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ABSTRACT

Soil samples contaminated with pesticides wereectdt from agricultural fields in and around Pudakki
district, TamilNadu. Samples were inoculated intoeral salts medium with Lambda cyhalothrin as sbé& source
of carbon and incubated for 12 days. Intermitteddition of pesticide was carried out for enrichmefitcultures.
Bacteria capable of degrading lambda cyhalothrirrevisolated on mineral salts agar medium. From @reamples
collected, 52 isolates capable of degrading lambgaalothrin was obtained, majority of them beingrgrnegative
in nature. Out of these, 3 were capable of showiogd growth in mineral salts medium. Screeninghefisolates
for their efficiencies in degrading lambda cyhakinhwas carried out based on enrichment technigpectrometric
analysis and HPLC studies. Strains JJC1, JJC2 ar&BJshowed the highest tolerance to the pestiddel and
JJC2 were identified as Stenotrophomonas maltaphitid Enterococcus faecalis respectively based&s rRNA
and phylogenetic tree analysis. JJC3 was identiis Pseudomonas fluorescens based on cell moghaiod
various biochemical tests. Of the 3 isolates, Stepbomonas maltophilia was found to be effectivéoierating
and degrading lambda cyhalothrin. Hence it was usedurther studies. The biomass and cell growthrewe
determined initially for three consecutive days ftenotrophomonas maltophilia. The percentage eidtml
pesticide remaining was determined by HPLC. Thedued level of pesticide decreased with the prokehg
incubation of microorganisms along with the pesléciand simultaneously the percentage of degradagisn
increased gradually indicating that the selecteatnmbrganisms were capable of degrading the pesicidmbda
cyhalothrin. Due to their high biodegradation adiyy the bacteria isolated from this work merit ther study as
potent biological agents for the remediation of soiwater contaminated with the pesticide Lambyghatothrin.

Keywords: Lambda cyhalothrin, Biodegradatiorgtenotrophomonas maltophiliegEnterococcus faecalisand
Pseudomonas fluorescens

INTRODUCTION

Bioremediation is an environmental clean—up teamaitipat is currently being investigated for useaamide variety
of chemicals. It is the use of naturally occurringcroorganisms to enhance biodegradation, or nobimdbgical
breakdown. It involves establishing the conditiarcontaminated environment so that appropriate ooiganisms
flourish and carry out the metabolic activitiegd&toxify the contaminants [1]

Pesticides are indispensable to modern agriculbuerently among the various groups of pesticide #ire being
used world over, Organophosphates form a majomamst widely used group accounting for more than 40%e
total world market. Parathion, Methyl parathion, |thion, Lambda cyhalothrin, Monocrotophos, Dimetteoand
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Phorate are some of the widely used Organophosphgresticides. The wide spread use of these meticver
the years has resulted in problems caused by thigraction with the biological systems in the eamment.
Considering the toxic effects of pesticides, iessential to remove these chemo-pollutants fromethéronment.
Biological removals of chemo-pollutants have becthgemethod of choice since microorganisms carausaiety
of xenobiotic compounds including pesticides, fogit growth and mineralize and detoxify them. Resleers all
over the world are engaged in investigations oddxgpadation of pesticide [2].

Microorganisms are key players in determining theienmental fate of novel compounds because tlaeyhe
used as carbon and energy sources by microorgafmBor this reason there is a need to isolatentify and
distinguish the microorganisms that exist in corniteted environment and to determine the genetierdgbants of
resistance, frequently located on plasmids [3]. Phesent study describes the isolation of the gdstiresistant
bacterial strains which was isolated from the Laanbghalothrin contaminated soil.

MATERIALS AND METHODS

Pesticide description

Lambda-cyhalothrin an insecticide registered by BSHn 1998, it is a man- made pesticide, belonging to
pyrethroids group, it is similar to the natural énscide pyrethin which are naturally occurring doscide
compounds from flowers of chrysanthemu(@hrysanthemum cinerariaefoliumpyrethroids are important arm
used in public health management where in theyapmied for of controlling cockroaches, mosquitaiésks and
flies (etc). This group of pesticides has been lyidsed as pesticides or chemical warfare agertause of their
high toxicity towards insects and other animalseiTtmechanism of action involves the irreversibigibition of
acetylcholine esterase, a key enzyme of the cengémalous system [4]Lambda-cyhalothrin in soil surfaces and
aqueous solution has the pH range of about 5.5nagiting point is 49.2°C. The molecular weight ofnlada-
cyhalothrin is 449.9 g/mol, which has a moleculaornfula of G3HigCIF3NOs;, chemical name
cycloproanecarboxyphengnd it is an active ingredient of several branches called karate, warrior, scimitar,
demand, icon and matador. This is used to contrel gests of crops like cotton, rice, cereal, vdgetaand
sugarcane. The recommended pest for lambda-cyhi@atie bollworms, jassids, stem and fruit boreagflifolder,
green hopper, hispa, sterm borer etc. This is eppin the plant surfaces like leaves, fruits, aegetables with
power sprayer.

Culture medium

A synthetic Mineral salt medium containing Mg$S© 200 mg, kKHPO,-900 mg, KCI-200 mg, FeSE2 mg,
MnSQ,-2 mg, NHNO;-1000 mg/1 litre of medium was used. The pH wasstdd by 7 using 1N HCI and sterilized
by autoclaving at 121°C for 15 min.

Enrichment of the Soil Samples

The aim of this step was to adapt the soil micraflto pesticide, Lambda cyhalothrin. In this stégiarichment
procedure the mineral salt medium (MSM) was usedoftain this effect, collected soil samples (5vgye mixed
with 100 ml of mineral salts medium containing Latakcyhalothrin at concentration of 5 ml/L beforeximg the
sample soils and Lambda cyhalothrin, the MSM wasdaved and pH maintained at 7 + 0.1. After mixthg soil
suspension, the medium was incubated in the darROAE. After 10-12 days of incubation, the aliquaft
contaminated soil suspension was taken for isglaifdacteria [5].

Isolation and screening of Lambda cyhalothrin degrding bacteria

Different discrete colonies on the plates were etk for isolation. Morphologically dissimilar isted colonies
were picked up from the plates with the help ofilgdoop and each individual colony was streakedLambda
cyhalothrin agar plate to obtain pure culture. Tgpta isolated colonies were picked from the Lamloghalothrin
agar plates and screened to observe their rapigtigras well as resistance to Lambda cyhalothrimepjica plate
method [6] and transferred to Lambda cyhalothriarggates containing up to 5 ml/L of MSM

Purification of potential bacterial isolates

A single isolated colony of the pesticide degradiagteria was picked up with the help of sterilizégce loop and
was streaked on LB agar medium. Each isolatednstvais streaked at least 3 to 4 times on LB agaepléor
purification. After the purified isolates were oiotad, they were re-streaked on mineral salt mediemiaining
pesticide X cyhalothrin) for confirmation of isolates. The glia colony of bacterial strain was inoculated il
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LB broth, incubated at 37°C then used for furthearecterization of isolates. The isolated and mdibacterial
strains were stored under refridgeration after arieg slants.

Identification of the Isolate

The selected bacterial isolates JJC1, 2 and 3 wlergified by cultural, morphological and biochealit¢ests as
explained in Bergey’'s Manual of Determinative Baiclegy [7]. Colony characteristics of these isektwere
observed after growing on nutrient agar plate & at 30°C. Further conformation of the mostrtoie bacterial
isolates JJC1, JJC2 was done using 16S rRNA seipgen©ut of the three organisms which were pretemily
screened, the organism JJC3tgnotrophomonas maltophiliavas more efficient in degrading the pesticide
cyhalothrin, hence this alone was used in furthediss.

DNA sequencing and Phylogenetic analysis

The partial 16S rRNA gene sequences were initetiglyzed at Amnion Biotech, Bangalore. The 16S rDiéhe
was amplified as per the method of [8] using urgaeiprimer and PCR product for the isolate was seged in
both directions. Forward and reverse DNA sequenoiagtion of PCR amplicon was carried out with 165
16sR primers using BDT v3.1 Cycle sequencing kitA@ 3730xl Genetic Analyzer and chromatogram pising
Chromas Lite 2.0 version, Applied Biosystems andefsham MegaBace automated sequeribieesphylogenetic
analysis of evolutionary history was infered usihg Neighbor-Joining methd#é].

Determination of cell growth (Biomass) in liquid cuture

The growth ofStenotrophomonas maltophilizas performed in 500 ml Erlenmeyer flask contain2i ml of
minimal medium supplemented with various conceianat (Lppm, 2ppm, 3 ppm and 4 ppm) of lambda cyh&lo
as a sole source carbon. A UV- visible spectropheter (Systronics - 118) was used to monitor ttiedemsity by
measuring the turbidity at 610 nm for 3 days [10].

Determination of growth rate in solid culture

Stenotrophomonas maltophilisas inoculated into minimal medium containing digiet concentration of lambda
cyhalothrin (1, 2, 3 and 4 ppm) as the sole carbource. Rate of bacterial growth was estimated chage
determination of viable cell count per ml (CFU AnJ11].

Determination of residual Lambda Cyhalothrin

Lambda cyhalothrin was extracted from the cultuiltrafe using Dichloromethane [12Residual Lambda
cyhalothrin was determined using High performarnigeid chromatography [13] with a C18, Phenomenexron
(BIORAD, USA) at 60°C using methanol /water (75:25)an eluent. A flow rate of 1ml /min and a sanyoleime

of 20 ul were maintained. The elute was monitored with bAésible detector. The peaks were identified and
guantified by comparing with retention times of fartic standard (lambda cyhalothrin) at the 254 fiime
degrading capacity of the isolates was determirnyetthd evaluation of the residual remaining in tbwre medium

RESULTS AND DISCUSSION

Totally 52 isolates were isolated from 6 differeatples. Three different distinct colonies wereaeld among the
52. These fast growing 3 bacterial members wergdated as JJC1, 2 and 3. By comparing the restitaltural,
morphological and various biochemical tests withiggg's Manual of Determinative Bacteriology [14]akbual for
the Identification of Medical Bacteria [15], it wésund that, the isolates JJC1,2 and 3 v&enotrophomonasp. ,
Enterococcusp andPseudomonasp. respectively (Table-1).
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DNA sequencing and Phylogenetic analysis

—|: Stenotrophomonas sp. WXGRA3
Pseudomonas sp. LBUC
Stenotrophomonas maltophilia strain T163

Stenotrophomonas sp. IITR87

Stenotrophomonas maltophilia strain GS-103

Stenotrophomonas maltophilia strain SaY2-b
Stenotrophomonas sp.SE38
Stenotrophomonas maltophilia strain: NCCP-47

Stenotrophomonas maltophilia strain:BL-16

Stenotrophomonas maltophilia strain AQN2

@ Stenotrophomonas strain

0.0005
Fig-1 -Samplel- jjc1

Enterococcus faecalis strain M9
Enterococcus faecalis strain VTM3R40
Enterococcus faecalis strain NIOT-COMA PS04

Enterococcus faecalis strain B3A

Enterococcus faecalis strain B10.1

Enterococcussp.109

Enterococcus faecalis strain WVS464

Enterococcus faecalis strain ZS3

'—— Enterococcus faecalis strain NK7

@ Enterococcus faecalis strain

0.002

Fig-2 —Sample2- jjc2

DNA sequencing and Phylogenetic analysis

The molecular characterization of the most prongisgolates JJC-1 and JJC-2 were done by 16S rRijAeseing
and phylogenetic analysis at Amnion Biotech, Baogal(Fig-1 and 2) Based on the above tests, tisé tfivo
bacterial sequences were identified as strair@efiotrophomonas maltophileamdEnterococcus faecalis

Determination of cell growth (Biomass) in liquid cuture

In the present study, the screened organisi® evaluated for their ability to degrade theefiyroid pesticide,
lambda cyhalothrin by determining the cell growthliquid culture, growth rate in solid culture apeésticide
residual analysis.The optical densityQiEnotrophomonas maltophiNeas determined on three consecutive days to
assess the initial growth of the organism in thespnce of the pesticide using UV-Visible Spectropmeter at 610
nm. On day 1, highest optical density was recoidetippm (0.82), followed by 3 ppm (0.69), 2 pprm4@) and 1
ppm (0.29). The rate of growth was determined téalster in 4, 3, 2 and 1ppm on three consecutiys.d&hereas,
the rate of growth in control was found to be comafigely slower. The optical density increased gedly on
increasing the incubation and also increasing thgtigide concentratiofiTable-2). The result of OD was also
confirmed with CFU ofStenotrophomonas maltophilisolate. The decrease in CFU on prolonged incub&aso
related to the nutrient depletighable-3). The results of the present finding waadcordance with the work done
by Poerlandt al.,[16] who isolated a strain éfseudomonas cichorfifom soil that was repeatedly treated with the
nematicide 1,3-dichloropropene as a sole carbonearstgy source. Thus it can be concluded that sbkate
Stenotrophomonas maltophilisolatetakes up the nutrient source of pesticide for itsagh and degrades them by
using specific enzymes.

Evaluation of the residual compounds
The lambda cyhalothrin peak was detected at retenitme of 6.7 in the HPLC column and its repro8ility was
confirmed using, a series of three injections. Pkeak area of the standard was calculated with 10 gandard,
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which was then used for further calculations fotedmining the concentration of the residue in tieated sample.
On day 2, the highest lambda cyhalothrin residue reaorded in 4 ppm (3.6 ppm) followed by 3 ppnd @m), 2
ppm (1.4 ppm) and 1 ppm (0.6 ppm). On day 12, thedst residue recorded was 4 ppm (2.0 ppm) amqgh8(@.5
ppm). No residue was detected in 1 ppm and 2 ppmday 12. The percentage of degradation of lambda
cyhalothrin was determined using the concentratibthe residue obtained. On day 8, 80% degradatidambda
cyhalothrin was recorded in 1ppm, 85% for 2 ppnfeSor 3ppm and 27.5% for 4ppm and on day 12, 50% wa
recorded in 3 ppm and 50% for 4 pp(hable-4).

Pseudomonaspstrain BK8 from soil contaminated with urea hertde&ccompletely degraded diuron herbicide using
them as carbon source without accumulating phegoliepounds [17]. Endosulfan degrading bacteriaistKS-2P
was isolated from endosulfan polluted soil whicitiagd endosulfan sulfate as the sole carbon soi@le Bacteria
capable to uptake and degrade various insectididee been isolated from various sources [19-21]videly
available insecticide alpha- endosulfan, beta-enftns is degraded by single bacteria liKéebsiella oxytoca,
Bacillus sp, Pandoraeasp., Micrococcus sp. and by mixed bacterial co-culture [22Pseudomonassp.,
Flavobacteriumsp., Agrobacteriumsp., Clostridium sp., Ralstoniasp. etc are reported for degradation of many
pesticides like Alachlor, Chlorpropham, DDT, Lindaretc. Pseudomonas aerugings&seudomonagutida,
Stenotrophomonamaltophilia, Flavimonasoryzihabitans and Morganella morganii isolated from coffee beans
were identified to be efficient in degrading thestpgdes, 1,1,1-trichloro-2,2-bis (4-chlorophengthane (DDT) and
endosulfan in 50 ppm concentration. The residue® ¥and to be 1,1-dichloro-2,2’-bis (4-chlorophgrsthylene
(DDE), 1-chloro-2,2-bis (4-chlorophenyl) ethane (D) and 2,2’-bis (p-chlorophenyl) ethanol (DDOHYalgh
GC/MS analysis [23]

Table- 1. Colony characteristics, Morphological andBiochemical characteristics of 3 different Lambdacyhalothrin degrading isolates
grown on minimal media at 30 °C for 24 hours

Biochemical

Characteristics JeL ez Jes
Catalas + + +
MR - B ¥
VP - + +
Gas form glucose - + -
H2S production - + +
Indole
Motility + +
Citrate tes + +
Microbial characteristics
Gram Reaction G- G+ G+
Microscopic view Short Rod Short Rod Rod
Size 1.8um 2.25um 1.7%um
Colony Morphology R_egular _ Punc‘tiform, convex with an entire Circular, Light vyellowish, Flat, Mucoid

pigmented colonies | margin. Regular

Table-2. Cell growth of the isolateStenotrophomonas maltophilia in liquid culture with different concentration of L ambda cyhalothrin

Lambda cyhalothrin | Optical density (610 nm)
Treatment Dayl | Day2| Day3
T1 (1ppm) 0.29 0.37 0.41
T2 (2ppm) 0.48 0.51 0.65
T3 (3ppm 0.6¢ 0.7¢€ 0.81
T4 (4ppm) 0.82 0.98 0.86
C (Control)
(Without pesticide) 011 013 021

Table -3. Colony Forming Units of the isolateStenotrophomonas maltophilia grown in medium containing Lambda cyhalothrin

Lambda cyhalothrin Colony forming units/ml (10%)
Treatment Dayl | Dayz | Day& | Day4 | Day € | Day 12
T1 (1ppm 25.1 57.4 115.2 | TNTC | TNTC | TNTC
T2 (2ppm) 26.3| 604| 1235 TNTC TNTE TNTC
T3 (3ppm) 243| 617 1206 TNTC TINTC TNTC
T4 (4ppm) 325 100.6§ TNTG TNTC TNTC TNTC
Control NIL NIL NIL TLTC | TLTC TLTC

TNTC To numerous to count; TLTC: To low to count.
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Table-4. Residual level of lambda cyhalothrin and ercentage of degradation bys.maltophilia

. Concentration in ppm and percentage of degradation
Lamt}‘i;ﬁ:‘:ﬁ]‘t’th”” Day 0 Day 2 Day 4 Day 8 Day 12
ppm | % | ppm | % | ppm | % |[ppm | % |ppm | %

T1 (1ppm) 1.0 - 06| 40 03 70 02 80 - 1p0

T2 (2ppm 2.C - 14 | 30| 0€ |70 0.5 85 - 10C

T3 (3ppm) 3.0 - 3.0 - 24 20 2.1 3 1pb 50

T4 (4ppm) 4 - 36| 10 32 2p 24 2715 20 50

CONCLUSION

The choice of the bioremediation strategy shouldniagle on the basis of type of pesticide, envirortedenatrix
and the organisms present in the ecosystem. Amuagsblates obtained for degradation of lambda loyhan
most of them were gram negative in nature. Thesditaratures available on efficiencies of gramate@ bacteria

in degradation of pesticides. The percentage adluet pesticide used was determined by HPLC. Thalual level

of pesticide decreased with the prolonged incubatté microorganisms and simultaneously the perggntaf
degradation also increased gradually indicating theacity of the selected microorganism to degrtue
insecticide, lambda cyhalothrin. The percentage defyradation was found to be high in the case of
Stenotrophomonas maltophilidhis bacterium isolated in the current study wasnfl to be efficient in tolerating
lambda cyhalothrin compared to others and can legl dier bioremediation of soils contaminated witlesé
pesticides.
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