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Abstract A strain Rhodococcus sp. OCT 10 DSM 45596T,
exhibiting 99.9% of 16S rDNA identity with Rhodococcus
wratislaviensis NCIMB 13082, was isolated from a soil
sample. The strain completely mineralised 2-chlorotoluene,
2-bromotoluene, o-xylene, benzyl alcohol and benzoate. In
contrast, 2-fluorotoluene was only partially mineralised. By
GC-MS and 1H-NMR analyses, 4-chloro-3-methylcatechol
was identified as the central intermediate in the degradation
pathway of 2-chlorotoluene. It was further degraded by
enzymes of the meta cleavage pathway. Catechol 1,2-
dioxygenase and chlorocatechol 1,2-dioxygenase as the
initial enzymes of the ortho cleavage pathways were not
detectable under these conditions. Furthermore, neither
formation nor oxidation of 2-chlorobenzylic alcohol, 2-
chlorobenzaldehyde, or 2-chlorobenzoate was observed,
thereby excluding side chain oxidation activity.
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Introduction

In 2000, the worldwide production of monochlorotoluene
isomers was about 130 kt per year (/a). With a share of 55–
65 kt/a as isomeric mixtures and about 5,000 t/a as pure
compound, 2-chlorotoluene as an ecotoxic substance was

the main isomer (BUA 1989; Bohnet and Ullmann 2002;
BMU 2001).

2-Chlorotoluene is used as educt for the production of o-
cresol, agro-chemicals, flame retardants, dyes, varnish and
pigments, textile additives, pharmaceuticals, adhesives,
polymers and resins, air fresheners, drain cleaners and
optical brighteners. Furthermore, it is used as solvent for
agro-chemicals, in heavy metal industry, paint thinners, heat
conductible oils as well as condenser liquids (BUA 1989;
Bohnet and Ullmann 2002; BMU 2001; Scorecard 2009).

The widespread use led to substantial emission of 2-
chlorotoluene. Today, 2-chlorotoluene can be found in soil,
groundwater and surface waters, especially near to fields or
industrial sites using 2-chlorotoluene (Antonious 2004; CSCCR
1999; Maltseva et al. 1994; Martí et al. 2005; McCulloch
1992; Nikolaou et al. 2002; Nishio et al. 2001; O'Brien et al.
1997). Its use as cleaning agent as well as solvent led to
detection even in residual room air and convenience food
(Buhamra 1998; Heikes et al. 1995; Weisel 2006).

Organisms capable of mineralising 3-chlorotoluene, 4-
chlorotoluene or di- and trihalogenated monocyclic aro-
matics have been described in detail (Beil et al. 1997;
Brinkmann and Reineke 1992; Gaunt and Evans 1971;
Gibson et al. 1974; Haigler and Spain 1989; Haigler et al.
1992; Lehning 1998; Maltseva et al. 1994; Nishio et al.
2001; Pieper et al. 1988; Pollmann et al. 2002; Prucha et al.
1996; Raschke et al. 2001; Sander et al. 1991; Vandenbergh
et al. 1981; Verschueren 2001; Wunder 2003; Yadav et al.
1995), but only a few publications on the degradation of 2-
chlorotoluene have been presented.

Vandenbergh et al. (1981) described four bacterial strains
degrading 2,6-dichlorotoluene, which additionally degraded
2-chlorotoluene in the presence of yeast extract being
mandatory. Complete degradation of 2-chlorotoluene was
claimed to be encoded on three plasmids. Leahy et al.
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(2003a) characterised the strain Acinetobacter johnsonii 2-
CTOL-1, able to convert 2-chlorotoluene within a mixture
of 60 different compounds.

However, in a substrate pattern experiment with 2-
chlorotoluene being one of the investigated substrates, the
mineralisation potential of 2-chlorotoluene by A. johnsonii
2-CTOL-1 or the other strains presented was not proven
(Leahy et al. 2003b).

The degradation of 2-chlorotoluene under anaerobic con-
ditions was demonstrated both for biocoenoses as well as
Methylosinus trichosporium as a pure strain. The substance
was spiked either in a mixture with other aromatic substrates
(Genthner 1999; Halden 1991) or was an intermediate in the
biological metabolism of 2,3,6-trichlorotoluene (Ramanand
et al. 1993). In the latter case, related reaction kinetics was
presented. In these studies none of the authors used 2-
chlorotoluene as a single source of carbon and energy.

However, none of the authors showed data about
intermediates, chloride balance or substrate conversion
rates (with exception of Ramanand et al. 1993) during the
degradation of 2-chlorotoluene, which are essential to
estimate the total mineralisation of the chlorinated sub-
stance. Therefore, up to now, no clear evidence for total
degradation of 2-chlorotoluene by native strains has been
presented.

Attempts to construct a genetically engineered strain
mineralising 2-chlorotoluene via side chain oxidation to 2-
chlorobenzoate, with further degradation by the ortho cleavage
pathway (Engesser and Schulte 1989), were not effective.
Despite successful combination of genes of the TOD, TOL
and chlorocatechol pathways and several attempts to increase
the activities of the related enzymes, the initial activity of the
monooxygenase was too low to achieve bacterial growth
(Gibson et al. 1974, 1968; Haro and de Lorenzo 2001;
Lehning 1998; Pieper et al. 1988; Reineke 1998; Rogers and
Gibson 1977; Yeh et al. 1977). All attempts to oxidise 2-
chlorotoluene by core dioxygenation, yielding 3-chloro-4-
methylcatechol or 4-chloro-3-methylcatechol with concomi-
tant cleavage of these catechols by chlorocatechol 1,2-
dioxygenase, only led to excretion of dead-end products
therefore representing a dead-end pathway (Pollmann et al.
2001, 2002, 2003, 2005). Lehning (1998) postulated that the
degradation of 2-chlorotoluene via 4-chloro-3-methylcate-
chol, 3-chloro-2-methylmuconic acid, 5-methyldienlactone
and 2-methyldienlactone is the only feasible pathway. Based
on this approach, Pollmann et al. (2001, 2002, 2003, 2005)
were able to construct a strain Escherichia coli pSTE44
capable to mineralise 2-chlorotoluene. However, selectivity
and degradation rates were too low to allow bacterial growth.

Cleavage of 3-chloro-4-methylcatechol by chlorocatechol-
2,3-dioxygenase seems to be unlikely because of suicide
inactivation effects (Gibson et al. 1968). A productive meta
cleavage of 4-chloro-3-methylcatechol was shown by Higson

and Focht (1992) during 3-chloro-2-methylbenzoate degra-
dation. Unfortunately, 2-chlorotoluene as a substrate was not
tested.

Despite many attempts for isolation or construction of a
strain mineralising 2-chlorotoluene, till now, no such strain
could be demonstrated able to mineralise and use this
substrate for growth. Thus, the aim of this study was to
isolate a native strain, capable to completely degrade 2-
chlorotoluene and to describe intermediates as well as some
key enzymes involved in this degradation pathway.

Materials and methods

Strain and cultivation

Samples of wood soil, compost, river sediment, agricultural
sites as well as river water and sewage sludge were used for
isolation of bacteria, which were adequate to mineralise 2-
chlorotoluene. Enrichment cultures were grown in a liquid
mineral medium (MM) containing (in grams per litre)
Na2HPO4, 2.79; KH2PO4, 1.00; (NH4)2SO4, 1.00;
MgSO4·H2O, 0.20; Ca(NO3)2·7H2O, 0.01; ammonium
ferric citrate C6H8O7·Fe·H4N, 0.01; trace minerals solution,
1.00 mL [consisting of (in grams per litre) H3BO3, 0.30;
CoCl2·6H2O, 0.20; ZnSO4·7H2O, 0.10; Na2MoO4·2H2O,
0.03; MnCl2·4 H2O, 0.03; NiCl2·6H2O, 0.02; CuCl2·2H2O,
0.01] and the carbon source (5 mmol L−1). The pH of the
MM was maintained at 7.1. Phosphate buffer, nutrient
solution and calcium solution were autoclaved at 121°C for
30 min in separate flasks. Bacteria and carbon source were
added after cooling the mixed solution. Liquid cultures
were prepared by growing in conical flasks on a rotary
shaker with 150 rpm at 30°C. Enrichment cultures were fed
with 5 mmol L−1 of 2-chlorotoluene as carbon source every
third day, and 25 mL of culture was transferred into flasks
with new 100 mL MM after 14 days. After repeating the
procedure for four times, 100 μL of sample solution was
spread on solid MM and incubated with 2-chlorotoluene
vapour in an incubation chamber adding 50 μL 2-
chlorotoluene per litre of chamber volume each third day
for 3 weeks. Initially, colonies grew slowly. Single colonies
were stroke with a loop on new plates, and the procedure
was repeated four times observing an increase in growth
rate. Finally, single colonies were transferred into liquid
MM containing 2-chlorotoluene with the same procedure
described above. In case of bacterial growth accompanied
by chloride accumulation in the liquid phase, the cultures
were used for further research.

To prevent the induction of non-2-chlorotoluene-specific
enzymes during experimental series for verification of the
side chain oxidation activity, chloramphenicol (CAP) was
added in these series. The final concentration of the
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bacteriostatic antibiotic was 100 mg L−1. The strain was
deposited in the DSMZ under the accession number DSM
45596T. All chemicals used were of analytical grade and of
the highest purity.

Sequencing and analysis of 16S ribosomal DNA

The 16S rRNA gene was PCR amplified using the 27F
(E. coli numbering 8-27) and 1492R (E. coli numbering
1492-4510) primers together with Taq DNA polymerase
(biomaster GmbH, Windeck, Germany). Then, the PCR
product was purified using the GenElute™ PCR Clean-Up
Kit (Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany).
Further preparations, automated DNA sequencing reactions
and analysis using the GenBank database and Ribosomal
Database Project were performed by the GATC Biotech AG
(Constance, Germany). The gene sequence was deposited in
GenBank under accession number JF490021.

Halogenide balances

For balancing of fluoride, chloride or bromide set free
during mineralisation of the corresponding 2-halotoluenes,
cultures of OCT 10 pre-grown on 2-chlorotoluene were
used. Cells were harvested during exponential growth phase
by centrifugation (15,000×g, 10 min, 4°C). Bacterial pellets
were resuspended in fresh MM, and optical density was
regulated to values of 1–2 at 546 nm. Cultures with 50 mL
of this suspension and 50 μL of 2-chlorotoluene (supplied
in evaporation caps) were cultivated on rotary shakers with
150 rpm at 30°C. After 48 h additional 25 μL of 2-
chlorotoluene was added. Samples for measurement of
optical density and halide concentration were regularly
taken out of the flasks. Latter samples were centrifuged,
and the supernatant was conveniently diluted for analyses.

Chromatographic analyses

HPLC analyses were conducted in a Thermo Separation
Products SpectraSERIES provided with a UV/VIS detector.
A ProntoSIL™ SC-04 Eurobond C18 column (125×4 mm
i.d., 5 μm; BISCHOFF Chromatography, Leonberg, Germany)
was employed. The consistence of the solvent was H2O:
CH3OH:H3PO4 (85 w/v%)=74.9%:25%:0.1%. The flow rate
was maintained at 1 mL min−1. Peak detection was at 210 and
270 nm.

Halogenide balances were performed using a 761 Compact
Ion Chromatograph (Metrohm, Filderstadt, Germany).
Halogenide ions were separated using a Metrosep ASupp-4
column at a flow rate of 1 mL min−1 of eluent (1 mmol L−1

Na2CO3, 4 mmol L−1 NaHCO3) and 50 mmol L−1 H2SO4 as
suppressor regeneration solution and deionised water as
suppressor rinse solution.

GC-MS analyses were carried out using an Agilent
GC 5973 instrument equipped with a MS 6890 detector
and a 30 m×0.25 mm VF-Xms column (Varian). A
splitless injection was performed with the injector at
250°C, the transfer line at 280°C and the detector at
230°C using the following programme: 80°C (1 min) to
180°C (1 min) at 7°C min−1, to 240°C at 12°C min−1 and
finally to 300°C (8 min) at 20°C min−1. The column flow
rate was 1 mL min−1.

Purification of substituted catechols

Five hundred millilitres of exponential grown cells of
OCT 10 were harvested by centrifugation and resus-
pended in fresh MM (100 mL in 250-mL cultivation
flask). Fifty microlitres of 2-chlorotoluene and 50 μL of
2-chlorobenzyltrifluoride were added, and the cultures
were cultivated for further 3 days. Supernatants of
metabolite-rich cultures were collected and extracted
with an equivalent volume of diethyl ether. After
separation of the organic phase, the aqueous phase was
saturated with sodium chloride, acidified to pH 2.0 and
extraction was repeated for three times. All organic
phases were collected, dried with Na2SO4 and evaporat-
ed to a residue of about 500 μL. The residue was brown in
colour with oily consistence. Man-made separation columns
(7 cm×5 mm i.d.) with silica gel (60 Å pore size, 70–230
mesh) were purged with 5–10 mL of hexane as precondition-
ing step. After launching the residue, the following solvents
were added as long as 5 mL of each effluent was collected at
the bottom of the column: hexane, 90 vol.% hexane:10 vol.%
dichloromethane, 50 vol.% hexane:50 vol.% dichlorome-
thane, dichloromethane, acetone and methanol. The bacterial
produced catechols were detected within the dichloromethane
as well as acetone fraction, while the corresponding yellow-
coloured benzoquinones were collected within the methanol
fraction.

The fractions containing substituted catechols were
combined, concentrated with a nitrogen flow to at least
1 mL residue and afterwards 1–2 mL of hexane was added.
While the sample was stored at −18°C overnight, an oily
phase containing the catechols appeared. Using a nitrogen
flow, the remaining acetone and dichloromethane were
evaporated and additional 2–3 mL of hexane was added.
After a second night at −18°C, the hexane phase was
separated and the oily phase was solubilised in 1 mL
dichloromethane. This sample was relaunched on a silica
gel column again. The purified 4-chloro-3-methylcatechol
was quantitatively detected in the acetone phase and
was used for GC-MS analyses. For additional 1H-NMR
analyses, the acetone was completely evaporated and the
oily phase of 4-chloro-3-methylcatechol was solubilised in
CD2Cl2.
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Results

Identification and characterization of strain OCT 10

Strain OCT 10 was isolated from an agricultural site near
Stuttgart-Büsnau in Germany. The strain degrades and
grows well on 2-chlorotoluene, o-xylene, benzyl alcohol
as well as benzoate. In contrast, poor growth was observed
in case of 2-bromotoluene and p-xylene (Table 1).

For identification of strain OCT 10, its 16S rRNA gene
was amplified and the PCR product was sequenced with
internal primers. Based on a comparison with the GenBank
and Ribosomal Database Project databases, the 16S rRNA
sequence exhibited a high level of 99.9% identity with
Rhodococcus wratislaviensis NCIMB 13082 (identity of
1,336 of 1,341 bases, 5 bases were not identified).
However, the substrate patterns of both strains showed
significant differences (Table 1). Hence, Rhodococcus sp.
OCT 10 was deposited as a type strain in the DSMZ under
the accession number DSM 45596T.

The strain is an aerobic, non-motile, gram-positive
bacterium and is well cultivatable at 30°C and pH 7.1.
The microscopic morphology of cells depends on
incubation time and growth conditions. It changes from
distinct y-shaped cells with true branching to bacillary
forms in case of cultivation in liquid nutrient broth or
Luria broth (LB) to distinct cocci forms in case of

cultivation on 2-chlorotoluene-containing solid media.
On rich media, the cells tend to coalesce revealing
longer rods frequently exhibiting rudimentary branching.
Transmission electron microscopy (TEM) images, showing
typical agglomerates of Rhodococcus sp. OCT 10 after
growth on LB medium, are given in Fig. 1.

Colony morphology shows a distinct filamentous and
highly branched structure showing a pale pink to salmon
pigmentation (Fig. 2; growth on MM with 2-chlorotoluene).
Incubation for several weeks or with easily degradable
substrates enhances intensity.

Chloride balance during mineralisation of 2-chlorotoluene

During mineralisation of 12.6 mmol L−1 2-chlorotoluene by
OCT 10, chloride accumulated within the liquid phase
and the optical density increased by 2.39 units. In
contrast to an expected chloride concentration of
446.8 mg Cl− L−1 in case of total mineralisation, a
chloride concentration of only 425.8 mg Cl− L−1 was
detected. Thus, the recovery rate in chloride was 95.3%.
After 78 h 2-chlorotoluene was neither detectable in the
liquid phase nor in the gas phase. Finally, the missing
4.7% of chloride may be attributed to substrate evapora-
tion losses during sampling. Therefore, the high recovery
rate of chloride proved the complete mineralisation of 2-
chlorotoluene by OCT 10.

Degradation of 2-halotoluenes

In contrast to 2-chlorotoluene, 2-fluorotoluene and 2-
bromotoluene are industrial ‘low-volume’ products. Both are
used as intermediates for manufacturing of pharmaceutical
and agrochemical intermediates and products. For both
compounds no microbial degradation studies exist. Thus, the
degradability of both substances by OCT 10 was tested. The
time-dependent release of the corresponding halogenide ions
as well as the increase in optical density (l=546 nm) are
shown in Fig. 3. In contrast to 2-chlorotoluene (95.3% Cl−),
the amount of halogenide ions released were not stoichio-
metrical in case of 2-fluorotoluene and 2-bromotoluene with
recovery rates of 48.9% F− or 71.4% Br− (start concen-
trations: 9.1 mmol L−1 2-fluorotoluene, 12.6 mmol L−1 2-
chlorotoluene, 8.3 mmol L−1 2-bromotoluene, respectively).

The corresponding increases in the optical density were
0.52, 2.39 and 1.90 for 2-fluorotoluene, 2-chlorotoluene
and 2-bromotoluene, starting at an optical density of 1.6.
Therefore, a specific increase in optical density per
millimoles released halogenide ion of 0.12 per mmol F−,
0.20 per mmol Cl− and 0.32 per mmol Br−, respectively,
was observed. 2-Fluorotoluene is no inducer for the
relevant enzymes and can only be transformed and
mineralised in a cometabolic way (data not shown).

Table 1 Degradability of various compounds by Rhodococcus sp.
OCT 10 and R. wratislaviensis NCIMB 13082

Compound Rhodococcus sp.
OCT 10

R. wratislaviensis
NCIMB 13082

Benzene – –

Fluorobenzene – –

Chlorobenzene – –

Toluene M –

2-Chlorotoluene +++ –

3-Chlorotoluene – –

4-Chlorotoluene – –

2-Fluorotoluene M –

2-Bromotoluene + –

Benzyl alcohol +++ +++

Benzoate +++ +++

o-Xylene +++ –

m-Xylene – –

p-Xylene + –

Isopropanol – +++

Ethoxyisopropanol – –

n-Methyl-2-pyrrolidon – –

M only cometabolic degradation in combination with 2-chlorotoluene
occurred
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Side chain oxidation of 2-halotoluenes

Although the experimental data presented above showed
complete mineralisation of 2-chlorotoluene, no further
information about the degradation pathway was obtained.
One possible degradation alternative is the formation and
mineralisation of 2-chlorobenzoate by side chain oxidation
(Engesser and Schulte 1989). In this case, 2-chlorobenzyl
alcohol, 2-chlorobenzaldehyde and 2-chlorobenzoate
should be converted by induced enzymes of the 2-
chlorotoluene degradation pathway. To avoid induction of
‘non-2-chlorotoluene-specific’ enzymes, CAP was added to
the cultures.

But, neither transformation of the halogenated test
substances of a possible side chain oxidation nor
chloride release was observed over 56 h, irrespective
of the addition of CAP. Supplying benzoate with and
without CAP, the principal capability of strain OCT 10
to quickly induce enzymes for the degradation of
aromatics could be shown, as substrate transformation and
cell growth only occurred under non-repressive conditions.
Thus, an oxidation of 2-chlorotoluene by side chain oxidation
of the methyl group forming 2-chlorobenzyl alcohol, 2-
chlorobenzaldehyde or 2-chlorobenzoate could be therefore
excluded.

Identification of 4-chloro-3-methylcatechol

Excluding side chain oxidation, 2-chlorotoluene had to be
oxidised by direct core oxygenation. In this case four
alternatives of substituted catechols can occur theoretically (4-
chloro-3-methylcatechol, 5-chloro-4-methylcatechol, 3-chloro-
4-methylcatechol and, after possible reductive dehalogenation,
3-methylcatechol). During growth on 2-chlorotoluene, OCT 10
did not show accumulation of any of these catechols in the
liquid phase. Consequently, a mixture of 2-chlorotoluene and
its structurally related analogue, 2-chlorobenzyltrifluoride, was
used as a substrate. By turnover of this substrate mixture, the
colour of the culture turned brown and accumulation of
catechols was observed. Purifying the supernatant in the way
described, an oily, brown-coloured product was obtained. Gas
chromatography–mass spectrometric analysis indicated the
main product to be a chloromethylcatechol. The molecular
ion (M) is consistent with the exact molecular mass of m/z=
158. The M:M+2 ratio of 32.4:100 is consistent with a single
Cl atom. The major fragment at m/z=123 represents the loss
of Cl. The fragment at m/z=112 is the result of deletion of OH
and COH groups. The fragment m/z=105 is the result of Cl
and H2O elimination. Fragment m/z=139 is produced by
removal of H2O and a single proton of the methyl group. For
both fragments, the elimination of water is only possible in

Fig. 1 TEM images of Rhodo-
coccus sp. OCT 10 showing
typical cell morphology of this
genus (magnification factor:
10,000 (left); 15,000 (right)).
Dark flock-like structures are
heavy metal precipitates of the
staining procedure

Fig. 2 Colony morphology of
Rhodococcus sp. OCT 10 on an
MM plate with 2-chlorotoluene
as a substrate (right) and of a
single colony using a close-up
view (middle). A reference plate
cultivated under the same
conditions without
2-chlorotoluene as a substrate
is additionally shown (left)
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case of ortho position of both OH groups. The aromatic
nature of the molecule is indicated by the ion with m/z=77.
The separation of the methyl substituent only occurs in case
of low-mass fragments (m/z=66→m/z=51 or m/z=65→m/z=
50). The related fragmentation spectra are shown in Fig. 4.

Nuclear magnetic resonance signals for the compound's
methyl group appeared at δ 2.2725 ppm; its hydroxyl
proton signals appeared as a broad feature centred at δ
5.6 ppm. The compound's aromatic protons showed a
doublet of doublets at δ 6.6549, 6.6720, 6.7879 and

6.8048 ppm. These doublet effects as well as a strong
coupling constant of 8.45 or 8.55 Hz, respectively, confirm
the ortho position of both protons. High resolution of δ
6.6549 ppm and δ 6.6720 ppm signals showed additional
doublet of signals with a coupling constant of 0.592 Hz and
proved a long-range coupling of protons of the methyl group
and the ring proton at para position (position 6 in Fig. 4).
However, no long-range coupling exists for a proton located
in meta position to the protons of the methyl group (δ
6.7879 ppm and δ 6.8048 ppm; position 5 in Fig. 4). These

Fig. 3 Increase in optical
density (OD) at a wavelength
l=546 nm and halide recovery
rate during degradation of 2-
fluorotoluene (empty triangle),
2-chlorotoluene (empty circle) or
2-bromotoluene (empty square)
by Rhodococcus sp. OCT 10.
Initial concentrations of
9.1 mmol L−1 2-fluorotoluene,
12.6 mmol L−1 2-chlorotoluene
or 8.3 mmol L−1 2-
bromotoluene as well as an
initial optical density of 1.6 at
546 nm were adjusted

Fig. 4 Proposed pathway of 2-chlorotoluene by Rhodococcus sp. OCT 10 with mass spectra of the purified transformation product 4-chloro-
3-methylcatechol
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protons of the methyl group are therefore shielded from the
ring protons by the Cl and OH groups, demonstrating the
molecular structure of 4-chloro-3-methylcatechol.

Mass fragmentation spectra as well as 1H-NMR results
are highly similar to the results presented by Higson and
Focht (1992) for the degradation intermediate of 3-chloro-
2-methylbenzoic acid in Pseudomonas cepacia MB2. The
relative fragment intensities of 4-chloro-3-methylcatechol
of Higson and Focht as well as of the catechol found in this
study are shown in Table 2.

Metabolism of 4-chloro-3-methylcatechol

4-Chloro-3-methylcatechol is commercially not available,
and biological transformation reactions did not result in
substantial accumulation of this metabolite until now.
Therefore, the transformation of other commercially avail-
able catechol derivatives was investigated. In transforma-
tion experiments, a rapid turnover of these catechols
supplied to whole cells as well as cell extracts occurred;
obviously, meta cleavage took place as the supernatants
were yellow in colour. For example, the transformation of
3-methylcatechol showed a transient increase in absorbance
at 387 nm. This proved the assumption of a catechol 2,3-
dioxygenase as a key enzyme of the degradation pathway
of 2-chlorotoluene.

During mineralisation of 2-chlorotoluene by OCT 10, a
transient light yellow coloration of the supernatant (absorp-
tion maximum at 390.5 nm) was observed. Based on the
data described by Higson and Focht (1992), the meta
cleavage product of 4-chloro-3-methylcatechol is postulated

to be 5-chloro-2-hydroxy-6-oxo-hepta-2,4-dienoic acid.
Further research will be undertaken to clarify the degrada-
tion pathway and chloride elimination in more detail.

Discussion

Despite its simple molecular structure, 2-chlorotoluene is
hardly biodegradable (Drotleff et al. 1992; Schraa et al.
1987). As shown above, neither native nor genetically
engineered bacterial strains were clearly stated for miner-
alising this substance and using it as single growth
substance. In contrast, a few research groups presented
data for bacterial degradation of 2-chlorotoluene by
biocoenoses as well as single strains (Vandenbergh et al.
1981; Leahy et al. 2003a, b; Genthner 1999; Halden 1991;
Ramanand et al. 1993). However, mineralisation of 2-
chlorotoluene by these strains was not unequivocally
demonstrated. Key data like chloride balances, substrate
balance, description of intermediates or any proof of the
substance being used as a sole source of carbon and energy
were not given. Furthermore, with exception of Ramanand
et al. (1993), information about the degradation pathway of
this substance was neither presented nor suggested. In
addition, the strains isolated by Vandenbergh et al. (1981),
after being re-examined by the authors of the present study,
could not be verified to degrade 2-chlorotoluene as sole
source of carbon and energy.

While initial dehalogenation forming 3-methylcatechol
was never observed under aerobic conditions, side chain
oxidation of 2-chlorotoluene to form 2-chlorobenzoate is a

Table 2 Relative fragment
intensities in the mass spectra of
4-chloro-3-methylcatechol
characterised in the study of
Higson and Focht (1992) and
this study

Fragment m/z After first purification using
the separation column (this study)

After second purification using the
separation column (this study)

Higson and
Focht (1992)

160 32.4% 32.1% 31.6%

159 11.8% 12.0% 11.8%

158 100.0% 98.7% 100.0%

157 12.8% 12.5% 11.8%

139 8.0% 8.2% –

123 92.9% 100.0% 86.7%

112 10.8% 13.2% 12.2%

105 7.3% 8.3% –

77 20.8% 25.2% 31.2%

75 29.0% 10.5% 12.7%

67 4.6% 6.1% 12.0%

66 9.0% 11.8% 18.8%

65 13.6% 17.9% 31.0%

63 4.7% 7.9% 15.5%

53 3.7% 5.1% 13.7%

51 9.3% 12.5% 28.2%

50 4.8% 6.3% 14.9%
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further promising pathway alternative. However, studies
with genetically engineered strains, where genes of the
TOD, TOL and chlorocatechol pathway were combined,
showed too low transformation rates to permit bacterial
growth (Haro and de Lorenzo 2001; Lehning 1998).

Lehning (1998) and Pollmann et al. (2002) therefore
described an initial core dioxygenation and subsequent
mineralisation via 4-chloro-3-methylcatechol, 3-chloro-2-
methylmuconic acid and 5-methyldienlactone, constituting
the only feasible degradation pathway of 2-chlorotoluene.
The ortho cleavage pathway was favoured over the meta
cleavage pathway to prohibit possible suicide inactivation
effects in case of the latter pathway (Pollmann et al. 2002).
Nevertheless, a productive meta cleavage of 4-chloro-3-
methylcatechol was shown by Higson and Focht (1992)
during 3-chloro-2-methylbenzoate degradation. This find-
ing was extraordinary due to the well-known incapability of
the meta pathway to handle chloro-substituted metabolites.
However, 2-chlorotoluene as a substrate was not tested.

The strain Rhodococcus sp. OCT 10 isolated from an
agricultural site was able to mineralise 2-chlorotoluene.
During this process 95.3% of the theoretical chloride
content of the substance was liberated. The missing 4.7%
of chloride or substance, respectively, were attributed to
evaporation losses. Neither halogenated nor non-halogenated
intermediates accumulated permanently. Thus, strain OCT 10
completely mineralises 2-chlorotoluene.

Next to 2-chlorotoluene, the strain was also able to
mineralise 2-bromotoluene and to transform 2-fluorotoluene
in a cometabolic way. Even though the specific increase in
optical density per millimole of substrate supplied was nearly
60% higher in case of 2-bromotoluene related to 2-
chlorotoluene, the latter is a better inducer for enzymes and
a better growth substrate and showed a 24% higher
halogenide balance than the former one. With a 50% higher
starting concentration and a logKOW≈3.5 for 2-chlorotoluene
instead of logKOW≈2.9 in case of 2-bromotoluene, the
higher solubility and therefore higher membrane toxicity of
2-chlorotoluene was probably responsible for the lower
specific biomass yield (Duldhardt 2008; Mackay et al. 2006).

The degradation of 2-chlorotoluene by this strain was not
initiated by side chain oxidation forming 2-chlorobenzoate as
an intermediate. In fact, 2-chlorotoluene was transformed by
an initial core oxygenation and the corresponding catechol (4-
chloro-3-methylcatechol) was identified by GC-MS and 1H-
NMR analyses. Other catechols, i.e. 3-chloro-4-methylcate-
chol, were not detected.

Cultivating strain OCT 10 on 2-chlorotoluene, a transient
yellow shade with an absorption maximum at 390.5 nm
occurred in the supernatant during exponential growth of the
culture, indicating the presence of themeta cleavage pathway.
Catechol 2,3-dioxygenase activity with high activity against
chloro- and methyl-substituted catechols was verified by

transformation of commercially available catechols with
whole cells of strain OCT 10. Ortho cleavage activity was
neither detected with whole cells nor with cell extracts.
However, due to the lack of 4-chloro-3-methylcatechol as a
substrate, only small amounts of the cleavage product
accumulated within the supernatant. Thus, identification
was not possible. Higson and Focht (1992) though
presented data of 5-chloro-2-hydroxy-6-oxo-hepta-2,4-
dienoic acid as the meta cleavage product of 4-chloro-3-
methylcatechol. Amongst others, they presented the ab-
sorption maximum of this intermediate at 391 nm. Hence,
the conclusion may be drawn that the yellow colour was
caused by 5-chloro-2-hydroxy-6-oxo-hepta-2,4-dienoic ac-
id in case of strain OCT 10 too. The verification of this
postulate as well as the syntheses of chloromethylcatechols
as substrates for transformation procedures and as stand-
ards for identification will be one part of the funding
project being submitted.
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