However, utilization of oxamyl by Micrococcus
luteus as a sole carbon and energy source is efficient throughout time and cell growth
is enhanced in the presence of the pesticide due to its degradation most probably into
oxamyl oxime which is not further transformed [15]. The accumulation of oxamyl
oxime in different bacterial cultures indicates that bacterial isolates cannot use it as an
energy source [15]. However, the hydrolysis of oxamyl is a detoxification process
itself, because oxamyl oxime is less toxic to mammals and aquatic organisms [16].
Oxamyl is a carbamoyloxime nematicide [8]. Thus, it seems that oxamyl-degrading
bacteria utilize the methyl-carbamoyl which is released during oxamyl hydrolysis as a
carbon and nitrogen source (Figure 2). Eventually, the unstable carbamic acid is
rapidly broken down to formaldehyde and CO2 [17, 18, 19]. This pathway is very
common among carbamate-hydrolyzing bacteria [17, 20].
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Figure 2 The proposed metabolic pathway of oxamyl by carbamate- hydrolyzing
bacteria. The steps of the metabolic pathway controlled by the genes cehA and
methylaminede hydrogenase (mau) are indicated (Rousidou et al. 2016).
In this study, 87.8% of oxamyl was utilized by Micrococcus luteus in 48h using MSM
supplemented with the nematicide as a sole carbon source under shaking conditions.
This result can be compared with those of Rousidou et al. (2016) [15]. They used four
different newly isolated Pseudomonas strains to degrade oxamyl into oxamyl oxime.
Three of these strains completed the oxamyl degradation within 96h. In my study,
longer incubation than 2 days showed no appreciable degradation (data not shown).
Besides, Osborn et al. (2010) reported oxamyl utilization by Aminobacter spp. and
Mesorhizobium sp [8]. However, this is the first study reports the utilization of
oxamyl by Micrococcus luteus or any other Micrococcus spp. On the other side,
different Micrococcus species isolated from soils seem to be efficient bioremediators.
They have been tested to degrade pyridine (a byproduct of cool gasification) [21],
cypermethrine (a pesticide) [22], carbaryl (insecticide), and other aromatic
compounds [9]. Carbaryl belongs to carbamate family of insecticide, like oxamyl,
and a bacterium belongs to Micrococcus sp. which was isolated from a garden soil is
capable to utilize carbaryl as a sole carbon source [9].
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CONCLUSION

Oxamyl is an extreme human poison which shouldn’t exceed 200ppb in water systems
[6]. The current study is the first to report the utilization of oxamyl by Micrococcus
luteus. This promising bacterium remediated 87.8% of 100ppm oxamyl within only 2
days in a poor medium containing one carbon source, oxamyl. Oxamyl residues in the
liquid MSM were precisely measured using highly sensitive HPLC system,
LC/MS/MS. Therefore, Micrococcus luteus strain OX is strongly recommended not
only for oxamyl remediation, but may be for bioremediation of other pesticides,
especially carbamates.
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