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ABSTRACT

Pesticides are necessary for agriculture, yet their highly toxic ingredients harm the ecosystem.
Due to their toxicity, uncontrolled releases of large quantities of pesticides pollute the
environment and provide a larger health risk to plants, animals, and humans. Bacteria are
capable of degrading such pollutants and saving our ecosystem. In this study, a bacterial
strain was isolated from Shobicron and Vertimec-treated lady's finger soil using enrichment
culture. The strain was identified as Burkholderia Cepacia-Like MB-01 based on morphological,
physiological, and biochemical traits, as well as phylogenetic analysis of the 16S rRNA
sequence. The bacterium grew best at 35 °C with a pH of 7. Furthermore, it was susceptible (S)
to Cefepime and Penicillin but intermediate (I) resistant to Carbapenem and Tetracycline and
resistant (R) to Ciprofloxacin, Kanamycin, and Gentamycin in an antibiotic sensitivity test.
The rate of shobicron and vertimec degradation was measured over a five-day period using
Mineral Salt (MS) medium. In its optimum growth condition, shobicron and vertimec
degradation rates were around 76 % and 80 %, respectively. The isolated bacterial strain was
capable of detoxifying shobicron and vertimec in the experiment. As a result, the bacterial
strain could exploit as a possible shobicron and vertimec degrader for pesticide
bioremediation.

INTRODUCTION

Bioremediation is a procedure that uses microorganisms or their enzymes to treat
polluted places in order to restore them to their previous state [1]. Indeed,
bioremediation is the act of breaking down harmful pollutants into less dangerous
compounds using biological organisms. The bioremediation method involves a variety
of live species. Majority of them are bacteria and fungus due to their quick growth rate
and capacity to be genetically modified. To break down a pollutant, a widely used
strategy for bioremediation involves activating naturally occurring microbial
communities and providing them with nutrients and other needs. We should utilize
bioremediation to clean soil, water, and other materials since it is less damaging and
poses fewer risks to the environment [2].

Pesticides are a group of poisonous compounds used mostly in agriculture. A pesticide
is a mixture of substances used to eliminate or control a pest, which can include vectors
of human or animal disease, undesirable plant species, or animals that cause damage to
agricultural food products, timber and timber products, or animal feed during
production, processing, storage, or marketing. Thousands of pesticide formulations
exist around the world, containing almost 1500 registered ingredients [3]. More than 55 %
of the area used for agricultural production in developing countries uses about 26 % of
pesticides produced worldwide [4]. Farmers in Bangladesh frequently use various
pesticide models on their agricultural areas, typically on the advice of unskilled
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vendors [5]. Pesticides are applied in granules, liquids, and powders. Depending on the
attacking pests in Bangladesh, farmers have utilized pesticides such as cypermthrin,
carbofuran, amcozinon, profenofos, abamectin, and malathion.

Hazardous pesticides can have acute and/or chronic poisoning effects, putting children
at danger, and are recognized as a worldwide concern. In many places of the world,
their widespread use has resulted in health concerns and deaths, typically as a result of
occupational exposure and unintentional poisonings. Agricultural and public health
professionals are exposed to the most dangerous pesticides due to their handling,
mixing, and application. Pesticide residues in food and, possibly, drinking water can be
a concern for the general public [6].

Agricultural, residential, and industrial wastes are the main contributors of water
contamination. When sewage is dumped into rivers, it is the most contaminant of fresh
water. The amount of dissolved oxygen in the water decreases, and the Biological
Oxygen Demand (BOD) decreases. When large amounts of fertilizer, herbicides, and
pesticides are washed into rivers by rain, they pose a major threat to human life [7].
Shobicron is a brand name for two ingredients: cypermethrin and profenofos. It's used
to fight pests like fruit flies, white flies, and dragonflies in a variety of agricultural crops
like brinjal, lady's finger, cotton, guava, mango, and banana. Cypermethrin is a
synthetic pyrethroid that is widely used as a pesticide in agriculture, household, and
animal husbandry, primarily to treat cracks, crevices, and spots for insect control [8].
Cypermethrin has a very poor water solubility [9]. It moves from a liquid solution to an
adjourned molecule because it is hydrophobic [10]. The urine excretion of cypermethrin
metabolites in humans was completed 48 hours after the last of five daily 1.5 mg doses
[11]. Profenofos is an insecticide containing organophosphates. It's a pale yellow to
amber-colored liquid with a garlic-like odor [12]. The resistance of the
acetylcholinesterase enzyme is the mechanism of action of profenofos. Although it is
utilized as a racemate, the S (-) isomer is a far more powerful inhibitor. Profenofos can
prevent the cholinesterase enzyme from working properly. This can lead the
neurological system to become over stimulated, resulting in nausea, dizziness, and
confusion. Higher doses of profenofos can cause even more severe side effects,
including respiratory paralysis and death. Profenofos has also been shown to affect
bees and fish. Vertimec, as a brand name, is a popular insecticide in Bangladesh, where
it is used on a wide range of crops. Abamectin is the active component. It is employed
in a variety of agricultural crops, including brinjal, lady's finger, tea, jujube, litchi, and
others, to combat pests such as red spinder mite and mite. Abamectin is widely used as
an insecticide in agriculture and as an anti-parasitic medication in veterinary medicine,
and it has resulted in significant environmental contamination by posing a risk to non-
target soil invertebrates and aquatic systems. Avermectin is made up of two
homologues: avermectin Bla and avermectin Blb [13]. Abamectin is extremely
poisonous to aquatic invertebrates and highly toxic to fish. As a result, abamectin
should not be disposed of in water. Abamectin contaminates groundwater and harms
the environment.

Thus, the present study was carried out to isolate and characterize shobicron and
vertimec degrading bacteria from lady’s finger field soil, as well as determine their
degradation efficiency for further exploitation of the strain for potential
bioaugmentation.
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MATERIALS AND METHODS
Sample collection

One gram of shobicron and vertimec-treated soil sample was collected from
agricultural fields in Budpara and Rajshahi, Bangladesh that had a 5-7-years history of
shobicron and vertimec use. Soil sample was collected and employed as a source of
inoculums for enrichment culture. This research work was carried out over the course
of seven months, from May to December 2019. The entire project was carried out in the
microbiology laboratory, Department of Genetic Engineering and Biotechnology of the
University of Rajshahi, Bangladesh.

Cytotoxicity analysis of shobicron and vertimec using Artemia salina through LC50

The brine shrimp lethality bioassay is a useful technique for toxicity screening, heavy
metal detection, pesticide detection, fungal toxins detection, and dental cytotoxicity
testing [14]. Brine shrimp eggs were cultured in artificial seawater to obtain nauplii. The
nauplii were counted and placed in test tubes visually. Then, in three replications,
different amounts of shobicron and vertimec were delivered to tubes, with control
doses kept at the same level as before. To assess the percentage of survived nauplii after
12, 24, 36, and 48 hours, data was collected and statistically analyzed using probit
mortality software.

Enrichment of shobicron and vertimec degrading bacteria

One gram of shobicron and vertimec-treated soil was suspended in 100 mL of mineral
salts (MS) medium (Himedia, India) supplemented with shobicron and vertimec in
separate 250 mL Erlenmayer flasks (Eisco lab, India). To account for potential abiotic
disappearance of shobicron and vertimec, control flasks without an inoculum were also
prepared. Shaking at 120rpm for 3 days on an orbital shaker was the principal
enrichment method. The cultures were employed as a source of inoculum in the
following tests once they acquired sufficient turbidity.

By plating out on mineral salts agar medium containing shobicron and vertimec,
microorganisms capable of decomposing shobicron and vertimec were identified from
enrichment cultures. The plates were incubated at 37 °C for 2 to 3 days, and one strain
that grew on the medium and had a greater degrading ability was named MB-01 and
stored for future use.

Morphological, and biochemical characterization of the isolate

After 24 hours of growth on MS agar at 37 °C, the colony features of the isolated
bacteria (colony form, color, margin, opacity, consistency, elevation) were studied
under an inverted microscope (LABOMED CxL). The morphological (Gram staining
and motility tests) and biochemical (catalase, oxidase, TSI, methyl red, lactose
fermentation tests, carbohydrates such as glucose, mannose, arabinose, sucrose, lactose,
and cellulose intake) characterizations were carried out according to the protocol [15].

Antibiotic sensitivity test

The antibiotic sensitivity and resistance pattern of the isolated bacteria were determined
using the Kirby- Bauer disc diffusion method [16]. For the antibiotic sensitivity test, the
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isolated bacterial strain was cultured overnight in nutrient broths using a shaker at 37 °C
and 160 rpm. The LB (Luria Bertani) agar medium (Himedia, India) was prepared first, and
then the sterile liquid medium was dispersed in sterile petridishes for preparing culture
plates. Each petridish received approximately (15-20) ml of the media and was placed in
the laminar airflow cabinet to solidify. Then, for the isolate, overnight grown LB culture
(OD = 0.5) was poured into the nutrient agar plate and dried. Antibiotic disks (Table.1)
were prepared using commercially available and regularly prescribed antibiotics,
which were inserted in the center of the plates and incubated overnight at 37 °C. After
an overnight incubation period, the zones on the plate were observed and quantified
using a millimeter scale.

Effect of pH and temperatures on bacterial growth

The media were prepared, and pH adjusted to a range of 5 to 8 on a scale of 1 to 8. The
bacteria were then inoculated in a medium that had already been prepared in front of
the laminar airflow cabinet. After the culture was inoculated, it was placed in an
incubator to maintain the various temperature ranging from 25 °C to 45 °C with 5 °C
interval to test their growth efficiency. By using a spectrophotometer (Wincom, China)
to measure optical density at 600nm, the growth rates were recorded over time.

PCR amplification and sequencing of 16S rRNA gene and phylogenetic analysis

The Tiangen DNA extraction kit was used to extract the genomic DNA of the isolated
shobicron and vertimec degrading bacterium. The 16S rRNA genes were amplified
using forward primer in a polymerase chain reaction (PCR) (27 F - AGA GTT TGA
TCM TGG CTC AG and 1492 R - GGT TAC CIT GIT ACG ACT T). Invitrogen
(Thermo fisher scientific, Bangladesh) provided all the PCR reagents. The PCR
reactions were carried out in a thermal cycler (Applied Biosystem 9700) with the
following amplification conditions: initial denaturation at 95 °C for 5 minutes, followed
by 30 cycles of denaturation at 94 °C for 1 minute, annealing at 55 °C for 1 minute,
extension at 72 °C for 1 minute, and final extension at 72 °C for 10 minutes. The Freeze
'N Squeeze DNA Gel Extraction Spin Columns (Bio-Rad, India) were used to purify the
PCR results, which were then sequenced on both strands on the genetic analyzer (Prism
310). Chromas, a bioinformatics program, were used to alter the sequences. The
BLASTN (http://www.ncbi.nih.gov/BLAST) algorithm was used to compare the 16S
rRNA gene sequences to the 165 rRNA gene sequences of other organisms. NCBI
(National center for biotechnology information) BLAST (www.ncbi.nlm.nih.gov/Blast)
was used to create the phylogenetic tree.

Determination of shobicorn and vertimec degradation rate

The isolate was grown in a 150 mL conical flask with 100 mL Mineral salts medium
(MSM) supplemented with shobicron and vertimec to test its growth. A
spectrophotometer was used to calculate the ability to the isolate to degrade pesticides
by measuring turbidity at 600 nm. To compare the deterioration of the isolate, a control
flask was utilized without pesticides. Control and isolates had their ideal density values
evaluated and recorded.
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RESULTS
Cytotoxicity test of the 99% pure shobicron and vertimec

The toxic effects of pure shobicron and vertimec on A. salina were investigated using a
brine shrimp lethality assay. After only 12 hours of exposure, the pure shobicron and
vertimec LCso were 10.102 g/ml and 9.871 g/ml, respectively, according to probit
analysis, and no live nauplii remained after 48 hours (Table 1). Shobicron and vertimec
exhibited a significant mortality effect on nauplii, as evidenced by visual detection.

Table 1. Determination of LCso value of the shobicron and vertimec against Artemia salina after 12,
24, 36, and 48 h of exposure.

Tested Exposure LC50 value Upper Lower Regression equation x2 value
sample (h) (ng/ml) 95% 95% (3 df)
confidence confidence
limits limits
Shobicron 12 10.102345 22.54321 4.109809 Y=3.962243+1.002134 1.210981
(99% pure)
24 5.456732 11.32456 2.990872 Y=3.990876+1.232139 0.315914
36 2.454323 5.12912 1.423756 Y=4.102037+1.337651 1.512093
48 - - - - -
Vertimec 12 9.871231 19.34562 3.978032 Y=3.812311+1.092143 1.198762
(99% pure) 24 4.567231 9.80093 2.769013 Y=3.798624+1.109070 0.417127
36 2.210981 4.60912 1.365321 Y=4.002124+1.219761 1.398731
48 - - - - -

Isolation and screening of shobicron and vertimec degrading bacteria

The bacteria that degrade shobicron and vertimec were identified using 99% pure

shobicron and vertimec at 2 pg/ml and 4 ug/ml, respectively. The shobicron and
vertimec-enriched MS plates were incubated at 37 °C for 24 hours, and bacterial
colonies were observed to develop on the medium containing the aforesaid
concentrations of shobicron and vertimec (Figure 1a), with no growth at concentrations
higher than that.

Figure 1. Isolated shobicrn and vertimec degrading bacterial strain. (a) Bacterial growth on MS agar plate
supplemented with 4 pg/ml of shobicron. (b) Gram staining isolated strain indicating gram-negative and rod-
shaped structure.

Morphological and biochemical characterization

The strain formed a smooth colony with an average diameter of 0.6-1 mm in
biochemical tests. The cells were straight rods with rounded ends, measuring 0.4-0.7 Im
in width and 1.2-1.7 Im in length. It was a gram-negative bacterium (Figure 1b). The
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strain was positive for oxidase, nitrate reduction, and beta-glactocidase, but not for
arginine dihydrolase, beta-glucosidase (aesculin hydrolysis), protease (gelatin
liquefaction), tryptophanase, or urease activity. L-arabinose, D-glucose, D-mannose,
and D-mannitol were among the carbohydrates that the bacterium could use.

To identify the isolated bacterium, the 165 rRNA gene was amplified by PCR and
sequenced from Invent technologies, Bangladesh. The strain MB-01 demonstrated very
high similarity with the species of genus Burkholderia, and more than 99% gene
homology was observed with Burkholderia cepecia complex (Bcc) species. Phylogenetic
analysis of 165 rRNA gene also clustered the strain GB-01 within the clade of
Burkholderia cepecia complex (Bcc) species in phylogenetic tree (Figure 2). On the basis of
morphological, physiological and biochemical properties, combined with 165 rRNA
gene sequence analysis, the strain MB-01 was identified as Burkholderia cepacia-like
species.

Bwkholderia cenocepacia strain VC1154

Buwkholderia cepacia straim DDS TH-2

Buwkholderia cepacia straim FDAARGOS 345

Bwrkholderia cepacia-Like MB-01

Buwrkholderia cenocepacia strain VIC1254

Bwikholderia cepacia stram DDS TH-2

[ Buwiholderia cepacia ATCC 15416

— Buwicholderia cepacia ATCC 15416

— Bwkholderia cenocepacta GINC4560:Benl 22

Buwrkholderia cenocepacia strain VIC12I308

Figure 2. Phylogenetic tree analysis with similar bacterial strains. The tree was constructed by the neighbor-
joining method based on 165 rRNA gene sequences of strain MB-01 and related Burkholderia type strain.

Physiological characterization

This test was carried out to assess the optimum pH and temperature for bacterial
growth. The strain was grown on MS media at temperatures of 25 °C, 30 °C, 35 °C,
40 °C, and 45 °C in a pH range of 5 to 9. After measuring OD at 600nm in a
Spectrophotometer, it was observed that the strain's optimum growth was best at pH 7
(Figure 3a) and 35 °C (Figure 3b).
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Figure 3. Optimization of pH and temperature. (a) Effect of pH on growth of the strain MB-01, where the
maximum growth was obtained at pH 7; (b) Effect of temperature on bacterial growth, where maximum
growth was observed at 35 °C. Data were recorded after 12 hours of incubation.

Antibiotic sensitivity test

The result showed that, Burkholderia Cepacia-Like MB-01 was susceptible (S) to
Cefepime and Penicillin but intermediate (I) resistant to Carbapenem, and Tetracycline
and resistant (R) to Ciprofloxacin, Kanamycin, and Gentamycin (Figure 4).
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Figure 4. Antibiotic sensitivity test of the strain MB-01. Isolate was resistant to most of the tested antibiotics,
and susceptible to Cefepime, and Penicillin. Note: Resistant=<10 mm; Intermediate resistance=10-15 mm;
Susceptible=>15 mm.

Shobicron and vertimec degrading efficiency of Burkholderia Cepacia-like MB-01

The strain MB-01 was cultivated on shobicron and vertimec supplemented liquid
Mineral salts medium (MSM) at 35 °C for 5 days in order to gain relative degradation.
The strain decomposed shobicron and vertimec, as evidenced by a steady increase in
turbidity (OD600) over a 5-day period (Figure 5). When shobicron and vertimec were
employed as the only source of carbon, the strain's growth was dramatically boosted
when compared to the control. Over 5 days of incubation at 35 °C, strain MB-01 showed
a clear increase in growth using shobicron and vertimec, with a 76 %, and a 80 % rise in
ODe, respectively.
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To be more specific, we ran this experiment at different pH and temperature levels to
see how well it degraded, and we obtained comparable results (Figure 6) as shown in

Figure 5.
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Figure 5. Showing of degradation of shobicron (a) and vertimec (b) by the strain MB-01 in its optimum
conditions. Data were recoded up to 5 days of incubation.
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Figure 6. Effect of pH (a) and temperature (b) on shobicron and vertimec degradation by the strain MB-01.
Data were recorded after 5 days of incubation.

DISCUSSION

Biological processes like microbial decomposition are considered a safe and effective
way to remove contaminants from the environment [17, 18]. Bioremediation is closely
linked to the decomposition, or detoxification, of numerous pollutants and harmful
compounds in the environment [19, 20]. Some pesticides are quickly degraded by
microorganisms, while others are harmful. Pesticides are metabolized by a variety of
bacteria, including members of the genera Alcaligenes, Flavobacterium, Pseudomonas, and
Rhodococcus. Microbial degradation is influenced by a wide range of environmental
conditions in addition to the presence of bacteria. Pesticide degradation is influenced
by a variety of environmental parameters such as pH, temperature, and nutrients [21,
22]. Pesticides can be broken down by microorganisms that use them as carbon and
energy sources in specific ways [23].
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Bioremediation is a critical method for reducing pollution and restoring contaminated
soil and water. We should utilize bioremediation to clean soil, water, and other
materials since it is less damaging and poses fewer risks to the environment [24].
Because of its environmental stability, toxicity, and biological reservation in organisms,
pesticides cause serious health problems. Due to a lack of sufficient understanding or a
desire to maximize their profit, Bangladeshi farmers are currently using pesticides in
quantities that are 10-15 times higher than those recommended by the government. In
general, Bangladeshi farmers do not follow the recommended dosages and apply
pesticides in excessive amounts [25]. Pesticide residues accumulate in the food chain,
drinking water, and the environment as a result of this excessive application [26]. It
poses a significant health risk to present and future generations [27]. In this study, a soil
sample with a history (5-7 years) of shobicron and vertimec use was used to isolate a
bacterial strain. We hypothesized that shobicron and vertimec would be digested and
broken down by the bacteria.

The toxicity of a pesticide is assessed by administering different doses of the
active ingredient (a.i.) and each of its manufactured products to test animals. The
active ingredient is the pesticide's chemical component that controls the pest. The
toxicities of different active components and different formulations containing the
same active ingredient can be compared using LDso and LCso values. The lower
the LDso or LCso of a pesticide, the more hazardous it is to people and animals. As
a result, we first looked at the toxicity profiles of the pesticides on Artemia salina.
After 36 hours of exopuse, the LCso values for Shobicron and vertimec were
calculated to be 2.454323 g/ml and 2.210981 g/ml, respectively, and are considered
extremely toxic to humans and animals.

We used toxic shobicron and vertimec as a sole carbon source for the isolated bacteria
to test detoxification efficiency. Research indicated that certain type of bacterial species
have the capability to exploit sulfadoxine [28], organophophorus [29], tributyl
phosphate [30], chlorpyrifos [31], and organophosphorous [32] pesticides as carbon and
energy source. In this study, morphological and biochemical tests were also carried out,
and the isolated strain was gram negative, rod shaped, as previously identifying
characteristics of burkholderia genus [33]. Burkholderia is a highly versatile bacterium,
which is capable of degradation of many hazardous pollutants [34, 35], and it has a role
in protection and growth promotion of plants [36, 37].

In this research, penicillin, kanamycin, gentamycin, tetracycline, ciprofloxacin, cefepime,
carbapenem were used to test antibiotic sensitivity of the isolated bacteria. The result
showed that strain was susceptible (S) to Cefepime and Penicillin but intermediate (I)
resistant to Carbapenem, & Tetracycline and resistant (R) to Ciprofloxacin, Kanamycin,
and Gentamycin. Previous research suggested that the strain resistant to gentamycin
and ciprofloxacin antibiotics; and were sensitive to penicillin, cefepime [38, 39].

Bacteria that degrade pesticides have been found so far, and they comprise both Gram
positive and Gram negative bacteria [40]. Only a gram-negative bacterium was
identified in this study. Atikur et al. found that two bacterial strains, Achromobacter
and Diaphorobacter, can biodegrade pesticides [41]. This was backed up by other
scientists [42, 43]. The majority of previously detected bacteria could only digest one
pesticide. However, in this case, we identified one strain that could breakdown two
pesticides. In its ideal state, this strain could breakdown both pesticides with an over
75% degradation rate. Similar results (Carbofuran degradation rate of about 80%) were
obtained by Ekram et al. [44]. As a result, this research has a lot of promise in terms of
pesticide bioremediation. The current study was carried out in a laboratory setting. As
a result, Burkholderia Cepacia-Like MB-01 should be evaluated with industrial waste and
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in natural habitats in future investigations. Furthermore, before being used to detoxify
pesticides in the environment, Burkholderia Cepacia-Like MB-01 should be examined for
pathogenicity to aquatic organisms like as fish, prawns, and crab [45, 46].

CONCLUSION

Environmental pollution is being brought on by Bangladesh's massive rise in pesticide
use. Reducing the amount of pesticide in the environment may be accomplished by
bioremediation. The effectiveness of Burkholderia Cepacia-Like MB-01 in biodegrading
shobicron and vertimec is revealed by this study, and it may be helpful for
bioremediation programs aimed at enhancing soil quality. This study will enable many
researchers to explore the crucial aspects of employing the natural isolate Burkholderia
Cepacia-Like MB-01 for shobicron and vertimec biodegradation. As a result, a novel
theory about the use of Burkholderia Cepacia-Like MB-01 to clean up pesticide-
contaminated soil can develop.
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