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ABSTRACT 

Various organochlorine pesticides currently used for various crops to protect them against 
insects. They are highly toxic, persistent and travel long distance through air and water causing 
pollution. Moreover, they are resistance to photolytic, chemical and biological degradation. Due 
to the uncontrolled and extensive use of pesticides creates the need to degrade them and restore 
the habitats. In the present study the biodegradation of organochlorine pesticides like Endosulfan 
(6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9 a-hexahydro-6,M9-methano-2,4,3-benzo-dioxathiepine-3-
oxide) and organophosphatepesticide methyl parathion (O,O-dimethyl-O-4-nitrophenylphos-
phorothioate) have been studied using marine bacterium Nocardiopsis species isolated from the 
coastal area of the Gujarat, India. Bacterium was identified by 16srRNA gene sequencing. 
Isolate was found to degrade methyl parathion in liquid medium and three metabolites 
wereanalyzed on thin layer chromatography one of them was found p-nitrophenol. Degradation 
of endosulfan within 10 day in liquid culture was produced two distinct metabolites. 
Bioprospectives study suggest that isolate could produce the multiple commercial valuable 
enzymes e.g. Amylase, Protease, Chitinase, Cellulase, Pectinase. Moreover isolate was also 
reported to inhibited the growth of Bacillus subtilis and Fusarium species, indicates secretion of 
antibacterial and antifungal substance. Isolate suggest the great potential in removal of pesticide 
from soil and water bodies. 

Key Words : Nocardiopsis species, Organophosphate, Organochlorine, Bioprospectives, 
Biodegradation 

 
INTRODUCTION 

In India, nearly 8500 tones of Endosulfan and 
2200 tones of Methyl parathion (technical 
grade) were consumed during 2001 to 2002.1 
Increasing use of pesticides in agriculture and 
domestic activities for controlling pests is 
polluting the environment progressively.2  
However, their use decreased currently. But due 
to the recalcitrant nature, they remain active for 
long time in the soil and water bodies. Methyl 
Parathion (MP) is one of the most widely used 
organophosphate insecticides in agriculture       
to  control  insects,  fungi   and  herbs.  Due  to,  

uncontrolled use of this insecticides in agro 
ecosystem and public health operation has 
increased the scope of ecological imbalance and 
thus many non-target organisms have become 
victims.3 Organophosphate insecticides are 
neurotoxic in nature by acting as inhibitors of 
neuronal Cholinesterase (ChE) activity4 and 
serum Cholinesterase (SChE).5,6 Bacteria 
capable of metabolizing MP and other 
organophosphate compounds have received 
considerable attention since they provide the 
possibility of both environmental and in situ 
detoxification.7,8 Like methyl parathion,  an 
endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a  *Author for correspondence 
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,6,9,9a-hexahydro-6,9-methano-2,4,3-benzo-di-
oxathiepine-3-oxide) is a broad-spectrum  organo 
chlorine pesticide that has been used extensively 
since several decades on a variety of crops9. 
Technical grade endosulfan is available in 
various trade name as a mixture of two isomers 
approximately 70%  alpha-endosulfan and 30% 
beta-endosulfan. Since endosulfan and its 
breakdown products are persistent in the 
environment with an estimated half-life upto 6 
years.10 Contamination and persistence of 
endosulfan in aquatic and soil environments lead 
to accumulation in entire food web.11-14 It is 
extremely toxic to fish and aquatic invertebrates 
and affects the central nervous system, kidney, 
liver, blood chemistry and parathyroid gland, 
which has reproductive, teratogenic and 
mutagenic effects.15-16 In biodegradation, endo-
sulfan can be degraded by attacking the sulfite 
group via either oxidation to form the toxicmeta-
bolite endosulfan sulfate or hydrolysis to form 
the less toxic metabolite endosulfandiol9, 17-19 
Various bacteria have been reported for the 
biodegradation of organophosphate20, 21 and 
organochlorine.22, 23  However very less study 
are available to degrade both organophosphate 
and organochlorine pesticide by the single 
strains of bacteria.  

AIMS AND OBJECTIVES 
To isolate the bacterial strain having broad 
catabolic activity to degrade both the pesticides 
and characterize the strain for its suitability in 
bioremediation.  

MATERIAL AND METHODS 
Collection of soil samples 
Marine soil samples were collected from costal 
area near Dandi, western India(Latitude: 21˙19’ 
60 N, Longitude: 72˙37’ 60E). Samples were 
collected from surface to 10 cm depth and 
transported to the laboratory in sterile polythene 
bags on same day for further study.  
Isolation of actinomycetes 
Selective isolation technique was used to ease 
the screening of actinomycetes. Soil sample was 
pretreated at 45°C temperature for 2 hrs to 
reduce the non-sporulated cells and thus 
eliminated bacterial competitors of actinom-
ycetes. Isolation was carried out using enrich- 

ment methods by inoculating 1gm pretreated 
soil sample into 100 ml of glycerol casein broth 
supplemented with 4% salt concentration and 
pH 8.0 followed by incubation at room 
temperature in shaking condition for 2 days. 
Actinomycetes were isolated by spreading 0.1 
ml of 48 hour’s old enriched broths on same 
solid media. All plates were incubated at room 
temperature for 6 days to observed colonial 
growth. Among several different colonies, 
dominating colony DD2 was selected for the 
degradation study. 
Identification and taxonomical character-
ization 
Morphological characteristics were studied 
using pure culture grown onglycerol casein 
(GC) agar plate. Identification of DD2 strains 
was carried out by amplification and sequencing 
of the 16srRNA gene using universal primer 
followed by the BLASTn analysis to know the 
taxonomical status of the strains.  
Degradation of methyl parathion 
Above mentioned GC medium was prepared for 
activation of DD2 strain. After the enough 
growth, cells were harvested by centrifugation, 
wash twice with sterile normal saline to remove 
the medium components and accordingly prepa-
red the suspension to inoculate in the degrada-
tion liquid medium containing g/l methyl 
parathion 1ml (Trade name Dhanumar-50 
containing methyl parathion 50% EC), NaCl 40, 
MgS04 0.2, CaCl2 0.2, KH2PO4 0.2, K2HPO40.2, 
NH4NO31.0, FeCl3 0.05 and pH 8. Another 
flask was kept as a uninnoculated and incubated 
the both flasks for 10 days at 37 °C temperature 
in shaking condition. After incubation, broth 
was extracted by liquid-liquid extraction 
method using equal volume of diethyl ether.23 

The procedure was repeated twice to increase 
the recovery of degraded metabolites.  Reco-
vered residues were concentrated by removing 
water using anhydrous sodium sulphate treat-
ment followed by gentle evaporation at 50°C 
temperature. The remaining residues were 
dissolved in 2 ml methanol which was subjected 
to neutral TLC plate. The plate was developed 
in toluene: ethyl acetate: acetic acid (12:6:1, 
v/v/v) mixture followed by visualization by 
staining with iodine vapour. 
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Degradation of endosulfan 
Commercial available agrosulfan 35% EC was 
purchased from the local agricultural market and 
used for the degradation study. Degradation was 
carried out in flask using liquid medium 
containing g/l endosulfan1ml, NaCl 40, MgCl2 
0.2, CaCl2 0.2, KH2PO4 0.2, K2HPO4 0.2 and pH 
8. One flask was kept as a without inoculation 
containing same component. Incubate these 
flasks for 10 days at 37°C temperature in shaking 
condition. After incubation, broth was extracted 
by liquid-liquid extraction method using equal 
volume of ethyl acetate.23 Similar to the methyl 
parathion degradation, degraded residueswere 
concentrated in 2 ml acetone and analysed using 
TLC plate which was developed in 3:1 
chloroform: ethyl acetate mixture. Compounds 
containing sulfur were visualized by staining 
with iodine vapor. 
Bio prospective studies of isolate 
Secretion of various enzymes namely protease, 
amylase, cellulase, xylanase, pectinase, 
chitinasewere analysed on gelatin agar, starch 
agar, carboxymethyl cellulose agar, xylane agar,  
 

pectin agar, chitin agar respectively. All the 
medium were supplement with 4% NaCl and 8.0 
pH was adjusted by sterile 10% w/v Na2CO3. 
Production of antibacterial and antifungal 
substances were carried out in GC medium and 
tested against six different bacterial strains and 
nine fungal strains using agar cup method. 

RESULTS AND DISCUSSION 
Soil was found rich with salt and alkaline in 
nature with 8.0 pH. Temperature during 
sampling was reported 32°C. Soil affected by 
salinity is less fertile low productive and non-
cultivated resulting in to decline microbial load. 
However stress tolerant actinomycetes can 
thrives in such harsh condition. Due to the 
selective pretreatment it was easy to isolate the 
actinomycetes on GC medium (Fig. 1). Result of 
basic colonial and cultural characteristics were 
found similar to the typical Gram positive 
actinomycetes species (Table 1). However the 
identification through the molecular approach 
suggests the DD2 strain is Nocardiopsis species 
MJ435 Fig. 2. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Growth of DD2 strain on glycerol casein agar plate 

 
 
 
 
 
 

 
 
 
 
 
Fig.  2 : 16srRNA gene sequence based phylogram indicating taxonomic position of DD2 strain 
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Nocardiopsis_sp._MJ435 DD2 
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Table 1 : Basic colonial and cultural characteristics of DD2 strain 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Degradation of methyl parathion 
Enzymatic hydrolysis of methyl parathion-
reduces the toxicity by more than 100-fold.24,25 

andleads to the formation of p-nitrophenol (PNP) 
anddiethylphosphate acid.26 In the present study 
PNP (Rf value 0.73) and other phenolic 
compounds were detected on TLC (Fig. 3). PNP 
is procedure either from the desulfurated 
product-methylparaoxon or from the hydrolysis 
product-monodesmethylmethyl para-thion. Alth-
ough PNP is considerably toxic and highly water 
soluble however completely mineralization of 
organophosphates is very rare reported by 
bacterial species.20 So alternatively, using an 
electrochemical oxidation, detoxification may be 
achieve but technique is less effective in neutral 
to alkaline condition.27 Our finding was very 
similar to the available earlier report.21 So strains 
have an impending application in bioremediation 
of pesticide. 
Degradation of endosulfan 
Low Rf metabolites were observed on TLC 
indicated the degradation of pesticide within 10 
days, which is lesser time periods than earlier 
reported study22 (Fig. 4). Numerous studies 
suggest that endosulfan can be degraded in to 
toxic compound endosulfan sulfate and less toxic 
endosulfandiol. TLC analysis indicating the 
presence of two spots B and C, however 
confirmation can’t be predicted form the TLC 
result and further analysis must require. But from 
this study it can be concluded that endosulfan  

must be degraded via desulfurization process as 
this process also responsible for the degradation 
of methyl parathion. Previous researchers have 
reported,microbial cells can utilize endosulfan as 
a sole sulfursource17 or as a sole carbon source 
for growth.28, 18 In this study, strain could utilize 
endosulfanas the sole carbon, sulfur and energy 
source.These results reflect the strain DD2 has 
thepotential for the safe treatment of pesticide 
contaminated waterand soil. 
Bioprospective of isolate 
Strain DD2 was found to utilize various carbon 
sources by producing five important enzymes 
namely amylase, protease, chitinase, cellulase 
and pectinase. This broad catabolic efficiency of 
the strain gives the advantageous to survive in 
the oligotrophic habitat. DD2 was also able to 
produce antibacterial substance and inhibited the 
growth of B. subtilis with great influence and 
shown the 14 mm inhibition zone. This is very 
effective character for the development of 
inoculum for bioremediation because B. subtilis 
is strong competitor found in soil. Moreover, 
DD2 was found to secrete the antifungal 
substance and inhibite the growth of Fuserium 
oxysporum add one more feather to develop the 
strain for bioremediation inoculum. Nocardiopsis 
genus has been reported with the production of 
Nocardiopsins a macrolide polyketides.29 Many 
new species Nocardiopsis litoralis sp. nov., a 
halophilic marine actinomycete isolated from 
marine habitat.30  

S/N Observation  Characters  
1 Colony Size Large  
2 Colony Shape Irregular  
3 Colony Surface Rough 
4 Colony Edge Irregular 
5 Colony Elevation Slight rinse   
6 Colony Consistency Dry powdery   
7 Colony Opacity  Opaque 
8 Pigmentation Brownish 
9 Growth in 4% NaCl Luxurious 
10 Aerial Mycelia White, Non fragmented 
11 Substrate mycelia Dark Brownish 
12 Acid production Negative  
13 Gram reaction Positive 
14 Phosphate solubilization Negatives 
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Fig. 4 : Analysis of degraded metabolites 
of endosulfan 

(Spot A : Low Rfmetabolites generated due to spontaneously 
hydrolysis in alkaline condition, B and C: Degraded 
metabolites, D: Non-degraded alpha and beta endosulfan)  

CONCLUSION 
A marine habitat harbors a great microbial 
diversity of actinomycetes bacteria. Broad 
catabolic ability of Nocardiopsis species make 
them the dominating species thrive in the marine 
habitat, Due to the stress tolerance, isolate holds 
many advantageous and proper runners for 
inoculum development for the purpose of 
bioremediation at the pesticide contaminated soil 
or water bodies. Utilization of various substrates 
and pesticide desulfurization suggested the 
impending application in pesticide removal 
treatments. Furthermore, the production of the 
antibacterial and antifungal substances allows the 
organisms to adapt and sprout in the new 
habitats. 
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