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As part of our attempt at isolating and stocking some indigenous microbial species, we isolated a
bacterium from a waste dumpsite with appreciable dechlorination activity. 16S rDNA profiling
revealed the isolate to be a strain of Pseudomonas aeruginosa and the sequence has been deposited
in the NCBI nucleotide sequence database (accession number AJ550306). The bacterium utilized 0.1%
(v/v7) 1, 2 —dichloroethane (1, 2 — DCE) as sole source of carbon and attained peak cell density of 6.0 x
10 " cfu/mlin 48 h. It also has a proportionate increase in chloride release during this period resulting

in the release of 80% free Cl. The bacterium also had dehalogenase activities against other
chlorinated organics such as monochloroacetic acid, trichloroacetic acid, dichloromethane,
trichloromethane and tetrachloromethane at pH 7.5 and 9.0. Optimum temperature for dehalogenase

activity against 1, 2 - DCE was 35°C.
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INTRODUCTION

1, 2-dichloroethane (1,2 - DCE), is an environmentally
important compound with a production volume in excess
of 12 billion Ib per year, a volume larger than that of any
other industrial halogenated chemical (Janssen et al.,
1989). They are widely used as chemical intermediates
and as solvents in a variety of industrial processes
(Leisinger and Brunner, 1986; Vogel et al., 1987). They
are common contaminants of soil and ground waters
owing to improper disposal practices or accidental spills
(McCarty, 1997) causing serious environmental and
human health problems as a result of their persistence
and toxicity (Squillace et al., 1999). Hence they have
been classified as one of the priority pollutants by the US
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Environmental Protection Agency.

The ability of microorganisms to detoxify halogenated
aliphatic chlorinated hydrocarbons is of great importance.
1, 2 - DCE has been reported to be degraded via 2-
chloroethanol, 2-chloroacetaldehyde, and chloroacetic
acid to glycolate with dehalogenation step being
catalysed by two hydrolytic dehalogenases (Janssen et
al., 1987).

In our previous study (Olaniran et al., 2001), we
isolated a bacterium with appreciable dehalogenation
potential. In this paper, we describe the nucleotide
sequence of the 16SrRNA genes of the bacterium as
well as its dechlorination of 1, 2 — DCE by axenic culture
of the bacterium in liquid system.

This is part of our effort at developing an active
indigenous bacterial consortium that could be of
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Figure 1. Nucleotide sequence of P. aeruginosa OK1 (accession number: AJ550306).

relevance in the bioremediation of
hydrocarbons polluted systems in Nigeria.

halogenated

MATERIALS AND METHODS
Isolation, maintenance and identification of bacterial strain

Isolation and maintenance of the bacterial strain was done as
earlier reported (Olaniran et al.,, 2001) except that BHM was
supplemented with 0.1% (w/v) yeast extract for the batch culture
experiments used in the enzyme assay. Carbon source was filter-
sterilized to prevent thermal dechlorination and added at 0.1% (v/v)

in a 1 litre flask incubated aerobically at 35 °C on an orbit shaker at
150 rpm. Identification of the bacterial strain was done using
molecular techniques that exploited the nucleotide sequences of its
16S rRNA gene. Amplification of the 16S rRNA gene was done as
described by Wilson (1987) using the 16F27 and 16R1492 primers
(Lane, 1991). The amplified product (1.5 kb) was purified and
sequenced using an automated DNA sequencer (Perkin-Elmer,
Applied Biosystems, version 377), and the nucleotide sequences
were analysed as described elsewhere (Pearson and Lipman,
1988).

Screening for dehalogenase activities, growth and chloride
release assay

The pure bacterial isolate was initially screened for dehalogenase
activity as described by Slater et al. (1992), and dehalogenase activity
was further confirmed by the method of Yu and Welander (1995). The
growth pattern of the bacterial isolate in 1,2 - DCE was monitored by
cultivating the standardized (ODggonm 0.1) suspension of the isolate in
100 ml of the defined growth medium containing 1,2 - DCE at a final
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and 150 rpm. Total bacterial counts were carried out at each
sampling time using standard spread plate technique (Seeley and
Vandemark, 1981). Chloride release was  monitored
spectrophometrically at 460 nm with mercury thiocyanate and ferric
ammonium sulfate as described by Bergman and Sanik (1957) and
modified by Coleman et al. (2002).

Enzyme assay and protein determination

Crude extracts were prepared from cells grown to the late-
exponential phase (Janssen et al., 1987). The cells were harvested
by centrifugation for 20 min at 11000 g, washed once with 10 mM

Tris-SO4 buffer (pH 7.5), and suspended in the same buffer. After
sonication, unbroken cells and debris were removed by
centrifugation for 30 min at 12,000 g. Enzyme assays were done
within 6 h after preparation of extracts to prevent loss of activity.
Dehalogenase assays were carried out by incubating 0.1 ml of

crude extract or an adequate dilution thereof at 35°C with 3 ml of 5

mM 1,2-dichloroethane in 50 mM tris SO4 (pH 7.5) and glycine-
NaOH (pH 9). Chloride liberation was followed spectrophoto-
metrically as described earlier. Protein concentrations were
determined using the Bio-Rad Bradford protein determination kit
with bovine serum albumin (fraction V; Sigma) as protein standard.
One unit of enzyme activity was defined as the amount of enzyme
that catalyzed the formation of 1 pmol of chloride per hour. The
effect of temperature on enzyme activity was determined by
incubating the crude extract at different temperature conditions in
water baths.

RESULTS AND DISCUSSION

The PCR amplification of the 16S rRNA gene of the



bacterial isolate yielded the expected DNA band of 1.5
kb. Analysis of the full nucleotide sequence of the 16S
rDNA revealed the bacterium to be a strain of
Pseudomonas aeruginosa and the nucleotide sequence
has since been deposited in the NCBI nucleotide
sequence database. The bacterium utilized 1, 2- DCE for
growth after an initial lag period of about 6 h and attained
peak cell density of about 600 x 105 cfu/ml in 48 h before
declining, probably due to accumulation of toxic
metabolites which became harmful to the bacterium
(Figure 2). This growth pattern was corroborated by the
pattern of CI release which increased proportional to
increase in cell density and peaked between 48 and 60 h

with approximately 80% free CI released (Figure 3).
These activities support the report of many studies
regarding the versatility of the Pseudomonas genus
(Okoh, 2003; Olaniran et al, 2001; Zaitsev and
Karasevich, 1985).
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Figure 2. Growth pattern of the bacterial isolate in 1, 2- DCE.
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Figure 3. Chloride release during growth of the bacterial isolate in
1,2-DCE.

The dehalogenation potential of the bacterium was
further corroborated by the dehalogenase activities of the
crude extract of the bacterium against five other
chlorinated organics. The enzymatic activities of the cell-
free extract is an important advantage over the use of
live organisms against the backdrop of public anxieties
on the effect of releasing live organisms into the
environment as reported elsewhere (Olaniran et al.,
2001). These activities appeared to be influenced by pH
(Table 1), such that dehalogenase activities against
monochloroacetic acid, trichloroacetic acid were higher
under pH 9.0 than pH 7.5, while pH 7.5 favoured
dehalogenation of 1, 2 - dichloroethane, dichloro-
methane, trichloromethane and tetrachloromethane.
These pH regimes fall within the range reported by Slater
et al. (1992), and further confirmed the different pH
optima of 7.5 and 9.0 previously reported for
dehalogenase activities against chlorinated alkanes and
chlorinated alkanoic acids, respectively (van der Ploeg et
al., 1991). Optimum temperature for the dehalogenase
activity against 1, 2 — DCE was observed to be 35°C
(Figure 4) and falls within the range established by
Cookson (1995).

This study further confirms the immense potential of P.
aeruginosa OK1 for use in the bioremediation of
hydrocarbons and halogenated hydrocarbons polluted
systems as have been severally reported for other
pollutants in our previous studies (Okoh et al. 2003;
Okoh et al. 2002; Olaniran et al. 2001). The optimization
of the process conditions, especially the application of
cell-free extracts for bioremediation purpose is the
subject of our on-going study.

Table 1. Dehalogenase activities of crude extracts of the
bacterial isolate prepared from 1, 2 — DCE grown cells towards
various substrates.

Substrate Dehalogenase activity

(U/mg protein)

Substrate Dehalogenase
activity (U/mg
protein

1, 2 - dichloroethane 16.1+0.4 9.5+04
Dichloromethane 10.4+£0.3 6.6 04
Trichloromethane 11.1+£0.1 7.1+05
Tetrachloromethane 10.1+0.2 57+05
Monochloroacetic acid 58+0.3 19.6 £ 0.5
Trichloroacetic acid 46+0.4 14.9+0.3
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