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Phenolic compounds are carcinogenic and toxic environmental pollutants which are massively 
discharged to the terrestrial and marine environment from uncontrolled industrial activities. A 
moderately halophilic bacterial consortium was isolated from different phenol contaminated sites and 
marine environment, the degradation pathway followed during the degradation of phenol and 4-
chlorophenol by the bacterial consortium was investigated. During the degradation of phenol it was 
found that only catechol 1, 2 dioxygenase activity was pronounced with a maximum specific activity of 
0.425µm/min/mg of the protein showing the ortho- cleavage pathway at pH 7. In the degradation of 4-
chlorophenol it was found that only catechol 2,3 dioxygenase activity was pronounced with a maximum 
specific activity of 0.412 µm/min/mg of the protein at pH 7 showing the consortium followed meta- 
cleavage pathway during the degradation of the substrate. The cell free extracts of bacterial consortium 
showed cis-cis muconic acid as the intermediate metabolite during the degradation of phenol and 4-
chlorocatechol and 5-chloro-2-hydroxymuconate as intermediates during the degradation of 4-
chlorophenol, which proved that the moderately halophilic bacterial consortium followed ortho-
cleavage on phenol degradation and meta-cleavage during the degradation of 4-chlorophenol. 
 
Keywords: Halophiles, Biodegradation, Phenol, 4-Chlorophenol, Dioxygenase enzyme, Saline environment, 
Bacterial consortium 

 
 
INTRODUCTION   
 
Phenol and its derivatives are found in wide variety of 
wastewaters including those from the oil refining, 
petrochemical, coke and coal gasification industries. As a 
result, these compounds are commonly encountered in 
industrial effluents and surface water.  Biodegradation 
has been chosen as a method to remediate environments 
contaminated by phenolic compounds, which is 
massively discharged from uncontrolled industrial waste 
disposal. A number of aerobic phenol degrading bacteria 
have been described previously, (Dua et al 2002, Lovely 
2003, Wackett 2000, Watanabe 2001, Prpich and Dauglis 
2005, Karigar et al 2006) however, little information is 
only available on the degradation of phenol by 
moderately halophilic bacterial strains (Hinteregger et al 
1997,  Garcia  et al  2005,  Munoz  et al  2001,  Alva  and  
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Peyton 2003). 
The aerobic degradation pathways in bacteria and 

yeast involve the occurrence of vicinal diols as substrates 
of ring-cleaving enzymes. Thus, the first step of phenol 
degradation is a hydroxylation of phenol to catechol. 
Catechol can undergo fission either by an intradiol or an 
extra-diol type of cleavage (ortho- or meta-fission). Meta-
fission leads to 2-hydroxymuconic semialdehyde and 
further to formate, acetaldehyde, and pyruvate. The final 
products of both the pathways are molecules that can 
enter the tricarboxylic acid cycle (Powlowski and Shingler 
1994; Harayama et al. 1992). For complete degradation 
of chlorinated aromatic compounds to occur, two steps 
are necessary, cleavage of the aromatic ring and the 
removal of the chloride atom (Haggblom, 1990). The 
initial step in the aerobic degradation of mono-
chlorophenols is their transformation to chlorocatechols. 
Chlorocatechols are the central metabolites in the aerobic 
degradation  of  a  wide  range  of  chlorinated  aromatic  



 
 
 
 
compounds. The identification of by-products formed 
during the biodegradation process of phenol and 
chlorophenol is essential for a better understanding of the 
degradation mechanism. We were interested particularly 
in isolating a bacterial consortium which could utilize 
phenolic compounds under saline conditions. The 
present study was centered mostly on ring cleaving 
dioxygenases. In this study the moderately halophilic 
bacterial consortium was analysed for the type of ring 
cleavage dioxygenase physiologically induced during 
growth in the presence of phenolic compounds as a sole 
carbon and energy source. The specific activities of 
dioxygenase enzyme were performed during the 
degradation of phenol and 4-chlorophenol as model 
compounds by the bacterial consortium. 
  
 
MATERIALS AND METHODS 
 
Composition of the culture medium 
 
The bacterial consortium was grown in mineral salts 
medium of (g/L) NaCl 50.0, KH2PO4 0.25, NH4Cl 1.0, 
Na2BO7 2.0, FeCl3 0.0125, CaCl2 0.06 and MgCl2 0.05 
with 10 mg/L of yeast extract, adjusted to pH -7  and 
distilled water – 1L (Alva and Peyton 2003). The medium 
was autoclaved, cooled to room temperature and was 
amended with respective phenolic compound through a 
sterile filter (0.45 µm) in 250 ml Erlenmeyer flasks. The 
chemicals and reagents (Analar grade) used in the study 
were purchased from Merck, India. 
 
 
Bacterial consortium 
 
Soil samples were collected from different ecosystems in 
chennai such as salt pan,  Puliket marine back water 
lake; Sea harbour (chennai), tannery affected soils and 
soil from sea food industries. The bacterial consortium 
was isolated by enrichment culture technique, where the 
soil sample (300g wet weight) was mixed in sterile 
distilled water (1:1 w/v) for 1 h at room temperature.  

During the initial adaptation stage the consortium was 
enriched with phenol 50 mg/L (Concentration of Phenol) 
and they were biochemically characterized, having six 
strains, of which four strains were gram positive and two 
strains gram negative. Further analyses by cloning and 
16S rRNA gene sequence analysis, identified the isolates 
as Bacillus cereus, Arthrobacter sp., Bacillus 
licheniformis, Halomonas salina, Bacillus pumilus and 
Pseudomonas aeruginosa (VeenaGayathri and 
Vasudevan 2010).  
 
 
Total Protein  
  
For   analysis   of   total   cell   protein,   samples   were  
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centrifuged at 12,000 rpm for 10 mins and washed with 
fresh (substrate-free) mineral medium, then centrifuged 
and washed few times to remove the substrate. The 
pellet from each sample was then disrupted by sonication 
at 30 % amplitude for a total of 3 minutes (1.5 min x 2) on 
an ice-water bath. Sample (0.5 ml) was added to 0.5 mL 
Coomassie Blue protein dye and the absorbance was 
measured at 595 nm. The total protein concentration was 
determined by calibration with bovine serum albumin 
standard according to Bradford (1976). 
 
 
Preparation of Enzyme Extract and Dioxygenase 
Activity 
 
The bacterial consortium grown individually on phenol 
(100 mg/L), and 4-chlorophenol (25 mg/L)  at an optimum 
salinity of 5 % was harvested at the exponential phase 
(48 h)  by centrifugation and washed 0.033 M Tris –HCl 
buffer (pH 7.6) to remove the salts and resuspended in 
the same buffer.  Cells were disrupted by using the tip 
sonicator Bandelin Sonopuls GM 200. 
Polyvinylpolyprrolidone (PVP) was added to the 
suspension to remove the phenolics. The samples were 
centrifuged at 15,000 rpm for 30 min at 4 °C and the 
pellet was discarded. The clear supernatant solution was 
used as crude enzyme assay. The cell free extract was 
kept in ice and assayed for dioxygenase activity.  

Catechol 1,2 dioxygenase (Type I) activity on the 
degradation of phenol was measured by following the 
formation of cis,cis- muconic acid, the ortho-cleavage 
product of catechol.  The following reagents were added 
in the quartz cuvette 2mL of 50mM Tris HCl buffer (pH 
8.0); 0.7 mL distilled water 0.1 mL ,100 mM 2-
mercaptoethanol; 0.1 mL cell-free extract. The contents 
of the cuvette were mixed by inversion and 0.1 mL 
catechol (5µM) was then added and the contents were 
mixed again.  Catechol 1,2 dioxygenase was assayed 
following the formation of cis,cis muconic acid.  The 
increase in the absorbance at 260 nm and decrease in 
the absorbance at 278 nm over a period of 5 mins were 
followed in a Speckol spectrophotometer (Ngai et al 
1990). 

Catechol 1,2-dioxygenase (Type II) activity on the 
degradation of 4-chlorophenol was measured by 
following the formation of  2-chloromuconic acid, the 
ortho- cleavage product of 3-chlorocatechol. The 
procedure used was as same as Type I activity, with 3-
chlorocatechol (5µM) being used in the place of catechol 
(5µM) (Farrell and Quilty 1999). 

Catechol 2,3-dioxygenase activity on the degradation of 
phenol and 4-chlorophenol, was measured by following 
the formation of 2-hydroxymuconic semialdehyde, the 
meta- cleavage product of catechol, or the formation of 5-
chloro-2-hydroxymuconic semialdehyde, the meta- 
cleavage product of 4- chlorocatechol. The following 
reagents were added  to a  cuvette: 2 ml 50 mM  Tris-HCl  
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buffer (pH 7.5); 0.6 ml distilled water; 0.2 ml cell free 
extract. The contents were mixed by inversion and 0.2 ml 
catechol or 4-chlorocatechol (50 mM) was added and 
mixed with the contents. The production of 2-
hydroxymuconic semialdehyde was followed by increase 
in absorbance at 375 nm over a period of 5 mins, while 
the production of 5-chloro-2-hydroxymuconic 
semialdehyde was followed by the increase in 
absorbance at 380 nm over the same period (Farrell and 
Quilty 1999). Protein estimation was measured by 
bradfords method by using bovine serum albumin as a 
standard   (Bradford 1976). Specific enzyme activities are 
reported as µmol/min/mg protein. All assays were 
performed in duplicates. 
 
 
 
Enrichment of bacterial consortium 
 
Phenolic compounds were dissolved in dichloromethane 
was added to 250 mL conical flask and after the 
evaporation of dichloromethane, the mineral medium 
(100 mL) was added. The bacterial consortium containing 
5 mL of 10

4
 to 10

5
 cfu/mL was added to the mineral 

medium containing phenol as sole carbon source. The 
conical flask was kept in shaker at 150 rpm with 37ºC as 
incubation temperature. After growth was visualized 
under microscope, 5 mL of enrichment culture was 
transferred to a fresh medium and incubated under the 
same conditions. Subsequent identical transfer of culture 
was performed in the respective Phenolic compound 
containing medium to enrich the bacterial consortium. 
The cultures were maintained as glycerol stock and as 
well as in phenol containing medium. 
 
 
Phenolic compound degradation by the bacterial 
consortium 
 
For the degradation study, the bacterial consortium was 
inoculated in mineral medium containing phenolic 
compound. Different compositions used in the 
degradation of Phenolic compounds were 1) Medium + 
Phenol + bacterial consortium; 2) medium + Phenol and 
3) medium + bacterial consortium where 2) and 3) served 
as controls. Bacterial consortium was added at 
concentrations of 10

4
 to 10

5
 cfu/mL in the medium. The 

culture prepared in duplicates were incubated at 37 °C in 
shaker at 150 rpm and extracted at every 24 h time 
interval for 5 days. The culture samples were extracted 
twice with dichloromethane (v/v) after acidification to pH 
2.5 with 1 N HCl.   The   extracts   were   filtered   through 
anhydrous sodium sulphate and condensed to 1mL using 
rotavapour unit (Buchi, Germany) and analysed in gas 
chromatography (GC). These condensed samples were 
used in TLC (thin layer chromatography) and gas 
chromatography- mass spectrometry (GC-MS) to analyse 

 
 
 
 
the metabolites formed during Phenolic compound 
degradation. 
 
 
Analysis of metabolites by GC-MS 
 
During the degradation study, the different kinds of 
metabolites formed were identified using thin layer 
chromatography. The condensed samples were loaded 
on TLC plates using a 10 µL capillary tube. The 
chromatograms were run in different solvents for 
migration of the Phenolic compounds. Different solvent 
mixtures such as: benzene/hexane (50:50), 
benzene/acetone (50:50) and benzene/acetone/acetic 
acid (80:10:10) were used to identify the metabolites. 
After removing the plates from the substrates were 
identified using UV detection at 254 nm. For visualization, 
plates were sprayed with FeCl3 (2% in ethanol) . GC-MS 
analysis was performed with GC-MS-QP2010 
[SHIMADZU] with an inert mass selective detector and a 
computer workstation was used for the phenolic 
compounds analysis. The samples were silylated before 
analysis. The GC–MS was equipped with: an Agilent DB-
5 capillary column (30m x 0.25mm id x 0.25 µm);  with an 
injection volume of 1 µL, split ratio of 20  injection at 
280ºC and an ion source temperature at 200ºC. Oven 
operating temperature was 80ºC with the holding time of 
1 min, 300 ºC for 2 mins with the total time of 41.67 mins. 
The masses of primary and secondary phenolic 
compound ions were determined by using the scan mode 
with an impact ionization (70 eV, 200ºC) for pure phenolic 
compound standards (Merck). Qualitative analysis of 
phenols was performed by using the selected ion 
monitoring (SIM) mode. Fragmented products were 
identified using computer station library search. Retention 
time of the fragmented products are further compared 
and confirmed by analyzing authentic standards. Helium 
was used as the carrier gas. Standards from Sigma 
Aldrich were used for the phenolic compounds and their 
metabolites. A GC–MS library search was used to 
confirm the metabolites without standards. 
 
 
RESULTS AND DISCUSSION 
 
Dioxygenase Activity on phenol  
 
A batch study was conducted with an optimum phenol 
concentration of 100 mg/L to detect the presence of 
catechol 1,2 dioxygenase and catechol 2,3 dioxygenase 
produced by  the bacterial consortium at 50 g/L of NaCl. 
The degradation  of  phenol  (100 mg/L)  by  the  bacterial 
consortium at optimum salinity of 50 g/L data is not 
shown.  To study the effect of substrate on catechol 1,2 
dioxygenase activity, experiments were conducted on 
degradation of phenol (100 mg/L) by the bacterial 
consortium on the 2

nd
  day  in  their log  phase  at  50  g/L 
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Figure 1. Effect of substrate (Catechol) concentration on catechol 1,2 
dioxygenase activity 

 
 
 
 
NaCl . The effect of substrate (catechol) concentration on 
the activity of catechol 1,2 dioxygenase is shown in the 
Figure 1. Substrate concentrations were used from 1 µm 
– 10 µm. It was observed from the figure that the highest 
catechol 1,2 dioxygenase activity of 0.379 µm/min/mg of 
the protein was achieved at 5 µm of catechol, from 6 µm 
of the substrate concentration there was no increase in 
the activity of catechol1,2 dioxygenase . Hence, for the 
further studies 5 µm of catechol was used as the 
substrate. Enzyme assays conducted with phenol (100 
mg/L) as the substrate at 50 g/L NaCl, suggested that the 
consortium produced only catechol 1,2 dioxygenase 
showing the ortho-cleavage pathway. There was no 
catechol 2,3 dioxygenase activity detected when phenol 
was used as the substrate by  the bacterial consortium.  

Hinteregger and Streichsbier (1997) reported the 
degradation of phenol (100 mg/L) by Halomonas sp. at 
50 g/L NaCl, where the catechol 1,2 dioxygenase activity 
was 760 nm/min/mg of protein, there was no catechol 2,3 
dioxygenase activity and they showed that there was only 
ortho- pathway during the degradation of phenol. Use of 
the ortho- pathway is reported to be more efficient in 
carbon conversion to cell mass (growth yield) than the 
meta-pathway. The meta pathway utilizes phenol at a 
higher rate but results in lower cell yields (Kiesel and 
Muller 2002). 
 
Effect of pH on degradation of phenol with catechol 
1,2 dioxygenase activity 
 
To    determine    the   effect   of   pH   on   catechol   1,2 

dioxygenase produced by the bacterial consortium, its 
activity was measured with 5 µm of catechol at different 
pH from 5 to 8. The specific activity was 0.085 
µm/min/mg of protein at pH 5 during the log phase (on 2

nd
 

day) with total protein yield of 22.4 mg/L. However, 
activity increased to 0.268 µm/min/mg of protein, at pH 6 
with the maximum protein yield at the end of 3

rd
 day to 

25.4 mg/L. The specific activity of catechol 1,2 
dioxygenase was maximum at pH 7 (0.425 µm), with total 
protein of 30.3 mg/L. (Figure 2). Further increase in pH 
resulted in decrease in specific activity and finally it gave 
only 0.322 µm/min/mg of protein at pH 8 an total protein 
of 22.5 mg/L on 3 

rd
 day. The optimum pH for the 

enzymatic action of catechol 1,2 dioxygenase is pH 7. 
This showed that the bacterial consortium was able to 
degrade the substrate at neutral pH with the production of 
catechol 1,2 dioxygenase.  

Briganti et al (1997) reported phenol degradation by 
Acinetobacter radioresistens, where the purified catechol 
1,2 dioxygenase showed that the optimum activity was in 
the range  of pH 6.0 to 8.5 under non- saline conditions. 
Alva and Peyton (2003) reported degradation of phenol 
and catechol by the haloalkaliphilic Halomonas 
campisalis, where they showed the presence catechol 
1,2 dioxygenase at pH 8. Two Halomonas sp. have been 
reported to use the ortho-pathway for the biodegradation 
of aromatics under saline  conditions  and  at  neutral  pH 
(Hinteregger and Streichsbier 1997, Rosenberg 1983). 

Garcia et al (2005) reported the degradation of phenol 
by Halomonas organivorans, the specific activity 
achieved during the degradation was 0.061 µm/min/mg of 
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Figure 2. Effect of pH on catechol 1,2 dioxygenase activity by the 
bacterial consortium during the degradation with phenol 

 
 
 
the protein at 10 % NaCl. In present study on phenol 
degradation by the bacterial consortium showed 0.425 
µm/min/mg of the protein at the end of 2

nd 
day, which 

proved that the consortium could produce a higher 
specific activity, this might be due to the coexistence of 
different bacterial strains in the consortium. 
 
 
Dioxygenase activity on 4-Chlorophenol (4-CP) 
 
To detect the presence of dioxygenase activity from the 
bacterial consortium during the utilization of 4-
chlorophenol, experiment was performed at an optimum 
concentration of 25 mg/L of 4-CP under saline conditions 
at 50 g/L of NaCl (data not shown). Experiments 
conducted during the degradation of 4-CP, showed that 
there was only pronounced catechol 2,3 dioxygenase 
activity, which showed that the bacterial consortium 
utilized 4-chlorophenol by meta-cleavage pathway. The 

effect of substrate concentration on the activity of 
catechol 2,3 dioxygenase is demonstrated in the Figure 3 
. Substrate concentrations were used from 10 mM – 100 
mM of 4-chlorocatechol. It was observed from the figure 
that the highest catechol 2,3 dioxygenase activity of 
0.425 µm/min/mg of the protein was achieved at 50 mM 
of 4-chlorocatechol, from 60 mM of the 4-chlorocatechol 
concentration there was no further increase in the activity 
of catechol 2,3 dioxygenase. Hence, 50 mM of 4-
chlorocatechol was used as the substrate for 
dioxygenase assay. 
 
 
Effect of pH on the degradation of 4-CP with catechol 
2,3 dioxygenase activity 
 
To study the effect of pH on catechol 2,3 dioxygenase the 
activity of the enzyme was measured with 50 mM of 4-
chlorocatechol as optimum at different  pH  from  5  to  8.  
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Figure 3. Effect of substrate (4-chlorocatechol) concentration on 
catechol 2,3 dioxygenase activity 
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Figure 4. Effect of pH on catechol 2,3 dioxygenase activity by the 
bacterial consortium during the degradation with 4-CP 

 
 
 
The enzyme activity was less (0.078 µm/min/mg of 
protein) at pH 5 at the on 2

nd
 day with total protein of 21.5 

mg/L. However it increased at pH 6 the activity was 0.223 
with an increase in protein content to 25.4 mg/L. The 
specific activity of catechol 2,3 dioxygenase was 
maximum at pH 7 which showed highest activity of 0.412 

µm/min/mg of protein with 30.3 mg/L of total protein  
(Figure 4 ). Further increase in the pH resulted in a 
decrease in enzyme activity and at pH 8.0 the enzyme 
activity was 0.321 µm/min/mg of protein with 22 mg/L of 
total protein on 3

rd
 day. The optimum pH for the 

enzymatic action of catechol 2,3 dioxygenase was similar  
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Figure 5. GC-MS Spectrum of the metabolites formed during the degradation 
of phenol    

 
 
 
to that of catechol 1,2 dioxygenase at neutral pH 7 and 
the activity was retarded at pH 8. This experiment further 
confirmed that the bacterial consortium was able to 
degrade the phenols with the intradiol enzymes at neutral 
pH. The levels of catechol 2,3-dioxygenase activity 
detected during the degradation  of 4-Chlorophenol 
disappeared only after 4-chlorophenol was almost 
degraded by the mixed culture. Hollender et al (1997) 
reported degradation of 1.8 mM 4-CP via the meta- 
cleavage pathway by Comanomonas testosteroni JH5, 
where catechol 2,3 dioxygenase activity was 173 mU/ mg 
of the protein, while catechol 1,2 dioxygenase activity 
was less than 1.  O’ Sullivan (1998) reported the 
degradation of 4-CP (1.56 mM) by mixed culture 
containing two Pseudomonas species were the 
degradation took place via the meta- cleavage pathway. 
Farrell and Quilty (1999) reported the degradation of 4-
CP via meta cleavage pathway, with catechol 2,3 
dioxygenase activity of 0.096 µm/min/mg of the protein, 
by a mixed microbial community under non-saline 
conditions. As shown in the figure, the present study 
showed that the catechol 2,3 dioxygenase activity was 
0.412 µm/min/mg of the protein in the log phase of 48 h 
by the bacterial consortium , which is comparatively 
higher than reported by earlier workers (Farrell and Quilty 
1999, Sahinkaya and Dilek 2005). 
 
 
Detection of intermediates during the degradation of 
phenol and 4-chlorophenol 
 
Intermediates formed during  the  degradation  of  phenol 

(100 mg/L) was analysed by Gas Chromatograph-Mass 
Spectral (GC-MS) analysis.  Analyses of the 72 h 
supernatant, from the growth of bacterial consortium on 
phenol, showed the presence of the metabolites. A 
comparison of  the mass spectra of extracted compounds 
with the standards (phenol and catechol)  showed that 
the peaks in Figure 5 are phenol (peak 1), catechol (peak 
2) and cis, cis –muconic acid (peak 3), indicating that the 
phenol degradation by  the bacterial consortium followed 
via ortho- cleavage. 

The GC-MS chromatogram showed four peaks, first 
being the parent compound phenol at retention time of 
8.35 min; corresponding mass analyses yielded m/z 
(25,39,55,66,74,94), followed by peak 2 with a retention 
time of 9.863 min represented catechol ,intermediate 
compound of phenol, with the masses m/z 
(40,53,64,81,92,110,112,136,151,166,207).  At the 
retention time of 15.925 min peak 3 was observed which 
represented the ortho- cleavage product cis-cis muconic 
acid with m/z (97,137,163), the peak 4 was an 
unidentified product (Figure 5).  

Hinteregger and Streichsbier (1997) studied the 
degradation of phenol at optimum salinity of 50 g/L where 
they reported that the disappearance of phenol was 
accompanied by accumulation of cis-cis muconic acid, 
which is a dead end product of ortho-cleavage pathway. 
Oren et al (1992) reported the same ortho-pathway in 
benzoate degradation by a marine bacterial isolate 
Pseudomonas halodurans, which exhibited a similar 
behaviour of tolerating increased salt concentrations from 
17 g/L NaCl to 150 g/L in synthetic sea water, but there 
was no   further   intermediate   products   in   the   ortho- 
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Figure 6. GC-MS Spectrum of the metabolites formed during degradation of    4-CP 

 
 
 
cleavage pathway. Many researchers have reported the 
production of catechol and cis-cis muconic acid as 
intermediates of ortho pathway during the degradation of 
phenol under non-saline conditions (Müller and Babel 
1996, Bastos et al 2000b, Tsai et al 2005, Alva and 
Peyton 2003). In the present study formation of cis-cis 
muconic acid as the metabolite during the degradation 
suggested that the degradation of phenol was by ortho-
cleavage pathway by the bacterial consortium under 
saline conditions. 

To identify the metabolites from the degradation of 4–
CP, 72 h culture supernatant were analysed in GC-MS. 
The mass spectra were compared with the standards (4-
CP, 4-Chlorocatechol), which showed that the peaks as 
shown in Figure 6. 

The chromatogram showed three peaks, first was the 
parent compound 4-CP at retention time of 8.92 min; 
corresponding mass analyses yielded m/z( 
26,39,50,65,73,92 99.8,100,128). The second peak 
formed  at the retention time of 14.131 represented the 
intermediate compound 4-Chlorocatechol 
(40,51,63,83,87,98,115,126,144,170,185,200,259,274) 
and peak three was the final degraded product of 4-CP, 
5-chloro-2-hydroxymuconate at the retention time of 
17.25 with the following masses 
(48,63,75,83,97,114,131,158,174,184,191,199). The 
structures of the compounds are represented on top of 
the peak in Figure 6. During the degradation of 4-CP, the 
degradation of 4-CP, the degradation pathway is initiated 
by the hydroxylation of 4-CP to the corresponding 4-

cholorocatechol. The 4-chlorocatechol then undergoes a 
meta-ring cleavage by catechol 2,3 dioxygenase to 
produce 5-chloro-2-hydroxymuconic semialdehyde, which 
in turn is converted to 5-chloro-2-hydroxymuconate (El-
Sayed et al 2009). In the present study, the GC-MS 
analysis of the degradation of 4-CP, showed that the key 
intermediate 5-chloro-2-hydroxymuconic semialdehyde 
was formed this suggest that the consortium followed 
meta-cleavage pathway during the degradation. Activated 
aromatic compounds undergo ring cleavage reactions via 
lower pathway and are further processed to give 
molecules that can eventually enter the tricarboxylic acid 
cycle (Cafaro et al 2004).  Degradation of 4-CP by pure 
and mixed culture and the metabolites formed during the 
degradation was reported by many other researchers 
(Hollender et al 1997, Farrell and Quilty 1999, Yang and 
Lee 2008).  Nordin et al (2005) reported A. 
chlorophenolicus A6 degraded 4-CP via hydroxyquinol. 
Moreover, hydroxyquinol was removed from cell extracts 
derived from 4-CP-grown cells but not from extracts of 
cells grown on succinate. El Sayed et al (2009) reported 
that degradation of 4-CP by production of the 4-
chlorocatechol and 5-chlorohydroxymuconic acid as 
intermediates of meta-cleavage pathway by Bacillus 
subtilis OS1 , while the cell free extracts of Alcaligenes 
OS2 showed modified meta-cleavage pathway. 
According to the results on the dioxygenase enzyme 
activity, it can be concluded that the bacterial consortium 
followed ortho-cleavage pathway during the degradation 
of   phenol   and   meta-cleavage   pathway   during   the 
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degradation of 4-CP. 
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