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ABSTRACT: Elimination of pollutants from contaminated sites using microorganisms is a cheaper alternative
to chemical technology. There is therefore a need to isolate, identify and characterize the microorganisms that
exist and interact in contaminated environment and to isolate the genetic determinants of resistance, frequently
located on plasmids and transposons. Investigations were carried out to isolate microbial strains from the
fenitrothion polluted soil. Bacteria were isolated using enrichment culture technique containing fenitrothion as
sole source of carbon and energy was isolated in pure culture and selected for their ability to degrade
fenitrothion. Growth curve experiments showed that the bacterial consortium was able to grow in mineral
medium containing fenitrothion as the only carbon source. The microorganisms were identified as Bascillus sp.
The identity of the isolate was determined through biochemical and morphological characteristics. For more
confirmation, 16s rRNA gene analysis was done using PCR with universal primers. Comparative analysis of the
16s rRNA gene sequences in the Gene Bank database revealed that this bacteria was related to the genus
Basicllus substilis. The bacterial strains were found to harbor endogenous plasmids.
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I. INTRODUCTION

The ecosystem is contaminated by indiscriminate and wide spread use of pesticides in controlling the
agricultural pests. The increasing chemization in all areas of man’s activities has inedible impact also besides its
benefits. Though they have contributed considerably to agricultural outcomes, their accumulation in the
environment is adversely affect the environment (1).The microbial degradation of hazardous waste offers
apromising strategy by which such chemicals may safely be detoxified. For that reason there is a need to isolate,
identify and distinguish the microorganisms that subsist interact in contaminated environment and to isolate the
genetic determinants of resistance, frequently located on plasmids and transposons (2, 3, 4 & 5). The present
study described the isolation and genetic characterization of the pesticide (fenitrothion) resistant bacterial stain
which was isolated from the fenitrothion contaminated soil.

I1. MATERIALS AND METHODS

2.1 Collection and enrichment of fenitrothion degrading bacteria

Fenitrothion degrading bacteria were isolated by enrichment culture techniques using an inoculum of
fenitrothion treated soil collected from agricultural fields with histories of application. 10g soil was suspended
in sterilized distilled water and its diluted suspensions were inoculated in 250ml Erlenmeyer flasks with 100ml
minimal medium at the temperature of 28°C for 24h, and microbial density determined spectrophotometrically
(600nm). To isolate fenitrothion resistant bacteria, 1ml of microbial suspension was spread on minimal medium
containing fenitrothion. Control flask without an inoculum was also prepared to take account of any abiotic
disappearance of the fenitrothion. After incubation at 28°C for 24h, with shaking at 120rpm on an orbital shaker,
which were found to be turbed were used as inoculums in subsequent experiments.

2.2 Pure culture preparation

Bacterial pure culture was prepared by streak plate method (6). One loop full of enrichment culture
from the flasks were streaked on minimal medium suplimented with fenitrothion. The growth of the bacterial
colonies was measured after 24-48h incubation at 28°C. Morphologically dissimilar colonies were randomly
selected and sub cultured onto minimal medium and maintained at 4°C for bacterial characterization (7, 8 & 9).
Minimal medium were prepared by dissolving 2.0g of Dipotassium hydrogen phosphate, 0.05g of Magnesium
sulphate (MgSO,), 0.2g of Potassium dihydrogen phosphate, (KH,PO,), 0.5g of Ammonium sulphate,
(NH,),SO,4 and 1ml of Trace elements (Stock solution) in 1 liter distilled water and measured the pH.7.2 . After
then medium was autoclaved at 121°C for 1h. Stock solution of fenitrothion was added to minimal medium after
sterilization to obtain the desired concentration.
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2.3 Screening of the bacterial stains with pesticide tolerance

To monitor the bacterial ability to tolerance to pesticide, isolated colonies were picked up and striked
on minimal medium with successively higher concentrations (10, 20 & 30pg) of fenitrothion. The stains capable
of growing under this condition were selected for further experiment (pH and temperature).

2.4 Growth kinetic studies

Inoculum was prepared by taking a loop full of the bacterial culture from the preserved slant inoculated
into 10ml MS broth tube and incubated at 30°C for 24h. For growth kinetic studies 1ml of 24h old culture was
inoculated into 100ml of minimal medium broth flask and were adjusted in different pH and incubated in
different temperature, because temperature and pH influenced the bacterial growth. For the effect of pH, culture
medium was adjusted to pH 5.0, 6.0, 7.0 and 8.0. Incubation temperature was varied at 25, 30, 37 and 45°C.
Bacterial cell density of liquid culture were determined by measuring optical density at 660nm with
photoelectric colorimeter (AE-11M, ERMA INC, TOKYO).

2.5 Morphological and biochemical characteristics of the isolates

Pure bacteria isolated from arable soil were tested for Gram character, morphology, motility, catalase
test, oxidase reactions, citrate utilization, indole production, methyl red, sodium chloride tolarance test
coagulase test, etc. (10, 11, 12 & 13). Bergey’s manual of determinative of bacteriology was used as a reference
to identify the isolates (14). The identity of the isolate was however confirmed through molecular
characterization.

2.6 Plasmid profile screening

Plasmid DNA was isolated from selected stains using Birnboin & Doly method and Kudo & Liu
method also (15 &16) and visualized in 1% agarose gell under the ultraviolet illumination. Ethidium bromide
was used to stain the gel.

2.7 Characterization of isolated bacteria by 16s r RNA gene analysis
The extraction of chromosomal DNA was done according to Sambrook et al. (17).

2.7.1 PCR amplification of the 16s rRNA Gene

Gene fragments specific for the highly variable region of the bacterial 16s rRNA gene was amplified by
PCR as described by Loffler et al. (18). This reaction was carried out by the universal primer 16s forward & 16s
reverse (Sigma USA). The primer sequences were as follows: 5’- GAGTTTGATCCTGGCTCAG -3’ forward
primer and 5°- GAAAGGAGGTGATCCAGCC -3’ reverse primer (18).All PCR reagents were used from the
invitrogen. PCR is performed in a 50ul reaction mixture containing 5ul of 10X PCR buffer, 4ul of 2.5mM
dNTPs, 2ul of 50mM MgCl,, 2.5ul of each primer (10ulM), 0.2ul of 5U/ul tag DNA polymerase, 3ul genomic
DNA and rest of the PCR water.As a PCR program an intial denaturation step at 95°C for 5min. followed by 30
cycles of denaturation at 94°C for 1min. primer annealing at 55°C for 1min, 1min. of primer extension at 72°C
and 10min. of finalextantionat 72°C for one cycle. Amplicons were separated by agarose gel electrophoresis
(1%) in 0.5X Tris/borate/EDTA buffer. Products were stained with ethidium bromide, destined with distilled
water, and visualized under UV light and photographed on a gel-documentation system. 1500bp PCR products
are obtained. 1 kb+ DNA size markers (invitrogen, USA) were used to determine the size of the PCR product.

2.7.2 Purification of the PCR products

For purification the PCR product was cut from the gel and purified by using commercially available
Microcon Centrifugal Filter device, USA. The desired band was cut from the DNA gel Extraction Spin
Columns. Then partial purified sample reservoir was inserted into screw cap vial. The entire solution (PCR
product) was pipetted into sample reservoir (0.5ml maximum volume), without touching the membrane with the
pipette tip. The attached cap of screw cap vial was then sealed. The assembly (screw cap vial with sample
reservoir) was placed in a centrifuge machine. When placing the assembled device into the centrifuge rotor, the
cap strap was aligned toward the centre of the rotor. The assembly was spin at 14000rcf for 20min. The
assembly was then removed from the machine and vial is separated from the sample reservoir. The sample
reservoir was placed upside down in a new vial, and then spin at 1000rcf for 3min. to transfer the concentrate to
the vial. The sample reservoir was then separated from the vial and discarded. 1000ul tris EDTA (TE) buffer is
added to the vial containing the purified PCR product. Concentration of the PCR product was measured using
UV spectrophotometer and diluted to 10pg/pl with TE buffer.
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2.7.3 Cycle sequencing
The primer was diluted to 3.2uM using PCR water. The reagents [4ul of Big dye reaction mixture, 1ul of
template (10ug/pul), 1ul of Primer 3.2uM, 14ul of PCR water] added to a separate tube for each reaction. After
mixed well and spin briefly the tubes were placed in a thermal cycler (Applied Biosystem 9700, USA). The
sample was then stored at 4°C and hold at this temperature until ready to purify. The cycle sequencing programs
are shown in Table 1.
TABLE 1. Cycle sequencing program
1 Place the tubes in a thermal cycler and set to the correct volume.
2 Perform an initial denaturation.
Rapid thermal ramp to 96°C
96°C for 4 min.
3 Repeat the following for 25 cycles
Rapid thermal ramp to 96°C
96°C for 10 seconds
Rapid thermal ramp to 50°C
50°C for 5 seconds
Rapid thermal ramp to 60°C
60°C for 4 min.
4 Rapid thermal ramp to 4°C and hold ready to purify.
5 Spin down the contents of the tubes low spin in a microcentrifuge.
6 Next step is purification of extension products

For purification of the cycle sequence product use applied bio system 9700 series or similar machine
2.15 and detection of Nucleotides by ABI-PRISM 310 (Table 2).

TABLE 2. Purification of the cycle sequence product

Step Temperature (°C)  Time (min.)  No. of cycle
Initial denaturation 96 5 1
Denaturation 96 10 25
Annealing 50 5 25
Extension 60 4 25

Final extension 60 1 1

The entire content of each reaction was transferred to a tube where 2ul of 3M sodium acetate (pH4.6)
and 50l of 95% ethanol were placed and then they are mixed thoroughly. The tubes were then incubated at
room temperature for more than 15min. to precipitate, then centrifuged at 13,000rpm for 20min. The pellet were
washed with 250pl of 70% ethanol by washing the walls of the tubes. The tubes were spin at 13,000 rpm for 10
min. The washing steps were repeated twice. The pellet was dried by keeping the caps of the tubes opened for 2-
3h at room temperature. The opened tubes were covered by parafilm. The pellet was then re suspended into
foramaide and mixed well. Then it was heated at 95°C for 2min. and immediately transferred into ice and kept
for 5min. then the products were transferred to septal tube.

2.7.4 Detection of the nucleotide by ABI-PRISM 310

The purified cycle sequence products were analyzed by electrophoresis in the genetic analyzer (Prism
310, USA). DNA is separated through the POP6 contained in the capillary and detected by the laser beam.
When the nucleotides reach a detector window in capillary electrophoresis, the fluorescent labeled fragments
were excited by the laser beam of the machine. The laser excites the fluorescent dye labels and emitted
fluorescence was collected by CCD camera. The fluorescence intensity data is interpreted into sequence data by
specific bioinformatics software.

2.7.5 Sequence analysis

The sequences were then edited by bioinformatics software Chromas. The homology of the 16S rRNA
gene sequences was checked with the 16S rRNA gene sequences of other organisms that had already been
submitted to Gene Bank database using the BLASTN (http:/www.ncbi.nih.gov/BLAST) algorithm.

I1. RESULT
Investigations were focused on to the isolation and characterization of the arobic bacterial stains with
pesticide (fenitrothion) tolerance to identify potential candidates for fenitrothion bioremediation. Three (two of
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them are not described) different types of colonies in abundance were observed on minimal medium amended
with fenitrothion.

3.1 Isolation of fenitrothion resistant bacteria
The enrichment procedure generated a pure culture that was able to grow on fenitrothion as a sole
source of carbon. Isolate was rod-shaped, Gram-positive (Fig. 1 & 2).

FIGURE 1. Isolated bacterial colonies

FIGURE 2. Microscopic view of isolated bacteria

3.2 Biochemical characterization of pesticide degrading bacteria

After treatment with fenitrothion the bacterial strain isolates were abundant in culture medium was
identified as fenitrothion degraders. The bacterial isolates were morphologically and biochemically typified and
properties were listed in Table 3.

TABLE 3. Biochemical characters of bacteria

Test Result Test Result
Citrate + Listeria oxfrod -
Lysine iron agar - 2 | BPA -
Triple suger iron agar yly, gas E SSA Yellowish
Arginine decarboxylase | Yellow, growth E XLD Yellowish
Rhamnose + g BSA Black
Lactose - £ | PALCAM -
Dextrose - T | Mac conkey agar Offwhite, reddish
= Mannitol + ; DNAse test -
8 | Xylose + S | Cetrimide agar +
‘S | Sucrose + &3 | PEMBA -
E Anaerobic dextrose + TCBS yellow
§ Motility (Sim) - Pseudomonas agar
@ | Anaerobic mannitol +
2% NaCl
Arginine decomposition | -
Indole -
Nitrate +
Methyl red -
Voges proskauer -
Oxidase -
catalase -
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3.3 Growth kinetic study of isolates in nutrient broth

It is seen from figure 3 and 4 that the phase of acclimation of isolets continued up to almost 4h after
the initial inoculation in minimal medium. The culture entered the log phase after 4h of incubation and remained
in that phase during 24h.

The optimum temperature 30°C and 37°C for the growth of bacteria and extreme temperature 45°C and
25°C restricted to the bacterial growth.

The optimum pH for the growth of the isolates were 7.0 & 8.0 and extreme pH 5.0 and 6.0 restricted to
the bacterial growth.
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FIGURE 3. Effects of temperature on FIGURE 4. Effects of pH on bacterial growth
bacterial growth

3.4 Extraction of Chromosomal DNA

There was 1 band of Chromasomal DNA was found the agarose gel after illumination with the UV light.
The 1kb + DNA marker was used for size determination. Lane one indicates the DNA marker and lane 2
indicates the bacterial chromosomal DNA. The isolated chromosomal DNA was 1500 bp which compared with

1kb + DNA marker (Fig. 5).
2 3 4 5

(0 (s

(|

FIGURE 5. PCR Amplification of 16S rRNA gene
yielded a 1500bp PCR product, 1kb + DNA marker is
used for size determination

3.5 Identification of bacteria By DNA sequencing
3.5.1 Sequence exported from chromatogram file

Sequencing of the 16S rRNA gene and comparison with previously published 16S rRNA gene
sequences resulted in the classification of the isolate as a member of the genus Bascillus.

GCGANTGCNNCCNNNTCNCATGCATTAANNCCCCCNNANGGNNAAAAGTTTTCCCCNGTT
AGCGGAGGANGGGTGAGTAACACGTGGGTAACCTGNNTGTANCACTGGGATAACTCCGGG
AAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCT
TCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCA
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CCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGAC
GGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAG
AACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTA
ACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGC
GTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCACCCGGGGA
GGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGC
GGTGAATGCGTANAGATGTGGAAGAACACCAGTGGCGAANGCGACTCTCTGGTCTGTAAC
TGANGCTGANGANCGAAAGCGTGGGGAGCGAACAGGATTAGATACCTGGTAGTCCCGCCG
TAACGATGANGNTAAGNGTAGGGG

3.5.2 DNA sequencing analysis of 16S rRNA gene

After the 16S rRNA gene sequencing and editing of sequences it was checked with the 16S rRNA gene
sequences of other organisms that had already been submitted to Gene Bank database. The highest degree of
similarity found was 97%, which was the value obtained with the 16S rRNA gene of Bascillus substilis. Based
on these observations, the isotate was identified as Bascillus substilies.
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I EEEE———
I EEEEE——
I EEEEE——
Accession Description Max Total uer E M ax
score score coverage value ident
Bascillus sp. RA23 16S ribosomal RNA 1290 1290 92% 0.0 97%
FJ898306.1 .
gene, partial sequence
Bascillus sp. PZ_33 16S ribosomal RNA 1286 1286 92% 0.0 97%
JQ808527.1 )
gene, partial sequence
Bacillus subtilis partial 16S rRNA gene, 1286 1286 92% 0.0 97%
HEB800812.1

isolate Kongs-6

FIGURE 6. Color key for alignment scores

3.6 Investigation of the presence of plasmid in isolated bacteria

After the extraction of DNA by using Brinbion & Doly method and kudo & Liu method the DNA was
electrophoresed on the 0.8% and 1% high-melting agarose gel. Ethidium bromide was used to stain the gel. The
DNA bands were resumed by ultraviolet illumination (15&16). There were here DNA bands of bacteria that were
found on the agarose gel after illumination with the UV light. These bands may represent the plasmid (Fig. 7).
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1 2 3 4 5

FIGURE 7. Agarose gel electrophoresis of the plasmid DNA isolated from bacterial sp. (lane 1, 2, 3 & 4). The
DNA was resolved on 0.8 % agarose gel and stained with ethidium bromide (0.5ug/ml)

IV. DISCUSSION

The extensive pollution of natural ecosystems has occurred by organophosphorus pesticides, being used for
improvement of crop production in agriculture. In this study, the sample of fenitrothion treated soil were
collected and used as sources of inocula for the isolation of organisms capable of degrading the referred
pesticide. Pure cultures of fenitrothion degrading bacteria were isolated by enrichment culture
techniques.Rosenberg and Alexander (19) used enrichment cultures from soil and sewage to obtain bacteria able
to utilize Aspon, Azodrin, Dasanit, Diazinon, Malathion, Orthene, Parathion trithion, Dimethoate, Dylox,
Methyl- parathion, and Vapona. Ramanathan and Lalithakumari (20) through enrichment technique from soil
also isolated Pseudomonas sp. that was able compelete mineralization of methylparathion . Also Sheela and Pai
(21) used enrichment culture from soil to obtain bacteria capable of degrading fensulfothion, organophosphorus
pesticide used to control the golden nematode Heterode rostochiensis.

Three types of colonies (two of them are not described) in abundance were observed on minimal
medium amended with fenitrothion. When physiological and biochemical tests were done, microorganisms was
found as gram-positive and non-motile (sim media) bacteria. It has been shown in the present study that isolated
bacterial species can degrade fenitrothion and use it as sole source of carbon and energy. This study showed that
these bacteria can successfully use Rhamnose, Mannitol, Xylose, Sucrose, etc. The isolates were identified
based on morphological observation and biochemical characterization. A similar study achieved by Alonso, et
al. (22) showed that two bacterial strains (Flavobacterium sp. and Arthrobacter aurescens strain) were involved
in fenitrothion and it hydrolysis products (3-methyl-4-nitrophenol) degradation in laboratory condition.In the
present study the identity of the isolates were however confirmed through molecular characterization. Total
DNA was extracted according to the procedures described by Schmidt et al. (23) purified and used as a template
for amplification of 16S rRNA gene. PCR amplification was performed with a model Gene Amp 9800 tharmal
cycler using universal primers. Similarly, Kinuthia et al.(24) was identified Bascillus sp. to degrade di-chloro-
di-phenyl-tri- chlorothane by 16SrRNA genRNA gene sequenching.

In the present study the growth kinetic studies showed that these bacteria can grow in 30°C with 7 to 8
pH. It was found that the optimum temperature for the growth of isolated bacteria to degrade fenitrothion is
30°C. We also observed that if the bacteria harbour plasmid or not because the role of plasmid in the degradation
of organic compounds has provided a lucrative ground for examining the potential for the mechanisms of
bacterial evolution in nature and practical consequences in terms of pollution control. More research should be
performed to identify the specific gene(s) that is responsible for the degradation of fenitrothion, and then the
specific gene(s) can be cloned to suitable microbes to form man made colonies that will clean up an agricultural
waste like fenitrothion.

Several pure bacterial isolates with the ability to use specific pesticides as a sole sourse of carbon,

nitrogen or phosphorus have been isolated (25). Several other studies failed to obtain micro- organisms capable
of growing on specific chemicals. However, this failure does not exclude biological involvement in degradation
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and could be attributed to the selection and composition of the liquid media under artificial environments,
strains requiring special growth factors, or a major role of non-culturable microorganisms (26).
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