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ABSTRACT

A minimal liquid medium containing benzene (B), toluene (T) and xylene (X) and mixturesthereof, was used
to evaluate degradation activity of Pseudomonas putida CCMI 852 containing a TOL plasmid. Experiments
weredeveloped with B, T and X (100 mg L), with mixturesof BT, BX, and TX (50 + 50 mg L *each) and BTX
(33.3+33.3+33.3mg L *each), added to 500 mL of medium. After 18to 24 hours, theinoculum was added and
solvent disappearance was determined after 24 to 25 hours by GC. Results showed that P. putida CCM1 852
wasableto metabolize T and X, but B wasnot metabolized. InaBTX mixture, B wasnot metabolized and T and

X degradation rate decreased 50%.
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INTRODUCTION

Benzene, toluene and xylene isomers (BTX) are the major
components of gasoline (5). Because of their low water solubility
and their acute toxicity and genotoxicity (6), BTX components
are classified as priority pollutants by the U.S. Environmental
Protection Agency (9). Due to the sequences of accidental
gasoline spills and leakage from service station tanks, they are
prime sources of aquifer contamination (3).

BTX degradation by microorganisms possesses several
advantages over traditional methods (2,4,13,14). Enriched
cultures obtained from soil exposed to BTX mineralized benzene
and Toluene and co-metabolized Xylene isomers, producing
polymeric residues(17).

The screening of 297 bacterial isolates from soil revealed
their ability to degrade hydrocarbons constituent of gasoline,
and 75% of the isolates grew on toluene vapor as sole carbon
and energy source (16). Benzene and naphthalene were less
frequently degraded than substituted aromatics. These non-
substituted hydrocarbons were degraded by a microbial

consortium growing on gasoline, suggesting co-oxidative or
syntrophism processes (16).

When bacterial cellswere exposed to mixtures of aromatics
present at equal concentrations, degradation patterns were
modified substantially from those of individual BTEX
compounds, disappearing according to the sequence
ethylbenzene, toluene, benzene and xylene (7).

Bacteria able to degrade toluene and xylene are al'so able to
degrade benzene. When the two compounds were present
together, they exerted an antagonist effect, i.e. they were
degraded at alower rate than toluene and xylene alone (1).

Pseudomonas can adapt to diverse substrates and possess
several catabolic pathways capable of acting on recalcitrant
substances. Some studies with Pseudomonas putida identified
metabolic pathways dedicated to gasoline components, like
benzene, toluene and xylene. Also, they show a schematic
diagram of the metabolic pathways constructed in P. putida for
degradation of the BTX mixture (12,15). The TOL pathway in
BTX mixture biodegradation does not utilize benzene as a
substrate (12). P. putida PaW15 initiates toluene degradation at
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the methyl group, eventually forming benzoate, which is
degraded by the meta cleavage route. Xylene also undergoes
the same oxidative reaction, giving rise to the methyl-benzyl-
acohol formation. However, TOD pathway utilizes benzene as
substrate (15).

Theam of the present work wasto characterize and quantify
the activity of Pseudomonas putida CCMI 852, on benzene,
toluene, xylene and mixtures thereof.

MATERIALSAND METHODS

Micr oor ganism and inoculum prepar ation

Pseudomonas putida CCM1 852 from the Culture Collection
of Industrial Microorganisms was isolated from an effluent
treatment plant (Frielas, Portugal). The strain was identified
using the Biolog system for microbial identification (Biolog Inc.,
USA) and maintained as freeze-dried cultures. Slants of TSA
were obtained by growth at 30°C for twenty-four hours. Cells
wereremoved from thes antsand transferred into 2000 mL screw
capped cultivation flasks containing 500 mL of mineral medium
of thefollowing composition (per liter): KH.PO,1.36 g; Na,.HPO,
1.42 g; (NH4)>S0,2.38 g; and 2 mL of amicro-nutrient elements
solution (18). Benzene, toluene and xylene were used as carbon
sources.

Biodegradation Tests

A bottom side-arm with asilicon membrane and aluminum
cap was used to remove samples from the flasks, using asterile
syringe and needle. Benzene (PA. Merck, Germany), toluene
(PA. Merck, Germany) and xylene (mixtures of isomers, PA.
Merck, Germany), were added to 500 mL of minimal medium (100
mg L* in single substrate media, 50 mg L of each solvent in
two component mixtures, and 33.3 mg L of each solvent inthe
three component mixture) and incubated at 30°C, in an orbital
shaker at 130 rpm, allowing the complete equilibrium BTX
partition between the vapor phase and liquid phasefor 24 hours,
beforeinoculation (14).

After inoculation, samples were taken at time intervals and
analyzed after the depletion of B, T, X, BT, BX, TX and BTX.
Parallel experimentswere carried out using acontrol flask, where
the solvents B, T and X, and mixtures thereof in the mineral
medium were analyzed to assess abiotic losses (2,7). All
experiments were performed in duplicate, and abiotic losses
were subtracted by sampling anidentical but uninoculated bottle.

Methods

DNA was extracted according to the described methods
(8,11,19). Sampleswereremoved from the cultures and solvent
content was determined by gas-liquid chromatography in a
Varian 3800 gas-liquid chromatograph (USA), equipped with
a flame ionization detector. Separation was carried out on a
10mx0.20mmfused silicacapillary column (film 1.2 um), SPB-1
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(Supelco, USA) using Helium as carrier, at aflow rate of 10 mL
mint. The column temperature was programmed at an initial
temperature of 40°C for 1 min, then increased at 20°C minto
160°C and held therefor 8 min. Injector and detector temperatures
were 250°C and 260°C, respectively. Splitlessinjection was used.
For the extraction of the solvents, SPME fiber™ coated with a
100 mm coated Polydimethylsiloxanelayer was used immersed
in the sample. The exposure time was 5 minutes with vigorous
stirring at room temperature. The SPME fiber™ wasthen injected
into the chromatograph (9). Each sample was injected twice.

RESULTS

Different degradation rates were found in shake flasks
containing B, T, and X. Toluenewas degraded at atwo-fold rate
than xylene. Benzene concentration remained unchanged. When
degrading two component mixtures, toluene was utilized at a
rate by 73% lower in the presence of benzene and at a rate by
37% lower in the presence of xylene. The utilization of xylene
also decreased by 53% in the presence of benzene and by 15%
in the presence of toluene. Benzene concentration remained
unchanged. The three components mixture also revealed a
decreased specific degradation rate of toluene (57%) and xylene
(49%). In the presence of individual substrates, the induction
time was 19 hours. In the two and three components mixtures,
the induction times varied in a non-uniform pattern, ranging
between 16.5 and 26 hours (Table 1).

Table 1. Induction time and degradation rates for benzene (B),
toluene (T) and xylene (X), and mixtures thereof by P. putida
CCMI 852.

Induction Volumetric degradation

time(h) rate (mg solvent L*h?)
° % B 00 000
= T 190 532
n 3 X 190 255
@ B 00 000
@ T 260 145
s 8
25 B 00 000
8 £ X 165 120
g T 190 337
= X 190 218
ﬂ
" So B 00 000
258 T 165 231
o .=
FEsS X 165 129
o
o
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The electrophoretic profiles of DNA and DNA plasmid
digested with restriction enzyme from P. putida CCMI 852
showed to be a megaplasmid (Fig. 1A and B). Enzymatic
restriction with Hind 111 showed a plasmid restriction profile
with 10 fragmentscorresponding to TOL standard plasmid profile
pWWO.
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Figure 1. Electrophoretic profile of plasmidiadd DNA (A) and
restriction digestion of the plasmid (B) agarosegel. P, isP. putida
mt, (NCIB 12182, CCMI 747) DNA whichisknown to contain
the TOL plasmid pWWO, and 1 isP. putida CCMI 852 DNA.

DISCUSSION

The degradation of both toluene and xylene were affected
by the presence of the third component benzene. When
comparing toluene and xylene volumetric degradation rates
determined on sole substrates and in substrate mixtures, it was
observed that toluene and xylene volumetric degradation rates
decreased when the microorganism grew in media with two or
three carbon components. The decrease was more pronounced
in the presence of benzene (BT, BX and BTX) than in the
presence of other components (TX).

P. putida did not degrade benzene, alone or together with
toluene or p-xylene and these results are in agreement with
Chang et al. (4). However, these authors reported that benzene
did not affect the degradation rate of toluene or p-xylene, and
hereit was demonstrated that the presence of benzene inhibited
toluene and xylene degradation, irrespective of whether the
microorganism grew in two or three components mixtures.

The degradation of toluene/xylene suggests the presence of
the TOL pathway in the microorganism (Fig. 2). Fig. 1A and B
shows that P. putida CCMI 852 contains a plasmid, and it is
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Figure 2. Metabolic pathway suggested, for the degradation of
the BTX mixture by P. putida. Dotted lines represent the TOD
pathway and solid lines, the TOL pathway (Leeet al., 1994).

likely tobeaTOL plasmid, asitisreferredin literaturethat BTX
biodegradation is usually associated to DNA plasmidic
expression (12). Itisknown that structural genesfor the catabolic
enzymesare clustered in two operons of the TOL plasmid (10).
Asmentioned above, TOL pathway inthe BTX mixtureutilizes
toluene and xylene, probably as a detoxification mechanism.
This work suggests that P. putida CCMI 852 may not encode
the TOD pathway and, therefore, benzene degradation could
not be expressed.
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RESUMO

Biodegradacéo de benzeno, tolueno e xileno pela
Pseudomonas putida CCM | 852

Meio mineral liquido contendo benzeno (B) ou tolueno (T)
ouxileno (X) al00 mgL*esuasmisturasde BT, BX e TX (50 +
50 mg L *cadamistura) e BTX (33,3 + 33,3+ 33,3mg L cada



mistura) foram utilizados paraavaliar aatividade de degradacéo
de B, T e X por Pseudomonas putida CCMI 852 contendo um
plasmideo TOL. Apds 18 a 24 horas de homogenizacéo da
mistura, oinoculofoi adicionado e o decréscimo daconcentragéo
dos solventes foi determinado entre 24 e 25 horas por GC.
Pseudomonas putida CCM1 852 foi capaz de metabolizar T e X,
masndo B. NamisturaBTX, B ndo foi metabolizado tambémea
velocidade de degradacéo de T e X decresceu cerca de 50%
comparado com solugdes contendo apenas T ou X.

Palavras-chave: Pseudomonas putida, biodegradagéo, BTX,
plasmideo TOL
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