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Abstract  

 Toluene is an aromatic hydrocarbon. It is used extensively in plastic and petrochemical industry. Toluene 

contamination is one of the serious ecotoxicological problems. It acts as a depressant for central nervous system and 

enhancing agent in skin carcinogenesis. The Environmental Protection Agency has recommended that, drinking water 

should not contain more than 2 mg toluene per liter (Agency for toxic substance and Disease Registry, 1993). 

Contamination of water by toluene is a serious concern in environment perspective for safe utilization in agriculture.  

Therefore bioremediation is the most preferred way for removing this chemical from contaminated areas. The present 

study was proved Pseudomonas sp has the capacity to degrade toluene in the industrial effluent. This study also 

emphasizes the transformation of TOL plasmid from Pseudomonas sp to an E.coli strain. The transformed E.coli strain 

showed a slightly higher degrading ability than Pseudomonas sp. Thus a genetically engineered novel E.coli was 

developed which can easily degrade toluene in the contaminated sites. 
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Introduction 

 Industrialization is vital to a nation’s 

economy because it serves as a vehicle for the 

development. However there are associated problems 

resulting from the industrial waste products in to the 

environment. Many of these products are problematic 

because of its persistence (low degradability) and 

toxicity. The untreated industrial effluent, directly 

affect the soil not only in industrial area, but also in 

agriculture fields and river beds. Various industries 

have been continuously adding lot of waste water 

containing high level of nutrients, heavy metals and 

hazardous substance to the cultivable land. Now a day, 

the increased use of petrochemicals has increased the 

amount of aromatic hydrocarbons in soil, water and 

air. Examples of pure aromatic solvents are benzene 

(C6H6), toluene (C6H5CH3) and xylene (C8H10). 

Among these toluene is highly biotoxic and at a 

concentration of 0.1 percent kills most of the organism  

 

(Inoue et al., 1991) and is highly toxic for human and 

aquatic organisms. Nonetheless, toluene is a priority 

pollutant and the Environmental protection agency has 

recommended that, drinking water should not contain 

more than 2 mg toluene per liter (Agency for toxic 

substance and Disease Registry, 1993). 

 Toluene is used extensively in plastic and 

petrochemical industry. It acts as a depressant for 

central nervous system and enhancing agent in skin 

carcinogenesis. Contamination of water by toluene is a 

serious concern in environment perspective for safe 

utilization in agriculture. Several combinations of 

treatment methods have been developed in order to 

efficiently process industrial waste water. But those 

methods are costly, less efficient and difficult to 

dispose off. Therefore economical and biofriendly 

approaches are needed to degrade toluene from 

various industries waste water. The present study was 
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focused with the following objectives i) To isolate 

toluene degrading bacteria from the effluent ii) To 

study the growth of toluene degrading bacteria in the 

presence of toluene in solid and liquid culture iii) To 

find out whether toluene degradation is due to plasmid 

encoded genes or chromosomal genes iv) To isolate 

such gene from toluene degrading bacteria and 

transform into an E.coli strain (DH5 α host) v) To 

determine whether the transformed E.coli strain will 

grow in the presence of toluene in solid and liquid 

culture vi) Reisolation plasmid from transformed 

E.coli strain.  

Materials and Methods 

Collection of samples 

  100 ml of oil effluent was collected in a 

sterile flask from petrochemical waste water site near 

TNSTC, By-pass road, Madurai, South India. 

Isolation of organism 

 One ml of oil effluent was serially diluted 

and plated on agar medium and incubated at 37◦C for 

24 hours. After incubation, the plates were observed, 

one or few greenish colonies were selected and 

biochemical tests for the identification of 

Pseudomonas were carried out as described in 

Bergey’s Manual of Systemic Bacteriology (Hardie, 

1986; Balba et al., 2002) 

Growth of the Pseudomonas on toluene 

 The organism was grown in nutrient broth 

for 24 hrs and cells were harvested and washed in 

sterile 0.033 M Tris-Hcl buffer (pH 7.6) and 

resuspended in the same buffer. This cell suspension 

was used for experimental purpose. 

I. Solid Culture method 

 The organism was grown on Pseudomonas 

minimal agar medium (PMM) with the addition of 100 

µl toluene per 100 µl medium. The plates were then 

incubated at 30◦C for 5 days in a closed desicator 

containing 100 µl of toluene in 100 ml of water. 

I. Liquid Culture method 

 The bacteria were inoculated in flasks 

containing 100 ml Pseudomonas minimal medium 

containing various volumes of toluene ranging from 

50-250 µl/ 100 ml. All the cultures were incubated at 

30◦C and agitated at 150rpm for 2 days. Growth was 

monitored by measuring the absorbance at 660nm. 

Plasmid isolation 

 1.5 ml of the test culture was grown in PMM 

broth, taken in a sterile eppendroff tube. It was 

centrifuged at 6,000 rpm for 10 minutes. The 

supernatant was discarded and the pellet was kept on 

ice. The cell pellet was resuspended in 100 µl of ice-

cold solution I (15% Glucose, 25mM Tris pH8.0, 10m 

MEDTA). It was vortexted gently to get a uniform 

suspension. It was kept on ice for 5 minutes. Then it 

was shifted to room temperature. 

 200 µl of solution II (0.2N NaOH, 1.0% 

SDS) was then added. The tubes was closed tightly 

and contents were mixed by inverting the tube 5 

times.150 µl liter of solution III (3.O M Sodium 

acetate)  was added and the contents were mixed 

gently by inverting the tube. Tubes were kept on ice 

for 5 minutes. It was centrifuged at 8,000 rpm for 10 

min. After centrifugation, the supernatant was 

transferred to fresh eppendroff tube and 450 µl of ice-

cold absolute alcohol was added. Tubes were kept in a 

freezer for 30 min. Tubes were centrifuged at 10,000 

rpm for 20 min. Supernatant was decanted and tubes 

were kept inverted on a paper towel, to drain off the 

alcohol. Tubes with pellet were dried at 37◦C for 30 

min. 

 After drying, 20 µl 1XTE buffer was added, 

so that the DNA can get into the solution. The sample 

was mixed with 3 µl of gel loading dye. The sample 

was run on 0.75% agarose gel containing Ethidium 

Bromide. After electrophoresis, the gel was removed 

and placed on UV transilluminator, for observing the 

isolated DNA as bands. 

Plasmid Curing 

  Plasmid curing was done with ethidium 

bromide and SDS (Philipp Gerhardt et al., 1994). 

Ethidium bromide treatment 

 2 µl of overnight culture was inoculated in 2 

ml LB broth. To each tube increasing concentration of 

ethidium bromide ranging from 10 to 300 µg/ml was 
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added. Thå tubes were incubated at 37◦C for 24 hrs. 

The culture was selected with highest concentration of 

the ethidium bromide at which growth has occurred. 

The culture was diluted and plated on LB agar and 

incubated to obtain isolated colonies. The colonies 

were analyzed for the presence of plasmid. 

SDS treatment 

 2 µl of overnight culture was inoculated in 

2ml of LB broth containing 1.0% SDS. The tubes 

were incubated at 37◦C for 24 hrs. The culture was 

diluted and plated on LB agar and incubated to obtain 

isolated colonies. The colonies were then analyzed for 

the presence of plasmid. Ethidium bromide, SDS 

treated and untreated cells were inoculated in the 

Pseudomonas minimal broth supplemented with 

toluene to find that plasmid is involved in toluene 

degradation. 

Plasmid transformation 

Competent Cell preparation 

 5 ml of overnight bacterial culture E.coli 

(DH5 α host) was transferred in to 100 ml of LB broth 

and incubated at 37◦C for 2-3 hours to reach mid log 

phase. After 2-3 hrs of incubation, the culture flask 

was quickly chilled on ice for 10-20 min. Then the 

culture was transferred to a sterile centrifuge tube and 

the cells were pelleted down at 6,000 rpm for 8 

minutes at 4◦C.  

 The supernatant was discarded and 0.1M 

CaCl2   approximately 6% (6ml) of the volume of 

culture was added and kept on ice for 30 minutes. 

After 30 minutes of incubation on ice, the cell 

suspension was pelleted down at 6,000rpm for 8 

minutes at 4◦C. The supernatant was discarded and the 

pellet was resuspended with 0.8% of 0.1M CaCl2. 100 

µl, of competent cells were transferred to a separate 

eppendorff tube. 

Transformation 

5 µl of isolated DNA was added to 100 µl of 

the competent cells, the mixture was gently tapped and 

kept on ice for 20 min. After 20 min of incubation, it 

was kept in the water bath such that the competent 

cells were incubated for 2 min at 42◦C. After heat 

shock the vial was immediately chilled on ice for 20 

minutes. Then 1 ml of LB broth was added to the vial 

and incubated for 1 hour at 37◦C. The transformed 

cells and competent cells prepared were inoculated in 

minimal broth supplemented with toluene in different 

concentration ranging from 50-250 µl / 100 ml 

minimal medium. All cultures were incubated at 30◦C 

under shaking at 150 rpm for 2 days. Later growth was 

monitored by measuring the absorbance at 660nm. 

The transformed cells and competent cells 

were inoculated in minimal agar plates supplemented 

with toluene 150 µl / 100 ml. all plates were incubated 

at 30◦C for 5 days in a closed desicator containing 100 

µl of toluene per 100 ml of water. Re-extraction of 

plasmid from transformed E.coil clones was carried 

out by using the alkaline lysis method. The above 

experimental work was conducted to find whether 

catabolic plasmid transformation has occurred or not. 

Results 

Isolation and identification of toluene degrading 

bacteria 

 Toluene degrading bacteria was isolated 

from oil effluent based on their ability to grow on 

toluene as sole carbon source. The toluene degrading 

bacteria was identified and confirmed as Pseudomonas 

sp. 

Growth of toluene degrading bacteria in solid and 

liquid media 

 The Pseudomonas sp isolated was able to 

grow and form colonies on solid media with a toluene 

concentration of 1 µl/ ml in PMM plates. The bacteria 

were able to grow in liquid culture in flasks containing 

20 ml of minimal medium with toluene as sole carbon 

source. Toluene was given at different concentrations 

ranging from 50 µl to 250µl / 100 ml of PMM 

(Pseudomonas minimal agar medium). Bacterial 

growth was observed up to concentration of 150 µl of 

toluene/ 100 ml medium (Fig. 1). Plasmid was isolated 

from toluene degrading Pseudomonas sp by alkaline 

lysis method. The presence of plasmid was confirmed 

by Agarose gel electrophoresis. The degradative 

plasmid was cured by Ethidium bromide and SDS 
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treatment. The presence of plasmid DNA in cured and 

uncured bacterial cells was checked by Agarose gel 

electrophoresis. After electrophoresis, DNA bands 

were seen in the uncured cells and bands were not 

seen in the cured cells. This indicates effective 

plasmid curing by Ethidium bromide and SDS. The 

cured and uncured cells were inoculated in PMM. 

Growth was not observed in the flask inoculated with 

cured cells and growth was observed with uncured 

cells indicating the need of degradative plasmid in the 

Pseudomonas sp for growth in PMM. 

Fig.1. Growth of Pseudomonas sp in different 

concentrations of toluene 

 

 

Toluene degrading plasmid was isolated 

from Pseudomonas sp and was transformed into an 

E.coli strain (DH5αhost). The transformed E.coli 

strain was able to grow on solid media with a toluene 

concentration of 1 µl / ml in PMM plates.  The 

transformed and untransformed E.Coli cells were 

inoculated in PMM with a toluene concentration 

ranging from 50 µl to 250 µl/ 100 ml of minimal 

medium. The transformed cells were unable to grow 

up to a concentration of 150 µl of toluene/ 100 ml of 

medium. The untransformed cells were unable to grow 

on minimal medium even at low concentration of 

Toluene (Fig. 2). Re-extraction of plasmid from 

transformed E.coli cells was carried out by alkaline 

lysis method and the presence of plasmid was 

confirmed by Agarose gel electrophoresis. 

 

Discussion 

  Toluene contamination is one of the serious 

ecotoxicological problems. Bioremediation is the most 

preferred way for removing this chemical from 

contaminated areas and this technology is an efficient 

strategy due to its low cost, high efficient and   

ecofriendly nature. Bioremediation is a pollution 

treatment technology that uses biological systems to 

catalyze the destruction of toxic chemicals to less 

harmful forms. Researches have also been using 

genetic engineering to develop new microbial strains 

with novel biodegradative capabilities. Genetic 

ecologist work towards enhancing, the capabilities of 

natural microbial communities at the gene level 

through gene amplification and increased expression 

(Olson and Goldstein 1988; Olson 1991). Microbial 

degradation of different compounds and their 

derivatives has been reported by various groups of 

workers using Pseudomonas sp (Robinson and Hook 

1964) and P. marginalis (Babu et al., 1995). 

Fig.2. Growth of Transformed E.coli in different 

concentrations of toluene 

 The present study was concerned with the 

isolation of toluene degrading bacteria from the 

industrial effluent contaminated sites of Madurai 

District and the investigation was proved 

Pseudomonas sp has the capacity to degrade toluene in 

the industrial effluent. In Pseudomonas sp the ability 

to utilize toluene is often directed by a cluster of genes 

encoding catabolic enzymes   (Franz and Chakrabarty,  
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1986). The degrading plasmid was isolated and 

transformed in to an E.coli strain. Many genetic 

ecologists have also been working in creating new 

microbial strains through transformation and 

conjugation. Such genetically modified microbes have 

the capacity to degrade a wide range of xenobiotics 

pollutants in soil and water. The study also 

emphasizes the transformation of TOL plasmid from 

Pseudomonas sp to an E.coli strain. The transformed 

E.coli strain showed a slightly higher degrading ability 

than Pseudomonas sp. Thus a genetically engineered 

novel E.coli was developed which can easily degrade 

toluene in the contaminated sites. 
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