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ABSTRACT 

 
Monoaromatics, such as benzene, toluene, ethylbenzene and xylene (BTEX), are simple aromatic compound that are 

highly toxic due to their high solubility nature. Many chemical and physical methods for their degradation and 

breakup into nontoxic products are available, but still use of microorganism is preferred over these processes. In 

this present study Bacillus pumilus MVSV3 (Accession number JN089707), a less explored bacteria in the field of 

BTEX degradation, isolated from petroleum contaminated soil is utilized for BTEX degradation. At optimized 

conditions the isolate degraded 150 mg/L of BTEX completely within 48 h. GC-MS analysis revealed that the 

microorganism produces catechol and muconic acid during degradation indicating an ortho pathway of 
degradation. Enzyme assays were carried out to identify and characterize catechol 1, 2- dioxygenase (C12D). The 

optimal temperature and pH for the enzyme activity was identified as 35 C and 7.5, respectively. SDS-PAGE 
revealed the molecular weight of the enzyme to be approximately 35,000 Da. Zymography analysis indicated the 

presence of three isoforms of the enzyme. Hence Bacillus pumilus MVSV3 and the isolated C12D, proved to be 

efficient in degrading the toxic aromatic compounds.  
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INTRODUCTION  
 
Simple monoaromatic compounds benzene, toluene, ethylbenzene and isomers of 

xylenes, together are called as BTEX. These compounds are in the European 

priority lists and are found commonly as groundwater contaminant due to their 
extensive use in petroleum industry or as solvent

1
. They are toxic and produce 

significant health issues when exposed to concentrations higher than the EPA 

(Environment Protection Agency) maximum contaminant levels
2
. Though 

carcinogenic and harmful in nature, some organisms degrade these compounds into 
simpler and nontoxic substrates. It is because these compounds act as a source of 

carbon for the microorganism themselves, making the process more cost effective. 

Hence major research interest is now towards the biodegradation of BTEX using 
microorganism, as one among the concern is the contamination of drinking water 

sources by the water soluble and mobile petroleum components BTEX
3
. Many 

researches with microorganism on aromatic compounds have been tested for their 
degradation, but still search for a better microorganism continues.  It is because 

that affinity of bacteria towards a particular hydrocarbon will ensure a wide choice 

of degradation. In many research, it was determined that aerobic conditions permit 

a rapid and complete mineralization of hydrocarbons. The aromatic structure of 
BTEX makes them inert towards simple oxidation or reduction and so requires an 

elaborate degradation strategy. Oxic conditions provide O2 as a powerful means to 

oxidize and cleave the aromatic ring
4
. 

Catabolic pathways of volatile aromatic hydrocarbon degradation by 

microorganisms can vary in many chemical reactions. The end products produced 

are later incorporated in the metabolic pathways as sources of carbon and energy
5
. 

Metabolic pathway for BTEX degradation is carried out specifically by two 

enzymes: dioxygenases and monooxygenases. All pathways converge in the 

formation of catechol intermediates. Subsequently catechol is then mineralized by 

catechol 1, 2dioxygenase (via ortho cleavage pathway) or by catechol 2, 3 
dioxygenase (C23D) (via meta cleavage pathway). Finally, producing low 

molecular mass compounds such as aldehydes and pyruvate
6
. The ortho pathway of 

catechol degradation is also called as the β- ketoadipate pathway, and it has been 
studied in both gram negative and positive bacteria

7
. Although the importance of 

gram positive BTEX degrading bacteria is well known, only limited information is 

available about their detection in contaminated environment
8
. 

The present study reports the degradation of BTEX by an isolated bacteria Bacillus 
pumilus MVSV3 with the characterization of C12D isolated from the bacteria. GC-

MS were carried out to discuss the BTEX degradation pathway, which resulted in 

the production of catechol, muconic acid and other intermediates of ortho pathway. 

 

MATERIALS AND METHODS  
 

MICROORGANISM  

Petroleum contaminated soil sample was collected from Ennore, Tamilnadu. BTEX 

degrading bacterial strains were isolated from the soil sample by enriching the soil 
in MSM (Mineral Salt mineral) media containing (g/L): 1.0g KH2PO4, 1.25g 

Na2HPO4. 2 H2O, 0.5g (NH4)2SO4, 0.5g MgSO4. 7 H2O, 0.5g CaCl2. 2 H2O, 0.005g 

FeSO4. 7 H2O supplemented with BTEX. All the experimental contents were 
sterilized for 20 min at 121 °C and 15 lbs in an autoclave before inoculation. Pure 

cultures were obtained by serially diluting 1 mL culture 10
5
 times and spreading 

each 100 µL of aliquots on solid MSM (supplemented with BTEX)
9
. After 
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incubation for 48 h, prominent colonies grown on MSM were selected as BTEX 

degrading bacteria for further studies. The pure culture was acclimatized in MSM 
with BTEX as sole source of carbon for 4 weeks with several transfers of 

acclimatized bacteria from low BTEX concentration (10 mg/L) to high 

concentration (300 mg/L). The bacteria isolated were identified by morphological, 

biochemical and 16S rRNA gene sequence analysis. 

 

DEGRADATION STUDIES 

Inoculum from BTEX acclimatized cells were used in this study. Optimized 
conditions were determined by keeping all variables constant except one for which 

optimization value was to be determined. The optimized value for each variable 

(such as Temperature, pH, Inoculum and substrate concentration) was selected and 

kept constant for further studies. The degradation studies by Bacillus pumilus 
MVSV3 were carried out in MSM supplemented with BTEX (individually) as sole 

carbon source at constant pH 7, temperature 30 ºC, inoculum concentration 3% and 

substrate concentration 150 mg/L of benzene, toluene, ethylbenzene and o-xylene 
respectively. The degradation set up was kept at 150 rpm in the orbital shaker for 

48 h. Biomass concentration was determined by dry cell weight. 

 

ANALYSIS OF BTEX AND THEIR METABOLITES 

Optimized parameters were set and degradation studies were carried out. The 

samples to be analyzed were collected at regular interval. Centrifugation was 

carried out at 10000 rpm for 10 min. The supernatant was extracted thrice with the 
organic solvent hexane. The amount of BTEX present in the sample was then 

determined by HPLC (Shimaduzu, Japan) equipped with UV-Vis detector set at 

254 nm, C18 column (Phenomenex, USA). The mobile phase consisted of 
acetonitrile and water (75:25), respectively. The flow rate was maintained at 1 

mL/min. The degradation percentage was calculated as following: degrading 

efficiency = (Ci-Cf / Ci)×100; where, Ci - initial concentration of substrate, Cf - final 
concentration of substrate

10
. GC-MS analysis was carried out to determine the 

intermetabolites produced during biodegradation and the equipment used was 

JEOL GC MATE II (USA). The flow rate was preset to 1 mL/min. The oven 

temperature was varied from 50 to 250 ºC at 10 ºC/ min, equipped with mass 
analyzer (quadruple double focusing mass analyzer), the detector used was photon 

multiplier tube with front inlet temperature of 220 C. All metabolites were 
identified with authentic standard and NIST (National Institute of Standards and 

Technology) library data. 

 

ENZYME EXTRACTION AND PURIFICATION  

 Bacterial strain was grown in 150 mL MSM (Minimal Salts Medium 

supplemented with BTEX) till exponential phase of growth. The cell pellets 
obtained by centrifugation at 7000 rpm for 15 min were washed with 10 mM 

phosphate buffer (pH 7.0) and resuspended in the same buffer. Disruption of the 

cells was done using cold sonication for 30 s at 70 % amplitude, cellular debris 

were removed again by centrifugation at 4 C at 10000 rpm for 10 min.  The 

supernatant obtained was used as crude enzyme and was maintained at 4 C and 
used immediately. This crude was subjected to partial purification by dialysis and 
ammonium sulphate precipitation. Partial purification was carried out by dialysis 

with 0.1 M phosphate buffer (pH 8.0). Protein estimation was carried out using 

Lowry method using BSA (Bovine serum albumin) as standard
11

. 

 

ENZYME ASSAY 
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Enzyme activity was assayed spectrophotometrically using a Hitachi U-

2800spectrophotometer. The standard assay of enzyme activity was performed by 

making an assay mixture containing 5 µL of catechol 1, 2 dioxygenase, 20 µL of 
10 mM catechol as a substrate and final volume adjusted to 1 mL with 50 mM 

sodium phosphate buffer (pH 7.0). The enzyme activity was monitored by 

measuring the formation of cis, cis-muconic acid at 260 nm. One unit (U) of the 

enzyme activity was defined as the amount of the enzyme required to catalyze the 
formation of 1 μmol of product per min at 25 °C. Protein estimation was carried 

out using Lowry method using BSA as standard. 

 

DETERMINATION OF MOLECULAR WEIGHT  

The molecular weight of the enzyme C12D was determined by SDS-PAGE
12

. The 

analysis of molecular weight of partially purified enzyme was carried out by using 

different protein molecular weight markers
13

. 
 

CATECHOL ZYMOGRAPHY 

Catechol was added to standard Laemmli acrylamide polymerization mixture, at a 
final concentration of 3 %, under non-reducing conditions. Partially purified protein 

extract was mixed in the ratio 3:1 with substrate gel sample buffer. About 20-

30 mL of sample was loaded into Laemmli acrylamide stacking gel on a cast vertical 
mini gel. Gel was run at 15 mA and 20 mA during stacking and separating phase at 4 

°C. Following electrophoresis, the gel was soaked in 2.5 % Triton X-100 with 

gentle shaking for 30 min at room temperature. The gel was then rinsed and 

incubated overnight at 37 °C in Tris-HCl (0.05 M, pH 7.5). The sample lane was 
later subjected to activity staining with slight modifications

14
. In brief the stock 

solution of p-toluidine was prepared in N,N-dimethylformamide and store over a 

prolonged period at 5°C. The proteins resolved on the Catechol incorporated 
acrylamide gels were stained with 50 µg/ml of p-toluidine and were incubated at 

room temperature in a gel rocker till the Catechol in the gels were stained black
15

. 

 

pH AND TEMPERATURE OPTIMA OF C12D 

The effect of pH on the activity of enzyme was determined by assaying the enzyme 

activity at various pH (4.0  to 9.0 ) by using 0.5 M citrate phosphate buffer (for pH 

4.0  to 5.5) and 0.5 M sodium – phosphate buffer (for pH 6.0 to 8.5) and 0.5 M 
glycine –NaOH buffer (for pH 9.0). The effect of temperature on enzyme activity 

was assayed by varying the temperature between 15 C to 60 C. Activity was 
checked at different pH and temperature after 30 min of incubation

16
. 

 

FFECT OF METAL IONS 
Enzyme sample (1 mL) was incubated with 50 mM of sodium phosphate buffer 

having 1.0 mM and 10 mM concentration of different metal ions. The ions tested 

were Cu
2+

, Mn
2+

, Mg
2+

, NH4
+
 and Ag

+ 
at pH 7 and at 35 C. The residual enzyme 

activity was determined by standard enzyme assay
17

. Ions were not added to the 

control. The chemicals used were copper sulphate, manganese chloride, 
magnesium chloride, ammonium sulphate and silver nitrate. 

 

RESULTS AND DISCUSSION   
 

BTEX degrading Bacillus pumilus MVSV3 

A total of five strains MVSV3, MVSV4, MVSV5, MVSV6 and MVSV7 were 
isolated from petroleum contaminated soil near Ennore, Tamilnadu. The isolated 

samples were determined as Bacillus pumilus Sp MVSV3, Bacillus cereus Sp 
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MVSV4, Alcaligenes faecalis MVSV5, Ochrobactrum Sp MVSV6 and Alcaligenes 

faecalis MVSV7 by 16S rRNA gene sequence. These isolates have also been 
deposited in NCBI, under the following accession numbers - JN089707, JN089708, 

JN089709, JN089710 and JN089711, respectively. Initial Analysis revealed that 

the maximum degradation of all the four compounds were achieved with Bacillus 

pumilus MVSV3 than the other bacterial strains
9
.The bacterial isolate MVSV3 

formed unpigmented, irregular and wrinkled colonies on MSM supplemented with 

BTEX as sole source (Table 1). The isolated bacterial cells were gram positive, 

motile and aerobic rods. The nearly complete 988-bp-long16S rRNA gene 
sequence of the isolate MVSV3 was found to be 99% identical to that of Bacillus 

pumilus strain MW-1 (HM027879.1). After pairwise alignment of the sequences of 

16S rRNA of the isolate and the EMBL database sequences, the sequences which 

gave the highest scores with Bacillus pumilus MVSV3 were retrieved to construct 
the phylogenetic tree by neighbor-joining analysis method (Figure 1). 

   
Table 1: Characteristics of bacterial isolate MVSV3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters analysis MVSV3 

Cell morphology Irregular, opaque, 

unpigmented, rod shaped 

Grams Staining Gram positive, aerobic 
Methyl Red test − 

Voges Proskauer test + 

Citrate test + 

Indole test + 
Glucuronidase test − 

Nitrate reduction test + 

Lysine decarboxylase test + 
Lactose test − 

Glucose test + 

Sorbital test − 
Sucrose test + 

Orinithine decarboxylase 

test 
+ 

Urease production test − 
Phenylalanine 

deamination  
− 

H2S production test − 
Arabinose test − 

Oxidase test − 
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Figure 1. Phylogenetic tree of Bacillus pumilus MVSV3 

 

Degradation of BTEX by isolate MVSV3 

Bacillus pumilus MVSV3 degraded all the four mono aromatic compounds 
completely at optimized conditions. It could also degrade other substrates like 

phenanthrene, phenol and catechol. Isolate MVSV3 completely degraded 150 mg/L 

concentration of benzene, toluene, ethylbenzene and o-xylene. Growth inhibition 
and lesser degradation occurred at higher concentration and no degradation and no 

growth was seen at the concentration of 500 mg/L. The optimized conditions for 

maximum degradation of BTEX were found to be at pH 7.0, temperature 30 ºC and 

at 3% inoculum. A lag phase of 12 h was observed during the degradation studies 
and complete degradation of BTEX (Individually) occurred within 48 h (Figure 

2A-2D). 

The degradation rates were estimated as the ratio of BTEX removed to the 
corresponding time after the lag period. Biodegradation rates of benzene, toluene, 

ethylbenzene and o-xylene by Bacillus pumilus MVSV3 were determined to be 

1.77, 2.1, 1.85 and 1.70 mg/Lh, respectively. Benzene and o-xylene showed higher 
resistance to degradation when compared to toluene and ethylbenzene that 

degraded rapidly. These findings were similar to the study of Goudar and Strevett
18

 

who degraded BTEX using a respirometry.  In this study biodegradation rate 

increased in the order of B<X<E<T, this finding slightly varied from You et al
19

 
who showed degradation by Psuedomonas putida YNS1 increased in the order of 

X<B<E<T and stated that this difference may be due to strains that can degrade 

BTEX in different pathway. Maximum growth yield of the isolate MVSV3 was 
found to be 2.6 g/L. The initial pH (7.0) decreased during the experiment and was 

found to be in the range of 6.2 to 5.9 pH for the four substrates. The GC-MS 

analysis of biodegradation samples detected the presence of catechol (109.82 m/z) 

muconic acid (142.85 m/z) (Figure 3A-3B) and many other inter metabolites as 
listed in Table 2. 
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Figure 2. Biodegradation and Growth of Bacillus pumilus MVSV3 on A) benzene B) toluene C) ethylbenzene and 

D) xylene, at pH 7, temperature 30 C, inocula 3%, substrate concentration 150 mg/L. 
 

 
Figure 3. A) Mass spectrum of catechol (m/z identification – 109.82) and B) Mass spectrum of muconic acid (m/z 

identification – 142.85). 
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Table 2. Compounds identified during GC-MS during BTEX degradation 

 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

BTEX degradation intermetabolites 

Degradation of BTEX will occur only when the microorganism has the ability to 
uptake these aromatic compounds as sole carbon source for growth. However, it is 

not easy, as benzene forms the basic structure for the other BTEX compounds. 

Benzene has six carbon – carbon bond and the electron density is evenly 

distributed above and below the ring. This is called as delocalization. For any 
organism to degrade BTEX, it must first convert the inert aromatic structure by 

simple oxidation or reduction. BTEX is initially attacked by O2 by oxygenases, 

which produces catechol. This may occur via either ortho or meta pathway, by 
C12D or by C23D, respectively. In this present study, C12D enzyme is predicted to 

carry out the ortho ring cleavage pathway. The suggested catabolic pathway of 

Bacillus pumilus MSV3 in the degradation of BTEX is shown in Figure 4. The 
major transformation involved in BTEX degradation is formation of catechol by 

ring activation followed by ring cleavage. Bacillus pumilus MVSV3 being an 

aerobic bacteria, the oxic environment provides O2 to oxidize and cleave the 

aromatic ring. This requires C12D to activate oxygen and rearrange it such that it 
produces catechol after rearrangement. These are called as central intermediates 

which get activated for ring cleavage. During Benzene degradation, the enzyme 

initially provides an O2 molecule; oxidation is carried out due to which benzene 
dihydradiol is formed, which is highly unstable. This then rearranges itself to form 

catechol. Carboxylation takes place in the next step, adjacent hydrogen gets 

cleaved and shifting of electrons occurs. Addition of O2 molecule in the 2
nd

 position 
further give rise to muconic acid. Dissociation of molecules leads to formation of 

succinic acid and acetic acid.  

Identified 

Compound (Mass 
number, Elemental 

structure) 

Chemical 
Structure 

Obtained m/z & 
Retention Time 

Muconic acid 

(142.11,C6H6O4  )  
141.23, 13.63 

Acetophenone 

(120.15,C8H8O) 
 

120.77, 13.60 

Catechol 
(110.1,C6H6O2)  

109.82,17.65 

Benzyl alcohol 

(108.14,  C7H8O) 
 

109.11, 12.18 

Benzaldehyde 
(106.12, C7H6O) 

 

106.21, 21.73 

Propionate       

(88.11, C4H8O2) 
 

88.85, 25.47 

Acetic acid 

(60.05,C2H4O2)  

60.67 

1 – Propanol     

(60.10, C3H8O)  
58.71 
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Figure 4. Proposed catabolic pathway for BTEX degradation by Bacillus pumilus MVSV3. 
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Toluene degradation also begins with insertion of O2 molecule to form benzyl 

alcohol. Further attack by dioxygenase leads to the formation of benzoic acid 

which then decarboxylates to form catechol. Aromatic ring cleavage occurs to form 
muconic acid and succinate. Ethylbenzene can be degraded by many aerobic 

bacteria. Degradation starts with oxygenase reaction, either with alkyl group 

oxidation or with ring oxidation. Here Bacillus pumilus MVSV3 initiated the 

degradation by alkyl group oxidation which resulted in the formation of 
phenylethanol. Similar results were observed in Rhodococcus rhodochrous 

NRRLB-2153 by Hou et al.
20

. Further oxidation transformed it to acetophenone 

before forming the central intermetabolites catechol. It was sequentially oxidized 
into muconic acid along with propionate. Usually it is considered that xylene 

degrading bacteria are more prominent in soil, isolate MVSV3 being a soil 

microorganism, it efficiently degrades xylene into nontoxic end products. The 

metabolic route started with demethylation and addition of hydroxl group of o-
xylene forming 4-methyl catechol. Carboxylation of the ring structure results in the 

formation of muconic acid and 1, propanol. In this study, the proposed pathway is 

assumed to undergo many other cycles of reactions to produce CO2 and H2O. The 
production of intermetabolites such as acetic acid, succinate, propionate and 1- 

propanol from BTEX respectively were in agreement with Martin et al.
21

 who had 

also reported that these intermetabolites are further metabolized to smaller 
intermediates. Overall BTEX degradation and transformation of it to catechol have 

been based on reactions that are catalyzed by C12D.  

 

Purification of the enzyme 
Partial purification of the enzyme was carried out using ammonium precipitation 

and dialysis method. The specific activity of C12D and growth of the 

microorganism was observed during cultivation on BTEX supplemented media for 
48 h (Figure 5). A maximum biomass of 2.82 g/L and a maximum specific activity 

of 41 U/mg was achieved when BTEX was used as a sole carbon source. 
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Figure 5. Production of C12D of Bacillus pumilus MVSV3on MSM (supplemented with BTEX and SDS). The 

bacterium was incubated at 30 C with shaking. At appropriate intervals, cell growth (Triangles) and enzyme 
activity (Circles) were assayed. 

 

Effect of pH on enzyme activity 

Enzyme activity was tested on different pH. The highest relative activity of C12D 

was obtained in the phosphate buffer at the pH 7.5 (Figure 6A). This finding was 
similar to the enzyme isolated by Kou and Li

22
 who reported the C12D isolated 

from Pseudomonas putida 84103 to exhibit highest activity at the optimum pH 7.5-

8.0. Also, on the other hand, C12D isolated from Psuedomonas putida strain N6 
showed highest activity at pH 7.4

23
. The enzyme isolated from Bacillus pumilus 

lost about 90% of its enzyme activity at pH below 5.0 and 80% was lost at pH 9.0.  

This proved that the enzyme was sensitive to different pH of the solution. Silva et 

al.
17

 have identified C12D from Gordonia polyisoprenivorans which showed 
maximum activity of the enzyme at pH 7.0 and pH 8.0 at cell free and immobilized 

state of the enzyme.  
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Figure 6. Effect of different pH (A) and different Temperature (B) on C12D (* =P value <0.05). 

 

Effect of Temperature on enzyme activity 
Experiments were carried out at different temperature to determine the optimum 

temperature for the enzyme activity (Figure 6B). The highest relative activity of the 

enzyme was obtained at 35 C. Interestingly the enzyme lost 73% of activity at 15 

C and 28 % at 40 C. The activity of the enzyme rapidly decreased after 50-60 C 
24

. Similar findings were discussed by Tsai & Li 
16

 who stated that C12D from 

candida albicans TL 3 were stable when it was kept at a temperature below 40 C.  

 

Effect of metal ions on enzyme activity 

The enzyme activity was differently affected at different metal ion concentrations. 

Complete inhibition of the enzyme C12D was seen in the presence of Cu
2+

 and Ag
+ 

ions (Figure 7). Even the minimum concentration of 1.0 mM was found to be 
highly toxic to the activity of the enzyme. Highest relative activity was shown in 

the presence of Mn
2+

ions. At 1.0 mM concentration of Mn
2+

, Mg
2+

 and  NH4
+, 

relative activity of 95, 82 and 70 % were observed. Similar results were found by 
Matsumura et al.

13
, in the aniline assimilating bacterium Rhodococcus sp. Hg

2+
and 

Ag
+
 showed inhibition of the C12D enzyme of Rhodococcus sp. whereas other 

metal ions did not show any evident effect on enzyme activity.  
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Figure 7. Effect of metal ions on C12D with 1 mM and 10 mM concentrations. 

 

Molecular properties of C12D 

A basic step protocol was used to partially purify C12D. The molecular weight was 

estimated to be approximately 35 KDa from the relative mobility on a denaturing 
SDS-PAGE (Figure8). Emmanuel  et al.

7
 had also discussed that mostly C12D 

occurs as a homodimer with the subunit molecular weight of 30-34 kDa. A subunit 

molecular weight of 34,500 was estimated from SDS- PAGE by Chen et al.
25

 from 
Rhizobium leguminosarum biovar viceae USDA 2370. Zymography analysis 

revealed three bands in lane 2 (Figure 9). This indicated the presence of isoforms 

of C12D
14

. Dorn and Knackmuss
26

 also identified two C12D pyrocatechase I and II 

in Pseudomonas sp B13 when grown on 3-chlrobenzoate. Isoforms of C12D from 
16 bacterial isolates obtained from soil and grown on aniline as a sole source of C 

and N have been reported by Murakami et al.
27

 in 1991. A multiform enzyme has 

the ability to select distinctly and also play different physiological roles or 
regulation that allows fine-tuning of cell metabolism

28
. Multiple forms of enzymes 

increase the capabilities of the organism to adapt and cope with a wide range of 

environmental change. It also offers a physiological advantage to the producing 
organism

29
.Hence the observation of three bands during Zymography suggested 

that Bacillus pumilus MVSV3 might synthesis isoforms of C12D when 

metabolizing BTEX. Further study of these isoforms needs to be investigated.  
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The presence of C12D in four Bacillus sp., isolated from soil, namely   Bacillus 

pumilus (TN42), Bacillus megaterium (TN41), Bacillus cereus (PS1) and Bacillus 

simplex (PS11) were detected with the C12D enzyme activity during the 
degradation of phenol, toluene, biphenyl, naphthalene and other aromatic 

compounds
30

.Similarly guaiacol glyceryl ether degradation by Bacillus subtilis was 

also carried out by C12D via ortho cleavage pathway
31

. 

 

 
Figure 8. SDS-PAGE of C12D:  Marker (L-1) size of markers are at the left, crude sample (Grown in BTEX 

supplemented MSM) (L-2), crude sample (Grown in nutrient broth) (L-3). 
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Figure 9. Zymogram of the enzyme C12D (L-1- empty, L-2- crude sample) 

 

CONCLUSION 

 
BTEX compounds mineralize under both aerobic and anaerobic conditions. Use of 

microorganism is considered to be the best suitable way for the clean up of BTEX 
contaminants from gasoline contaminated soil and water

1
. Use of bacteria and its 

enzyme to degrade BTEX also helps in overcoming the difficulties and constrains 
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with other conventional chemical methods
32

. In this present study the isolated 

bacterial strain Bacillus pumilus MVSV3 was evaluated for its potential to degrade 

150 mg/L of BTEX (individually) in batch reaction setup. Higher concentrations of 
BTEX inhibited both growth and degradation of the organism and compound 

respectively. Since BTEX were structurally similar, much difference in growth 

pattern or degradation rates was not so different. The metabolic pathway involved 

in B, T, E and X degradation were different
33

.The GC-MS analysis identified some 
of the intermediates which were useful for the prediction of the pathway followed 

by Bacillus pumilus MVSV3. In accordance with the data obtained, benzene and o-

xylene were less preferred than toluene, this was in good agreement with that of 
Shim et al.

34
 who degraded BTEX with a cocultutre of Pseudomonas putida and 

Pseudomonas flurescens. They had also achieved 0.88, 3.61, 0.29 and 0.80 mg/Lh 

of biodegradation rate for free cells on B(135mg/L), T(542 mg/L), E(186 mg/L) 

and X (212 mg/L),  respectively. Whereas Alvarez and Vogel
35

 reported that 
benzene, ethylbenzene and catechol were not degraded even till four months by 

indigenous microorganism under nitrate reducing conditions. Similar reports were 

reported for BTEX at 70 mg/L, where over all percentage degradation after 20 days 
was in the range of 90-100 % for all except benzene that was degraded only to 7 % 
36

. 

Catechols are formed during biodegradation of a variety of aromatic compounds by 
aerobic microorganisms

16
. C12D found in Psuedomonas sp. was the first enzyme 

proved to be a dioxygenase that catalyses the conversion of catechol to cis-cis 

muconic acid
37

. Under aerobic conditions BTEX compounds are initiated for ring 

cleavage by the introduction of hydroxyl groups that are initially catalyzed by 
oxygenases, hence it typically proceeds through catechol intermediates

38
. Aromatic 

compounds undergo degradation through oxygenetic ring fission by C12D (EC 

1.13.11.1). It catalyzes the intradiol cleavage of the aromatic ring at 1,2 (ortho) 
position of catechol that leads to production of cis-cis muconic acid. In this study 

of enzymatic activity, ortho pathway for degradation of BTEX were identified and 

the activity of the enzyme C12D was quantified. The environmental conditions that 
affect the activity of C12D from Bacillus pumilus were determined in cell free 

extract. According to the results obtained, pH affected the activity of the enzyme so 

did the temperature and metal ions. In our findings the SDS PAGE releaved a band 

at 35 kDa. Similarly the subunit molecular weight of C12D was estimated to be 
31,558 and 34,500 Da from Rhodochrous NCIMB 13259 

39
 and Stenotrophomonas 

maltophilia strain KB2
40

, receptively. Three bands were observed in Zymography 

which were in agreement with the findings of three isoenzymes of C12D that have 
been reported from Pseudomonas arvilla C-1, which were formed by the 

combination of two nonidentical subunits
41

. Since only the presence of the 

isoforms were studied, further studies on their kinetic properties and cellular 

distributions have to be investigated to make clear the physiological significance of 
these isoforms. In conclusion C12D, from Bacillus pumilus MVSV3 could serve as 

a better tool in degrading BTEX to catechol and production of muconic acid. The 

wide spectrum of the enzyme over temperature and pH range and on different 
metal ions may be further used for efficient degradation of BTEX.  
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