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Abstract

A potential pesticide degrading bacterial isolate (2D), showing maximum tolerance (450

mg�L-1) for cypermethrin, fipronil, imidacloprid and sulfosulfuron was recovered from a pesti-

cide contaminated agricultural field. The isolate degraded cypermethrin, imidacloprid, fipro-

nil and sulfosulfuron in minimal salt medium with 94, 91, 89 and 86% respectively as

revealed by high performance liquid chromatography (HPLC) and gas chromatography

(GC) analysis after 15 days of incubation. Presence of cyclobutane, pyrrolidine, chloroacetic

acid, formic acid and decyl ester as major intermediate metabolites of cypermethrin biodeg-

radation was observed in gas chromatography mass spectrometry (GC-MS) analysis.

Results based on 16S rDNA sequencing, and phylogenetic analysis showed maximum simi-

larity of 2D with Bacillus cereus (Accession ID: MH341691). Stress responsive and cata-

bolic/pesticide degrading proteins were over expressed in the presence of cypermethrin in

bacteria. Enzymatic kinetics of laccase was deduced in the test isolate under normal and

pesticide stress conditions which suggested that the production of enzyme was induced sig-

nificantly in pesticide stress (163 μg.μL-1) as compare to normal conditions(29 μg.μL-1)

while the Km value was decreased in pesticides stress condition (Km = 10.57 mM) and

increases in normal condition (Km = 14.33 mM).Amplification of laccase gene showed a

major band of 1200bp. The present study highlights on the potential of 2D bacterial strain

i.e., high tolerance level of pesticide, effective biodegradation rate, and presence of laccase

gene in bacterial strain 2D, could become a potential biological agent for large-scale treat-

ment of mixture of pesticide (cypermethrin, fipronil, imidacloprid and sulfosulfuron) in natural

environment (soil and water).
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Introduction

From the last 20th century the overall global production of grain has increased from 500 mil-

lion tons to 700 million tons [1]. However India alone produces 250 million tons of grain but

it also losses 11 to 15% of total produced grains per year due to the pests attack and by some

other causes [2]. To prevent such losses and to achieve the food targets, farmers have adopted

to use hybrid seeds, systematic irrigation and application of chemical fertilizers and pesticides

[3,4]. Cypermethrin, carbendazim, fipronil, sulfosulfuron, imidacloprid are some common

pesticides used widely to control insects in agricultural practices and in health programs glob-

ally [5–7]. Sulfosulfuron, a new sulfonylurea herbicide is used to control weeds in wheat and

other agricultural crops [8].

Pesticides are developed under strict vigilance of regulatory authorities which regulate the

production of pesticides and set guidelines for their use so to put least hazardous impact on

human health and on their surrounding environment. Besides these preventive measures, sev-

eral health hazards can arise by their direct exposure during production and their contamina-

tion in food and water. Many environmental concern of pesticide has been already reported by

researchers such as reducing biodiversity, nitrate leaching, decreased soil fertility, resistance in

weed species towards common weedicides, increased cost of prevention and treatment endan-

gering human health and acidification [9,10].

Several physical and chemical methods for degradation of the xenobiotic compounds are

investigated but these methods are very costly and are not adequate enough [11,12]. Hence,

the biological methods for degradation of xenobiotic compounds from the polluted sites by

exploiting the microbial metabolism would be the best approach for the remediation of envi-

ronment. The advantages of using this alternate remedial strategy (bioremediation) are,

method is very cost effective, very economical, least hazardous, versatile and ecofriendly in

nature [13,14]. Bacteria in nature degrade pesticides, and several toxic pollutants without any

cost and do not cause secondary pollution. Consequently, researchers have conducted fine

studies on biodegradation of toxic contaminants with clear understanding of their degradation

mechanisms. Isolation of numerous bacteria and fungi efficient in degradation of pesticides

into simple and non toxic forms has been done by various researchers [15–17]. Among the

microbes used for biodegradation purposes, bacteria are most preferred as they could easily be

developed into mutant strains with variety of biochemical pathways in adaptive environment

[18,19]. Additionally, formulations of novel microbial consortia efficiently degrade xenobiotic

compounds for their source of energy by using the co-metabolism process. The most promis-

ing and efficient technique for various biological purpose is the formation of proficient recom-

binant microbial strain which provides new opportunity to different biological fields [20].

Degradation of pesticides depends upon concentration, structure, solubility, soil types, soil

moisture, temperature, pH, soil organic matter (SOM) and soil microbial biomass [12,21]. Dis-

covery of bacteria with high metabolic potential and vide range of substrate activity could be a

novel approach for bioremediation. Recently, for degradation of ametoctradin (fungicide) a

packed-bed microbial bioreactor was used and reported higher proliferation of microbial com-

munities (consortium) and their genes enhances the degradation rate [22]. Comparative

microbial communities analysis in between ex vivo soil and in vitro soil correlated with biore-

actor showed increases population of Burkhoderia which is a potent biodegrader of xenobiotic

compounds. Most recent techniques such as gene editing tools, ZFNs, TALEN, CRISPR-Cas

can be used to target the potential pesticide degrading genes [23,24]. Here we are trying to fill

this knowledge gap by studying effect of pesticide stress on different category of proteins and

their expression. On the basis of above reference the current study plans to the following

objectives;
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i. Isolation and characterization of Pesticide degrading bacteria

ii. In vitro pesticide biodegradation in minimal medium

iii. Identification of intermediate metabolites of biodegraded pesticide using GC-MS

iv. Estimation of pesticide degrading enzyme and their enzymatic kinetics

v. Proteomic analysis of pesticide degrading bacterial isolate in stress and normal condition

vi. Amplification of pesticide degrading gene

Materials and methods

Chemicals and media used for experiment

Standard pesticides of highest purity namely cypermethrin, fipronil, imidacloprid and sulfo-

sulfuron (Sigma-Aldrich 99% pure) were provided by Department of Chemistry, GBPUAT

Pantnagar. Stock solutions (1mg.mL-1) of the pesticides were prepared by dissolving standard

pesticide in acetonitrile (for non volatile compound or HPLC) or hexane (for volatile com-

pounds or GC), then sterilized with the help of bacterial filter and stored in colored bottles at

4˚C in refrigerator till use. Isolation and characterization of bacterial isolates was done using

Nutrient Agar (NA) and Mineral Salt Medium (MSM).

Isolation of pesticide degrading bacteria through enrichment method

Pesticides polluted agricultural soil samples were collected from Gularbhoj, Udham Singh

Nagar, Uttarakhand, India. Standard methods (Methods of Soil Microbiology and Biochemis-

try) were used to collect the soil samples [12]. For the collection of soil sample the handheld

corer of stainless steel was used. During the sampling discarded the first two cores then third

cores (5 cm), taken over an area of 100 m2 were pooled to form one composite sample. All the

samples were packed in aluminium foil and sealed in sterilised plastic sampling bags to reduce

the possibility of contamination. After proper labelling, samples were kept at -20˚C until use.

Isolation of pesticide degrading indigenous soil microorganisms was done by using enrich-

ment technique followed by dilution method. For residual analysis of pesticides present in soil,

the samples were prepared and performed according to Phartyal [25] and Negi et al. [26].

Extract of pesticides were analyzed by HPLC/GC. On the basis of the occurrence of residual

pesticides in the soil sample, cypermethrin, fipronil, imidacloprid and sulfosulfuron were

selected for the further study.

Screening of pesticide degrading bacterial isolates

For the screening of cypermethrin, fipronil, imidacloprid and sulfosulfuron degrading bacte-

ria, minimal salt medium was supplemented with different concentrations of the pesticide(s).

Petri plates containing 20 ml of minimal agar supplemented with pesticide(s) (10 to 450 ppm

from the stock solution (1mg.mL-1)) and left for solidification of medium. Plates were streaked

with active bacterial cultures (isolated from the soil samples) and incubated for 72 h at 30 oC.

The bacterial growth was observed after 2–4 days. On the basis of maximum tolerance level of

the pesticides and growth in the minimal medium, bacterial isolates were selected, purified

and maintained for further studies [12].

Molecular characterization of pesticide degrading bacterial isolate

Selected bacterial isolate (2D) was characterized at morphological and molecular level.

Genomic DNA was extracted from the bacterial isolate [27]. Amplification of 16S rDNA gene
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was done using universal primers (27f: 50AGAGTTTGATCMTGGCTCAG30 and 1492r:

50TACGGYTACCTTGTTACGACTT-30). After that the amplicon was processed for agarose gel

electrophoresis and further sent for the 16S rDNA sequencing to Biotech Centre, South Cam-

pus, Delhi University. The contig of 16s rDNA gene was formed and check the percent similar-

ity by comparing the sequences with NCBI gene database using BLAST programme. On the

basis of maximum homology among the sequences the phylogeny of the organism was

deduced with the help of MEGA 7.0 software [28].

In vitro pesticide biodegradation in minimal medium

Experiment on biodegradation of cypermethrin, fipronil, imidacloprid and sulfosulfuron

using selected bacterial isolates was performed in an in vitro study conducted under laboratory

condition in liquid medium. 50 mL MSM, supplemented with 20 mg.L-1 (1 ml from 1000 mg.

L-1 pesticide stock) of pesticide individually was inoculated with 1 mL of active bacterial cul-

ture (OD = 0.8) and incubated at 30˚C. Further, 2 mL of broth was withdrawn separately from

all the flasks at different days interval (on 5, 10 and 15th day) and centrifuged for 10 min at

10,000 rpm. After centrifugation, 1 mL of supernatant was added with 1 gm of sodium sul-

phate and 1 mL of hexane/acetonitrile. Two separate layers were formed in the separating fun-

nel. Further the upper layer was collected and evaporated at room temperature with the help

of evaporator. The dried pesticide in round bottom flask was next to mix properly with 2 mL

of hexane/acetonitrile. After filtration extracted pesticide solution was collected and further

analyzed with the help of GC/HPLC [12,29].

Identification of intermediate metabolites of biodegraded pesticide using

GC-MS

On the basis of residual analysis of the pesticides in the MSM medium using HPLC/GC, per-

cent biodegradation of cypermethrin was maximum among all the pesticides when treated

with bacterial isolate (2D). Therefore the intermediate metabolites of cypermethrin biodegra-

dation were analyzed with the help of GC-MS [30]. Degradation products of cypermethrin

were extracted (50 mL of Mineral salt medium supplemented with 20 mg.L-1 of pesticide in

250 mL flask containing) and analysed by GC-MS [12]. Uninoculated flask spiked with pesti-

cide was used as control.

Estimation of laccase enzyme in bacterial strain 2D

One ml of bacterial culture (12–14h old) inoculated into TYE broth (Tryptone yeast extract:

tryptone, 2%; yeast extract, 2%; pH, 7.2) was incubated at 37˚C at 150 rpm for 5 days with (20

mg.L-1) and without pesticide. Further, centrifugation at 6,000g was performed for 20 min at

4˚C. Before the sonication (at 20 MHz; five times, each for 45 s and 30 s gap between each

step), 10 mM of PMSF (Phenylmethylsulfonyl fluoride) was added in 0.1 M phosphate buffer

with pH 6.5 for washing cell pellets and inhibit protease activity in the supernatant. Again cen-

trifugation at 14,000 g for 20 min at 4˚C was done to obtain cell extract which contains crude

intracellular laccase enzyme. Enzyme activity can be measured at 465 nm using guaiacol as it

forms reddish brown color in presence of laccase [31].

Kinetics of laccase by Lineweaver-Burk model

Lineweaver-Burke plots were used to derive kinetic parameters of the laccase enzyme

[12,32,33]. Eq 1 indicates Michaelis-Menton equation (where Vmax is maximum rate of reac-

tion, r is substrate degradation in mM/min, Km is growth rate constant, S is initial substrate
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concentration).

r ¼ Vmax½S�=Km þ ½S� ð1Þ

The inverse of Eq 1 is used in the Lineweaver-Burke plot:

1=r ¼ Km=VmaxX1=½S� þ 1=Vmax ð2Þ

Proteomic analysis of pesticide degrading bacterial isolate

To perform whole cell proteome analysis, bacterial strain was grown in minimal medium sup-

plemented with 0.1% glucose in the presence/absence of the pesticide. 20 mL of log phase bac-

terial culture, grown in minimal medium was used for the extraction of extracellular proteins.

Bacterial culture was centrifuged at 12,000 rpm for 10 min at 4˚C. Pellets were discarded and

supernatant was used for further examination. Ammonium sulphate was added to precipitate

the extracellular proteins. Suspension was kept at 4˚C overnight. Precipitated protein was con-

centrated by using dialysis. Concentration of protein was estimated [34]. Lyophilized protein

samples were analysed using 2D gel electrophoresis. In silico, analysis of protein spots sepa-

rated on 2D gel was carried with Expasy (TagIdent database) based on their molecular weight

and isoelectric point (pI) [35].

Amplification of laccase gene

Presence of laccase, a major pesticide degrading gene was targeted in the bacterial isolate and

checked by using the primers [36]. The primers used for laccase amplification were CulAF-

50ACMWCBGTYCAYTGGCAYGG30 and Cu4R-50TGCTCVAGBAKRTGGCAGTG-30. Reaction

mixture constitutes: 20 pm.μL-1 Primers (forward and reverse), 10 mM dNTPs mix, 10x Assay

buffer with MgCl2, 3.0 U.μL-1TaqDNA polymerase, 10 mg.mL-1 BSA 3 and 50 ng.μL-1 Tem-

plate DNA. Reaction conditions maintained were: Initial denaturation at 94 OC for 3min fol-

lowed by denaturation at 94 OC for30 sec, annealing at 50 OC for 30 sec, and from second

phase repeat of 35 cycles, followed by extension at 72 OC for 1min and final extension at 72 OC

for 5 min.

Results

Selection of pesticides degrading bacterial isolate

Four pesticide utilizing bacterial isolates were recovered from pesticide contaminated agricul-

tural fields using plate assay. Three bacterial isolates (2A, 2B and 2C) were able to grow at 300

mg.L-1of the selected pesticides but only bacterial isolate (2D) was able to grow upto 450 mg.L-

1 of the pesticides. Performance of 2D bacteria under laboratory condition (grew on cyperme-

thrin, fipronil, imidacloprid and sulfosulfuron at 450 mg.L-1) enabled us to investigate the bio-

degradation potential of the bacteria.

In vitro biodegradation of pesticides in minimal medium

Gas chromatography (GC) results of standard of imidacloprid, fipronil and sulfosulfuron

revealed the presence of major single peak of each pesticide at 4.3, 4.9, and 6.3 min (retention

time) respectively under optimized conditions of the instrument (S1A–S1C Fig). On the other

hand cypermethrin showed four independent major peaks during a retention time of 16–

17.65. These major peaks indicated at different retention time includes at 16.13 min indicate

cis α, 17.00 min indicate cis β, 17.40 min indicate trans α and 17.62 min indicate trans β
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isomers of cypermethrin, (S1D Fig). Isolate 2D showed maximum degradation of cyperme-

thrin (94%) followed by imidacloprid (91%), fipronil (89%) and sulfosulfuron (86%) after 15

days of incubation in minimal medium (Fig 1).

The intermediate metabolites of the cypermethrin were analyzed. Retention timings of dif-

ferent biodegraded products of cypermethrin under the treatment of bacterial isolate 2D were:

4.005, 25.018, 26.311, 28.286, 29.024 and 29.025 min which corresponded to 3-penten-1-ol

and 1-[(1-oxo-2-propenyl) oxy]-2,5-pyrrolidin, 3-buten-2-one, 4,4-bis (dimethylamino)

4-quinolinol,1-ethyl-4-ethynyldecahydro, cyclobutane, pyrrolidine, formic acid, decyl ester,

2h-pyrido[1,2-f][1,6] diazacyclooctadecin, acetic acid, n-[4-cyclooctylaminobutyl] aziridine,

chloroacetic acid and octahydropyrrolo [1,2-a] pyrazine respectively (S2 Fig).

Characterization of the bacterial isolate

Phylogenetic analysis of amplified 16S rDNA gene sequences revealed 99% homology with

Bacillus cereus of bacterial strain 2D (S3 and S4 Figs). Gene sequences were submitted to Gen-

Bank and the organism was provided with an accession numbers (Accession No. MH341691).

Enzyme kinetics

Laccase enzyme activity of test bacterial isolate was examined quantitatively and qualitatively

for its possible role in degradation of cypermethrin. Biodegradation of pesticides is an

enzyme-catalyzed transformation of organic compounds into their simpler products. Specific-

ity of laccase enzyme make it crucial for degradation of huge variety of toxic environmental

pollutants.

Michaelis-Menten equation was solved in best way by plotting the data as 1/r vs 1/S to get a

straight-line equation [32,37,38] (Fig 2). In the presence and absence of cypermethrin,

Fig 1. Biodegradation of imidacloprid, fipronil, sulfosulfuron and cypermethrin in minimal medium by 2D bacterial isolate. The graph

denotes % degradation (Y axis) verses times in days (X-axis), where the numbers 5, 10 & 15 represent the withdrawal of sample(s) at different

time interval. (A) Represents the biodegradation of imidacloprid, fipronil, sulfosulfuron while (B) represents the biodegradation of different

isomers of cypermethrin.

https://doi.org/10.1371/journal.pone.0253106.g001
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bacterial isolate (2D) produced 163 and 29 μg�μL-1 laccase respectively. Significant difference

in Km values was observed with and without pesticide for laccase enzyme. Km values for laccase

in 2D under stress and normal condition were 10.57 and 14.33 mM respectively.

Laccase gene amplification

Amplicon of laccase gene was run in gel electrophoresis. Laccase amplification was found posi-

tive in test bacterial isolate and the size of amplicon for laccase was approximately 1200 bp

(Fig 3).

Comparative analysis of the pesticide induced proteins in bacterial strain

2D under stress and normal conditions

SDS PAGE was performed to analyse the expression of pesticide induced proteins in bacterial

culture (2D) in the presence of cypermethrin (50 mg.L-1). Size of different proteins bands were

obtained ranged from 10 to 202 KD (S5 Fig). Ten different protein bands were observed under

stress condition as compared to normal condition. Further two-dimensional electrophoresis

(2D electrophoresis) of the proteins was carried out in the absence and presence of pesticides

(S6 and S7 Figs) and major proteins were categorized in five classes namely: uncharacterized

proteins, stress response proteins, catabolic proteins, energy production/chemotaxis, gene reg-

ulation/transcription and protein synthesis/modification. Expression of protein by 2D was dif-

ferent under stress and normal conditions which could be differentiated on the basis of

number of protein spots. Approximately 60 to 80 protein spots were found in the gel. We have

characterized only 50 protein spots from each gel which were related to our experiment. Bacte-

rial strain (2D) expressed 14% proteins for stress response, 32% proteins involved in protein

Fig 2. Lineweaver-Burke plot of laccase in bacterial isolate 2D (plot A and B). Plot A shows laccase activity under normal condition while

plot B shows laccase activity in minimal medium with pesticide.

https://doi.org/10.1371/journal.pone.0253106.g002
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synthesis and modification, 14% in gene regulation, 20% in energy production, 18% catabolic/

pesticide degrading proteins and 2% were uncharacterized proteins under normal condition.

Under stress, percent expression of protein was different and the order was: 30% stress

response proteins, 22% of proteins involved in protein synthesis and modification, 12% in

gene regulation, 14% in energy production, 22% catabolic/pesticide degrading protein and 2%

uncharacterized proteins (Fig 4).

Discussion

In the present study, interactions with the local farmers, survey of the nearby areas and the lit-

erature citations led to the findings that imidacloprid, cypermethrin, fipronil and sulfosulfuron

are some common pesticides which are being used by the farmers in different cropping sys-

tems [39]. Presence of imidacloprid (0.42μg.g-1), cypermethrin (0.35μg.g-1) and fipronil

(0.26 μg.g-1) and sulfosulfuron (0.18 μg.g-1) was found in soil samples. Degree of contamina-

tion in soil varies from less polluted (less then� 0.5 mg.kg-1) to moderately polluted (in

between 0.5 to 1 mg.kg-1) to heavily polluted (more then�1 mg.kg-1) based on environmental

quality standards [40]. Hence four pesticides (cypermethrin, fipronil, imidacloprid and sulfo-

sulfuron) were selected in the present study for microbial biodegradation. The similar residual

analysis of pesticides (carbendazim, endosulfan and imidacloprid) from the agricultural soil

was done by the several researchers [25,26]. Our pesticide utilizing/tolerant bacterial isolates

were recovered from pesticide polluted agricultural soil using plate assay.

Performance of 2D bacteria under laboratory condition (grew on cypermethrin, fipronil,

imidacloprid and sulfosulfuron at 450 mg.L-1) enabled us to investigate the biodegradation

potential of the bacteria. Cypermethrin, endosulfan, imidacloprid, fipronil and sulfosulfuron

degrading bacterial and fungal strains were also isolated from the rhizospheric fields by several

authors [12,41–43].

Bacterial strain (2D) tolerated 450 mg.L-1 of all the four pesticides and degraded upto 20

mg.L-1 of the same in MSM medium. This indicates ability of bacterial isolate for pesticide deg-

radation in different environments, as they can survive and degrade the toxic compounds on

Fig 3. Amplification of Laccase gene from bacterial isolate 2D.

https://doi.org/10.1371/journal.pone.0253106.g003
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exposure of their higher concentrations. Recently similar study has been done in this field and

found that Bacillus spp. tolerated carbendazim (150 mg.L-1), Microbacterium tolerated 172 mg.

L-1 of endosulfan Pseudomonas spp. tolerated 150 mg.L-1 of imidacloprid andPseudomonas tol-

erated 30 mg.L-1 of lindane [26,44]. Therefore the bacterial isolate used in present study

showed more tolerance for the pesticide(s) than those used by Nawab et al. and Negi et al.

[26,44]. Bacterial strain 2D could degrade all the tested pesticides at higher concentration.

Fig 4. Expressed protein in normal (without pesticide) (2DN) and pesticide stress condition (2DS) for bacterial strain 2D.

https://doi.org/10.1371/journal.pone.0253106.g004
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Changes of regular expression of some enzyme(s) involved in degradation of imidacloprid,

fipronil, cypermethrin and sulfosulfuron at increased concentrations by 2D cannot be ignored.

On the basis of our experiment on tolerance for pesticides by 2D, we presume that metabolic

activity of our strain was not subjected to catabolic repression at higher concentration of the

pesticides. Bacillus cereus (strain 2D) potential of degradation and tolerance to pesticides

(higher concentration) proved it as a suitable strain for remediation of polluted sites.

Isolated bacterial strain Bacillus cereus 2D showed higher range of pesticide degradation

potential (94–86%) within shorter period of time (15 days). Pankaj et al. and Bhatt et al.

[43,45] have reported biodegradation of cypermethrin using Bacillus spp. and found 85% deg-

radation after 15 days under similar conditions. Bacillus subtilis BSF01 has been also reported

for their schematic growth linked biodegradation pathway of β-cypermethrin [46]. Microor-

ganisms used in biodegradation need an acclimatization period to induce synthesis of enzymes

for biodegradation that may account for prolonged lag phase, which was observed at higher

concentrations of cypermethrin, fipronil and sulfosulfuron [47]. Bacillus sp. FA3 degrades

fipronil (76%) within 15 days, isolated from agricultural field and effective for its removal from

water and soil environment [38]. Hence our bacterial strain Bacillus cereus 2D is more efficient

than the previously reported bacteria for the removal of mixture of pesticide from the natural

environment [38].

Toxicity of metabolites produced during cypermethrin degradation was checked by inocu-

lating it (fifteen days old broth with metabolites) with fresh bacterial culture. Results proved

these metabolites as nontoxic due to no effects on bacterial growth even after complete break-

down of pesticide. In the biodegradation experiment using 2D, a common intermediate of

cypermethrin i.e., 3-Phenoxy benzoic acid was absent. It can be proposed that 3-PBA may be

converted into smaller compounds like cyclobutane, chloroacetic acid and acetic acid. After

molecular characterization of bacterial isolate 2D, it showed maximum similarity (99%) with

Bacillus cereus. Several researchers displayed degradation abilities of Bacillus species of pesti-

cides (such as profenos and cypermethrin) and other xenobiotic compounds [12,46–48].

Supplementation of pesticide with Bacillus cereus 2D, growing in minimal medium, showed

reduced Km values as compared to higher Km values obtained under normal conditions, which

indicates laccase production induced by addition of pesticide. This confirms competitive inhi-

bition as the reason behind enzyme production. Laccase shows conformational changes, effi-

cient activity and lower Km values in presence of pesticide. Increase in laccase activity and

decreased km value under stress condition demonstrated that enzyme production increases

under stressed conditions as compared to the normal condition. Production of laccase is high

which helps bacterial isolates to overcome from the pesticide stress and make them comfort-

able to breakdown and utilize pesticides as carbon and energy source. Michaelis-Menten equa-

tion defines Km as the total substrate present at half of its maximum velocity (Vmax) [49].

Results indicate that to overcome the pesticide stress, the bacterial strain induces laccase

enzyme. Oxidation of various inorganic and organic compounds (both phenolic and non-phe-

nolic substrates) was catalysed by laccase via reduction of molecular oxygen to water [50]. Sev-

eral biotechnological applications of laccase includes plastic degradation, xenobiotics

bioremediation, bioleaching, decolourization of textile dyes, biosensors, lignin degradation,

food industry, and biofuels production etc. [51–53]. Gangola and co-workers [12], reported

efficient detoxification and degradation of cypermethrin by soil inhabitant Bacillus subtilis 1D

with esterase and laccase activity. Laccase concentration in presence of cypermethrin was

62 μg.μL-1 with Km value 61.57 mM and in its absence was 42 μg.μL-1with Kmvalue 83 mM

after 15 days [12]. Pseudomonas putida MTCC 7525 was isolated from the soil sample contain-

ing sawdust and dairy effluent showed optimum laccase production (94.10 U/ml) at pH 8 and

incubation at 30 oC with 1mM sodium nitrate as N source and 10% skim milk [54].
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Presence of laccase gene was found in Bacillus cereus 2D and the size of amplicon for laccase

was approximately 1200 bp (Fig 3). Our results were similar to findings of Ausec et al. [36] as

amplicon size of 1200 bp in B. cereus 2D was observed. By using primers it was confirmed that

laccase encoding genes exists in bacterial genome and may get activated in stressed conditions

in presence of pesticides). This gene is major regulatory gene and found responsible for the

degradation of imidacloprid, fipronil, sulfosulfuron and cypermethrin. These pesticide have

some common chemical bonds in their structures hence could be degraded by similar laccase.

Presence of laccase gene has been already reported in Azospirillum sp. [55], Pseudomonas syr-
ingae [56] and B. subtilis [12]. Fungal laccase enzyme for degradation of liluron, chlorpyrifos

and metribuzin was reported by Gouma, [57]. The release of extracellular laccase from Bacillus
cereus allows degradation and decolorization of dye [58]. More studies were available on pesti-

cide degradation by fungal laccase as compared to bacterial laccase. So, bacterial species with

laccase activity makes them prominent candidate for degradation of variety of pollutants. The

presence of laccase in Bacillus cereus (2D) is the first report in context of pesticide degradation.

Proteomic study revealed that under stress condition, percentage of stress responsive pro-

teins and catabolic/pesticide degrading proteins was high, which make the organism more

comfortable under such environment. There is direct involvement of proteins in pesticide deg-

radation. Expression of such protein encoding genes have essential role in breakdown of toxic

organic pollutant [59]. Proteomics explored degradation of PCB (polychlorinated bipheny) by

microbes at molecular level [60]. Moreover, Pankaj and co-workers [61], reported expression

of 250 proteins under stressed conditions (cypermethrin) and 223 proteins under normal con-

ditions in Bacillus spp. These unique proteins were further classified into different groups

based on their functionality, viz., translational proteins, stress proteins and catabolic enzymes

etc. Up-regulation of proteins responsible for substrate transport and energy metabolism dur-

ing pesticide degradation was reported in different microorganisms [7,45,62].

Conclusion

Present study recommends the application of indigenous microorganisms in biodegradation

of common agriculture pesticides. Because in stress conditions bacteria could change their

genetic profile and easily induce mutant strains, which can adopt in different environmental

condition by activating their vast range of biochemical metabolism diversity, hence need to

indepth study in this regard. The use of proteomics tools for the purpose of environmental bio-

remediation gives detailed information of microbial cells protein and composition. Hence it

offers a valuable approach to decipher the mechanisms involved in bioremediation at molecu-

lar level. Diversity, composition and metabolic potential of soil microbiome is of crucial

importance in bioremediation. In addition soil microbial communities also regulate biogeo-

chemical cycling. Hence, detailed analysis of microbial communities at functional and struc-

tural level will guide to monitor and assess the effect of pesticides on soil health and their

biological status respectively. Therefore, based on the biodegradation potential and wide range

of activity for different substrates, the Bacillus cereus 2D could be a strong recommendation

for the biodegradation of pesticides. For future prospects the activity of bacterial isolate could

be check against the other xenobiotic compounds and the mechanism of gene regulation.

Supporting information

S1 Fig. Standard peaks of imidacloprid (a), fipronil(b), sulfosulfuron(c) and cypermethrin(d)

at 10 ppm concentration.

(TIF)
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S2 Fig. GC-MS chromatogram of cypermethrin intermediates under the treatment of bac-

terial isolate 2D after 15 days.

(TIF)

S3 Fig. 16S rDNA amplification of bacterial isolate (2D) denoted by red encircled.

(TIF)

S4 Fig. Phylogenetic analysis of Bacillus cereus 2D by using neighbor joining method.

(TIF)

S5 Fig. Analysis of expression of extracellular proteins under normal and stress condition

(presence of pesticides) in bacterial strain 2D. Bacterial strains designated as 2D in lane

number 5 and 2DN in lane number 4 respectively under stress and normal condition. The bac-

terial proteins expressed in stress conditions are denoted by highlighted encircled.

(TIF)

S6 Fig. 2D- electrophoresis for strain 2D in normal condition (2DN).

(TIF)

S7 Fig. 2D- electrophoresis for strain 2D in pesticide stress condition (2D).

(TIF)

S1 File. Clarification regarding images.
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