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Abstract 
 

Phenol considered as one of most important industrial pollutant that pose severe threats to human health 

and the environment. The aim of this study was molecular characterization of new strain capable of phenol 

degradation. Phenol was found to be metabolized via ortho ring cleavage pathway by phenol hydroxylase 

and catechol 1, 2-dioxygenase.  Further phenol hydroxlase was partial purified and specific activity was 

increased 7.8 fold by using DEAE-sepharose. P. aeruginosa MTCC 4996 plasmid cured cells were able to 

utilize phenol as a carbon source, it is confirmed that the gene responsible for phenol degradation is 

located on chromosome.  
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1. Introduction 

 

Phenolics constitute the 11
th

 of the 126 

chemicals, which have been designated as 

priority pollutants by the United State 

Environmental Protection Agency (Caturla et al., 

1998). Phenol-degrading microorganisms are 

usually isolated from environment exposed to 

this organic pollutant (Hofrichter et al., 1993; 

Zaitsev et al., 1995).  Although selection of 

microorganisms adapted to pollutants in situ is a 

quicker process, the genetic diversity of that 

environment may have been altered.  The 

microorganisms selected may thus be tolerant 

but not necessarily efficient degraders of the 

specific pollutant due to uncontrolled adaptation 

processes during waste disposal.  (Killham and 

Firestone, 1984; Stapleton et al., 1998). 

Phenol hydroxylase is responsible for 

converting phenol to catechol, which is the initial 

and rate-limiting step in phenol degradation 

pathways (Hino et al., 1998).  The best-

characterized genetic organization encoding 

catabolic enzymes for phenol degradation 

through the ortho pathway is the one present in 

P. putida PaW85 harboring plasmid pAT1140.  

The expression of the hybrid plasmid-

chromosome encoded pathway requires the 

transcription of the plasmid-borne pheBA 

operon, encoding a catechol 1,2-dioxygenase 

(PheB), the phenol monooxygenase PheA and 

the chromosomally encoded catechol ortho-

cleavage pathway.  Transcription of both the 

ortho pathway genes and the pheBA operon is 

modulated by the same chromosomally encoded 

CatR regulator (Kasak et al., 1993; McFall et al., 

1998), and is dependent on the presence of the 

intermediate cis, cis-muconate (Kasak et al., 

1993; McFall et al., 1998).  The best-

characterized genetic organization for phenol 

catabolism via the meta pathway is the one 

encoded by the mega-plasmid pVI150, harboring 

the dmpKMNLOPQBCDEFGHI operon in 

Pseudomonas sp. CF600.  The dmpKMNLOP 

genes encode a multicomponent phenol 

hydroxylase (ortho-cleavage) whereas 

dmpQBCDEFGHI genes encode the 

metacleavage pathway, starting with the action 

of the ring fission catechol 2,3-dioxygenase 

(DmpB).  Transcription from this operon is 

dependent on Po promoter and is regulated by 

the σ
54

-dependent transcription activator DmpR 

(Shingler, 1996; Shingler, 2003).  The biological 

activity of DmpR is induced by diverse effectors, 

in particular, by phenol, cresols and 

chlorophenols (Shingler and Moore, 1994). 
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The main goal of this paper is molecular 

characterization of degradation process by 

Pseudomonas aeruginosa MTCC 4996, a novel 

strain isolated from pulp industrial effluent 

contaminated site (Kotresha and Vidyasagar, 

2008). 

 

2. Materials and Methods  

2.1. Organism, media  

 
The bacterial strain was grown on mineral salt 

medium (MSM) containing (g l
-1

) K2HPO4, 6.3; 

KH2PO4, 1.82; NH4SO4, 0.1; MnSO4, 0.1; CaCl2, 

0.1; MgSO4, 0.1; and Na2MO4, 0.006; 

supplemented with phenol as the sole source of 

carbon and energy.  The flasks were inoculated 

with 4% (v/v) of inoculums and incubated on a 

rotary shaker (100 rpm) at 37 
o
C. Un-inoculated 

flasks were incubated in parallel as controls.  

Purified bacterium was identified and 

characterized based on the morphological, 

physiological and biochemical features as 

described in Bergey’s Manual of Systematic 

Bacteriology.  Further detailed identification was 

carried out at the Institute of Microbial 

Technology (IMTECH), Chandigarh, India.  

 

2.2. Determination of mode of ring cleavage 

 

Wet P. aeruginosa MTCC 4996 cells (1.0 g) 

together with 100 ml of Tris-HCl buffer (pH 7.0) 

and 100 mg of catechol were incubated in a 250 

ml flask. Immediate development of yellow color 

indicates the involvement of meta-cleavage 

pathway in the formation of a semialdehyde. The 

incubation was prolonged for 1 h and cells were 

separated by centrifugation at 5000 rpm for 10 

min. The supernatant was subjected to Rothera’s 

test to cheek the presence of -ketoadipate, the 

end product of ortho-cleavge. The supernatant 

was saturated with ammonium sulfate. The 

addition of freshly prepared sodium 

nitroprusside and 2.0 ml of concentrated 

ammonium hydroxide develops a strong violet 

color this indicates the involvement of ortho-

clevage pathway, in the formation of -

ketoadipate. 

 

2.3. Method for cell free extract 

 

0.2 ml of cell free extract, 0.8 ml of 0.05 M 

phosphate buffer (pH 7.6) and 0.5 ml of 20 mM 

catechol were incubated in a 10 ml test tube. If 

there was a formation of yellow color indicative 

of a meta-cleavage pathway, the test tube was 

incubated with shaking for about 30 min at room 

temperature. After saturating the mixture with 

solid ammonium sulfate, two drops of freshly 

prepared aqueous solution of sodium 

nitroprusside was added and concentrated 

ammonium hydroxide was layered over the 

mixture. The development of deep purple color 

within 5-10 min in the upper layer of the reaction 

mixture was an indication of the involvement of 

ortho-clevage pathway. 

 

2.4. Assay of phenol hydroxylase  

 

Phenol hydroxylase activity was measured by 

phenol disappearance in the 1.0 ml reaction 

mixture containing 100 M phenol, 1.0 mM 

NADPH, and buffer A (20 mM potassium 

phosphate, 1.0 mM dithioerythritol, 20 M FAD, 

0.2 mM CaCl2, 0.2 mM MgSO4.7H2O2, pH 8.0).  

100 l of enzyme extract was added to 1.0 ml of 

reaction mixture and incubated for 15 min.  The 

reaction was stopped by the addition of 12 l of 

2% 4-aminoantipyrine followed by 40 l of 2N 

ammonium hydroxide and 40 l of 2% 

potassium ferricyanide.  The final volume was 

made to 2.0 ml by adding distilled water and the 

absorbance was measured at 510 nm and 

compared with phenol standard.  The specific 

activity of enzyme was expressed in terms of M 

of substrate converted or product formed min
-1

 

mg
-1

 protein. 

 

2.5. Assay of catechol 1,2-dioxygenase 

 

Catechol 1,2-dioxygenase assayed using the 

method given by Hegeman (1966).  3.0 ml of 

buffer B (50 mM potassium phosphate, 10 M 

FeSO4, pH 8.0) contained 100 M of catechol 

and 100 l of enzyme extract in a cuvette with 

1cm light path.  The reaction was initiated by 

adding catechol and the enzyme activity was 

measured by UV-spectrophotometer by 

monitoring increase in absorbance at 260 nm at 

an interval of 30 sec up to 5 min due to the 

formation of cis,cis-muconic acid in the reaction 

mixture.  

 

2.6. Assay of catechol 2,3-dioxygenase 

 

Catechol 2,3-dioxygenase assayed using the 

method given by Feist and Hegeman (1969a).  

3.0 ml of buffer B (50 mM potassium phosphate, 

10 M FeSO4, pH 8.0) contained 50 M of 

catechol and 100 l of enzyme extract in a 

cuvette with 1cm light path.  The reaction was 
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initiated by adding catechol and the enzyme 

activity was measured by UV-spectrophotometer 

by monitoring increase in absorbance at 375 nm 

at an interval of 30 sec up to 5 min due to the 

formation of 2-hydroxy muconic semialdehyde 

in the reaction mixture. 

 

2.7. Partial purification of phenol hydroxylase 

 

P. aeruginosa MTCC 4996 actively grown on 

phenol was harvested during the early 

logarithmic growth phase by centrifugation at 

10,000 rpm and crude extract was prepared by 

using ultrasonicater with 20 g (wet weight) of 

bacterial cells.  Cell debris was removed by 

centrifugation at 12,000 rpm, all steps were 

carried out at 4
o
C.  The retenate, phenol 

hydroxylase (60 ml crud extract) was further 

concentrated by 80% ammonium sulphate 

precipitation.  The pellet was dissolved in buffer 

B and dialyzed overnight against same buffer.  

The dialyzed enzyme was loaded on DEAE –

Sepharose column.  

 

2.8. Plasmid Curing  

 

The plasmid DNA was isolated from P. 

aeruginosa MTCC 4996 by alkali lysis method 

(Sambrook et al., 1989).  The plasmid of P. 

aeruginosa MTCC 4996 was cured by using 

acridine orange.  Different concentrations of 

acridine orange ranging from 50-300 g ml
-1

 

were added into the test tube containing 10 ml of 

sterile Luria Bertani broth (LB) and the 

respective tubes were inoculated with 100 l of 

(0.1 O.D) 18 h old culture P. aeruginosa MTCC 

4996.  LB broth tubes without curing agents 

were also inoculated and were kept as control.  

The tubes were incubated in a rotator shaker at 

37
o
C at 120 rpm for 24 h.  After incubation, O. D 

of the culture broth was measured and a graph 

was plotted with concentration of acridine 

orange vs. percentage survival.  LD50 values of 

acridine orange for the respective cultures were 

determined from the plotted graph.  The curing 

experiment was performed up to 7
th

 generation, 

in which preceding cultures were used as 

inoculum for next generation study.  After every 

generation, enzyme assay and plasmid isolation 

was carried out. 

 

3. Results 

 
3.1. Mode of ring cleavage 

Whole cells of P. aeruginosa MTCC 4996 and 

their cell- free extracts were incubated with 

catechol. The Rothera’s test indicated the 

development of a deep purple color. This 

indicated the formation of -ketoadipate from 

catechol by ortho cleavage pathway (Fig.1). 

3.2. Enzyme assays 

Phenol degrading enzymes via phenol 

hydroxylase, catechol 1,2-dioxygenase and 

catechol 2,3-dioxygenase were assayed in P. 

aeruginosa MTCC 4996 (Table-1).  The activity 

of phenol hydroxylase and catechol 1,2-

dioxygenase assayed was 0.068 units and 0.753 

units, while catechol 2,3-dioxygenase activity 

was not detected.  

 

3.3. Isolation and partial purification of phenol 

hydroxylase   

Phenol hydroxylase was partially purified from 

P. aeruginosa MTCC 4996.  The specific 

activity of total 60 ml of crude enzyme extracts 

was 6.9 MU mg
-1

.  In ammonium sulphate 

precipitation the specific activity assayed was 9.9 

MU mg
-1

 and 1.4 fold increase in phenol 

hydroxylase was recorded, the specific activity 

was further increased up to 43.28 MU mg
-1

, 

when DEAE-sepharose was used for partial 

purification of phenol hydroxylase (Table 2, Fig 

2). 

 

3.4. Localization of phenol hydroxylase gene by 

plasmid curing method 

P. aeruginosa MTCC 4996 was grown in the 

presence of increasing concentration of acridine 

orange ranging from 50 to 300 g m
-1

 and their 

viability was checked.  The cultures showed 38 

percent survival in the presence of acridine 

orange at 150 g ml
-1

, which was highest sub-

lethal concentration (Fig 3).  P. aeruginosa 

MTCC 4996 was cultured up to 7
th

 generation in 

presence of 150 g ml
-1 

of acridine orange.  A 

gradual loss of plasmid from acridine orange 

treated cells was noticed during each subculture 

and a complete loss was observed after 5th 

generation (data not shown). Plasmid cured cells 

were able to utilize phenol as carbon source even 

after 5
th

 generation. 

4. Discussion 

 
The metabolic pathway operating in the 

degradation of phenol by P. aeruginosa MTCC 

4996 was determined by assaying the probable 

key enzymes.  The cell free extracts showed 

activity of phenol hydroxylase and catechol 1,2-
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dioxygenase.  This result suggests that the 

phenol was hydroxylased to catechol, which in 

turn was cleaved by the action of 1,2-

dioxygenase leading to the formation of cis, cis 

muconic acid. This result confirms the further 

cleavage of catechol by ortho-pathway.  Further 

there was no activity of catechol 2,3-dioxygenase 

indicating the absence of meta-cleavage in P. 

aeruginosa MTCC 4996 when grown on phenol.

 Phenol hydroxylase is the key enzyme 

of phenol catabolism. An attempt was made to 

partially enrich the phenol hydroxylase activity 

by ammonium sulphate fractionation from the 

crude enzyme extract and then applied to DEAE 

sepharose column.  The partially purified 

enzyme activity was 6.2 fold increases in P. 

aeruginosa MTCC 4996.  Earlier reports showed 

5.6-fold increase in enzyme activity in T. 

cutaneum using DEAE-sepharose (Sejlitz and 

Neujahr, 1987).   

 In order to confirm the plasmid 

mediated or chromosomal-mediated phenol 

degradation, an attempt was made to eliminate 

the plasmid from P. aeruginosa MTCC 4996 

cells by treating with acridine orange. It has been 

reported that acridine orange inhibits the 

replication of bacterial plasmid by causing 

mutation in the absence of light at the site of 

semi-conservative DNA replication (Trevors, 

1986; Webb and Hass, 1984).  Increase in the 

concentration of acridine orange (50-250 g ml
-

1
) decreased the percentage of survival 

drastically from 72 to 9% in P. aeruginosa 

MTCC 4996; however, no growth was observed 

at 300 g ml
-1 

concentration. 50-150 g ml
-1 

concentrations were found to be minimum 

inhibitory and further increase in the 

concentrations resulted in lethal.  From these 

results, it was evident that 150 g ml
-1 

was the 

highest sub-lethal concentration. Hence, this 

concentration was selected for curing the 

plasmids.  At this concentration, P. aeruginosa 

MTCC 4996 was sub-cultured up to 7
th

 

generation.  It is interesting to note that there was 

a gradual loss in the plasmid on each subculture.  

A complete loss of plasmid was noticed after 

fifth generation. When plasmid cured cells were 

able to utilize phenol as a sole source of carbon, 

it is obvious that the gene responsible for phenol 

degradation is located on chromosome. Similar 

findings have been reported by Lee et al., (2001) 

in Pseudomonas aeruginosa and Pseudomonas 

putida cells, where the plasmid was cured with 

acridine orange. Kirti and Asha (2004) in P. 

aeruginosa strain BS2. Fukagawa and Suzuki 

(1993) reported, TBTC resistant bacterial strain 

Alternomonas sp. strain M1, this strain showed 

TBTC efflux system as a resistance mechanism, 

which is governed by the genes located on 

chromosome.  

5. Conclusion 

 
The molecular studies carried out in P. 

aeruginosa MTCC 4996 strain indicated that the 

gene responsible for phenol hydroxylase is 

located on chromosome. Therefore, the phenol 

degradability of the strain can be maintained and 

used at large-scale treatment. The above-

determined parameters are required for the 

design and simulation of batch and continuous 

bioreactors treating high strength phenolic 

wastewaters and confer to this strain a 

remarkable potential for its application in 

bioremediation and wastewater treatment, 

especially detoxification of phenolic wastes. 
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Fig.1: The pathway for the degradation of phenol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Elution profile of phenol hydroxylase by DEAE- seperose 
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Fig. 3: Survival of P. aeruginosa MTCC 4996 in presence of Acridin orange 

 

 

Table 1: Enzymes activity in cell-free extract 
 

        Enzymes 
        Activity 

(Unit/mg protein) 

Phenol hydroxylase                                                                  0.068 

Catechol 1,2-dioxygenase                                                        0.753 

Catechol 2,3-dioxygenase                                                           ND 

ND – Not detected 

 

Table 2: Partial purification of phenol hydroxylase 

 

Purification steps 
Volume 

(ml) 

Protein 

concentration 

(mg ml
-1

) 

Total 

protein 

Total 

activity 

Specific activity 

(MU mg
-1

) 

Purification  

(n-fold) 

Crude extract 60 8.1 486 3.4 6.9 1.0 

Ammonium salt 

precipitation 

10 42.3 311 3.1 9.9 1.4 

 

DEAE-Sepharose 4 16.75 67 2.9 43.28 6.2 
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