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Abstract

Aerial application of persistent, bioaccumulative organochlorine pesticide
endosulfan on cashew plantations to protect it from mosquito bug has led to
contamination of soil and water environments in several parts of South Canara
region, India. Endosulfan and its toxic residues like endosulfan sulfate are posing
several threats to non-target organisms including humans. Biotransformation of
toxic compounds using indigenous microbial strains is considered as safe and
cost effective technique in bioremediation. In the present work, the bacterial
strain designated as ES-1, has been isolated from the soil by enrichment
method. The bacterial strain was found to mineralize endosulfan 99% of 100
mg/l completely biotically after 14 days of incubation by forming unknown
polar metabolites.Whereas, abiotic degradation resulted in formation of a toxic
compound, endosulfan sulfate. Based on 16s rDNA sequence analysis, the strain
ES-1 showed 99% similarity to Bacillus sp. The results from the work suggest
that, this bacterial strain could be employed for remediation of endosulfan
contaminated environments.
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Pesticides used to protect crops have led to
increased crop yield in the modern world. However,
un scientific use of various types of pesticides
as affected various forms of life the environment
directly and indirectly. Persistent Organochlorine
Pesticide (OCPs) has been applied continuously
in the last century to improve the agricultural
productivity. These OCPs being persistent organic
pollutants and their metabolites are still present in

the environments which are having mutagenic and
carcinogenic effects."

Endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-
hexahydro-6,9-methano-2,4,3-benzodio-3-oxide) is
first generation Organochlorine pesticide introduced
in 1950’s and approved for use in 1954 in USA. It
exists in two isomers as o-Endosulfan or Endosulfan
(I) and B-Endosulfan or Endosulfan (ll) in the ratio
7:3 having almost similar insecticidal activities,
but have significant differences with respect to
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their physicochemical properties.>* It is a broad
spectrum insecticide used on fruit, vegetables,
cotton and Ornamental plants to control white flies,
aphids, leafthoppers, potato beetles, moth larvae and
cabbage worms.® Endosulfan and its toxic residue
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endosulfan sulfate are known for Bioaccumulation
which can get into the food chain in many ways. The
two isomers and other metabolites of endosulfan are
shown in the Fig.1.
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Fig.1: Structure of endosulfan isomers and its major metabolites.

Endosulfan is listed in persistent organic pollutants
(POPs) by Stockholm convention in 2011, because
of its high toxicity and bioaccumulative nature to
most living organisms and was demonstrated to
transport from its original source to long distance
in the environment, affecting remote human and
wildlife population through mammalian gonadal
toxicity, genotoxicity and neurotoxicity.®” India was a
supplier of 70% endosulfan of a market value around
$300 million and was the largest consumer of it by
consuming 9,000 tonnes every year by its 75 million
farmers, making it has world’s largest consumer.
Due to its toxicity to humans and other non target
organisms, it has been banned in India since 2011
for its production, use & sale, all over India. Due to its
Hydrophobic, persistent and bioaccumable nature,
the endosulfan strongly bounds to soil and their
residues will remain in soil for longer periods.8 Earlier

studies have shown the presence of Endosulfan
isomers and endosulfan sulfate in various agricultural
soils, water and other environmental samples in India
and around the world.*'® These findings show the
contamination of various environmental samples
with endosulfan and its metabolites along with other
pesticides.

Endosulfan was applied onto cashew trees to protect
them from mosquito bug in many villages of Puttur,
Belthangady, Sullia and Bantwal Taluks of Dakshina
Kannada District , Karnataka, India. More than thirty
six thousand liters of endosulfan was aerially applied
in eight fifty (850) hectares of cashew plantations in
the District and also with addition of eleven thousand
liters by manual application according to Karnataka
cashew development corporation Itd from the year
1980-2000. The applied insecticide remains in soil
for longer periods. The half-life of endosulfan is
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considered more than hundred years.™
Bioremediation or Bioaugmentation is an ecofriendly
method in removing the toxic contaminants using
microorganisms. Some of the studies which have
reported on biodegradation of endosulfan by using
microorganisms are.'®23 Bacteria and fungi are
considered as a potential candidate in removing
contaminants has they use it for their metabolism.2*
Indigenous Bacteria and fungi capable of removing
toxicants from contaminated soils acts as an
excellent bioaugmenting agent and also they do
not pose any serious threat to other native flora
and fauna.® In this regard, the present study was
carried out to isolate indigenous bacteria capable of
degrading endosulfan completely.
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Materials and methods

Soil Sampling

The soil samples were collected from cashew
plantations of Kokkada, Patrame and Nidle villages
in Belthangady Taluk of Dakshina Kannada District,
Karnataka were the soils were exposed to endosulfan
for decades.The soil samples were collected from
different sites of the same field of cashew plantation
(Fig.2.). The collected soil samples were kept in
labeled polythene covers and brought to laboratory
for experimental analysis. Then, the samples were
air dried, sieved through a 2 mm mesh and stored at
4 °C until further use. The basic soil characteristics
are shown in the Table 1.

KARNATAKA

Fig. 2: Map showing endosulfan sampling location in Dakshina Kannada District,
Karnataka, India (Map not as per scale)

Table 1: Basic soil characteristics of samples collected from endosulfan contaminated sites

Village Soil collecting site Sample Carbon pH Calcium Magnesium Nitrate
name  (g/kg) (9/kg)  (g/kg) (9/kg)
Kokkoda Cashew plantation K-1 0.033 5.46 1.4 14.6 0.118
K-2 0.038 5.34 1.5 11.1 0.352
K-3 0.044 5.57 1.1 12.4 0.226
K-4 0.025 5.60 1.6 8.5 0.295
Patrame Cashew plantation P-1 0.015 5.84 1.1 10.1 0.132
P-2 0.023 4.50 1.8 11 0.155
P-3 0.061 4.45 1.2 9.1 0.183
Nidle Cashew plantation N-1 0.085 4.35 2.3 11.2 0.195
N-2 0.007 5.22 1.6 13.3 0.525
N-3 0.032 5.30 0.9 12.5 0.230
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Chemicals

Analytical grade o- Endosulfan (99.6%) and B-
Endosulfan (99.8%) were obtained from Sigma-
Aldrich Co., USA and were used as standard. Stock
solution (100 ppm) of each isomer was separately
prepared in HPLC grade n-Hexane by weighing
approximately 1 mg (Acculab ALC210.4) of the
analyte into a 10 ml volumetric flask and diluting into
a volume. Stock standard solutions were stored in
the dark at -20 °C. Working solutions were prepared
as and when required?®.

Enrichment and Isolation of Endosulfan
Degrading Bacterial Strain

For isolation, 1 g of soil sample collected from
endosulfan contaminated sites of cashew plantations
of Dakshina Kannada District, was inoculated
into 250 ml Erlenmeyer flask containing 100 ml
of Non sulfur Medium (NSM) of composition (g/l)
K,HPO, 0.225 g, KH,PO, 0.225g, NH,CI 0.225 g,
MgCl,.6H,0 0.845 g, CaCO, 0.005 g, FeCl,.4H,0
0.005, D-glucose 1.0 gm and 1 ml trace element
solution of (mg/l) MnCl,.4H,0 198 mg, ZnCl, 136 mg,
CuCl_.2H,0 171 mg, CoCl,.6H,0 24 mg, NiCl,.6H,0
24 mg? along with 100 mg/l endosulfan as sole
carbon source at pH 7.5, and kept for incubation at
120 rpm in shaker at 37 °C for 7 days. After 7 days
of incubation, 1 ml of sample was reinoculated into
100 ml fresh media with 100 mg/l endosulfan. After
fourth enrichment, the sample was spread plated
on plates of mineral medium (1.5% agar) with
100 mg/l endosulfan. The pure, potent strain
isolated was characterized morphologically and
biochemically and compared with Bergey’s manual
of systematic bacteriology?.

Biodegradation Studies

The pure potent strain showing luxury growth on
NSM agar plate designated as ES-1 was selected
for biodegradation of endosulfan isomers. For this,
250 ml flask containing 100ml of NSM medium was
inoculated with cell pellets of strain ES-1 (10 ml of
overnight culture was taken in 15 ml centrifuge tube
and was centrifuged at 5000 rpm for 10 min. Then,
the supernatant was discarded and cell pellets was
dissolved with 1 ml of sterile NSM medium and
added into the flask aseptically) along with 70 mg/I
of o isomer and 30 mg/l of B isomer and incubated
at 37 °C in a shaker at 120 rpm. The extraction
of insecticide from the medium was carried out

according to® with slight modification. After 7 days of
incubation, 35ml of liquid media was taken in 50 ml
centrifuge tube. The tube was centrifuged at 10,000
rpm for 5min and supernatant was separated by
separate flask using petroleum ether by shake flask
method. Then, organic aqueous layer was passed
through (~2 gm) anhydrous magnesium sulphate.
Later the solution was concentrated by rotary
evaporator (Bucchi type, GG Technologies, India).
Similarly, after 14 days of incubation, the sample
was extracted by same procedure. The residue
was then dissolved in HPLC grade n-Hexane and
was analyzed through Gas chromatography-mass
spectroscopy (GC-MS).

Optimum Degradation Studies

Optimum degradation condition for endosulfan
by strain ES-1 was carried out according to®
with slight modification. The degradation studies
were carried out with different temperature
(837 & 55 °C) and with different concentration of
endosulfan (100, 250 & 500 mg/l).All the experiments
were carried out in 250ml flasks containing NSM
media with endosulfan as the sole carbon source.
The pH of the medium was checked at the end
of 14th day. The experiments were carried out in
triplicates along with control. The extraction was
carried out according to protocol mentioned above.

Microcosm Studies on Degradation of Endosulfan
in Soil.

For soil microcosm studies, soil samples were
collected from Mysore University campus, which
didn’t had any application of pesticides previously.
The collected samples were sieved by 2 mm mesh
to remove debris. Then, 100 gm of soil samples
were placed in 250 ml Erlenmyer flasks and
autoclaved at 121 °C for 20 min. The procedure
was repeated thrice so that, soil is free from all
other microorganisms. Later, the soil samples were
spiked with 100 mg kg™ of endosulfan and inoculated
with cell pellets containing 10° cells gm™' of Bacillus
sp. ES-1. Similarly control flasks were kept without
the addition of cell culture. The flasks were kept for
incubation for 7-14 days. The flasks were moistened
at regular intervals by adding 10 ml of sterile water.
The residues were then extracted according to ' by
shake flask method. 10 g of soil was taken in 250 ml
Erlenmeyer flask and 50 ml of petroleum ether and
acetone (1:1, v/v) was added and kept in horizontal
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shaker for overnight. Later, the extracts were filtered
and kept for evaporation for dryness in a beaker.
Later, the residues were dissolved in 1ml of HPLC
grade n-hexane and were analyzed by GC-MS.

Residue Analysis

GC-MS analysis was carried out on 7890A GC
systems (Agilent Technologies, inc) linked to Mass
spectroscopy of Synapt G2 HPMS MS (Waters,
USA) equipped with Electron spray ionization
(ESI) detector. The GC column consisted with
HP-5MS capillary column of 30m x 0.250 mm
(Agilent Technologies, inc). The GC-MS was
programmed according to®'. The oven temperature
was programmed to increase from 120 °C to 32
°C at 10 °C min"'. Mass spectra were recorded at
70 ev using full scan mode. The qualitative analysis
of endosulfan present in the samples was monitored
by comparing retention time with respect to internal
standard. Recovery study was carried out to
evaluate the efficiency of above said procedure. The
average recovery for both endosulfan isomers was
found to be 93% and 91.2% for o and 3 endosulfan
respectively.

Identification of Strain ES-1 (DNA Isolation &
16S rDNA amplification)

DNA was isolated from the strain according
to%2. The amplification of 16S rDNA gene of
strain was carried out using polymerase chain
reaction (PCR) according to®, by forward (BS
F: GAGTTTGATCCTGGCTCA GG) and reverse
(BS R: TCATCTGTCCCACCTTCGGC). The DNA
sequences were analyzed with the Internet BLAST
Gene database (http://www. ncbi.nlm.nih.gov) and
the sequence was submitted to GenBank. Later, the
partial sequenced data was submitted to Genbank
and accession number KX230063 was obtained.

Results and Discussion

Isolation of Endosulfan Degrading Bacterial
Isolate

The soil enrichment method adopted for isolating
microbial culture resulted in isolation of bacterial
strain which could tolerate high concentration
of endosulfan. Out of three village samples, we
were able to isolate bacteria from only Patrame
village. After repeated successive sub-culturing in
enrichment medium, microbial isolate designated
as ES-1 showed substantial growth there by
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indicating the utilization of endosulfan as the growth
substrate.

Identification of ES-1

ES-1 was identified as gram-positive facultative
anaerobic Bacilli shaped (Fig.3.), non-motile,
Catalase positive, and exhibited creamish white
colony morphology on NSM agar with endosulfan.
The DNA isolated was subjected to PCR amplification.
Based on 16s rDNA sequence the bacterium was
identified as Bacillus sp. The Phylogenetic tree
constructed using neighbor joining method using
Mega software showed strain ES-1 (KX230063)
99% query cover with Bacillus thermoamylovorans
(KJ842641) (Fig.4.). However, other molecular
evidence is to be studied further to conclude the
strain ES-1 as Bacillus thermoamylovorans.
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Fig 3: Microscopic images of bacterial isolate
ES-1 observed under Light Microscope (Allwin
Scientifics), India [oil immersion (100X)].

Biodegradation of Endosulfan using Bacterial
Isolate ES-1

Degradation of endosulfan isomers
(oo & B) was assessed using bacterial strain
ES-1.GC-MS analysis revealed that, after 14
days of incubation the strain ES-1 was able to
metabolize endosulfan completely without formation
of any known intermediates. The result is based
on comparative analysis of total number of peaks
obtained by GC-MS Chromatogram.

Fig. 5a Chromatograph ‘a’represents Total lon
Chromatograph of standard endosulfan with
retention time of 11.21 for a-endosulfan and 11.74 for
B-endosulfan with m/z 406 (Fig.5b.). Chromatograph
¢’ (Fig.5c¢.) represents sample taken from flask after
14 days incubation with m/z 390.
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Fig. 4: Phylogenetic tree constructed using 16S rDNA partial sequence comparing with strains
from GenBank with highest similarities (accession numbers in parentheses)

In Mineral medium with endosulfan as sulfur source,
the organisms capable of removing sulfite group and
use it as sulfur source will survive and reproduce®.
It also results in reducing the toxicity of compound
which helps in detoxification of the compound.
Microbial degradation of endosulfan isomers by
various bacterial and fungal isolates in aerobic
condition have been studied vastly. Endosulfan
sulfate, endosulfan diol, endosulfan ether, endosulfan
hydroxyether, endosulfan lactone, endosulfan
monoaldehyde and endosulfan dialdehyde have been
reported as the major metabolites formed during
the microbial degradation of endosulfan isomers®.
However, in the present study, the bacterial strain
Bacillus sp. ES-1 isolated from the soil with history
of endosulfan application degraded endosulfan
with the production of unknown metabolites which
was confirmed by GC-MS analysis (based on m/z).
Both these analyses strongly support the complete
degradation of endosulfan by ES-1 strain.

The Optimum biodegradation studies revealed that,
the strain showed excellent growth at temperature
55 °C, than at 37 °C (Data not shown). The result
revealed that, the Bacillus sp. ES-1 is a thermophilic
bacteria surviving in acidic soil. The strain, ES-1
showed maximum degradation of >90% at 100
mg/l (Fig.6.) and was an efficient biodegrader of
endosulfan provided at same concentration. The pH
of the medium was reduced to acidic after 14 days
of incubation (Table-2). The decrease in pH was

observed more in 100 mg/I concentration than in 250
and 500 mg/l of endosulfan. The decrease in pH to
acidic from neutral during endosulfan degradation
was also observed by many other researchers®.
This is may be due to increased metabolic activity
resulting in formation of acidic metabolites.

The strain Bacillus sp. ES-1 followed hydrolytic
pathway for biodegradation without formation of
any known metabolites. These results revealed that
the strain ES-1 adopted the hydrolytic pathway for
endosulfan biodegradation,®® contrary to oxidative
pathway of endosulfan biodegradation in which
endosulfan sulfate is formed®%. The absence
of any particular metabolite accumulation in the
culture media during the course of degradation
could suggest a possible complete mineralization
of endosulfan through formation of some polar
metabolites. Similarly, no metabolites were observed
during endosulfan degradation by Agrobacterium
tumefaciens PT-3 suggesting possibility of utilizing
insecticide as a carbon source by unique sets of
genes and enzymes®. Achromobacter xyloxidans
C8B was also able to mineralize isomers of
endosulfan and Endosulfan sulfate provided at
concentration of 50 ppm up to 20" day incubation in
liquid media®. Complete mineralization of endosulfan
by the bacterial strains Staphylococcus sp., Bacillus
circulans | and Il had been studied.These strains
were found to be excellent degrader of endosulfan
and its metabolites. The Mineralization of insecticide
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Fig. 6 : Growth condition of strain ES-1 in NSM with different concentration of endosulfan

Table 2: Decrease in pH was observed after 14
days of Incubation (Initial pH 7)

SIl.No. Pesticide Concentration pH after

(mg/l) 14 days
1 100 3.773
2 250 4.680
3 500 4.840

may harbor hydrolysis pathway resulting in formation
of carbenium ions or ethyl carboxylates which will
later convert into simple hydrocarbons*.

Biodegradation capability of Bacillus sp.ES-1
strain in soil for both o and B isomers
(100 mg/kg) of endosulfan was assessed. The isolate
was able to degrade 50% of compound in 7 days
and complete mineralization was observed after
14 days. No accumulated product was detected.
Whereas control flask extract showed both the
isomers along with m/z of 423 corresponding to
mass of endosulfan sulfate. This clearly explains
that the strain followed hydrolytic pathway in
mineralization of endosulfan. Under abiotic condition,
the compound oxidized it into endosulfan sulfate.
The previous studies have shown that, by hydrolysis
both the isomers get hydrolyzed into endosulfan
ether and diol*” and endosulfan sulfate through
oxidation*'. The mixed bacterial consortium was
able to mineralize isomers of endosulfan without
formation of any known intermediate metabolites*

contrast to this; endosulfan sulfate was formed by
Bacillus sp.“> Microbial strains capable of removing
insecticides without formation of toxic byproducts
should be implemented in bioaugmentation or
bioremediation than the strains forming toxic by
products*:. The results from present work revealed
that, Since tthe isolate ES-1 hydrolyzed both the
isomers of endosulfan completely without formation
any toxic byproducts. Hence, it acts as an excellent
bioaugmenting agent., the Bacillus sp ES-1 may
harbor enzymes in degrading both the isomers which
needs to be studied further.

Conclusion

Endosulfan isomers and endosulfan sulfate being
toxic to humans and the environment, persists in
soil for longer period. The indigenous bacterial strain
Bacillus sp.ES-1 was found to degrade endosulfan
completely. Endosulfan sulfate, an intermediate
compound usually accumulates during the course
of degradation, which is generally considered
as more toxic and persistent than the parent
compound was not detected. From these results,
we conclude that, This indigenous strain ES-1 could
be used as bioaugmenting agent to decontaminate
the soil contaminated with high concentration of
endosulfan.
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