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ABSTRACT 
Environmental pollutants like xenobiotic compounds released from industrial effluents and 
domestic wastes are major threat to mankind. These compounds lead to bioaccumulation in 
the environment. Nitroaromatic compounds (NACs) and their derivatives used in various 
industries, play a major role in contributing xenobiotic pollution in nature. On entering 
mammalian system, NACs are readily reduced to more reactive and potentially more 
carcinogenic or mutagenic derivatives leading to many health related problems. Our present 
work is aimed at studying such micro-organisms involved in biodegradation of 4-
nitrophenol, a major xenobiotic pollutant. Biodegradation of xenobiotics by microbial  
enzymes are often produced by induction process, hence we enriched the soil samples 
collected from  Godavari river at Nashik with varying concentrations from 10-70mM of 4-
nitrophenol. The OD of these cultures of varying concentration of 4-nitrophenol was 
measured at 620nm after every 6 hrs interval. It was found that number as well as types of 
the organisms decreased with increased concentration of 4-nitrophenol. The enriched 
Metagenomic DNA of all the culture samples was isolated and PCR amplification of 
<i>dmpL</i> gene was carried out. The <i>dmpL</i> gene is involved in phenol 
degradation. The amplicons obtained from all the samples indicated the presence of phenol 
hydroxylase gene. The amplicons are to be sent for sequencing for its further study. The 
work is being further extended in view of isolation, identification and characterization of the 
isolated species and other genes involved in phenol biodegradation. 

Key Words : Xenobiotic, Phenol biodegradation, 4-nitrophenol, Phenol hydroxylase, 
<i>dmpL</i> gene 

INTRODUCTION 
Industrial revolution has resulted in 

many materials which are man made and not 
resembling the natural ones called as 
Xenobiotic compounds. The potential health 
hazard of a xenobiotic compound is a 
function of its persistence in the 
environment, as well as the toxicity of the 
chemical class1. Among such xenobiotics, 
phenol and substituted phenols are common 

starting materials and waste by-products in 
the manufacture of chemical, industrial, and 
agricultural products2-8 entering into rivers9. 
This may lead to eutrophication and 
alteration of the distribution and diversity of 
aquatic species and may affect the microbial 
activity and composition of river 
ecosystem10. On entering mammalian 
system, through drinking water or food chain 
these compounds are then readily reduced to 
more reactive and potentially more 
carcinogenic or mutagenic derivatives due to * Author for correspondence 
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conversion of nitro groups to more harmful 
nitroso and hydroxyl amino groups11.  

Phenols listed as priority pollutants 
include phenol, 2-chlorophenol, 2,4-
dichlorophenol, 2,4,6-trichlorophenol, 
pentachlorophenol, 4-chloro-3-methylphenol, 
2,4-dimethylphenol, 2-nitrophenol, 4-
nitrophenol (4NP) , 2,4-dinitrophenol, and 2-
methyl-4,6-dinitrophenol2,12.  

Microbial processes are generally 
preferred than chemical and physical 
processes, to degrade these substances in 
different river habitats due to their high 
biodegradation abilities as well as the 
possibility of a complete mineralization of 
the xenobiotics. The rate of biodegradation 
of pollutants in natural environment may be 
affected by various factors including 
induction or derepression of enzymes, 
genetic change and growth of specific 
degrader organisms14. Mixed microbial 
communities have the most powerful 
biodegradative potential because genetic 
information of more than one organism is 
necessary to degrade the complex mixtures 
of organic compounds present in 
contaminated areas. The genetic potential 
and certain environmental factors such as 
temperature, pH and available nitrogen and 
phosphorous determines the rate and extent 
of degradation15. The microbial community 
has the ability to adapt to xenobiotic 
compounds and this will increase the rate of 
degradation with the exposure of chemicals. 
This has been found in different environment 
as a result of repeated treatment with the 
xenobiotic compounds. 

The numerous contaminants present in 
the environment require either aerobic or 
anaerobic conditions for their degradation15. 
Several studies have reported that natural 
bacteria readily degrade p-nitro phenol in 

soil, sediment, activated sludge,  water, and 
groundwater16. Several bacteria are known to 
degrade 4NP by oxygenolytic removal of the 
nitro group, producing hydroquinone or via 
4-nitrocatechol into 1,2,4-benzenetriol11,17. 
The initial pathway of conversion of 4 
nitrophenol to 4 nitrocatechol, catalysed by 
various oxygenase enzymes. One of the 
oxygenase enzyme is Phenol hydroxylase. 
Several studies have reported that 
Pseudomonas sp. is an efficient degrader of 
phenol and substituted phenols. Phenol 
hydroxylase is a multicomponent enzyme 
encoded by the dmp operon namely 
dmpKLMNOP18. 

The common nitro phenol degrading 
bacteria are Pseudomonas sp,  Nocardia, 
Flavobacterium18, Moraxella, Arthrobacter 
sp., and Bacillus19, Rhodococcus 
erythropolio17, Bacillus sphaericus JS90520 
etc 

Recently new molecular techniques such 
as polymerase chain reaction (PCR), 
microarray and Metagenomic libraries have 
helped to uncover issues of genetic diversity 
among environmentally relevant micro-
organisms as well as identification of new 
functional genes which would enhance 
remediation in the twentieth century21. Our 
present study is aimed at studying 
degradation of nitro phenolic compounds 
such as 4-nitrophenol. This was monitored 
by enrichment process and PCR amplication 
of dmpL gene one of the largest subunit, 
revealed that a mixture of bacterial species 
were involved in mineralization.   
Objectives 

Phenolic compounds are considered one 
of the major pollutants of aquatic river 
ecosystem, so our main objectives are : 

1. To study the biodegradation 
potential of enriched microbial 
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communities from polluted sites of 
Godavari River. 

2. To screen the enriched microbial 
communities for the presence of 
dmpL gene, one of the subunit of 
phenol hydroxylase involved in 
biodegradation is through PCR. 

MATERIAL AND METHODS 
1. Acclimatization and Enrichment: 

Soil samples were collected from different 
polluted areas of Godavari River at Nasik. 
1gm of soil was inoculated in 10ml of 
nutrient broth and incubated at 37ºC for 
24hrs. 0.1ml of 10 such soil cultures were 
pooled up and added in nutrient broth. Next 
day 0.1ml of mixed soil culture was enriched 
in nutrient broth containing different 
concentrations of 4-nitrophenol i.e., from 
10mM-70mM.  

2. Growth characteristics and 
bacterial morphologies: The growth 
Characteristics were observed after every 
6hrs interval till 72 hrs incubation by 
Turbidometric method. The optical density 
of enriched cultures having different 
concentration of 4-nitrophenol were 
observed at 620nm. The morphological 
characteristics were also studied through 
bright field video microscopy before 
enrichment and after enriching the cultures. 

3. The total DNA isolation: The total 
DNA was isolated from enriched cultures 
after 72hrs of incubation. The procedure used 
for total DNA isolation is a modification of 
procedure described by Stefan Surzychki 
(22). The quality and quantity of the 
extracted DNA was checked by measuring 
the UV absorption spectrum. 

4. PCR amplification: DNA fragments 
coding for largest subunit of multicomponent 
of Phenol hydroxylase (LmPH) were 
amplified by using universal primers  
pheUf  CCAGGCTGAGAAGGAGAGGAAGCT 

pheUr CGGAAGCCGCGCCAGAACCA  

(Uf-Universal forward primer; Ur-Universal 
reverse primer). 

Amplification was performed with 
thermal cycler PCR by using 50μl reaction 
mixture containing 0.11μl pheUf, 0.21μl 
pheUr, 4μl dNTPs, 4μl Taq polymerase 
buffer, 39μl distilled water,1.5μl template 
DNA and 1.5μl Taq Polymerase enzyme23. 

The PCR conditions used for the primer 
pheUf/pheUr were as follows; Step 1, 10 min 
of activation at 94ºC. Step 2, 40 cycles 
consisting of 1 min at 94ºC,1 min at 58ºC, 1 
min at 72ºC and 10 min of extension at 72ºC. 
The PCR amplicons were checked by 
electrophoresis through 1% (w/v) agarose gel 
with Ethidium Bromide in TAE buffer.  

5. Sequence Analysis: The PCR 
products of 30 mM and 40 mM concentration 
were sent for sequencing. 

RESULTS AND DISCUSSION 
Growth characteristics: Phenol 

degradation of mixed microbial culture was 
enriched by giving stress of 4-nitrophenol of 
different concentrations, and observed till 72 
hrs of incubation by turbidometric method. 

4-nitrophenol added in the nutrient broth 
culture was used as a model substrate to 
determine the tolerance capacity of 
organisms present in the Godavari River, at 
Nashik. In parallel to this experiment, pure 
culture of Escherichia coli was subjected to 
10mM concentration of phenol, which 
showed no growth indicating that this 
concentration was high enough to kill the 
bacterial cells and it was kept as negative 
control. But in case of Godavari River 
samples, the mixed microbial communities 
were able to survive at 10mM concentration. 
Hence the range of concentration of 4-NP 
phenol was taken from 10mM-70mM to 
determine the tolerance capacity of mixed 
microbial cells in Godavari River. 
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 The investigations showed that as the 
concentration of 4-nitrophenol was increased 
from 10mM to 70mM, there was decrease in 
optical density at 620nm indicating decrease 
in microbial cell number.  

50mM concentration of 4-nitrophenol 
was found to be the maximum concentration 
for the survival of organisms under phenol 
stress. Beyond 50mM concentration the rate  

of survival of organisms was decreased. A 
graph was plotted with optical density of the 
enriched culture against time and it was 
found that from 10mM-50mM concentration 
the survival of micro-organisms was high but 
the organisms could not tolerate the phenol 
stress beyond 50mM concentration resulting 
into accumulation of dead cells. 

The phenol enriched cultures from 
10mM to 50mM showed increased in pH of 
the enriched medium as well as colour 
change from yellow to brown indicating the 
degradation of 4-nitrophenol, but beyond 
50mM concentration there was no significant 
change in colour and pH .  

Bacterial morphology: The 
morphological characteristics of micro 
organisms were observed by bright field 
microscopy before enrichment and after 
enrichment of the culture. 

Morphological Characteristics: The 
presence of 4-nitrophenol as a substrate 
results in morphological changes of the 
microbial cells. Our investigation showed 
that in the beginning when the soil sample 
was not enriched with 4-nitrophenol, all 
culturable micro organisms were  present but 
after 72 hours of incubation of enriched 

cultures it was observed that as the 
concentration of 4-nitrophenol increases the 
variability of micro-organisms decreased in 
terms of morphology (Fig. 2).  

PCR amplification: The Total DNA 
that was isolated from 4-nitrophenol enriched 
cultures was amplified with dmpL gene, 
encoding for one of the large subunit of 
multicomponent enzyme phenol 
hydroxylase. Two types of phenol 
hydroxylase are known, single component 
and multicomponent enzymes. Among them 
multicomponent enzymes are considered to 
be the major ones in the environment23. The 
phenol hydroxylase enzyme contains six 
different polypeptides and the genes 
encoding these polypeptides are 
dmpKLMNOP genes. These genes are 
involved in the conversion of phenol  
to catechol21.  

 
Fig 1: Effect of different concentrations of 4-nitrophenol on enriched cultures. 
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      (a) Soil sample before enrichment              (b) 10nM 

 

 
 (c) 20nM           (d) 30nM        (e) 50nM 

Fig. 2 : a) Morphology of microbial cell before enrichment, 2 b), 2 c), 2 d) and 2 e) showing 
morphology of microbial cells after 72hrs of incubation in different concentration of 4-Nitrophenol. 

  
(a)                                                                  (b) 

Fig. 3 : (a) Total DNA from enriched Cultures, (b) PCR amplification of dmpL gene – Lane3 shows 
multiple bands while Lane 2, 4, 5, 6 shows single band and Lane 7 shows no band. 
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PCR amplification of Total DNA of 
enriched cultures showed different banding 
patterns. Multiple bands were observed in 
20mM and single band was observed in 
10mM, 30mM, 40mM, 50mM and no band 
was observed in 60mM and 70mM. The 
multiple banding patterns observed, indicate 
the presence of different microbial 
community showing diversity. 

Thus, our results showed that there are 
certain phenol degrading bacteria present in 
Nasik Godavari River. These organisms 
carry dmpL gene, the largest subunit of 
phenol hydroxylase. When compared with 
literature, these genes could be related to 
Pseudomonas like activity. dmpL encoded 
phenol hydroxylase activity is seen up to 
50mM concentration and subsequently 
reduced up to 70mM concentration. 

CONCLUSION 
Godavari River harbours certain phenol 

degrading bacteria which can tolerate a 
concentration at least up to 50mM. The 
literature did not report such a huge 
concentration of phenol in Godavari River, 
but if at all man made pollution increases, 
due to Bioaccumulation or Biomagnification, 
the Godavari ecosystem is bound to use such 
novel bacteria leading to complete 
destruction of phenols and has self 
purification system. Thus Godavari is a 
source of such novel organisms that can 
degrade phenol. The use of micro organisms 
for degradation of pollutants is applied as a 
technology of choice for cleaning up and 
restoration of polluted sites as it is self 
sustaining and inexpensive. Therefore these 
organisms can be isolated and propagated for 
Bioremediation. 
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