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ABSTRACT

Biodegradation is a promising tool for complete tdestion of organic pollutants present in the emviment.
Organophosphorus compound (OPs) like methyl pavatliMP) is widely used as pesticide in agricultuaal well
as non-agricultural fields. The pesticides of orgphosphorus type is less bio accumulative and meaglily
degradable in the environment. The present studyfaeused on the biodegradation of methyl parathgesticide
using soil bacteria. Among the several bacterialases from soil, three species identified as Pseuthas
aeruginosa, Enterobacter sp and Klebsiella sp. Gtewth of these pesticide degrading bacteria waseased in
nutrient broth. The experimental study was condlitbeinvestigate the efficiency of the chosen bidtspecies on
the degradation of methyl parathion and its effectbacterial growth. The degradation of the pedgcivas tested
in three concentrations like 100 ppm, 200 ppm ad® ppm. Among the three bacterial species used for
degradation of methyl parathion at different cortcations, maximum degradation was observed by Rzaodas
aeruginosa at a temperature of°85at pH 7 in 59 hrs at 300 ppm concentration. Thgrddation products of all
the three bacterial samples were characterized B\RFHPLC and GC-MS.
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INTRODUCTION

Agriculture is the back bone of Indian economy. Wimgy food security for more than one billion Indipopulation
with decreasing cultivable land resource is vergrpdhis could be ensured by the use of high yiejdrariety of
seeds, balanced use of fertilizers and sensibl@fugeality pesticides. To meet the needs of foaglirements for
increasing population in the country, currentlynfiars are using higher amounts of fertilizers anstipeles in the
field of crop production [1]. Millions of tons gfesticides are applied annually in modern agricelta increase the
production through controlling harmful effects cadsy the target organisms including insects, fumgirms and
nematodes [2]. Pesticides can be generally cladsifito three groups namely organochlorine, orgammsphorous
or phosphates and carbamides [3]. Organophosphpesiiides are an essential group of pesticidd wéeely all
over the world, the degradation of this pesticislevéry faster than compared to other groups ofigiéss [4,5].
Organophosphorous pesticides such as parathiorhygarathion, carbamate and chlorpyrifos are augrof
highly toxic agricultural chemicals commonly usedglant protection and to kill the insects [6,7holigh, the
majority of the applied pesticides, even if sprapadgreenery of crops, vegetable plants and webkdsexcessive
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use of pesticides leads to an accumulation of & fangount of pesticide residues in the food chath earentually
reach the air, soil, surface water and ground wa@ironment that further leads to a substantialthehazard for
the current and future generations due to uptakleagoumulation of these toxic compounds, which aiégct the
growth and activity of soil microbial communitie] |

Methyl parathion (O, O-Dimethyl-O-(4-nitrophenyl) hgsphorothioate) is an important broad spectrum
organophosphorus insecticide. It is used to comis®#cts such as aphids, mealybugs and mites ddeavariety of
crops, including cereals, fruits, vegetables, omatals, sugarcane and cotton [9]. It is also usedntrease
agricultural yields, but after usage they remaisail and water. MP inhibits acetylcholinesteraB€KE) and also
suppresses the activity of acetylcholinesterasé has neurotoxicological properties [10]. It casiseeversible
phosphorylation of esterase in the central nengystem of insects, mammals and also in nontarggnisms,
including humans, resulting in headache, nausem, damage, cancer, birth defects and even deatkserh
healthiness and environmental worries have led dosiderable interest in emerging ecofriendly, safel
economical alternatives for the detoxification oPNh soil, ground water and surface water matrigéspresent
year one of the major environmental problems fadimg world, contamination of soil, water and air tmxic
chemicals such as dyes, chemical industrial wastepesticides. The various cleanup technologiedadla for
degradation of pesticides are photocatalytic desgrad, electrochemical degradation and biodegradaprocess
[11,12]. Although MP is considered a relatively istent insecticide in the environment, it can legrdded in
natural soil and water by microorganisms in a spertod of time [13,14].

Bioremediation is a promising alternative to phgsizemical and biological methods of degradatiompesticides
because it is less expensive, cost-effective andt@mental friendly technique. Several researcimerge focused
on the degradation of herbicides [15,16] algicifled maticides [18], and some other researcherrépsrted the
fungal degradation of different pesticides [19-Z%¢ports are available on the biodegradation abuarpesticides
under different conditions [26,27] by using contaated water [28,29], fresh water and marine wadét, [while

few of them have reported the degradation of varipesticides by using isolated bacteria in variagiscultural

fields such as rice fields [31-35] tomato cropdigB6] and coffee farm soil [37]. Many bacteriadashs from soil

such asBrevibacterium aureunand Pigmentiphaga sphave been reported completely or partially degtiad of

pesticide in environment [38,39]. The present itigasion is focused on biodegradation of MP by sbé bacteria
under different ranges of temperature, pH and wgrgioncentrations of MP. Experiments were thereftmsigned
and executed to study the role of soil bacteridiodegradation of MP and also to optimize the ctonds to

maximize the degradation process.

MATERIALSAND METHODS

Chemicals

Analytical grade Organophosphorous (Methyl Parathid99.9%) and all other solvents were purchased f
Sigma Aldrich Mumbai, India. All other reagents dse the study were of Analytical Grade. All theechicals were
stored in dark bottles af & prior to use.

Collection of soil samples

The soil samples were collected from the differantivated fields mainly (crop, sugarcane, vegetakdnd fruits
fields) from the top layer 0-10 cm which had begpased to MP pesticide in Tiruchirapalli Distridtamil Nadu,
India. In the laboratory, the soil samples wereestdan sterile polythene bags &t@.

I solation and identification of the soil bacterium

The collected soil samples were subjected to sdifialion and pour plate technique for the isolatiaf pesticide
degrading bacteria with the help of Nutrient agad &ing's B agar plates. Well grown bacterial coemwere
picked and further purified by streaking. The isethstrains were maintained on Nutrient agar amyi B agar
slants and stored at €. Identification process for the three differbatterial isolates were carried out by following
the routine bacteriological methods.

Studies on bacterial growth and degradation of methyl parathion using soil bacteria

After the isolation of bacteria from soil, they weidentified and characterized by biochemical te$te pure
bacterial cultures obtained were selected for digran of methyl parathion. The effect of temperetipH and
pesticide concentration on pesticide degradatiore\stidied in this experiment, where the tempeeatanged from
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15°C to 48C and pH from 3 to 11, with methyl parathion pedgécconcentration from 100 ppm to 300 ppm
respectively. The growth curve obtained for thee¢hchosen bacterRseudomonas aeruginosa, Klebsiellaasml
Enterobacter spvas checked using UV- spectrophotometer at vatiows intervals.

Effect of Temperature and pH on the growth of pesticide degrading bacteria

Temperature is one of the most important factorsmicrobial survival and growth. To study the akilitf the
bacteria for the degradation of the pesticide,x@esment was conducted in an Erlenmeyer flaskaiairtg 100 ml
minimal salt broth where 100, 200 and 300 ppm pigitiwas incorporated. After sterilization, theska were
cooled and inoculated with the bacterial culture amintained at different temperatures’@525 C, 35C and
45°C). 5ml of culture was drawn and centrifuged at@®®dm for 10 min and the pellet was discarded dred t
supernatant was collected to evaluate the growthesficide degrading bacteria. The optical densiyg taken at
560nm using UV- spectrophotometer at various tinterivals. Similar input was carried out at diffdrei (3.0,
5.0, 7.0, 9.0 and 11.0) ranges and the opticaligewss taken at 560 nm. Identification of pesteidegradation
products of residual concentration of MP and itsaielites were characterized by using FTIR, HPLE @tC-MS.

Analytical characterization of pesticide degrading bacteria

Fourier Transform Infrared (FTIR) Spectroscopic analysis of methyl parathion degradation

The FTIR spectra of all the samples were recordgdguPerkinElmer IR spectrometer. All the samplesren
recorded without using any solvent. FTIR spectrpgcovas used in this study to obtain qualitativelysia &
functional group information for methyl parathioansples. The non-distractive nature of FTIR addalbnto
analyze the samples by alternative technique wagxmosed in this particular study. This method wegeloped
with consideration of possible future adaptatiomtdude both quantification & coupled analyticathniques.

HPLC analysis of pesticide degradation

High Performance Liquid Chromatography (HPLC) wézed to determine the pesticide residue in thediam
containing bacterium. The experiments of pesticidegradation were conducted in Erlenmeyer flaskgaioing
100 ml nutrient broth in different concentration pdsticide (methyl parathion 100 ppm, 200 ppm, BpM) in
separate flasks. Bacterial strains were incubatgquHa7 at 300C for 72 hours. After incubation, tlell grown
pesticide degrading sample was analyzed by HPLG/ticel method.

Extraction of biodegradation products (GC-MS)

The procedure employed for the extraction of sangfler four day degradation were separated to aasalpy
GC/MS. The 5 ml of homogenized liquid samples weskected at regular interval of time after degtaata and

centrifuged at 8000 rpm for 10 min at 26. After centrifugation the solid portion (pelled) the bottom was
extracted with 5 ml acetonitrile by sonication. Tésdract was then filtrated. The supernatant ctsdwtion was
centrifuged and the supernatant sample was callecte

GC/MSanalysis

A GC/MS was used for the separation and detectibintermediate products of pesticide degradatiom. A
PerkinElmer clarus 500 GC system was used for adparand detection of pesticide degraded produaisbo
mass ver 5.2.0 software was used for GC/MS analysis GC separation of Elite-5 capillary columnr(88 250
um id), helium was used as a carrier gas at a fate of 1 ml/ min, the injection temperature wa$ 28, the
column temperature was 28G for 10 min. the temperatures corresponding tosfiex line and the ion trap were
200°C and 160°C respectively. Mass spectra were obtained by léetren-lonization (El) mode at 70ev. Scan
mode was chosen and the range of amu was form @0¥4& injection volume was 2.0 pl with split rarafg1:10)
was used to detect and separate the degradatidngiso

RESULTS AND DISCUSSION
I solation and characterization of methyl parathion degrading bacterium
Soil samples collected from three different fie{daddy field, sugarcane field and vegetable fi@ldye processed

for isolation of the bacterial species. Based owrosicopic and biochemical tests, the bacteria ifietitwere,
Pseudomonas aeruginosa, EnterobacteraspKlebsiella sp.
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Table. 1 The morphological and biochemical characteristics of bacterial strainsisolated from agriculture soil

Results
Characterigtics Principle Pseudo_monas Enterobacter Klebsiella
aeruginosa sp sp

Gram staining Selective staining of cell wall Grara Gram -ve Gram-ve
Cell Shape Detects the physical nature Rod Rod Rod
Indole test Detects deamination of tryptophan Grvam- Gram -ve Gram-ve
Methyl rec Detects acid productit - - -
Voges - Proskauer Detects acetoin production - + +
Citrate utilization| Detects capability of organism to utilize citrateasole + + +
test carbon source
Carbohydrate test Detects gas production + + +
Litmus milk Detect the coagulatic + + +
Oxidase test Detects cytochrome oxidase production + - -
Catalase test Detects catalase production + + +

. . . Alkaline slant / acid Alkaline slant/ Acid slant/
Triple sugar test Detects alkaline or acid but but acid but Alkaline but

In this study the growth of a few bacterial isotalike Pseudomonas aeruginosa, EnterobacterasylKlebsiella sp
were investigated in mineral salt broth cultureddferent pH (3.0, 5.0, 7.0 and 9.0). Maximum grbvaf all the
three bacterial isolates were observed at pH 7dtl@ growth rate decreased when the pH incredmedt was
strongly inhibited at acidic pH. The biodegradatammethyl parathion by?seudomonas aeruginosa, Enterobacter
sp, and Klebsiella spbacteria was investigated further at different terafure. The optimal temperature for the
growth of all the three tested isolates was founHde 37C, and above and below which, a decrease in thefic
growth was observed.

Psceudomonas acruginosa
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Fig. 1: Degradation of methyl parathion by Pseudomonas aeruginosa in nutrient agar medium containing different concentrations of
methyl parathion pesticide asthe sole sour ce of carbon and ener gy

FTIR analysis of M P pesticide degradation by isolated soil bacteria

The FT-IR spectral data provides more insight if® structural changes of MP and confirms the digran of
pesticide by the bacteria taken for present ingatitn. The FT-IT spectra of MP before and afteatment with
bacteria were represented in Fig 5,6,7. It is ewidbat the shifting of characteristic absorptiosaks of MP
corresponding to the N=0O, C-H, P=S, C=C and P-O-®GHBRd groups from 1402.2 cm-1 and 3410.0 cm-1,7694.
cm-1, 1635.5 cm-1, and 1123.7 after the treatmetit bacteria indicating degradation of MP. The t&uf peak
positions of MP after the treatment with bacté?Eeudomonas aeruginosa, Enterobacter sp and Klébsie are
represented in table 2 reveal clearly the strutttltanges occurred due to the degradation procassed by the
bacteria.

52



Violet Dhayabaran T. et al

Der Pharma Chemica, 2016,8 (8):49-59

OD at 560 nm

Enterobacter sp.

80

Time in min

Fig. 2: Degradation of methyl parathion by Enterobacter sp in nutrient agar medium containing different concentr ations of methyl

parathion pesticide as the sole sour ce of carbon and energy
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Fig. 4: FT-IR spectrum of methyl parathion pesticide
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Fig. 5: FTIR spectrum of biodegradation of methyl parathion pesticidein 72 hours by Pseudomonas aeruginosa
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Fig. 6: FTIR spectrum of biodegradation of methyl parathion pesticidein 72 hour s by Enterobacter sp
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Fig. 7: FTIR spectrum of biodegradation of methyl parathion pesticide in 72 hours by Klebsiella sp

Table. 2 FT-IR analysis of pesticide degrading bacteria

Treatment | Treatment Treatment
after after after
MP.F,GP| Frequensis bacteria (1)| bacteria (2) bacteria (3)
pseudomonals enterobacte Klebsiella s
aeruginosa sp i
N=0 1402.2 1362.4 1361.8 1362.5
C=H 3410.0 3434.6 3408.9 3435.4
P=S 694.79 673.2 674.4 668.9
Cc=C 1635. 1630.: 1631.« 1631.(
P-O-A 1123.7 - - -
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HPLC analysisof pesticide degradation

High Performance Liquid Chromatography techniqu@l(d) was employed to determine the pesticide residu
the medium containing bacterium. The experimentpesticides degradation were conducted in Erlenmiggsks
containing 100 ml nutrient broth in different contration of pesticide (methyl parathion 100 ppm0 2pm, 300
ppm) in separate flasks. Bacterial strains werebated at pH 7 at 300C for 72 hours. After incudratithe well
grown pesticide degrading sample was analyzed hyG-#halytical method.

The bacterial degradation of the pesticide samle mvonitored by HPLC (shimadzu HPLC Vp series ([@gpaith

two CBM-20 A 230V pumps and LC8A, LC8B pump , waargjth of UV detector at 250 nm with reverse phase,
C18 (2) 60mm for the length of the reverse phadenmo was used. The mobile phase components thaaioon
acetonitrile & water (1:9) ratio and a buffer sadat containing NHPO, (0.5%) & KH,PO, (0.5%) were used. The
column temperature was maintained alG3Qroom temperature). The chromatographic analysis carried out for
the given sample by injecting 20 by using Rheodyne Syringe. Finally the pestiaidgrading bacterial culture
was identified by their retention time & levelsthe peaks were calculated by reference standards.

15000
10000

5000

Relative abundance

Time (min)

Fig. 8: HPLC Analysis of methyl parathion
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Fig. 9: HPLC Analysis of degradation of M P by Pseudomonas aeruginosa
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Fig. 10: HPLC Analysis of degradation of MP by Enterobacter sp
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Fig. 11: HPLC Analysis of degradation of MP by kiebsiella sp

Analysis of reduction of MP concentration in the bacterial culturesby HPL C studies

The HPLC analysis was performed to confirm the aftelegradation of the pesticide methyl parathiod ¢he
HPLC chromatogram shown in Fig 9-11 clearly indéctte reduction of MP concentration with respeahdéard
MP concentration shown in Fig 8. The peak analg6idPLC was carried out for four samples which ings (The
standard -Methyl Parathion, Biodegraded samplBsdisdomonoas aerugingsa-Enterobacter snd 3Klebsiella
sp). The standard HPLC profile of Methyl Parathioruererated a peak with a retention time of 4.393. dbeve
value was taken as the reference to compare tliedpiadation of MP by other three test samples. Anba three
bacterial, the rate of degradation was high in ¢hee ofKlebsiella sp.which bestowed the best result with a
retention time value of 3.077. Subsequently thed&gpadation consummated Wseudomonoas aeruginosa
elucidated a retention time of 3.286 which alsdlifated the degradation of the pesticide methylagsion. The
retention value (4.290) of the biodegraded sampl&tterobacter s@lso showed better result with the retention
time of 3.661. From the experimental result itisyed that all the three bacteria were found tonbee effective for
the degradation of MP.

GC/M S analysis of degradation process

In order to substantiate the biodegradation of gigtharathion by HPLC analysis and ensure the bicattagion
products, the samples were examined using GCM$/sinallhe results obtained from GCMS were showRi(n
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12 and the ion chromatogram clearly indicates thgrhiented ions corresponding to the various dedgrpdeducts
of methyl parathion.
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Fig. 12: GC M Sl dentified compound 1 obtained by M P degradation by Pseudomonas aeruginosa

Table. 3 Structure of some biodegradation products determined by GCM Sin the EI mode

Compounds | Peak name and molecular weight Structure RT (min) | % Peak area
A\
1 4-nitrophenol \N+ OH 2241 95 55
Molecular weight: 139 ' ’

0
2 Phenyl,4-ethylamino \ / \

2 HN OH 17.29 0.219
Molecular weight:137
122
100+
OH
=
= 137
2 504
=
= /\N
S
39 65 T 108
61 77 81
o elontS ol gl STl il glly pl |
T T T T T T T T T AT T
30 40 50 60 70 80 90 100 110 120 130 140 150
m/z

Fig. 13: GC M SIdentified compound |1 obtained by M P degradation by Pseudomonas aeruginosa

Compounds obtained by the degradation were detedtéukir respective retention times. The majorkp@a.5%
represents the degraded product 4-nitrophenol (oamg ) of molecular weight corresponds to 139. ¢geit is
evident that MP is degraded completely in the presef bacteria. It is also observed that withdet presence of
bacteria the degradation of MP was very sI@®CMS ion chromatogram also revealed that the MR pea
disappeared rapidly after the treatment with thetdséa. In addition to the major product nitrophkeother bi
products were also found to be present and itss fean five percentage. The peak correspond téragenent of

molecular weight 137 can be accounted for the cam@dl. The table 3 represents the details of tagraded
production along with their retention time.

CONCLUSION
Biodegradation is an important and challenging aese area which in turn brings a suitable remedypfesticide

contamination. Biological methods are more attva@ctcompared to conventional methods as they support
sustainability of earth leading to protection oftural resources. The present work was aimed totifgethe
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application and ability of the microorganisms, sastiPseudomonas aeruginosa, EnterobacteasgKlebsiella sp
against MP which is used widely in the field of iaghure. From the spectral and analytical reswfsthe
experimental study it is inferred thBseudomonas aeruginoss more effective in biodegradation at pH 7 and
temperature 38C and also it is evident that the degradation m®de complete and it is further confirmed by
HPLC and GCMS analysis. This research work canxtended further to focus on the kinetics, physiaaband
ecological process that occurs at low concentraBdodegradation strategies for pesticide concéptran various
species of natural resources can be focused angrésent work will provide useful insights for erorimental
production.
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