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ABSTRACT

Pesticide degradation is the process by which pestiis transformed into a benign substance tfjat
is environmentally compatible with the site to vbhit was applied. In the present work, twelje

pesticide resistant bacterial isolates capable akrating four pesticides such as chlorpyrifas,

malathion, chlordane and chlorothalonil were obtihby spot assay enrichment technique fiem
field soil. Among them Klebsiellasps (K1, K2 and,¥seudomonas sps(P3) and Bacillus sps(84)
showed more resistance and were used for furthetiest. We found that among those organisfns,
the three Klebsiellasps were the most effectivéqids tolerating organisms and also found that the
pesticide tolerating property was plasmid origin.
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INTRODUCTION

Kerala is an agricultural state. Various kinds e$ticides are commonly applied to agriculturaldieto
increase crop production and pest control. Theofipesticide in Kerala has increased many timemdur
the last 20 years. Although the use of pesticidesoinsidered beneficial in augmenting crop yields,
excessive and indiscriminate use can lead to maraimbalance, environmental pollution and health
hazard§ It is necessary to develop a rapid and efficdisposal process to eliminate orminimize the
concentrations of pesticides in the environmentafiety of physical and chemicalmethods are avkdlab
to treat the soils contaminated with hazardous radgebut many of them do not actually destroy the
hazardous compounds butare bound in a modifiedxattransferred from one phase to ancther
Microbial degradation process to detoxify pesticidataminants can be effectively used to overcdrae t
pollution problems. Many pesticides have proveristast to microbial biodegradation and therefore
persist in the environments in which they are féund
The pesticides used in this study are of four typesh as chlorpyrifos, malathion, chlordane and
chlorothalonil. Here clorpyrifos and malathion apeganophosphate pesticides and chlordane and
chlorothalonil are organochlorine pesticides. Time af this work was to identify the potential mibial
strains able to tolerate and utilize pesticidesnfithe contaminated soil. In the present study f&mia
characterization and identification of native sisaiof bacteria that are capable of tolerating ther f
pesticides was done. It also aimed to investigaeadle of plasmids in pesticide tolerance.Theltesi
thepresent study suggest that the use of potenitaborganisms in the treatment system cansucdbssfu
overcome many of the disadvantages associatedhgtbonventional methodused for the degradation of
pesticides.

MATERIALS AND METHODS
The soil samples were collected from different diedrea of central Kerala. For the isolation of
chlorothaloniltolerating bacteria, the soil samplas collected from paddy field at Alagappanagai (so
sample 1), for the isolation of chlordane degrgdbacteria the soil sample was collected fpaidy
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field at Vendor (soil sample 2) and for the isalatof malathion and chlorpyrifos degrading bactetia

soil sample was collected from vegetable cultivgfield at Alagappanagar (soil sample 3 and 4).s€he
fields had been already sprayed with the pestidigethe past few years. Soils were collected ftbe2-
5mm surface and processed to remove lumps andsddiive soil samples were transferred to sterile
polythene bags and readily brought to the laboydtoranalysis.

For the isolation of pesticide tolerating bactefigm of each soil sample was added to fourdiffeféit

ml conical flasks containing30 ml of sterile liquiineral Salt Medium (MSM) with 10
ppmofchlorpyrifos, chlorothalonil, malathion andlatdane respectively. All the above flasks were
incubated at & for seven days on static conditions for two sesis@ enrichment processes. From
every flask a loopful of culture was streaked arilet Nutrient agar (NA) plate, MacConkey agar (MA)
plates and Eosin-Methelyne Blue agar (EMB) (allNtdia, India) plates and the plates were incubated
at 28C for 24 hours to get isolated colonies of bactéFtze well isolated,pure colonies weremaintained
as stock cultureson sterile nutrient agar slartte. dolonies were identified based on the morphokogy
biochemical reactions.

The effect of various pesticides on the growth adtbrial isolates (twelve isolates) was performsidgi
spot assdyThe pesticide tolerating activity was determingdinss checking the organisms with varying
concentrations of pesticides (10, 20, 40. 60, 8100 ppm) on sterile Nutrient agar plates andbated

at 37C for 24 hours. By this method highly pesticidestmt bacterial isolates were determined.
Presence of plasmid was confirmed by extractingtfrem the four most pesticide tolerating bacterial
isolatessuch aKlebsiellasps(K1), KlebsiellaspgK?2), Klebsiellasps(K4) and Pseudomonas sfB3Y.
Curing of plasmid was doféor proving the role of plasmid in pesticide toleca. Ethedium bromide at
different concentration (75ug/ml, 100ug/ml and 1¢%pl) was used as curing agent. Plasmid curing was
confirmed and the role of plasmid in pesticide rahee was also done.

RESULT AND DISCUSSION
Morphologically distinguishable twelve bacterialaties were observed. (Table 1, 2 and 3).

Table 1. Cultural characteristics of isolated micr@rganisms

Soil sample Isolate Cultural characteristic Isolated Organigm
No On Nutrient Agar (NA) On MacConkyAgar (MA)
Sample No 1 1 Golden yellow coloured, No growth on MacConkey
with round, shiny smooth, agar. Staphylococcus
chlorothalonil opaque, convex colonies gn sps
nutrient agar.
2 Round, creamy white, Lactose fermenting pink
moist, smooth, opaque coloured pin pointed round | Escherichia coli
colonies on nutrient agar. regular colonies on Mac
Conkey agar.
3 Large, mucoid, raised Large, mucoid, lactose
colonies on nutrient agar. fermenting pink coloured Klebsiellasps
colonies on MacConky agar
Sample No 2 4 Small, light green coloured, Non lactose fermenting
with chlordane flat colonies on nutrient colourless colonies on Pseudomonassp$
agar. MacConkey agar.
5 Large, white coloured Non lactose fermenting
smooth, irregular colonies colourless colonies on Bacillus sps
on nutrient agar. MacConkey agar.
6 Golden yellow coloured, No growth on MacConkey
round, shiny, smooth, agar. Staphylococcus
opaque, convex colonies gn sps
nutrient agar.
7 Large, mucoid, raised Large, mucoid, lactose
colonies on nutrient agar. fermenting pink coloured Klebsiellasps
colonies on Mac Conkey agay.
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Sample No 3 8 Large, white coloured Non lactose fermenting Bacillus sps
with malathione smooth, irregular colonies colourless colonies on
on nutrient agar. MacConkey agar.
9 Round, creamy white, Lactose fermenting pink Escherichia coli
moist, smooth, opaque coloured pin pointed round
colonies on nutrient agar. regular colonies on Mac
Conkey agar.
10 Small, light green coloured Non lactose fermenting Pseudomonassp$
flat colonies on nutrient colourless colonies on
agar. MacConkey agar.
Sample No 4 11 Large, white coloured Non lactose fermenting Bacillus sps
with chlorpyrifos smooth, irregular colonies colourless colonies on
on nutrient agar. MacConkey agar.
12 Large, mucoid, raised Large, mucoid, lactose Klebsiellasps

colonies on nutrient agar

fermenting pink coloured

colonies on MacConkey aga

=

Table 2 - Motility and staining properties of isolded microorganisms

Isolate No | Gram Capsule Endospore Granule Motility

1 + - - - +

2 - - - B +

3 - + - - -

4 - - - - +

5 + - + - +

6 + - - - +

7 - + - - -

8 + - + - +

9 - - - - +

10 - - - - +

11 + - + - +

12 - + - - -

+ positive reaction, - negative reaction
Table 3- Biochemical reactions of isolated microomnisms
[} — c

@ o [=]8 8 |9 Sleleg (8|8 |8 8 8|8
T |5 |£|3 8 |E S |g|832|Ss|8 |5 |2 |8 |z
o) ° 7] o 2 = < g 2 T = g = & [ X
2 1 |[=|>a |0 |TS =S |>|z ¢ |0 |3 |a |= |0 |06
1 - - + - A/A - + - + + + + + -
2 + + - - A/A + - + + + + + -
3 - - + + A/A + + + + + + + -
4 - - - + K/IK + + + + - - - + +
5 - - + + K/K - - + + - - - + -
6 + + - - A/A + + + + + + -
7 - - + A/A + - + + + + + + -
8 - - + K/K - - + + - - - + -
9 + + - - A/A + - + + + + + + -
10 - - - + K/IK + + + + - - - + +
11 - - + K/K - - + + - - + -
12 - - + A/A + - + + + + + -

TSI - Triple sugarironagartest,K/K- Alkaline slaarid alkaline butt, A/A- Acid slant and acid buttpesitive reaction, - negative

reaction
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After spot assay it was found thidtebsiellaspgK1, K2 and K4) were able to tolerate chlorothalpni
chlordane and Malathion with 100 ppm concentratiout, Pseudomonassp$3) showed tolerance of
Malathionupto 80 ppm anBacillus sps(B4) was also able to tolerate chlorpyrifos, upppm (Table

4). The growth of bacteria in the pesticide coritajrmedium demonstrated that the pesticide molecule
had been used as a carbon source by them. Buttgalhserved at a particular concentration pointed ou
that the excessive amount of pesticide has inhipiéfect on bacterfa

Table 4.Effect of various pesticides on bacteriakblates

Pesticide Concentration Organisms
(ppm) S1 | KI| E1| P2| B2] S2 K2 B3 E3 P3 B4 K4
10 + + + + + + | + + + + + +
20 + + + + - + + - + + - +
Chlorothalonil 40 _ T - P - T - - + | - +
60 - + - - - - + - - - - +
80 - + - - - - + - - - - +
100 - + - - - - + - - - - +
10 + + + - + + | + + + - + +
20 + + + - + + | + + + - - +
Chlordane 40 - + - - + |- |+ - + | - - +
60 - + - - + - + - + - - +
80 - + - - - - + - - - - +
100 - + - - - - + - - - - +
10 + + + + + + | + + + + + +
20 - + - + - - + - + + - +
Malathion 40 N T N T N N T R R T+ R T
60 - + - + | - - + - - + | - +
80 - + - - - - + - - + - +
100 - + - - - - + - - - - +
10 + + + - + + | + + + - + +
20 + + + - + + | + + + - + +
40 - + - - + - + + - - + +
Chlorpyrifos 60 ; . , , PR . P _ P
80 - - - - - - - - - - + | -
100 - - - - - - - - - - - -

Amongst the five highly pesticide tolerating iselat presence of plasmid DNA was detected in
Klebsiellasps(K1, K2, and K4) andPseudomonas sgRlate 1).These results strongly suggested that
genes responsible for the ability to metabolizeatlwalonil, clordane and malathione might be plasmi
mediated. Previously similar results were obtaibgdome andthey found out the role of plasmid & th
degradation of organic compounids

The presence of plasmid having pesticide toleradictiyity was confirmed by curing of plasmid. Cured
cells were achieved by treating with various cotregion of ethidium bromide (Table 5).

Table 5 — plasmid curing capacity of four more pestide resistant isolated microorganisms

Concentration of curing of
Isolates Ethidium Bromide (pg/ml) plasmids
75
KlebsiellaspgK1) 100
125 -
75
Klebsiellaspgk2) 100

125 -

+| +
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75 +
Klebsiellaspgk4) 100

125 -

75 +
Pseudomonas s(23) 100 -

125 -

+Presence of growth

It was found that, irKlebsiellasps(K1, K2 and K4) plasmid curing was achieved wittblug/ml of
ethidium bromide. InPseudomonas spd3) cured cells were achieved with 100pg/ml dfidétim
bromide. The cured colonies again rechecked fowstgpthe presence of plasmid and pesticide toleranc
property (Plate 2). But they lost the pesticiddstesce property and were not able to grow on media
containing pesticide. This loss of the plasmid bancorrelated with the concomitant loss of pesticid
resistance

Plate 1. Extraction of plasmid [LaneRseudomonas sfB3),
Lane 2, 3 & 4: KlebsiellaspgK1, K2 & K4)]

Plate 2. After curing of plasmid[LaneRseudomonas sgR3),
Lane 2,3 & 4: KlebsiellaspgK1, K2 & K4)]
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Klebsiella sps (K1) Klebsiella sps (K2)
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0.0075 001 00125
0.007 0.01 0.0125

Klebsiella sps (K4) Preudomonas sps (P3)

Plate 3- Curing of plasmid using Ethidiumbromide(Ca. in pg/ml)

CONCLUSION
The results of the present study suggest that sloéebal isolates are able to grow in medium in the
presence of added pesticides and may thereforedukfar bioremediation of pesticide contaminatad so
The presence of plasmid DNA was detected in falafss indicating their role in resisting toxicesff of
pesticides and confirmed that the pesticide tolagmoperty is plasmid mediated.
Our results indicated that these bacterial isolamsld be a good choice for the bioremediation of
pesticides contaminated water and soil.
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