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Soil treatment incubation method was carried out to analyze the monocrotophos (MCP) biodegradation
using three selected bacterial isolates namely Pseudomonas stutzeri (KY287931), Bacillus licheniforms
(KY287928), and Bacillus sonorensis (KY287930). After 45 days of incubation of pesticide exposed to
soil samples, the MCP biodegradation by individual cultures and consortium culture was analyzed and
conformed by gas chromatography—-mass spectrometry (GC-MS) method. The three isolates
individually degrade toxic MCP into non-toxic intermediate while the consortium cultures completely
degrade the MCP into water-soluble compounds. PCR-based RFLP analysis of 16S rRNA was
performed. Pseudomonas and Bacillus species have been phylogenetically analyzed by using 16S
rRNA gene sequences. The isolated bacterial consortium culture proved a potential agent for MCP

biodegradation.
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INTRODUCTION

Use of microorganisms for properly detoxifying,
degrading and eradication of toxic compounds from
contaminated soil and water has emerged as the best
technique to clean up contaminated environments
(Strong and Burgess, 2008). Monocrotophos (MCP) is
still widely used in India for the protection of cash crops
such as cotton, sugarcane, tobacco, maize, groundnut,
soybeans, rice, and vegetables (Acharya et al., 2015).
Microorganism plays a major role in agriculture as they

increase the exchange of plant nutrients and make
chemical fertilizers usage minimal as much as possible.
Beneficial plant-microbe interactions in the rhizosphere
can improve the soil fertility (Dastager et al., 2011).
Microbes plays a crucial role for changeover of
phosphorous in water and sediments and the phosphate
ions are reported strongly, absorbed by sediments with a
high content of slit and clay (Chen et al., 2015). In order
to accomplish an effective degradation, the
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microorganisms were isolated from agricultural fields
which were previously exposed to the pesticides
(Jayanthi et al.,, 2014). Organophosphate hydrolase
(opdA gene) wrapped up in starting biodegradation of
monocrotophos in KPA-1 was quantitatively shown,
which fundamentally indicates cytosolic enzyme; a
catabolic pathway for MCP degradation has been
proposed (Bhadbhade et al., 2002). Numerous problems
associated with pesticides application are their possible
persistence in the ecosystem and therefore, their
possible integration into the food chain affects
ecosystems and human population (Hill et al., 2003). In
the recent years soil quality deterioration has caused a
serious concern to our planet. Pesticide contaminations
of soil pose a grave danger to human health as well as to
the natural environment. The methods procurable today
(physical or chemical) are on the other hand costly or
incomplete. Bioremediation contribute a superior process
or tools for the efficient detoxification of pesticides from
the soil. Bioremediation is environmentally healthy, cost
effective and has efficient method (Baba et al., 2016).

The pathway is initiated by the conversion of dimethyl
(E)-1-methyl-2-(methylcarbamoyl) vinyl phosphate and
then to N-methylhydroxyl monocrotophos dimethyl
phosphate; both steps are catalyzed dependently by
dimethylphosphate. N-methylacetoacetamide is
transformed to 3-hydroxy-N-methylbutyramide, and
methyl phosphate is converted to phosphoric acid.
Microorganisms contribute a great percentage in the
conversion of phosphorous in water and the phosphate
ions are actively taken by ground with major portion of
clay and slit (Seema et al., 2013).

Pesticides can be degraded by microbial, chemical and
photo degradation processes in the environment.
Nonetheless, microbial degradation is considered as the
major determining factor of the organophosphrus fate in
the environment and is often the main process of
pesticide degradation in soils, representing the safest,
least disruptive and most cost-effective treatment method
(Zrostlikova et al., 2003; Singh et al., 2004). Several
researchers investigated the capabilities of bacteria to
degrade MCP (Singh et al., 2009). All of these enzymes
are found to induce the degradation of organophosphate
compounds.

The aim of this work is to study the impact of MCP on
soil microorganisms. Twenty-five safe bacterial species
were isolated, purified and identified from soil with history
pesticide application, then used to estimate their effect on
the biodegradation rate of tested organophosphrus
insecticides, to give a primitive indication about
organophosphrus insecticides biodegradation.

MATERIALS AND METHODS
Bacterial samples

Three promising MCP degrading bacterial isolates-from our
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previous work (Buvaneswari et al., 2017), namely Pseudomonas
stutzeri KY287931, Bacillus licheniformis KY287928, and Bacillus
sonorensis KY287930 were selected for the present study.

Soil treatment incubation

The organophosphorus pesticide monocrotophos used at
concentration of 1000 ppm was mixed with 250 g of soil already
dried and sterilized. The autoclaved soil and water was used as
control and the treatments made were as follows:

Control- Soil + Pesticide (1000ppm)

Treatment 1- Soil + Pesticide (1000ppm) + P. stutzeri (100ml)
Treatment 2- Soli + Pesticide (1000ppm) + Bacillus licheniforms
(200ml)

Treatment 3- Soil + Pesticide (1000ppm) + B. sonorensis (100ml)
Treatment 4- Soil + Pesticide (1000ppm) +Consortium (100ml)

100 g of soil was added in 100 ml of sterilized water for the
preparation of soil culture. Individual treatments of soil in triplicate
were flooded with inoculum to keep them moist during incubation
period. These treatments were kept at incubator (28 to 30°C) under
darkness for 45 days. Two sets of flasks were prepared with the
pesticides at 1000 ppm. After the completion of incubation, period
flasks were taken out accordingly for extraction and analysis
(Wasim et al., 2009).

Extraction and analysis

25 g of treated soil (samples) was air dried for extraction and
homogenized with 0.5 g charcoal (activated) for 4 h at 120°C. Then
added 1.0 g Florisil (activated for 4 h at 650°C) and 5 drops of 25%
NH3H2O solution placed over a 2.5 cm layer of anhydrous sodium
sulphate (Parthiban et al., 2015) (analytical grade) in a glass
column with 34 cm length and 2.5 cm dia.

Extraction was done, using a solution of n-hexane (distilled) and
acetone (distilled) in a ratio of 2:1 by the method described by
Wasim Aktar et al. (2009). Eluted material was collected in a 250 ml
conical flask (Pyrex) and later evaporated on rotary evaporator to
almost dryness dissolved in 20 to 50 pl quantity n-hexane in small
glass vials for Gc-ms determination.

Analysis of liquid samples on the Agilent GC-MS
Gas chromatographic determination

The samples were analyzed in GCMS (Gas Chromatograph- Mass
Spectrophotometer) (5975c: Insert MSD with Triple Axis Detector).
The limit of detection (LOD) of OCPs was determined, the blank.
Before analysis, standards were run to check for the column
performance, peak height and resolution. The extract was analyzed
on GC (equipped with flame ionization detector) with the
parameters as column temperature 230°C, injector temperature
250°C, detector temperature 300°C, hydrogen gas flow 4.5 ml/min
and air flow 175 ml/min.

The parameter of the glass column was 1.5 % OV-17 + 1.75 %
OV-210 Chrom W-HP 80/100 mesh 2 meters x 2" x 2 mm ID
(internal diameter). The retention time was 1.6 min, detection limit
was 1ug and recovery percentage was 100%. An Agilent Gas
Chromatography system 5975c with Mass Selective Detector 5973
was used. If the retention time, qualifying ions (molecular weights)
and response (area on the graph giving the abundance
corresponding to the concentration) values were in the correct
range and the Q value (accuracy estimation from the machine in
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percentage) was high then, the result was accepted and process
(Mishra et al., 2017; Gilani et al., 2010).

Molecular characterization of MCP degrading bacterial isolates
Restriction fragment length polymorphism (RFLP) analysis

Extraction of genomic DNA from MCP degrading bacterial
strains: The isolates were used to inoculate in nutrient broth (Hi-
media) and incubated overnight at 37°C and 200 rpm. The resulting
bacterial suspension was pelleted at 10,000 rpm for 5 min and the
genomic DNA was extracted from the samples using phenol-
chloroform extraction technique. The buffer in the micro centrifuge
tube contains the DNA. The DNA samples were stored at -20°C
until further use (Lori et al., 2005; John, 2014).

Purification of 16S rRNA PCR product

The partial 16S rRNA gene fragments were amplified from the
cultures with PCR conditions as follows: the PCR products were
precipitated with 9 pl of 3 M sodium acetate (pH 5.2) and 60 pl of
isopropanol and resuspended in 50 pl of distilled water. Extraction
of the PCR products with chloroform was carried out (Akhter et al.,
2013).

Electrophoresis and enzymatic digestion of amplified DNA

Purified DNA was digested for 2 h in 10 pl volumes with restriction
endonucleases. The following three restriction enzymes were used:
ALU1, SAU3Aland HAE. Triple digestion with SAU3Al1 and ALU1
and HAE was performed as follows: DNA was first digested for 1 h
at 25°C with ALU1.

Following the addition of buffer recommended by the
manufacturer, SAU3Aland HAE were added and the reaction
mixture was incubated for 1 h at 37°C (Daniel et al., 2009). The
resulting DNA fragments were electrophoresed in 1.5% (wt/vol)
agarose gels in Trisacetate buffer (0.04 M Tris-acetate, 0.001 M
EDTA; pH 8.3) at 100 V for 30 min. The gels were stained with
ethidium bromide and DNA fragments were visualized by UV
transillumination and photographed. Strains were categorized
according to their distinct RFLPs (Henrik, 2012).

Phylogenetic analysis data

To assess the phylogeny of the isolates, a BLASTN analysis (16S
rRNA sequence) was carried out through GenBank (Liu et al., 2001,
Castresana et al., 2000; Dereeper et al., 2008).

Construction of phylogenetic trees

The computer assisted by data analysis was performed for RFLP
profiles. Two numbers of alternative trees were constructed.
Negative branch lengths were avoided or minimized in the best
trees selected. Farris trees were constructed according to Archibald
(2002) and UPGMA trees as described by Allman et al. (2017).

RESULTS AND DISCUSSION

In our previous study, a total of 121 bacteria isolates
belong to three genera, capable of MCP degradation with

particular concentration which were studied and
conformed by FTIR (Gilani et al., 2010). All of the pure
bacterial isolates were sequentially subcultures on
mineral salt medium.

Similarly, several species of bacteria were isolated from
different environment which degrade organophosphorus
compound in laboratory cultures and soil (Buvaneswari et
al., 2017). Monocrotophos degradation in soil treatment
incubation method using selected bacterial isolates was
analyzed and conformed by GC-MS method. After forty
five days of inoculation with the selected bacterial
species, the consortium is compared with uninoculated
samples. The metabolic products of MCP degradation by
strains P. stutzeri (KY287931), B. licheniforms
(KY287928), and B. sonorensis (KY287930) filtrates were
extracted and confirmed by GC-MS. Sasano et al. (2000)
proposed the analysis of pesticides in water samples
using the GC/MS technique (Singh et al., 2006).

Gas chromatographic mass-spectrum is generated by
monocrotophos in control culture media (Figures 1 and
2). The control sample compared to NIST library
identification program have a phosphoric acid, dimethyl1-
methyl-3-(metylamino)-3-oxo-1-propenyl  ester  group
compound (C7H14NOsP). The degradation of
organophosphate pesticide by microorganisms appears
to be identical, where OPH or PTE catalyzes the first step
of the degradation (Sasano et al., 2000). The peaks at
11.6 min indicate that 2-hydroxy-4-
hydroxylaminopyrimidine is one of the most important
compounds in monocrotophos and peaks at 12.86 min
indicate phosphoric acid and dimethyl 1-methylpropenyl
ester. Each of the peaks was identified on the basis of its
mass spectra and the NIST library identification program.
These compounds strongly evidence the presence of
MCP in the extracted control samples. Anizio et al.
(2009), proposed a method of analysis for six pesticides
(imazethapyr, imazaquin, metsulfuron-methyl, bentazone,
chlorimuron-ethyl and tebuconazole), by GC with mass
spectrometer detector (Anizio et al., 2009).

After 45th day of incubation, the gas chromatographic
mass-spectrum generated by KY287931 (P. stutzeri)
culture media was analyzed (Figures 3 and 4). The peak
at retention time 11.6 min (2-hydroxy-4-
hydroxylaminopyrimidine) and 12.86 min (phosphoric
acid and dimethyl 1-methylpropenyl ester) corresponded
to control sample, this peak disappeared concomitantly
with the formation of another new peak with a retention
time of around 1.668 min. The new peak with a retention
time of around 1.668 min indicate 2-pentanone, 4-
hydroxy-4-methyl-CgH1,0,.The results demonstrated that
P. stutzeri is a potent and easily acquired bioremediation
agent that could be used to remove other pollutants from
pesticide contaminated soils. A similar study was
conducted by Aleem (2003), who investigated the
determination of organochlorine pesticides in agricultural
soil with special reference to y-HCH degradation by
Pseudomonas strains.
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Figure 1. Gas chromatographic pattern of monocrotophos in control culture media.
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Figure 2. Mass-spectrum generated by pattern of monocrotophos in control culture media.

After 45th day of incubation, the gas chromatographic
mass-spectrum generated by BAGNOO5 (B. licheniformis)
culture media were analyzed (Figures 5 and 6). The peak
at retention time of 11.6 min (2-hydroxy-4-
hydroxylaminopyrimidine) and 12.86 min (phosphoric
acid and dimethyl 1-methylpropenyl ester) corresponded
to control sample. This peak disappeared concomitantly
with the formation of another new peak through a
retention time of around 1.676 min. Zhao et al. (2012)

described the same method to study pesticides in
vegetables. The graph shows peak with a retention time
of around 1.676 min, which indicates the 2-pentanone 5-
chloro CsH4CIO. This is one of the four stable isomers of
butanediol. In biology, 1, 3-butanediol is used as a
hypoglycemic agent.

After 45th day of incubation, the gas chromatographic
mass-spectrum generated by BKGNOO7 (B. sonorensis)
culture media were analyzed (Figures 7 and 8). The peak
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Figure 3. Gas chromatographic patterns of purified Pseudomonas stutzeri extracts obtained from

the liquid culture.
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mliquid culture.

at retention time of 11.6 min (2-hydroxy-4-
hydroxylaminopyrimidine) and 12.86 min (phosphoric
acid and dimethyl 1-methylpropenyl ester) corresponded
to control sample. This peak disappeared concomitantly
with the formation of another new peak through a
retention time of around 1.495 min. The results
demonstrated that B. sonorensis is a potent and easily
acquired bioremediation agent that could be used to

remove other pollutants from pesticide contaminated
soils. The new peak with a retention time of around 1.495
min indicates the trimethylene oxide Cs;HsO and
hydrazine H;N,. Hydrazine is a convenient reductant
because the by-products are typically nitrogen gas and
water. Thus, it is used as an antioxidant and an oxygen
scavenger. After 45th day of incubation, the gas
chromatographic mass-spectrum generated by mixed
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Figure 5. Gas chromatographic patterns of purified Bacillus licheniformis extracts obtained from the

liquid culture.
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Figure 6. Mass-spectrum generated by patterns of Bacillus licheniformis extracts obtained from the

liquid culture.

consortium culture media were analyzed (Figure 9 and
10). The peak at retention time of 11.6 min (2-hydroxy-4-
hydroxylaminopyrimidine) and 12.86 min (phosphoric
acid and dimethyl 1-methylpropenyl ester) corresponded
to control sample, this peak disappeared concomitantly
with the formation of another new peak through a
retention time of around 3.60 min (Mishra et al., 2017,
Gilani et al., 2010). The new peak with a retention time of

around 3.60 min indicates the carbonic dihydrazide
CHgN,O. The result presented good results for the
microbial degradation of monocrotophos. Carbohydrazide
is the chemical compound with the formula OC (N,Hs),. It
is a white and water-soluble solid. It decomposes upon
melting. A number of carbazides are known where one or
more N-H groups are replaced by other substituents. The
accumulation of the products was not found by the
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determination after incubation for 45 days. The
degradation products were similar to those observed in
previous studies (John et al., 2004; Horsfield et al., 2008;
Singh et al.,, 2003). They occur widely in the drugs,
herbicides, plant growth regulators, and dyestuffs. GC-
MS analysis showed that consortium culture has more
capacity to degrade the MCP than other isolated
microorganisms. The ester metabolite is detected by GC-
MS analysis; it is eco- friendly for soil environment.

However, in the present study, degradation of
organophosphorus pesticide was obtained and this could
be the reasoned why bacterial strains consortium express
the pesticide degrading enzymes (Singh et al., 2009).

In the present study, total DNA was extracted
according to the procedures described by M. A. Akhter
and R. Laz, (2013). The isolated chromosomal DNA was
1500 bp which compared with 1kb + DNA marker (Figure
11). The RFLPs of 16S rRNA were determined using
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Figure 10. Mass-spectrum generated by patterns of consortium extracts obtained from the

liquid culture.

three restriction enzymes, ALU1, SAU3Al and HAE.
PCR-based RFLP analysis of 16S rRNAs was performed.
The genetic diversity assessment by RFLP shows
genetic similarity between the isolates which were varied
(Figure 11). Pseudomonas and Bacillus species have
been phylogenetically analyzed by using 16S rRNA gene
sequences (Bhadbhade et al., 2002).

The distinct RFLP pattern of the 3 strains could be due
to increased mutation under stress, facilitation adaptation
of the strains to stressful environments and also due to
the different types of pesticide contamination and varying

age of contamination at the sites. Phylogenetic analysis
was done on the basis of partial 16S rRNA sequences
(600 nucleotides) of 3 isolates. The 3 strains were
grouped into two clusters, the blast similarity search and
phylogenetic analysis of 16S rRNA sequence which
revealed that, the isolated bacterial strain are closely
similar to Pseudomonas and Bacillus groups (Figure 12).
Dendrogram analysis lllustrate the relationship between
strains of P. stutzeri KY287931, B. licheniforms
KY287928 and B. sonorensis KY287930 bacteria. Based
on the results of physiological, biochemical and molecular
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Figure 12. Dendrogram illustrated genetic relatedness between bacterial isolates, generated by UPGMA cluster

analysis.

analysis, the isolates were designated. At present, more
than 20 isolates of MCP-degrading strains have been
reported and yielded a variety of microorganisms.

Conclusion
With this increased awareness, research has recently

focused to the fate of pesticides in soils and health risk
due to their potential transfer and accumulation in plants.

Our study reveals that isolated bacterial strains growing
in contaminated sites are able to with-stand high levels of
monocrotophos in the soil. The consortium culture shows
increased degradation activity in the MCP contaminated
soil as compared to individual cultures.

MCP was highly adsorbed by the studied isolates. The
bacterial samples were identified and confirmed as P.
stutzeri KY287931, B. licheniforms KY287928, and B.
sonorensis KY287930 through Restriction Fragment
Length Polymorphism of 16S rRNA gene clusters.
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