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Abstract: Five bacterial isolates were isolated from soils polluted with petroleum waste deposition from Cairo
Oil Refining Company, Al-Qalyubia, Egypt. These isolates were grown on five concentrations (20, 100, 500,
1000, 2000µM) of 3-chlorobenzoic acid (3-CBA) as a sole carbon and energy source. The abilities of these
isolates to degrade this chloroaromatic compounds have been investigated. The growth (O.D), the extracellular
protein secretion and release of Cl  were determined after 1, 2, 3,4,5,6,7,15 and 21 days incubation for each-

concentration and strain. Degradation of 3-CBA was quantified by high performance liquid chromatography
(HPLC). The results revealed that all isolates were able to degrade 100% of 20µM of 3-CBA. Isolate MAM-3,
MAM-29 and E. cloaceae MAM-4 degrade 100% of 100 and 500µM of 3-CBA. Isolate MAM-3 and E. cloaceae
MAM-4 showed remarkable decrease in 3-CBA degradation at higher concentrations. That isolate MAM-24
could removed a detectable amount of 3-CBA at high concentration than any of the other isolates did However,
the qualitative determination of the degradation of 3-CBA by the parent strain MAM-24 and its mutant MAM-
24(9) which exposed to 4 kGy was determined after 24 and 48 hours by GC/MS. The results revealed that
Bacillus mucilaginosus MAM-24 dechlorinated the chloroaromatic compound (3-chlorobenzoic acid) firstly
to give benzoic acid. Benzoic acid may be reduced to give four intermediates (acetophenone, phenol,
benzomethanol and/or benzeneethanol). The intermediates, phenol and benzomethanol were found after 24 and
48 hours in case of B. mucilaginosus MAM-24 and after 24 hours only in case of mutant MAM-24(9).

Key words: 3-chlorobenzoic  acid   Bacterial  isolates   Degradation  Gamma radiation induced mutant
 Pathway.

INTRODUCTION priority environmental pollutant listed by US

Soil contamination by petroleum products is wide mainly as intermediates in the synthesis of pesticides,
spread  problem,  with  many  hotspots  of pollution dyes, pharmaceuticals, disinfectants, rubbers, plastics and
arising  from  individual  spills  [1].  Cleanup sagfl; of electric goods [6-8]. Chlorobenzenes are released directly
these contaminated sites is an important goal and to the environment due to its use as a pesticide carrier [8]
bioremediation is a low input and cheap approach to and with 12 possible isomers are common and widespread
remove hydrocarbons [2]. The effects of simulated crude environmental pollutants with reports of  contamination
oil contamination on microbial biomass, its activity and in costal marine sediments, freshwater lake sediments,
capacity to degrade crude oil hydrocarbons were sewage sludge, wastewater, ground water, rivers,
examined in different soil types under crop managements estuaries and soils [9-11]. Many groups worked on
[3]. Since microorganisms have evolved an enormous enrichment  and  isolation of bacterial strains from
catabolic potential for numerous natural and synthetic polluted environment with the hope that natural selection
compounds they were considered infallible. In addition, had done some of the pathway assembly [12]. Bacteria
their evolutionary potential and genetic flexibility should that are able to use chloroaromatic compounds as sole
allow the degradation of new catabolic traits for carbon and energy source have been isolated from
xenobiotic compounds [4, 5]. Chlorobenzenes (CBs) are a polluted environments and are described as members of

Environmental Protection Agency (USEPA) and are used
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the genera Alcaligenes, Pseudomonas, Burkholderia, The pellets were washed twice by sterilized BSM. Washed
Xanthobacter and the species Acidovorax avenae and
Rhodococcus phenolicus [13-24]. So, the aim of this study
was to investigate the ability of five bacterial strains
isolated from petroleum polluted soils to degrade the
chloroaromatic compound (3-chlorobenzoic acid (3-CBA)
since this compound constitute a main part of petroleum
oil components.

MATERIALS AND METHODS

Bacterial Strains: Five bacterial isolates (MAM-24, -27,
-29, -33 and -3) were isolated from deposits of petroleum
oil on soils which are either chronic or recent from Cairo
Oil Refining Company, Al-Qalyubia, Egypt. Bacterial
isolate MAM-24 isolated from agricultural region around
the company and having a history of pesticide exposure.
Enterobacter cloaceae MAM-4 was isolated and
identified from waste-water contaminated by heavy metals
and provided by Dr. Abo-State, National Center for
Radiation Research and Technology (NCRRT), Nasr City,
Cairo, Egypt. 

Culture Medium: The composition of basal salt medium
(BSM) was (g/L): (NH ) SO  1.1, K HPO  2.2, KH PO  0.9,4 2 4 2 4 2 4

MgSO .7H O 0.1, MnSO .6H O 0.025, FeSO .7H O 0.005,4 2 4 2 4 2

L-ascorbic acid 0.005, deionized water 1000 ml. For use,
the following supplements were added to 1 liter of the
cooled basal medium: 1 ml of trace elements and 0.1 ml of
vitamin solution. Trace element (mg/L): H BO  0.3, CoSO3 3 4

0.4, ZnSO .7H O 0.1, MnCl .4H O 0.03, NaMoO .2H O4 2 2 2 4 2

0.03, NiSO .6H O0.02, CuSO .5H O 0.01, HCl 50 ml,4 2 4 2

deionized water 950 ml. Vitamin solution (mg/L): Biotine
2.0, Folic acid 2.0,Pyridoxal hydrochloride 10.0,
Riboflavine 5.0, Thiamine 5.0, Nicotonic acid 5.0, Ca-
Panthothenate 5.0, Cyanocobalamine 5.0, P-aminobenzoic
acid 5.0, Deionized water 1000 ml [25]. The medium was
sterilized by autoclaving at 121°C for 20 min. for use 1 ml
of trace element plus 0.1 ml vitamin solution was added to
every 1 liter of sterilized cooled basal medium. The Luria
broth medium (L.B.) composed of the following (g/L):
Tryptone 10.0, Yeast extract 5.0, NaCl 5.0, distilled water
1000 ml. The pH was adjusted to 7.1 + 0.2 before
sterilization [26].

Preparation of Bacterial Inoculum for Biodegradation
Studies: The five most potent isolates and E. cloaceae
MAM-4 were grown on L. B broth medium for 48 hours in
shaking incubator (150 rpm) at 37°C. The well grown
cultures were  centrifuged  at  8000  rpm  for   10   minutes.

pellets were suspended in BSM and used for inoculation.

Biodegradation   of   Chloroaromatic   Compounds:
Fifteen ml of each of the six selected isolated bacterial
strains was used to inoculate 150ml BSM, which was free
from any chloride ions. The BSM was amended by five
concentrations (20, 100, 500µM, 1 and 2mM) of 3-
chlorobenzoic acid (3-CBA) product of Aldrich, Germany.
Three replicates were used for each treatment. Inoculated
BSM were incubated in the dark on shaker (150 rpm) at
30°C for 0, 1, 2, 3, 4, 5, 6, 7, 15 and 21 days [27]. Growth
was determined by measuring optical density (O.D.) at 600
nm using spectrophotometer (LW-V-200-RS UV/VIS,
Germany). Extracellular protein was determined according
to Lowry et al. [28] at 720 nm spectrophotometrically.
Chloride ion was determined according to Bergmann and
Sanik [29] by spectrophotometer at 480 nm.

Analytical Methods
High  Performance Liquid Chromatography (HPLC):The
quantitative determination of various chloroaromatic
compounds was performed using High-Performance
Chromatography (HPLC) in Egyptian Petroleum Research
Institute- Cairo-Egypt. The various chloroaromatic
compounds were quantified by (HPLC pump No. 2360,
gradient programmer No. 2360 and detector No. UA-5 with
a 280nm fitter [Isco, Inc.]; integrator No. SP4600 [Spectra-
Physics]; and HPLC auto sampler No. 738 [Alcott
Chromatography] with the 150 mm reversed phase column
hypersil ODS-C18, 5µm, [Altech; No. 9876]). The mobile
phase consisted of methanol, water and 0.5% acetic. The
methanol/water ratio varied from 70:30 to 5:95 [30].

Gas  Chromatographic/Mass Spectrometry (GC/MS):
The qualitative and quantitative determination of various
chloroaromatic compounds was performed using Gas
Chromatographic/Mass Spectrometry (GC/MS) in Central
Water Quality Laboratory- Holding Company for Water
and Waste-Water, Cairo, Egypt. The GC is a 3800 Varian
USA, EI-ITS 1200L Varian USA (Electron Impact Ion
Source, Quadrupole MS and EMD Detector). The capillary
column was a VF-5-MS capillary (30m x 0.25mm i.d. 0.25µm
film thickness). Helium 5.0 was used as carrier gas for the
system (75Psi, 1ml/min). The chromatographic temperature
programme for GC-MS was: start (t = 0) at 60°C followed
by a 10°C min  increase to 160°C and 4-250°C maintaining-1

this final temperature for 10 min. Temperature of the
injector     was     set     to     250°C,   transfer   line:  270°C.
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The  injection  volume  was  1µl   in   the   splitless  mode.
A measured volume of sample, approximately 1liter, is
serially extracted with methylene dichloride at a pH greater
than 11 and again at a pH less than 2 using a seperatory
funnel or a continuous extractor. The methylene
dichloride extract is dried, concentrated to a volume of 1ml
and analyzed by GC/MS. Qualitative identification of the
parameters in the extract is performed using the retention
time and the relative abundance of three characteristic
masses (m/z). Quantitative analysis is performed using
internal standard techniques with a single characteristic
m/z [31]. Fig. 2: Concentration of extracellular protein of isolate

RESULTS AND DISCUSSION 3-chlorobenzoic acid (3-CBA).

Growth of isolate MAM-24, on 20µM 3-CBA shown
slight  increase  after 1 and 2 days but the growth began
to decrease as the incubation period increase. At 100µM
3-CBA, growth was increased till the fourth day of
incubation and then began to decrease. Growth on
(500µM, 1mM and 2mM) 3-CBA continue the increase till
7 days and then decreased. Also, after 7, 15, 21 days
incubation period, as the concentration of the compound
increased, the growth increased, that is mean the growth
was concentration  dependent  as  indicated  in  Fig. 1.
For extracellular protein, as the incubation period
increased, the extracellular protein decreased, as indicated Fig. 3: Concentration of Cl  of isolate MAM-24 on
in Fig. 2. Also, chloride ion (Cl ), as the incubation period different concentrations of 3-chlorobenzoic acid-

increased, Cl  decreased. But after 7 days incubation, as (3-CBA).-

the concentration of 3-CBA increased, Cl  concentration-

increased and this mean that Cl  concentration is-

dependent as in Fig. 3. Growth for isolate MAM-27 on the
five different concentration of 3-CBA showed that growth
was increased after 1 day incubation and began to
decrease as the incubation increased as in Fig. 4. 

Fig. 1: Growth of isolate MAM-24 on different increased after 1 day in all concentrations of 3-CBA and
concentrations of 3-chlorobenzoic acid (3-CBA). decreased    after  that  the  incubation  period  increased.

MAM-24 on different concentrations of

Fig. 4: Growth of isolate MAM-27 on different
concentrations of 3-chlorobenzoic acid (3-CBA).

Extracellular protein as shown in Fig. 5 revealed that, as
the incubation period increased, the secreted protein
decreased. For chloride ion the concentration of Cl-
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Fig. 5: Concentration of extracellular protein of isolate 3-chlorobenzoic acid (3-CBA).
MAM-27 on different concentrations of
3-chlorobenzoic acid (3-CBA).

Fig. 6: Concentration of Cl  of isolate MAM-27 on
different concentrations of 3-chlorobenzoic acid
(3-CBA).

Fig. 7: Growth of isolate MAM-29 on different increase in Cl  concentration till the third day and then
concentrations of 3-chlorobenzoic acid (3-CBA). began  to  decrease as the incubation period  increased  as

Fig. 8: Concentration  of  extracellular  protein of
isolate MAM-29 on different concentrations of

Fig. 9: Concentration of Cl–of isolate MAM-29 on
different concentrations of 3-chlorobenzoic acid
(3-CBA).

Fig. 10: Growth of isolate MAM-33 on different
concentrations of 3-chlorobenzoic acid (3-CBA).

The highest concentration (2mM of 3-CBA) showed an
-
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in Fig. 6. This to some extent means that Cl  concentration While the other concentrations showed a decrease in Cl-

is compound concentration dependent. concentration as the incubation period increased as in
In case of isolate MAM-29, all the five Fig. 15. Growth of the Gram-negative E. cloaceae MAM-4

concentrations, the growth increased after 1 day on 20µM of 3-CBA increased at first and second days and
incubation period and began to decrease as the began to decrease as the incubation period increased. At
incubation    period   increased    as    shown    in   Fig.  7. 100µM of 3-CBA the increase in growth continue to the
Extracellular protein as indicated in Fig. 8 showed that in fifth day. When the concentration of 3-CBA reached
all concentrations as the incubation period increased, the 500µM, an increase in growth was found till the fifth day
secreted protein decreased. For chloride ion, at 20 and and sudden increase had been reported for the rest of the
100µM of 3-CBA the Cl  concentrations decreased as the incubation period. A similar trend had been recorded in -

incubation period increased from the beginning as shown
in Fig. 9. At 500µM of 3-CBA, Cl concentration increased-

till 1 day incubation and began to decrease. However, at
the higher concentrations (1,2mM of 3-CBA), the increase
of Cl  concentration was found till the fifth day of-

incubation and began to decrease. Isolate MAM-33
showed decrease in growth, extracellular protein and
chloride ion concentrations as the incubation period
increased  in all the five concentrations of 3-CBA as in
Fig. 10, 11 and 12. Isolate MAM-3, the Gram-negative
isolate, showed a slight increase after 1 day incubation Fig. 12: Concentration of Cl  of isolate MAM-33 on
and began to decrease as incubation period increase at different concentrations of 3-chlorobenzoic acid
the first three concentrations of 3-CBA. At the higher (3-CBA).
concentration the growth decreased from the beginning
of the incubation period and increased suddenly at 7 and
15 days at concentration 2mM of  3-CBA  as  shown  in
Fig. 13. This behavior may be attributed to high
concentration of the chlorinated compound which leads
to prolonged lag phase for this isolate to be adapted. 

In general, secreted protein was decreased as the
incubation period increased as indicated in Fig. 14.
Chloride ion showed an increase in Cl  concentration after-

1 day incubation and then decreased for 100µM 3-CBA.

Fig. 11: Concentration of extracellular protein of isolate Fig. 14: Concentration of extracellular protein of isolate
MAM-33 on different concentrations of MAM-3 on different concentrations of
3-chlorobenzoic acid (3-CBA). 3-chlorobenzoic acid (3-CBA).

-

Fig. 13: Growth of isolate MAM-3 on different
concentrations of 3-chlorobenzoic acid (3-CBA).
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Fig. 15: Concentration of Cl  of isolate MAM-3 on
different concentrations of 3-chlorobenzoic acid Fig. 18: Concentration of Cl  of E. cloaceae MAM-4 on
(3-CBA). different concentrations of 3-chlorobenzoic acid

Fig. 16: Growth of E. cloaceae MAM-4 on different 170 minutes. Growth of this strain (AC858) with 3-CBA in
concentrations of 3-chlorobenzoic acid (3-CBA). minimal medium increased during the first 48 hours and

Fig. 17: Concentration   of      extracellular protein    of maximum cell densities. Growth on 2,4-dichlorobenzoic
E. cloaceae MAM-4 on different concentrations acid (2,4-DCBA) as a sole carbon source was very
of 3-chlorobenzoic acid (3-CBA). inefficient, inoculated culture took on the average, four

case of 1mM of 3-CBA. As the concentration increased was common [34,35]. The concentration of chloride in the
more to be 2mM of 3-CBA, the growth increased till the medium corresponded  always  to  the amount of
second day and began to decrease along the rest period substrate utilized  throughout  the  entire  course of
of incubation as shown in Fig. 16. From the previous growth [36]. The release of chloride as a function of
results, it is clear that Gram-negative bacterial strains growth of strain AC858 with 3-CBA as a sole carbon
affected with increase in concentration and need a source can be seen from  the  results.  At the end of the
prolonged lag phase to grow at the suitable log phase (48 h), about 80% of the 3-CBA chloride was
concentration. released  as  inorganic   chloride   into   the   medium  [32].

(3-CBA).

Extracellular protein decrease for all the
concentrations of 3-CBA as the incubation period
increased as in Fig. 17. Chloride ions decreased as the
incubation period increased except concentrations 100µM
and 500µM where Cl  concentrations increased at the first-

day and then decreased as the incubation period
increased as shown in Fig. 18. Growth of Pseudomonas
putida strain isolated from sewage that can utilize 3- CBA
as the sole source of carbon with a doubling time of about

gave positive folin test and during the exponential phase
of growth, a positive Evans test [32]. Pseudomonas sp.
A18 had a shorter lag phase and higher specific growth
rate than Pseudomonas sp. B3. Thus 2, 5-dichlorobenzene
(2, 5-DCB) was degraded in 18h, compared with 30h for
the disappearance of 3-CB utilized by Pseudomonas sp.
B3. The growth was increased in OD from 0.00 to 0.4 at
600 nm [33]. 

Bacterial growth on halogenated aromatics as sole
energy and carbon source is often suboptimal, showing
slow growth rate, long adaptation lag period and low

days to reach 0.2 O.D. and appearance of cell aggregates
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Table 1: Growth of the parent strain (B. mucilaginosus MAM-24) and its

mutants exposed to different doses of gamma radiation on different

chloroaromatic compounds.

3-Chlorobenzoic acid

--------------------------------------------

Mutant No. Dose (Kgy) After 7 days After 7 days

Parent strain 0 0.278 0.278

1 1 0.304 0.304

2 1 0.271 0.271

3 1 0.300 0.300

4 1 0.311 0.311

5 2 0.326 0.326

6 2 0.264 0.264

7 2 0.262 0.262

8 2 0.216 0.216

9 4 0.302 0.302

10 4 0.237 0.237

11 4 0.276 0.276

12 6 0.294 0.294

13 6 0.255 0.255

14 6 0.269 0.269

15 6 0.280 0.280

16 8 0.269 0.269

17 8 0.292 0.292

18 8 0.370 0.370

19 10 0.294 0.294

20 10 0.277 0.277

21 10 0.231 0.231

22 10 0.321 0.321

23 15 0.262 0.262

24 15 0.307 0.307

25 15 0.291 0.291

Chloride release was stoichiometric and mirrored the
disappearance of substrate in the medium [33]. The
relatively low value of chloride released in 2-CBA grown
cultures may be described to insolublization of the
reaction product or differences in the substrate-
uptake/chloride release rates. A culture of P. aeruginosa
142 growing on minimal media (MM) supplemented with
2mM 2-CBA needs approximately 20h to reach a chloride
concentration of 1mM in the medium [34]. Townsend et
al. [35] found that after a lengthy lag period, 3-
chlorobenzoates (3-CB ) was degraded in the presence ofZ

sulphate. Chlorine removal from 2, 5- or 3, 5-
dichlorobenzoates and the transient appearance of
benzoate from 3CB  confirmed that the reductiveZ

dehalogenation was the initial fate process for this
substrate.

Fig. 19: Degradation percentage of 3-chlorobenzoic acid
(3-CBA) after 21 days by HPLC.

Chlorobenzenes are substrates not easily metabolized
by existing bacteria in the environment. Specific strains
however, have been isolated from polluted environment
or in laboratory selection procedures that use
chlorobenzenes as their sole carbon and energy source
[12]. The chosen bacterial isolate MAM-24 which
identified previously as Bacillus mucilaginosus
HQ013329 was exposed to different doses of gamma
radiation. The change in morphological characters of the
irradiated MAM-24 was picked up as probable mutant and
inoculated in BSM supplemented with different
concentration of 3-CBA and the growth was recorded at
the initial time (zero) and after 7 days incubation as
indicated in Table 1. The chosen mutant No. "9" which
exposed to 4.0 kGy of gamma radiation was used for
further investigation. This mutant was used with the
parent strain MAM-24 to study their abilities to degrade
3-CBA and determined their intermediates. The
percentage of 3-CBA degradation by the different isolates
had been indicated in Fig. 19. The results revealed that all
isolates were able to degrade 100% of 20µM of 3-CBA.
Isolate MAM-3, MAM-29 and E. cloaceae MAM-4
degrade  100% of 100 and 500µM of 3-CBA. Isolate
MAM-3 and E. cloaceae MAM-4 showed remarkable
decrease in 3-CBA degradation at higher concentrations
(1 and 2mM of 3-CBA). Although isolate MAM-24
showed gradual decrease in degradation of 3-CBA as the
concentration of 3-CBA increased, it still capable of
degrading   more   than  35%   of   2m  M   3-CBA,  while
E. cloaceae MAM-4 removed only 1.4% of 2mM 3-CBA.
This means that isolate MAM-24 could removed a
detectable amount of 3-CBA at high concentration than
any   of   the   other   isolates  did.  Another  observation,
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Fig. 20: Proposed  pathway  of  3-chlorobenzoic  acid  (3-CBA) degradation by Bacillus mucilaginosus MAM-24 after
24 hours
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Table 2: Intermediates determined by GC-MS analysis of 3-chlorobenzoic acid (3-CBA) by Bacillus mucilaginosus MAM-24 and its mutant MAM-24 (9).

MAM-24 (9) after 48 hours MAM-24 (9) after 24 hours MAM-24 after 48 hours MAM-24 after 24 hours R.T

Benzaldehyde - Benzaldehyde - 11.484

-  Phenol Phenol Phenol 12.083

- - Nananol Nananol 13.577

- Benzomethanol Benzomethanol Benzomethanol 13.848

Acetophenone Acetophenone Acetophenone Acetophenone 14.828

- - Benzaldehyde, dimethyl acetal - 16.112

- - Benzene ethanol Benzene ethanol 16.297

- 3,5,5-tri methyl hexonic acid - 3,5,5-trimethyl hexonic acid 17.039

- 2,4Dichlorophenol 17.984

Octanoic acid - - Octanic acid 18.061

- - Propionic acid, 2-chloro isopropyl ester - 8.535

- - Piperidinone - 19.163

Carvone - - Carvone 20.587

- - Benzoic acid, 3-chloro, methyl ester Benzoic acid, 

3-chloromethyl ester 20.553

- - Benzoic acid, 2-amino, methyl ester Benzoic acid, 2, amino methyl ester 22.918

3-chlorobenzoic acid 3-chlorobenzoic acid 3-chlorobenzoic acid 3-chlorobenzoic acid 23.182

- - Dimethyl phthalate Dimethyl phthalate 25.658

p-tert-butyl benzoic acid p-tert-butyl benzoic acid p-tert-butyl benzoic acid p-tert-butyl benzoic acid 26.665

Butylated hydroxy toluene - Butylated Hydroxy toluene - 26.938

Dodecanoic acid Dodecanoic acid Dodecanoic acid - 28.324

a-Bisabolol a-Bisabolol a-Bisabolol a-Bisabolol 31.244

- - Tetradecanoic acid - 32.756

Heneicosane Heneicosane Heneicosane Heneicosane 33.544

Nanadecane Nanadecane Nanadecane Nanadecane 35.587

that Gram-negative isolates MAM-3 and E. cloaceae of B. mucilaginosus MAM-24 and 24 hours only in case
MAM-4 could  remove  3-CBA  more  efficient  at low of mutant MAM-24(9). The above result had been
concentration but could not tolerate the higher confirmed by similar results of other investigators.
concentrations of 3-CBA. Biodegradation of two Arthrobacter globiformis [40, 41], Arthrobacter sp. strain
chlorinated aromatic compounds was found to be a TM-1 [42], Pseudmonas sp. strain CBS-3 [43, 44],
common capability of the microorganisms found in the Alcaligenes denitrificans NTB-1 [45], Arthrobacter sp.
soils of undisturbed, pristine ecosystems. They recovered strain SB-8 [46] and Pseudomonas sp. strain DJ-12 [47, 48].
610  strains  that  could  release  carbon  dioxide  from In this route, dechlorination of 4-CB constitutes the initial
ring-labeled 3-CBA. Of these, 144 strains released chloride reaction sequence [49].
and degraded over 80% of 1mM 3-CBA in 3weeks or less The corner stone was the intermediates,
[38]. The recombinant cultures of Burkholderia cepacia acetophenone and -bisabolol which had been recorded
were able to dechlorinate and degrade 100% of the 2-CBA after 24 and 48 hours for both of MAM-24 and its mutant
in less than 48 hours at 30°C compared to more than 120 MAM-24 (9). These intermediates with further oxidation
hours for wild type culture [39]. converted to carvone. Carvone intermediate suffered

The  results  of  G C-MS analysis as indicated in cleavage to give octanoic acid. Octanoic acid may inter
Table 2 and Fig. 20 revealed that Bacillus mucilaginosus the tricarboxylic acid cycle (TCC) or with reduction
MAM-24  dechlorinated  the chloroaromatic compound followed by polymerization converted to nanadecane or
(3-chlorobenzoic acid) firstly to give benzoic acid. Benzoic heneicosane. These aliphatic intermediates degraded to
acid may be reduced to give four intermediates CO  and H O, or may serve in the formation of the cell wall
(acetophenone, phenol, benzomethanol and/or of the Gram+ve microorganisms as Bacillus and
benzeneethanol). The intermediates, phenol and Rhodococcus sp. [50]. The intermediate, 3,5,5-trimethyl
benzomethanol were found after 24 and 48 hours in case hexonic acid had been recorded in the case of both mutant

2 2
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and parent strain (MAM-24) after 24 hours only and then protocatechuate [49]. Achromobacter xylosoxidans strain
disappeared. Carvone and octanoic acid intermediates A8 is able to use 2-CB and 2, 5-DCB as sole source of
were closely related to each other; they produced early carbon and energy. It could degrade 2-CB and 2, 5-DCB
(24 hours) in case of the parent strain MAM-24 and via modified ortho-cleavage and accumulate
suffered  delay  (48  hours)  in  the  case  of   mutant chlorocatechol as metabolite [55]. Two ring-hydroxylating
MAM-24(9). The intermediates heneicosane and Ben A gene sequences of the upper "modified ortho
nanadecane had been recorded in both of parent and pathway" were present in 2-chlorobenzoate-degrading
mutant strains after 24 and 48 hours. The intermediates, mixed culture (2MC) [35].
nananol, benzeneethanol, dimethyl phathalate, benzoic
acid, 2-aminomethyl ester and benzoic acid, 3- REFERENCES
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