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ABSTRACT

The application of pesticides for pest control isa general practicein India. Snce pesticides are very toxic by design,
they have the potential to adversely impact the health of our ecosystem. However, there are few soil bacteria which
can tolerate high concentrations of pesticides that may ultimately lead to degradation of pesticides. The main
objective of the present study involved the isolation and identification of bacteria from garden soil, which can
tolerate higher concentrations of pesticides namely Endosulfan,Chlorpyrifos and Cypermethrin. An enrichment
culture technique was used to isolate 10 bacterial strains named EC1, EC2, EC3, EC4, EC5, EC6, EC7, EC8, EC9
and EC10, which were subsequently characterized by 16S rRNA gene sequencing and biochemical tests. The
optimum temperature, pH and NaCl concentration was determined for all the isolates and it was found that EC8
was showing growth at wide range of these parameters. Growth curve experiments showed that the bacterial
isolates were able to grow in a medium containing higher concentration of individual pesticide. Tolerance to high
levels of metal salts (Co*", Ni®*, Cr®, Cu** and Mn?") and multiple antibiotic resistances was seen in many of the
bacterial isolates, which may indicate a positive correlation between pesticide degradation and tolerance to metals
and antibiotics. Such findings may be useful in designing in-situ or on-site hazardous waste bioremediation process
for field application.
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INTRODUCTION

The Environmental Protection Agency (EPA) definepesticide as "any substance or mixture of substanc
intended for preventing, destroying, repelling otigating any pest'. They are the class of natwrakynthetic
chemicals, which kills or controls growth of pesitfiese pesticides are used globally and extensinetyder to
control pests like rodents, insects, nematodestledit.can have devastating effects on crop yiehl.tli@ basis of
chemical properties, pesticides are broadly cl@skifas organochlorines, organophosphorus, carbamate
organosulfur and pyrethroids (natural and synthefeveral reports suggest that contamination dflgothese
pesticides, due to their bulk handling or accidergbease, may lead to occasional entry into aquatd terrestrial
ecosystems [17]. These contaminations show letfffaicts on living systems, which include birth degec
hypertension, learning disabilities, irreversiblramosomal damage to human DNA, increased charichsant
attack etc[4].

As these pesticides cause extensive damage toangei-torganisms, studies regarding their degradédtimve
received attention from soil microbiologists. Miorganisms demonstrate capacity for the metaboli§rithese
pesticides. Although they are capable of catalyzinglar metabolic reactions as mammals and plainésy;, possess
the unique ability to completely mineralize manyphbatic, aromatic and heterocyclic compounds [7&nék,
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isolation of indigenous bacteria capable of metaba pesticides has received considerable atterfi@reby
providing an environment friendly methodiofsitu detoxification [11].

The current study involves use of three most widebed pesticides namely Endosulfan, Chlorpyrifosl an
Cypermethrin. Endosulfan [IUPAC name: 6, 7, 8,®, 10-hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6e#hano-2,
3, 4-benzo-dioxathiepine-3-oxide CAS Number: 115¢2%n organochlorine pesticide, is a broad spettrontact
insecticide widely used in pest control of cropsluding cereals, fruits, oil seeds, potato, tea aedetables.
Endosulfan is extremely toxic to fishes and othguadic organisms and demonstrates a range of chedfécts,
including genotoxicity, reproductive and developtaéreffects. Endosulfan is persistent in the enwinent and
biomagnifies in terrestrial food chains.

Chlorpyrifos is a broad-spectrum, chlorinated ogggrosphate (OP) insecticide, acaricide and nerdatici
displaying insecticidal activity against a wide garof insect and arthropod pests. Chlorpyrifofiésdcommon name
for the chemical 0,0-diethyl 0-(3,5,6-trichloro-2¢linyl)-phosphorothioate. CAS number is 2921-88-2
Chlorpyrifos is usually applied to soil whereastle application of endosulfan to tomato plants paé of the
insecticide reaches the target, while the othetejgosited on the soil. Therefore, both pesticidesfeund in the
soil, where they are subjected to different proegdbat will determine the fate of these agrochalsif2,3,11] and
endosulfan in soil [7,8].Poisoning from chlorpysfonay affect the central nervous system, the ceadmular
system and the respiratory system [20,21].

Cypermethrin [IUPAC name: alpha cyano — 3 - phebexygyl - 3- (2, 2-dichloro-vinyl) - 2, 2-
dimethylcyclopropane — carboxylat@AS Number: 52315-07-8] the third pesticide usedurmrent study occurs as a
mixture of both thesis andtransisomers. Theis/trans ratio in technical grade cypermethrin is 1:1. laisexample
of synthetic pyrethroid that is used to control snaests including lepidopterous pests of cottont ind vegetable
crops in commercial agricultural applications adl &g in consumer products for domestic purpose.

These pesticides and insecticides, to which pesisirsects are resistant, are not degraded inrnhieomment by
routine processes. These undegradable compoundsvhoware degradable by bacterial activity [15].
Biodegradation can be defined as the biologicaditalyzed reduction in complexity of chemicals [1(Rates of
pesticide degradation in a soil are a function afitiple factors including population densities aactivity of
pesticide degrading microorganisms, pesticide t#dalility and soil parameters such as pH, soilewabntent and
temperature [13].

MATERIALSAND METHODS

Material used:

The commercial grade pesticides namely Endos{8&f6 E.C.Bayer-Thiodan), Chlorpyrifos (21.5% E.Cd@)-
Chlorvip) and Cypermethrin (10% E.C. Godrej- Cypeywvere obtained from Pathare NurseKalyan, Dist.
Thane, M.S. The commercial grade pesticides weed tlwroughout the experimental wattke media components
and the biochemicals were obtained from HI-MEDIKDIA. All other chemicals used were of analyticahde.

Soil:
The soil used for the enrichment and isolation edtjzide tolerating bacteria was obtained fromltwal garden
area of Kalyan.

Media:

The endosulfan - degrading bacteria were isolatedding Sterile nutrient cultureedium (FTW) and Non-Sulfur
nutrient culture medium (NSM) supplemented with @®pof endosulfan.1gm of soil sample was put inttb@ml
flask containing 30ml of sterile liquid Mineral $alledium (MSM) with 10ppm of chlorpyrifos and wased for
isolating  chlorpyrifos —degrading bacteria. Feolating cypermethrin-degrading bacteria, the saihple was
added in sterile minimal medium with 10ppm of cypethrin incorporated into it. All the above flaskere
incubated at 28+2C for 7 days on static conditions’(&nrichment). From every flask, 5ml was re-inocedato the
flask with same medium composition aseptically &urther incubated at 28+°Z for 7 days on static conditions
(2™ enrichment).Then from every flask a loopful oftaut was streaked on Sterile Nutrient agar platethe plates
were incubated 28+°Z for 48hours to get isolated colonies of bacteFtae well isolated colonies were grown on
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sterile nutrient agar slants as pure cultures aathtained at 1DC as stock cultures. The colony characters were
identified based on the morphology and stainingattars.

Identification of bacterial isolates:

The isolates were subjected to morphological, caltand biochemical studies which included Gramnsig,
Motility by Hanging Drop technique, Special staipir- Lipid granule (Burdon’s), Metachromatic Granule
(Albert’s), Endospore (Schaffer and Fulton’s) andp8ule (Manewal’s) staining. Standard Biochemiemtst
included Indole, Methyl Red, Vogues Prousker antta@ Test, TSI slant and 1% sugar solutions ofr&ae;
Glucose, Lactose, Xylose, Maltose and Mannitol withdrade's indicator. Total of 10 bacterial isotateere
identified by 16S rRNA sequencing at NCCS, Pune.

Effect of environment on bacterial growth:

The optimum temperaturpH and NaCl concentration for every bacterial isolass determined by inoculating the
pure cultures in Nutrient broth. For effect of tesrgture, the inoculated tubes were incubated %€ 1R.T. (28+3
C), 37 C and 58C for 24 hours and checked for growth in the forimuobidity. The uninoculated sterile nutrient
broth tube was kept as negative control. For efééqiH, sterile nutrient broth with pH 3.0, 5.0079.0 and 11.0
were used whereas for effect of NaCl, sterile eatrbroth with 0.5, 3.5, 6.5, 9.5, 12.5 and 15.5&CNwas used.
All sets were performed in triplicates. The effetteration was studied on all 10 bacterial isaldig growth curve
method (in presence and absence of every pestidgatic and shaker conditions (120 rpm).

Antibiotic sensitivity Test by Disc Diffusion method-

All the bacterial isolates were tested for theinstvity to different antibiotics by means of Kirb-Bauer Disc
diffusion method. The following antibiotics (alloim Hi-media, India) were used: Gentamycin (G), Aciifin (A),
Vancomycin (Va), Sulfasomidine (Sf), Chloramphehi¢@), Tetracycline (T), Streptomycin (S), Peniaill(P),
Erythromycin (E), Ciprofloxacin (Cf), Aztreonam (AT Mecilinam (MEC), Trimethoprim (TR), Doxycycline
hydrochloride (Do) and Carbenicillin(CB).

Effect of metal salts and pesticides on growth of isolates:

For metal resistance profile, overnight grown adtuof bacterial isolates were inoculated in stexiutrient broth
with different concentrations of metal salts anel itbes were incubated at R.T. (28&pfor 24 hours. One positive
and one negative control were also run parallebwdn in the form of turbidity was recorded andMinimum
Inhibitory Concentration (MIC) [5, 19] was deterrath Heavy metal salts used in this study were Gdalizlbride,
Nickel Sulphate, Potassium Chromate, Copper Sutphatl Manganese Chloride. Similarly, the MIC ofiiidual
pesticide was determined by performing Spot Assay Sierile Nutrient agar plate containing different
concentrations of individual pesticide, the platese incubated at R.T. (28€3 for 24 hours and growth was
observed.

Plasmid analysis:
Absence of plasmid DNA was detected in cells grawliquid media (under selective conditions givendresence
of antibiotic) by Miniprep method [6,12] and wasther analyzed by Agarose Gel Electrophoresis.

Agarose Gel Electrophoresis:

The extracted DNA samples (the genomic DNA pellgtimed during plasmid DNA extraction) from all isdlates
were confirmed to be genomic DNA by Agarose GelciEtgphoresis according to the standard procedurédll
Electrophoresis was carried out at 60 volts fom80utes. Thereafter, gel (Pre-stained with Ethidlimmmide) was
removed and examined over UV transilluminator (Texfource —Gloworm-2) for observing the genomic DNA
bands. The orange fluorescent DNA bands were obddnvthe wells and their band pattern was photdgrd by
Gel Documentation System (Bio-Imaging Systems-cagture software).

RESULTSAND DISCUSSION
Identification and taxonomic characterization of pesticidetolerating bacteria

10 morphologically distinguishable bacterial cokmiwere observed on Nutrient agar plate. The mdogtoal,
cultural and biochemical studies of these isolatee performed. Further these isolates were idedtidccording to
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Bergey’'s Manual of Systematic Bacteriology (Vohidall) and characterized by partial sequencingheft6S rRNA
gene [18] (Table 1 and Table 2.).

Table 1: Identification based on 16S rRNA Sequencing

|solate No Identification
EC1. Stenotrophomonas maltophilia K279a NC_010943.1
EC2 Xanthomonas oryzae pv. oryzicola BLS256 NC_017267.1
EC3 Marivirga tractuosa DSM 4126 NC _014759.1
EC4 Lysinibacillus sphaericus C3-4 INC_010382.1
EC5 Bacillus cereus FRI-35 NC_018491.1
EC6 Pelagibacterium halotolerans B2 NC_016078.1
EC7 Streptococcus infantarius subsp. infantarius CJ18 NC_016826.1
EC8 Brevibacillus choshinensis strain DSM 8552 NR_040980.1
EC9 Saphylococcus haemolyticus JCSC1435 NC_007168.1
EC10 Bacillus pumilus SAFR-032 NC_009848.1

Table 2: Standard Biochemical results

IsolateNo | | | MR | VP | Cit. Butt TSISIant .S | Gas Glu | Xyl | Lact | Malt | Man | Sucr
EC1 + + - + Yellow Pink - + - - - - - -
EC2 + + + Yellow Pink - + A+G - - A+G | A+G | A+G
EC3 + + - + Yellow Yellow - - - - - - - -
EC4 - + - - Reddish yellow| Yellow| - - A - - A - A
EC5 - + - - Yellow Yellow - - A A - A - A
EC6 - - + - Yellow Yellow - - A A - A - A
EC7 - - + - Yellow Yellow - - A - - A - A
EC8 - + - + Yellow yellow - - A+G - A A A A
EC9 - - + + Pink Pink - - - - A - - -

EC10 - + Yellow Pink + - A - - - - -

I- Indole, MR- Methyl Red, VP- Voges Prouskauer, Cit- Citrate, TS - Triple Sugar lon
Glu-Glucose, Xyl-Xylose,Lact-Lactose,malt-maltose, Man-Mannitol, Sucr-Sucrose
+ : Positive, - : negative, A: Acid , A+ G: Acid and gas production

Table 3a: Effect of pH on bacterial growth

pH

| solate Number 30150

EC1 -
EC2 -
EC3 -
EC4 - -
EC5 -
EC6 -
EC7
EC8 +
EC9 - -
EC10 - +
+ : Growth seen (Turbidity) - : No growth (No turbidity)
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Table 3b: Effect of temperature on bacterial growth

Temperature
10°C | R.T. | 37°C | 55°C
EC1 -
EC2 +
EC3 +
EC4 -
EC5 -
EC6
EC7
EC8
EC9
EC10
+ : Growth seen (Turbidity) - : No growth (No turbidity)

Isolate Number
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Table 3c: Effect of NaCl on bacterial growth

| solate Number NaCl in %
05[35]65]95] 125 155
ECL I 25 | 15
EC2 o R R
EC3 + +
EC4 + + +
EC5 T+
EC6 + +
EC7 .
EC8 T R B HF s
EC9 T B
EC10 + + + +

+ : Growth seen (Turbidity) - : No growth (No turbidity)

Effect of environment on bacterial growth:

All 10 isolates showed ability to grow at wide rengf temperature, pH and Naconcentration. (Table 3a, 3b a
3c). Growth was seen in the temperature range °C to 37C. The maximum growth was seen at 2°C. Isolate
number EC2, EC3 and EC6 showed growth in the plgeaf 5.0 to 11.0 whereas isolate number EC8 shc
growth inrange of pH 3.0 to 11.0 with the optimum pH foundoe 7.0 . The optimum NaCl concentration for
five isolates was found to be 0.5% with EC2 and &@fowing upto 9.5% NaCl concentration and EC8rédirg
maximum NacCl concentration upto 12.5%. On basis of these optimum environmental parametersgergéon
time of the ten isolates was determined by perfogrthe growth curve experiment at’C- static and shaker
conditions (in presence and absence of individeatipide) and it was found that shaker condition with mor
aeration, the isolates were able to grow fa

Figure 1: MIC of metal salts (ppm)

MIC OF HEAVY METAL SALTS

10000 -
= | B Metal Salt (ppm)
g 8000 Cobalt Chloride
=
S 6000 - |+ .. B Metal Salt (ppm)
g | { [ Nickel Sulphate
=
§ 4000 - 1 a Metal Salt (ppm)
S Potassium Chromate
2000 -+ B Metal Salt (ppm)
l u I l I " Copper Sulphate
0 -

Metal Salt (ppm)
Manganese Chloride

ECL
EC2

.
o
(]

EC4

ECS

EC6

ECY

EC8

EC9
EC10 -

Isolate Number

Antibiotic sensitivity/ metal tolerance/ Pesticide tolerance:

For antibiotic resistance/ susceptibility profilinthe Kirby-Bauer discdiffusion method was used. The zone
inhibition was measured in millimeter and the resise and sensitivity of isolated bacteria wasrddteed. It was
found that all ten isolates being Gram negativeature were found to be resistant to penicilAmongst the ten
isolates, EC1 was found to be resistant to 08 ianitis from the total 15 antibiotics used (Table

154
Pelagia Research Library



Sayali R. Naphade et al Adv. Appl. Sci. Res., 2013, 4(3):150-157

Table4: Antibiotic Sensitivity Testing

Antibiotic
IsolateNo. | P | E| G| S| C|Va|A | S| T|Cf| Me | At | Do | Tr | Cb
EC18 R|IR|R|R|[S R R | I R S S | S R S
EC26 R|IR|S|S|S R R|S|R|R S | S S S
EC32 R | I S| S | S S|S|S| S S | S R |
EC45 R|S|S|S|R R R|S|S]| S S | S R S
EC53 R|S|S|S|S S R|S|S| S S | S R R
EC63 R|S|S|S|S S R|S|S]| S S | R R |
EC75 RI|S|S|R|S R R| S| S S S | S R |
EC83 R| S | R|S S S|R|I S S | S S S
EC94 R|S|R|S|S S R | I S| S S | R S S
EC105 R | I | S| S R R|R|S]| S S R S S S
R- Resistant S- Sensitive | - Intermediate
Figure2: MIC of pegticides (ppm)
MIC OF PESTICIDES
15000 -
g_
o M Pesticide
= 10000 -
o (ppm)
© Endosulfan
4 -
M Pesticide
@ 5000 -
e (ppm})
S Cypermethrin
0 - Pesticide
(ppm}
EC1 EC3 EC5 EC7 EC9 .
Chlorpyriphos
Isolate number

Figure 3: Genomic DNA

 @ed GO0

Lane 1 to lane 10 : gDNA from EC1,EC2 EC3, ECA4, EC5, EC6, EC7, EC8, EC9, EC10.
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For metal resistance profile, Minimum Inhibitory @entration (MIC) was determined. In the varying
concentrations of metal salts, the growth of thetdrgal isolates was observed in the form of tutidn comparing
with positive and negative control (Figure 1). Tdiglity of bacterial isolates to grow in presendegesticide was
seen by observing the growth on the plates. Itatzserved that 5000 ppm of Endosulfan was tolerayedC1 and
EC7 whereas as high as 15,000 ppm of Cypermethais telerated by EC2. Chlorpyrifos was easily tdiéra
pesticide for EC10 showing growth upto 2000ppm @hydfos (Figure 2).

Isolation of plasmid DNA and Agar ose Gel Electrophoresis:

Presence of plasmid DNA was not detected in anghef10 isolates on performing Miniprep method atsphid
DNA extraction instead all 10 isolates showed geisddNA bands in the wells of agarose gel (Figurs@ygesting
role of chromosomal DNA in pesticide tolerance. Tble of chromosomal genes in bioremediation can Ak due
to an episomal condition where the plasmid hagnated in the chromosomal DNA.

CONCLUSION

Results obtained in this work indicate the rolebatteria in tolerating high concentrations of toglemicals like
pesticides, heavy metal salts and antibiotics. ifbkates were found to be Gram negative coccobaeilling 37C
shaker condition as the optimum condition for tlggiowth. The isolates also showed growth at wideeaof pH
and salt concentration. Further, by Miniprep metleowl Agarose Gel Electrophoresis, no plasmid DNA wa
isolated from any of the ten isolates suggesting od chromosomal DNA genes in the bioremedial ptigé of all
isolates. These findings of the study suggest aiplestool of isolating indigenous bacteria fronil sath ability to
tolerate extreme physical and chemical conditidreg tould be useful in bioremediation of pesticidasl heavy
metal salts.
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