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Abstract
A total of seventy-two bacterial isolates were obtained employing enrichment culture technique from 
apple orchard soils contaminated with chlorpyrifos. Pure cultures of bacterial isolates were obtained 
using streak plate method on mineral salt medium. Bacterial isolates were characterized on the basis 
of morphology, culture and biochemical properties. Six bacterial isolates exhibited high extracellular 
organophosphorus hydrolase activity along with high tolerance towards high concentrations of 
chlorpyrifos. Genomic DNA extraction from bacterial isolates was done with phenol/chloroform method. 
Molecular Diversity of six chlorpyrifos degrading bacterial isolates was done employing RAPD-PCR 
technique by using 25 decamer primers, where amplification was showed by only 20 primers. A total 
of 337 amplified bands and 64 unique bands ranging in size from 100 to 4900bps were produced after 
RAPD analysis. The similarity coefficient estimated by Jaccard’s coefficient for these bacterial isolates 
was found to range between 31 to 64 percent.
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iNtRODuCtiON
 Organophosphate pesticides (OPs) 
are used excessively in agriculture and nearly 
constitute 38 percent of total pesticides usage 
worldwide1.OPs are reported to be biodegradable 
in nature but at the same time they are toxic to 
mammals as well as non-target vertebrates & 
non-vertebrates. Chlorpyrifos is an example of 
organophosphate pesticide which is found to be 
very effective against broad spectrum of insect 
pests because chlorpyrifos is capable of irreversibly 
inhibiting acetylcholinesterase (AChE) enzyme in 
these pests2. Chlorpyrifos is used by farmers  as 
formulations such as emulsifiable concentrates 
(ECs), granules, wettable powder in apple orchards 
to control insect pests like wooly apple aphids, 
thrips, root borer, spider mites etc. Indiscriminate 
usage of chlorpyrifos in apple orchards by farmers 
has contaminated soil, air, ground as well as 
surface water bodies and it has been reported 
by many researchers that half-life of chlorpyrifos  
ranges from few days to even years in soil. Farmer’s 
uses back-pack reservoirs for pesticide application 
andhave low safety knowledge due to which they 
are at high risk of exposure to pesticides.
 Agrochemicals and their degradation 
products ultimately remains in soil and it has 
been reported that only a small percentage of 
total quantity of agrochemical used is actually 
involved in the control of pests and diseases.
Due to the presence of agrochemical in soils, 
microbial population adapts and sometimes also 
develops enzyme systems which help them to 
rapidly metabolize and consequently eliminate 
agrochemical from the environment3. Degradation 
as well as tolerance for contaminant in microbes 
is observed when they are present in pesticide 
contaminated sites for long duration4.If soil 
microbes start using pesticide as a carbon and 
energy sources, then they can easily degrade or 
detoxify the pesticide. Microbes with metabolic 
pathways for degradation of chlorpyrifos 
have been considered as the cost effective 
and environmental friendly approach for the 
bioremediation of chlorpyrifos contaminated 
ecosystems. Chlorpyrifos has been reported to 
degraded by various bacteria belonging to genera 
Pseudomonas4,5,6,7, Enterobacter8, Bacillus9,10, 
Klebsiella11, Paracoccus12,, Flavobacterium14, 

Kocuria15,16, Staphylococcus17, Mesorhizobium.18

 In the present study our aim was to isolate 
bacterial isolates from apple orchard soils with 
potential to breakdown chlorpyrifos and study 
microbial diversityamong chlorpyrifos degrading 
bacteria using RAPD-PCR technique.

MAteRiAl AND MethODs
Sample collection
 Collection of the soil samples were done 
from pesticide contaminated soil of apple orchards 
from Kotkhai, Matiyana, Theog, Chopal and Rohru 
sites of district Shimla, Himachal Pradesh. Soil 
samples in triplicates using sterile spatula were 
collected in sterilized polythene bag from the 
depth of 10 – 15 cm and then were stored at 4°C 
in refrigerator. Chlorpyrifos (O, O-diethyl O-(3, 
5, 6-trichloro-2-pyridyl) phosphorothioate) with 
99.6% purity was procured from Sigma – Aldrich, 
Switzerland.
Isolation of chlorpyrifos degrading bacteria by 
enrichment technique
 The soil samples were used for enrichment 
after air drying at room temperature and sieving 
by using 2mm mesh. The 10 gm of soil mixed with 
50 ml of modified minimal salt medium (MSM) 
broth19 (gl-1: K2HPO4 0.5g, KH2PO4 0.5 g, (NH4)2SO4 
0.5 g, NaCl 0.5 g, MgSO4 0.2 g, CaCl2 0.05g, FeSO4 
0.02)19containing 10 mg/l of chlorpyrifos and 
incubated at 37°C under dark condition on orbital 
shaker for a week duration. Following incubation 
period, transferred 10 ml of this one-week old 
culture in fresh 50 ml of MSM broth containing 
30mg/l of chlorpyrifos and again incubated for 
a week on shaker. Further transfer 10 ml of this 
culture into the fresh 50 ml MSM containing 
50mg/l chlorpyrifos and incubated in same 
conditions for a week. Chlorpyrifos degrading and 
resistant bacteria were isolated by spread plate 
and streak plate technique by using this enriched 
culture.6,20

screening of chlorpyrifos degrading bacteria
High chlorpyrifos tolerance and degradation
 Isolates were screened on eosin-
methylene blue agar (EMBA) indicator medium 
fortified with50mg/l chlorpyrifosand incubated 
at 37°C for 48 hrsto observe color change in of 
the colony into red21. Further, each bacterial 
isolate with chlorpyrifos degrading activity was 
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streaked on MSM agar with varying concentration 
of chlorpyrifos (50-800 mg/l).22,23

Organophosphorus hydrolase (OPH) activity
 Bacterial isolates with high chlorpyrifos 
tolerance and degrading abilities were then 
screened for Organophosphorus hydrolase 
activity. Overnight culture of bacterial isolates 
in Luria Bertani (LB) medium was centrifuged 
at 8,000 x g, 4°C for 10 minutes and further 
supernatant was treated as crude extracellular 
enzyme. Resuspend cell pellet in 50 mmol/l 
Tris-Cl (pH 8.0) buffer containing 0.1 mmol/l 
phenylmethylsulphonyl fluoride (PMSF) after 
washing twice. Cell disruption was done using 
sonication 10 times for 10 seconds with interval of 
15 seconds (Digital Sonifier-MP Biomedical). Intact 
cells were separated by centrifugation at 15000 × g 
for 30 minutes following collection of supernatant 
which further was used for quantitative enzyme 
assay. For quantitative enzyme assay, standard 
method was used24.  
Assessing molecular genetic diversity of 
chlorpyrifos degrading bacteria
Genomic DNA extraction and quantification
 Standard method us ing phenol-
chloroform-isoamyl alcohol (25:24:1) was 
employed for total genomic DNA extraction 
from the selected isolates and further DNA 
precipitation was done with isopropanol. This was 
followed by treating extracted DNA with RNase 
(0.2 mg/ml) at 37°C for 15 min, and then again 
phenol-chloroform-isoamyl alcohol was used for 
extraction followed by isopropanol precipitation. 
DNA pellet was then re-suspended in Tris EDTA 
buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0), stored 
at -20°C, till further use as template DNA for RAPD-
PCR.25Quantification of the extracted DNA samples 
were done on1.0% agarose gel, in 1X Tris-acetate 
EDTA (TAE) buffer (2M Tris base, 57.10 ml acetic 
acid and 0.5 M EDTA (pH 8.0, 50X) comprising 
ethidium bromide (0.5 µg/ml). DNA samples were 
mixed with loading dye and load in a well of gel 
and allowed to get separated at 80V for 1.5-2 hours 
using power system. Gel Documentation system 
was employed for visualization and capturing the 
gel image.
RAPD – PCR analysis
 Genomic DNA from the bacteria were 
analyzed by modified RAPD method of Williams26. 
The RAPD analysis was done with 25 primers 

(13 OPA, 10 OPB and 02 OPC series) supplied 
by Xcelris labs, India by using thermocycler. PCR 
amplification was performed with 20µl reaction 
mixture comprising 13.5 µl deionized water, 2.0µl 
of 10 X PCR buffer containing MgSO4, 0.5µl of 1U 
thermo tolerant enzyme (Taq DNA polymerase), 
2.0µl of 10 mM dNTPs, 1.0µl of random primer 
and 1.0µl of template DNA. PCR tubes containing 
mixture were loaded in the thermocycler for 
amplification. The PCR protocol comprised 
of initial denaturation at 94°C for 5 minutes; 
followed by denaturation at 94°C for 45 seconds 
and then annealing at 35°C for 1minute followed 
by extension at 72°C for 1.5minutes and final 
extension at temperature of 72°C for 8 minutes 
with 35 number of cycles with final holding at 
4°C. Usingagarose gel electrophoresis, amplified 
PCR products were further analyzed where 1.0% 
agarose gelwas dissolved in TAE buffer containing 
242g ofTris base, Tris, 57.1ml of glacial acetic acid, 
100ml 0.5M EDTA with pH 8.0, ethidium bromide 
(0.5 µg/ml) along with a size DNA ladder of 5 
kb and gels were further visualized by means of 
gel documentation system.Scoring for presence 
and absence of bands on gels were done for the 
amplified products of selected bacterial isolates. 
A score of ‘1’ was specified for presence and ‘0’ 
was marked for absence of an amplified product. 
Genetic similarity from the data generated was 
analyzed using un-weighted pair group arithmetic 
mean (UPGMA) program of NTSYS-Pc (version 
2.02) (Numerical Taxonomy System, Exeter 
Software). The dendrogram was constructed27 and 
it serves a base for genetic relatedness between 
chlorpyrifos degrading bacterial isolates.

Results AND DisCussiON
 In the present study soil samples were 
collected in triplicates from top soil of apple 
orchards of Himachal Pradesh. By employing 
the enrichment culture technique, 72 potential 
chlorpyrifos degrading bacteria were isolated using 
mineral salt medium (MSM) which was a modified 
media previously used for isolation of bacteria19.
In literature many researchers till date have 
reported chlorpyrifos degrading bacteria which 
were isolated a variety of different sources such as 
agriculture soil,7,28 rhizospheric soils,29 agricultural 
wastewater,10 sludge and waste water.30,31

 It was observed that out of 72 isolates 
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Fig. 1. Agarose gel electrophoresis of genomic DNA extracted from six chlorpyrifos degrading isolates. 
Lane 1: S1K3.2; Lane 2: S2R1.1; Lane 3: S3T2.1; Lane 4:  S3T2.2; Lane 5: S3T3.2; Lane 6: S4M1.1

Fig. 2. Banding pattern of RAPD amplified product of six chlorpyrifos degrading isolates by using OPA 7, OPA 9, 
OPA 12 and OPA 13 primer

Lane 1: 5 kb ladder; Lane 2: S1K3.2; Lane 3: S2R1.1; Lane 4: S3T2.1; Lane 5:  S3T2.2; Lane 6: S3T3.2;Lane 7: S4M1.1

only 15 were able to grow on selective eosin 
methylene blue agar (EMBA) fortified with 
50mg/l chlorpyrifos and colorof colonies changed 
into red, which was considered as indicator for 
the presence of chlorpyrifos degrading ability.
Morphological characterization was followed by 

biochemical characterization of these 15 bacterial 
isolates indicated that all of them belong to 
either g-Proteobacteria or Bacillus genera using 
Bergey’s manual of determinative bacteriology. 
Among these fifteen isolates, only six bacterial 
isolates designated as S1K3.2, S2R1.1, S3T2.1, S3T2.2, 
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Fig. 3. Banding pattern of RAPD amplified product of six chlorpyrifos degrading isolates by using OPA 16, OPA 18, 
OPA 02 and OPA 04 primer
Lane 1: 5 kb ladder; Lane 2: S1K3.2; Lane 3: S2R1.1; Lane 4: S3T2.1; Lane 5:  S3T2.2; Lane 6: S3T3.2; 
Lane 7: S4M1.1

Fig. 4. Banding pattern of RAPD amplified product of six chlorpyrifos degrading isolates by using OPA 06, OPA 11, 
OPA 14 and OPA 20 primer

Lane 1: 5 kb ladder; Lane 2: S1K3.2; Lane 3: S2R1.1; Lane 4: S3T2.1; Lane 5:  S3T2.2; Lane 6: S3T3.2; Lane 7: S4M1.1

S3T3.2, and S4M1.1 exhibited tolerance for the high 
concentration of chlorpyrifos (g 400mg/l) which 
may be due to the presence of high extracellular 

as well as intracellular organophosphate hydrolase 
activity in these isolates.Researchers hasalso 
reported thehigh intracellular organophosphate 
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Fig. 5. Banding pattern of RAPD amplified product of six chlorpyrifos degrading isolates by using OPA 01, OPB 01, 
OPB 07 and OPB 11 primer
Lane 1: 5 kb ladder; Lane 2: S1K3.2; Lane 3: S2R1.1; Lane 4: S3T2.1; Lane 5:  S3T2.2; Lane 6: S3T3.2; Lane 7: S4M1.1

Fig. 6. Banding pattern of RAPD amplified product of six chlorpyrifos degrading isolates by using OPB 18, OPB 10, 
OPC 09 and OPC 18 primer
Lane 1: 5 kb ladder; Lane 2: S1K3.2; Lane 3: S2R1.1; Lane 4: S3T2.1; Lane 5:  S3T2.2; Lane 6: S3T3.2; Lane 7: S4M1.1
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hydrolase activity in the individual isolates as well 
as in consortium which included Pseudomonas 
aeruginosa, P.stutzeri, P.putida and Klebsiella 
sp7.Similarly, scientist has also reported 
extracellular organophosphate hydrolase activity 
in Pseudomonas resinovarans strainAST2.2and 
Pseudomonas indol oxydans strain ASK3.2. 32

 Genomic DNA was extracted from 
selected six chlorpyrifos degrading bacterial 
isolates and sharp DNA bands were obtained 
on 1% agarose gel (Figure 1). Microbial diversity 
among six bacterial isolates was studied by 
using RAPD-PCR technique. The PCR amplified 
products of six selected chlorpyrifos degrading 
isolates with respect to 25 random primers 
which were used,where only 20 primers showed 
229 polymorphic bands. Five random primers 
(OPB02, OPB03, OPB05, OPB06 and OPB09) failed 
in amplification of the genomic DNAin the six 
isolates. Among 20 random primers which showed 
amplification 13 belong to OPA series, 5 were from 
OPB series and 2 were from OPC series. A total of 
337 amplified bands ranging in size between 100-
4900 bp were recorded after RAPD analysis ofsix 
chlorpyrifos degrading bacterial isolates.
 Sixty-four unique bands which can 
be used as markers for identification of these 

chlorpyrifos degrading isolates were also obtained 
(Table 1, Figure 2-6).Researchers has also reported 
total of 149 polymorphic bands with 20 random 
primers, while studying molecular diversity of eight 
chlorpyrifos degrading isolates.29Few researchers 
has conducted genetic fingerprinting and obtained 
molecular markers for five bacterial isolates 
Pseudomonas stuzeri, Enterobacter aerogenes, 
Pseudomonas pseudoalcaligenes, Pseudomonas 
maltophila and Pseudomonas vesicularis using 
RAPD-PCR and PCR-RFLP techniques.33Few DNA 
fragments were apparently comparable in size 
among the six bacterial isolates studied, whereas 
others were unique to individual isolate and 
further these specific markers can be used for 
identification as well as tracking them.
 Dendrogram was constructed using 
UPGMA program where Jaccard’s coefficient was 
used to estimate the similarities and RAPD-PCR 
results were also evaluated with SIMQUAL program 
of NTSYS-Pc (version 2.20). The dendrogram 
bifurcates into two major clusters which on 
coefficient scale lies in between 0.31-0.64 (Figure 
7). Similar findings were reported with two main 
clustersin dendrogram lying in coefficient scale 
range from 0.26 -0.65 and 0.38-1.00 respectively.29, 

33 In dendrogram, cluster A comprises of two 

Fig. 7. Dendrogram depicting genetic diversity between six chlorpyrifos degrading bacterial isolates based on 
RAPD PCR analysis
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isolates S3T2.1 and S3T2.2 with 52% similarity with 
each other whereas cluster B again divided in two 
sub clusters B1 and B2. In cluster B1 – S3T3.2 isolate 
shows 34% similarity when compared with other 
samples in cluster B2. Subsequently, cluster B2 
further separated into sub-sub cluster where S1K3.2 
and S2R1.1 revealed maximum genetic relatedness 
of 64%. In the same cluster S4M1.1 showed 38% 
similarity with the other two isolates S1K3.2 and 
S2R1.1.

CONClusiON
 Six bacteria were isolated from apple 
orchard soils with ability of tolerating high 
concentrations of chlorpyrifos and they exhibited 
high extracellular as well as intracellular 
organophosphorus activities which make them 
suitable candidate for bioremediation of soils 
contaminated with chlorpyrifos. RAPD PCR 
analysis results will be useful for detection of 
polymorphism and can also establish genetic 
relatedness among the six bacterial isolates. 
Identifying as well as tracking of bacterial isolates 
can be done with unique band which serves as 
specific marker.
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