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Abstract

Theaim of thiswork wasto test thefeasibility of introducing an anaerobic microbial reductivedechlorination activity
into non sterile soil slurry microcosmsby inoculation with the pure anaerobic bacterial strain Desulfomoniletiedjei,
which is capable of dechlorinating 3-chlorobenzoate to benzoate. To show that the bacterium was established in
the microcosms we followed the expression of the reductive dechlorination activity and a molecular probe based
on PCR amplification of the 16SrDNA gene was developed. However, the success of PCR amplification of the 16S
rDNA gene depends on the DNA extraction and purification methodologies applied, as shown through the use of
several protocols. In this study we report a DNA extraction and purification method which generates sufficient and
very clean DNA suitable for PCR amplification of the D. tiedjei 16S rDNA gene. The threshold of detection was
about 5.10° bacteria per gram of soil slurry. Introduction of D. tiedjei in soil Slurry microcosms proved successful
since 3-chlorobenzoate dechlorination activity was established with this bacterium in microcosms normally devoid
of this dechlorination capacity. Indeed, the addition of D. tiedjei to microcosms supplemented with acetate plus
formate as cosubstrate, at their respective concentrationsof 5 and 6 mM, led to atotal biotransformation of 2.5 mM
of 3-chlorobenzoate within 12 days. After complete 3-chlorobenzoate dechlorination, the 16S rDNA gene of this
bacterium was specifically detected only in the inoculated microcosms as shown by PCR amplification followed
by restriction mapping confirmation.

Introduction

Bioremediation is currently attracting considerable
interest as a technique of enhancing the degradation
of troublesome pollutants by competent microorgan-
isms for the rehabilitation of contaminated soil. A
number of authors has demonstrated the feasibility
of introducing new metabolic activities into a specif-
ic microbia environment using pure bacterial strains
or consortia (Oldenhuis et a. 1989; Ahring et al.
1992; Mdller & Ingvorsen1993; Brunsbach & Reineke
1993, 1995). The new biocatalytic potential can be
established in the inoculated site either through the
growth and metabolism of the added microorganisms
or by the transfer of degradative genes (Mergeay et al.
1990; Zhou & Tiedje 1995). In this work we explored

the introduction of reductive dechlorination activity
into non-sterile soil microcosms by inoculation with
a pure anaerobic bacterium strain and we devel oped
reliable molecular methodology for detection of the
strain over timeafter inocul ation. Desulfomonil etiedjel
was used as model microorganism because of itswell-
characterized dechlorination activity. This bacterium
which can dechlorinate chloroaromatics (De Weerd
et al. 1990) is a fagtidious sulfate-reducing anaer-
obe with the capacity to grow syntrophically within
a methanogenic consortium (Dolfing & Tiedje 1986).
In addition to demonstrating the successful mainte-
nance of D. tiedjel in the microcosms by following
the reductive dechlorination of 3-chlorobenzoate, we
also developed a molecular probe. Its use for detect-
ing D. tiedjei in soil durry microcosms was based on
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the PCR amplification of the 16S rDNA gene. This
genomic fragment iswidely used asaprobefor detect-
ing bacteria in natural and polluted environments as
shown by the exponential increase of recent publica-
tions (Amann et a. 1990; Britschgi & Fallon 1994;
Raskin et al. 1994; Amann et al. 1995; Degrange &
Bradin 1995; Briglia et al. 1996; Hales et al. 1996,
Wang et al. 1996). However to obtain DNA suitable
for PCR amplification different DNA extraction and
purification methods had to be tested and compared
(Dijkmans et al. 1993; Volossiouk et al. 1995; Zhou
et a. 1996) before developing an adequate methodol-
ogy for the soil and the bacterium used throughout this
study.

Materialsand methods
Organismand growth conditions

Desulfomonile tiedjei strain DCB-1 (ATCC 49306)
was obtained from the American Type Culture Col-
lection, Bethesda, MD, USA. The bacterium was
maintained by periodic transfer in a defined medium
(DeWeerd et al. 1990) with 2 mM 3-chlorobenzoate as
an electron acceptor and 20 mM pyruvate asan el ectron
donor.

Preparation of soil slurry microcosms

Throughout this study, an unacclimated agricultural
soil was used originating from Michamps, Belgium.
The texture of the soil was 60% silt, 30% clay and
10% sand. It contained 2% organic matter and 0.15%
nitrogen. Its cation exchange capacity (CEC) was 8-10
meg/100 g and its pH in water was 6. The soil was
passed through a2.0 mm sieve, placed in airtight poly-
ethylene bags and kept at 4 °C in the dark until use.
Fifty grams(dry weight) of soil wereplacedina250ml
glass flask and 80 ml of the basal medium containing
0.1% yeast extract, mineral solution and vitamins (De
Weerd et al. 1990) was added. To this, a supplemental
cosubstrate consisting of 5 mM acetate plus6 mM for-
mate was added. The mixturewas flushed under 100%
N> and the pH was adjusted to 7.3 with NaHCOs. The
flasks were sealed under an atmosphere of 20% CO,
plus 80% N,. One mM titanium (I11) nitrilotriacetate
(Moench & Zeikus 1983) was added as a reducing
agent. 3-chlorobenzoate was added from a concentrat-
ed solution. A D. tiedjei culture growing exponentially
in the nutrient solution mentioned above was added to

bottles at 10% (v/v) of the soil durry mixture (inocu-
lum of 107 cells/ml). The bacterial cell concentration
was estimated by direct microscopic count using phase
contrast illumination. Samplesfor counting were fixed
with 5% formalin. The inoculated bottles were incu-
bated at 37 °C in the dark and all experiments were
performed in duplicate.

Bacterial DNA extraction

Total DNA fromapurecultureof D. tiedjel wasisolated
using amodified method of Jansson (1988): to harvest
the cells, NaCl was added to a final concentration of
1M, and cultureswere centrifuged for 10 min at 8,000
x g. The cells were washed once with TES (3 mM
Tris, pH 8.0; 5 mM EDTA; 50 mM NaCl) and were
pelleted in a preweighed centrifuge tube. TES (1 mi/g
cells) was added and the cells were resuspended. This
suspension was frozen at —70 °C for at least 12 h.
To isolate the DNA, the cells were thawed and lysed.
TES (5 ml/ g cells) was added followed by lysozyme
(3mg/ml in TES) to /10 volume. The cellswereincu-
bated at 37 °C for 15 min and 1/15 volume proteinase
K was added (10 mg/ml in TES, predigested 30 min at
37 °C). Sarkosyl was added (1/9 volume), mixed well,
and incubated for 3 h at 37 °C. The purification was
performed using phenol and chloroform plusisoamylic
alcohol extraction followed by overnight precipitation
with 2.5 volumes of ethanol.

Total DNA from the soil microcosms was isolated
using the following protocol: two grams of soil slurry
were added to a 14 ml polypropylene round bottom
tube (Falcon tube). To this, 4 ml of lysozyme solution
(20 mg/ml in Tris, pH 9) was added. The mixture was
incubated 15 min at 37 °C by horizontal shaking at
250 rpm. The samples were sonicated twice for 20 s at
power level 5 and 100% active cycles using an ultra-
sonicator (Branson Sonifier 450, Danbury, CT, USA).
To achieve complete lysis 1% SDS was added and
samples were dowly mixed for 5 min, then 2.5 mM of
sodium acetate was added. The supernatant was col-
lected after centrifugation at 5,000 x g for 10 min at
room temperature and transferred into a new tube con-
taining an equal volume of chloroform-isoamy! a cohol
(24:1, viv). The agueous phase was recovered by cen-
trifugation and gently passed through Sephadex G50
(Pharmacia, Roosendaal, The Netherlands) columns.
Centrifugation of the columns was performed twicein
a swinging buckets centrifuge (Jouan, CR4.12, Leu-
ven, Belgium) at 2,000 x g for 5 min and the eluate
collected in a new tube containing 0.6 its volume of
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Table 1. Comparison of different DNA extraction and purification protocols for successful PCR detection of the 16S rDNA gene of D.
tiedjel inoculated in an agricultura non sterile soil slurry microcosm

Zhou et d. (1996)

Volossiouk et a. (1995)

Dijkmans et a. (1993)

This study

Soil sample (g)
Bacteria cell lysis

DNA purification to
avoid PCR inhibiting
substances

5

13.5ml DNA extraction
buffer + 100 ul
proteinase K (10
mg/ml) 30 min37°C
(shaking, 225 rpm) +
1.5ml SDS (20%) 2 h
65 °C (three cycles of
extraction)

i): single Wizard
minicolumn* or
ii): double Wizard

0.25

Grind with liquid
nitrogen (5 min) 2 ml
extraction buffer (0.3%
SDSin 0.14 M NaCl,
50 mM NaAc, pH 5.1)

Dilution of crude DNA
extract (50-fold)

05

1ml TrispH 9.0 (20
mg/ml lysozyme) 5
min, 37 °C + 1% SDS,
Eppendorf mixer, 5 min
+ 2.5 mM ammonium
acetate

2

4ml TrispH 9 (20
mg/ml lysozyme) 15
min, 37 °C (shaking
250 rpm) +
ultrasonication, 20 s at
power level 5 and 100%
active cycles + 1% SDS
(5min) + 25 mM
ammonium acetate

minicolumn* or

iii): gel excision plus
single Wizard
minicolumn*

PCR detection of D. -
tiedjei using primers
(Dt60, Dt1032)**

Sephadex G50 columns  Sephadex G50 columns
+ Single Wizard
minicolumn*

+/— +

* Wizard PCR preps purification (Promega, Madison, W1.).
** PCR conditions are detailed in Materials and methods.

isopropanol. The precipitation was performed for 1 h
at —20 °C. The pellet of the first purification step was
obtained by centrifugation at 16,000 x g for 20 min at
room temperature, washed with cold 70% ethanol, and
resuspended in deionized water, to give afinal volume
of 250 ul. The next purification step was performed
with 100 ul of the first purification DNA suspension
using Wizard™ PCR preps (Promega, Madison, WI,
USA). The purified DNA was finally recovered in 100
ul deionized water. Other DNA extraction and purifi-
cation protocolswere also used as seen in Table 1.

PCR amplification

Oligonuclecotide primers targeting the 16S rDNA
gene were designed from published D. tiedjei
RNA sequences with GenBank accession num-
ber M26635 with the aid of the Oligo Select-
ed Program, and synthesized with a DNA syn-
thesizer (Eurogentec, Liége, Belgium). The 16S
rDNA gene was amplified with the primers Dt60
(5'-CAAGTCGTACGAGAAACATATC-forward) and
Dt1032 (5'-GAAGAGGATCGTGTTTCCACGA-re-

verse). These primers were predicted to yield a 998
bp product. One to two ul of extracted DNA were
amplified by PCR with a 9600 thermal cycler (Perkin-
Elmer, Norwalk, CT, USA). Throughout this study two
DNA polymerases were used. The first one was from
DynaZym (Eurogentec, Liege, Belgium) and the sec-
ond was the High Fidelity PCR system (Boehringer,
Mannheim, Germany). PCR experimentswere carried
out in 50 pl final volume with 5 ul Ampli Taq 10x
reaction buffer, 2.5 pmol of primers, 0.2 mM dNTP
and 0.4 units of Ampli Taq polymerase (DynaZym) or
0.6 units of High Fidelity PCR system (Boehringer).
200 to 400 ng/ml of an ultrapure and molecular biolo-
gy grade bovine serum albumin (BSA) (Boehringer) or
100 to 150 ng/ml of T4 gene protein 32 (Boehringer)
was added to the PCR mixture for relief of amplifica-
tion inhibition in PCR (Kraeder 1996). Samples were
amplified with 30 cycles of the following conditions:
92 °Cfor Imin, 55°Cfor 1 min, and 72 °C for 1 min.
A final extension was carried out at 72 °C for 10 min.
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PCR product confirmation by restriction enzymes

Beforerestrictions, the PCR product was purified using
High Pure PCR Product Purification Kit (Boehringer,
Mannheim, Germany). All restriction enzymes were
purchased from New England BiolL abs (Beverly, MA,
USA) and the experimental conditionswere those rec-
ommended by the manufacturers.

Detection of PCR product and digested fragments

PCR amplification products were electrophoresed on
0.8% agarose gels whereas restriction fragments were
electrophoresed on 2 to 2.5% L ow Melting Point Agar
(Life Technologies, Gaithersburg, MD, USA). Ethid-
ium bromide-stained bands were visualized with the
UVP Transilluminator and Imagestore 5000 system
(UltraViolet Products, San Gabriel, CA, USA). Phage
& X174 DNA digested with Hael Il (Eurogentec, Liege,
Belgium) was used as size marker.

Analytical methods

DNA concentration was estimated spectrophotometri-
cally. Samples for quantification of 3-chlorobenzoate
and benzoate were analysed by reverse-phase high per-
formanceliquid chromatography (HPL C) with aChro-
mosphere C18 column (Chrompack, Middelburg, The
Netherlands). The flow rate was 1 ml/min. The mobile
phase consisted of CH3CN-H,0-H3PO, (35:65:0.01).
A UV-detector LKB-VWM 2141 (Pharmacia, Upp-
sala, Sweden) was set to 276 nm. The gas composition
was determined by gas chromatography using an I nter-
smat |GC model 120 MB chromatograph (Chelles-les-
Coudreaux, France) equipped with a catharometer and
two columnsin series, filled respectively with Porapak
Q 50-80 mesh and 5 A molecular sieve. All chemicals
and reagents mentioned under Materials and methods
were of the highest purity available and were obtained
from Sigma (Saint Louis, MO, USA) or Merck (Darm-
stadt, Germany).

Resultsand discussion

Soil DNA extraction methodology

The soil DNA extraction method described in Materi-
alsand methodsis not time consuming and generated a

very clean DNA suitable for PCR amplifications. The
method provides considerably less shearing of DNA

Figure 1. DNA extracted from soil slurry used throughout this study.
Lanes: 1, 200 ng of lambda DNA digested with Hindlll and EcoRl;
2 and 3, 10 ul of purified DNA from soil slurry. The DNA was
resolved on a0.8% agarose gel.

since the predominant DNA fragments obtained were
between 15 and 20 Kb (Figure 1). The Axgo/Agg rétio
of DNA absorbance obtained after theWizard™ purifi-
cation method was 2.10 (£0.02) indicating that the
DNA was of good quality compared with pure culture
(1.95 +0.04). Other DNA extraction methods were
also applied to the agricultural soil used in this study
and detail sof these stepsaregivenin Table 1. Although
the method of Volossiouk et al. (1995) was simple and
faster than the method described above, its application
for the 16S rDNA gene detection of D. tiedjei failed
even if 2 grams of soil slurry were used instead of the
0.25 g recommended by the authors which was also
used in this study. The problem encountered with this
protocol is probably the inefficiency of the bacterial
lysis step. The application of the protocol developed
by Zhou et a. (1996) was time-consuming and the
PCR amplification failed to detect D. tiedjei in the soil
dlurry used throughout this study. We observed with
the latter protocol that the step which involved SDS
treatment by incubating the samples at 65 °C for two
hours is apparently not suitable since the liquid phase
was intensely coloured with the brownish soil sub-
stances (presumably phenols, humic and fulvic acids)
which are known as strong inhibitors of PCR reactions
(Straub et a. 1995). Consequently the samples need-
ed many more purification steps before PCR reactions
could be initiated. The application of the protocol of
Djikmans et al. (1993) proved successful for detecting
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Figure 2. Sensitivity of PCR detection of D. tiedjei in soil slurry.
(a): Sensitivity of detection using Taq polymerase (DynaZym). (b):
Sensitivity of detection using Expand High Fidelity PCR system
(Boehringer). Lanes: 1to 5, ten-fold dilution 5.10° to 50 bacteria
per gram of soil, respectively; 6, non inoculated microcosm; 7,
negative control (no template DNA); 8, positive control (template
DNA from pure culture of D. tiedjei).
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D. tiedjei when 2 grams of soil durry was used but
the sensitivity of PCR detection was drastically lower
when compared with the protocol developed for this
study as detailed in Materials and methods (results not
shown). The DNA extraction protocol developed here
is an improvement of the protocol by Dijkmans et al.
(1993). It generatesavery clean DNA suitablefor PCR
amplification. Indeed, after the second purification step
(Wizard™ purification), positive PCR reactionscan be
obtained with morethan 10 ul of DNA samplewithout
altering the PCR sensitivity.

PCR methodology for detecting D. tiedjei in soil

To determinethe sensitivity of the primer set for detect-
ing D. tiedjei in aheterogeneous soil DNA background,
aknown number of these bacteriawereinoculated into
1 g of non sterile soil followed by incubation at room
temperature for 1 hour to allow adsorption to soil par-
ticles before DNA extraction and PCR amplification.
The bacterial soil DNA extraction and purification
methodologies cited above proved successful for the
detection of D. tiedjei. Thelimit of detection using set
(Dt60, Dt1032), as estimated by microscopic count-
ing, was about 5.10* bacteria per gram of soil durry
when Taq polymerase from DynaZym was used (Fig-
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Figure 3. Biotransformation of 3-chlorobenzoate (a) to benzoate (b)
insoil slurry microcosmsinoculated with D. tiedjei inthe absence ()
or presence (W) of acetate plusformate (5 and 6 mM, respectively) as
supplemental cosubstrate. ({>): 3-chlorobenzoate in non inoculated
microcosms.

ure 2a) and 5.10° bacteriaper gram of soil slurry when
High Fidelity PCR system from Boehringer was used
(Figure 2b). The results show that the primers chosen
for detecting the bacterium strain in soil slurry were
specific since no signal was detected in the non inoc-
ulated soil durry (Lane 7, Figure 2a and 2b). There
was a good correlation between detection of D. tied-
jei in pure culture and in soil when we compared the
sensitivity of the detection for these two environments
using primer set (Dt60, Dt1032) and Taq polymerase
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Figure 4. PCR detection of D. tiedjel in soil slurry microcosms
after three weeks of incubation. Lanes: 1 and 2, non inoculated
samples with non supplemental cosubstrate and with acetate plus
formate as cosubstrate, respectively; 3 and 4, inoculated microcosms
with non supplemental cosubstrate and with acetate plus formate as
cosubstrate, respectively; 5, positive control (template DNA from
pure culture of D. tiedjel); 6, negative control (no template DNA).

from DynaZym. Indeed the limit of detectionwith pure
extracted DNA was about 550 pg which theoretically
corresponds to 6.10* bacteria if we consider that one
bacterium contains about 9.10~2 pg of DNA. Thisis
similar to the sensitivity of the detection in soil slurry
which was about 5.10* bacteriaper gram of soil slurry.

Expression and monitoring of reductive
dechlorination activity in non sterile soil slurry
microcosms inoculated with D. tiedjei

Microcosms are very useful as a research tool for
investigating the ecological fate of microorganisms
and chemicals upon inoculation of soils (Daane et al.
1996; Hantshel et al. 1996). In this study we mon-
itored the inoculated bacterium by determining the
reductive dechlorination activity on 3-chlorobenzoate
inappropriatesoil microcosmsinoculated with D. tied-
jei and by detecting the 16S rDNA gene of this bac-
terium with the PCR methodology developed above.
The dechlorination activity on 3-chlorobenzoate was
clearly expressed in the microcosms inoculated with
D. tiedjei in the basal medium amended with 3-
chlorobenzoatewhereas no dechlorination activity was
observed in the non inocul ated microcosms even upon
prolonged incubation (Figure 3). This indicates that
the dechlorination activity was the result of the intro-
duction of D. tiedjei. The 3-chlorobenzoate was first
transformed by this strain to benzoate which was in
turn mineralized by the indigenous microbial commu-
nity to CH, and CO,. Evidence for benzoate miner-
alization can be demonstrated using carbon mass bal-
ances. Indeed after 40 days of incubation, 2.40 and
0.41 mmol of CH4 were measured in the headspaces
of microcosms inoculated with D. tiedjei and in non-

inoculated microcosms, repectively, in the presence of
acetate (5 mM) plus formate (6 mM) as supplemen-
tal cosubstrate. Taking into account only the complete
transformation of acetate and formateto CH,, the max-
imum expected CH, in the headspaceis approximately
1.20 mM. On the other hand, when complete transfor-
mation of 3-chlorobenzoate (2.50 mM) to CH, was
considered in the mass balance, the theoretical expect-
ed CH4 in the headspaceis 2.48 mmol which isclosely
similar to the experimentally measured CH, in inocu-
lated microcosms (2.40 mmol). This increase in CHy4
production in inoculated microcosms can be attributed
to benzoate mineralization.

In theinoculated microcosms, the results show that
the rate of 3-chlorobenzoate biotransformation varied
with the supplemental cosubstrate. Indeed, the addi-
tion of D. tiedjel to microcosms supplemented with
acetate plus formate at their respective concentrations
of 5and 6 mM led to a total biotransformation of the
chloroaromatic compound within 12 days (Figure 3).
Inthe control microcosmswhich weredevoid of cosub-
strate, total biotransformation of 3-chlorobenzoatewas
observed only after 30 days (Figure 3). These results
confirmed the primary roleof supplemental cosubstrate
on the rate of reductive dechlorination which has been
previously recognized (Fathepure & Boyd 1988; Gib-
son & Suflita 1993; Doong & Wu 1995). The cosub-
strate is a source of reducing equivalents needed for
the dechlorination of 3-chlorobenzoate by the bacte-
ria. It is no surprise then that a syntrophic association
can easily occur between D. tiedjei and other micro-
bial strains of a methanogenic consortium (Dolfing &
Tiedje 1986). Dolfing (1990) reported previously that
the doubling time of D. tiedjei strain DCB-1 when
grownin purecultureand reductively dechlorinating 3-
chlorobenzoate (8 to 10 days) was significantly longer
than its doubling time within the consortium which
was only 3 days.

The application of the PCR methodology devel-
oped in this study was both specific and sensitive. Fig-
ure 4 shows that the target fragment resulting from a
first-round PCR using primer set (Dt60, Dt1032) was
detected after three weeksin al microcosmswhereD.
tiedjei was added. The PCR mixture for these results
contained T4 gene 32 protein and an Expand High
Fidelity PCR system (Boehringer) as the source of
polymerase. Addition of these two componentsto the
PCR mixture offers the optimum conditions for better
detection of the 16SrDNA gene of D. tiedjel from soil
slurry. The specificity of the 998 bp first-round PCR
product obtained by using primer set (Dt60, Dt1032)
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Figure 5. PCR confirmation by digestion with restriction enzymes. (A) Restriction map of sample amplified from inoculated soil; lanes: 1 and
6, $X174 DNA marker digested with Haelll; 2, 3, and 4 show digested fragments with Haelll, BsmAl, and BsiHKAI, respectively; 5, non
digested fragment. (B) Restriction map using pure DNA, lanes: 1, marker; 2, 3 and 4 show digested fragment with BsmAl, BsiHKAI, and

Haelll, respectively; 5, non digested fragment.

from D. tiedjei was confirmed by applying appropri-
ate restriction enzymes. The choice of enzymes was
made by comparing restriction maps of the closely
related species using the program of Genetic Com-
puter Group, Inc. (Wisconsin package, version 8.1-
UNIX, 1995). Three enzymeswere retained since they
displayed specific sites in the 16S rDNA gene of D.
tiedjei. Haelll which hastwo sites and generated three
fragments (757, 157, and 75 bp), BsiHKAI which has
two sites and generated three fragments (648, 208, and
134 bp) and BsmAl which hasthree sitesand generated
four fragments (434, 287, 160, and 134 bp). Figure 5
shows the confirmation of the PCR results by a diges-
tion with restriction enzymes. All PCR samples were
from the inoculated microcosm containing acetate plus
formate as cosubstrate.

This work reaffirms that the success of PCR, in
the case of DNA extraction from soil, depends on
the methodology of soil DNA extraction and target
microorganisms, since the results are different by
applying different methods of bacterial lysis, DNA
extraction and DNA purification. Recently several pro-
tocols have been proposed for DNA extraction and
purification from soil samples in order to avoid the
inhibition of PCR by phenolsand humic acids (Akker-
mans et al. 1995; Straub et al. 1995; Trevors & van
Elsas 1995). It has been recently shown that differ-
ent extraction methods had a strong influence on DNA

recovery and that the success of PCR amplification
varied with different purification methods. The results
presented in this study show also that the DNA extrac-
tion and purification methodologies are crucial para-
meters for a successful PCR based detection in soil
(Table 1). Thisisin line with widely differing reports
inthe literature. Even though some authorswere capa-
ble of detecting 1 cell of Pseudomonas cepacia 1100
per g of soil by the combination of PCR amplification
and DNA hybridization (Atlas et al. 1989), others after
improving the temperature of annealing were able to
detect 10* cells/g soil of A. tumefaciens (Picard et al.
1992). Pseudomonas fluorescens R2f has been detect-
ed at a sengitivity of 10% inoculant cells per gram of
soil (Smallaet al. 1993) and Nitrobacter at 10 cells/g
soil (Degrange & Bardin 1995).

Conclusion

In this study we have shown the successful introduc-
tion of a de novo biodegradation ability into previous-
ly non dechlorinating soil by inoculating D. tiedjel.
We have shown specifically that a mineralization of
3-chlorobenzoate can occur in the soil microcosmsin
the presence of an anaerobic methanogenic consortium
similar to the original microbial ecological niche from
which D. tiedjei was isolated. These results are very
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encouraging for developing inoculation strategies for
contaminated soils especially if the strainintroducedis
compatiblewith the soil’s microbiol ogical background
(Pritchard 1992). Finally we were able to successfully
detect the inoculated bacterium by an improved soil
DNA extraction and purification protocol well adapted
to the soil/microorganism system under consideration.
Thisdemonstration augurswell for the future of anaer-
obic biodegradationof toxic aromaticsin contaminated
soils.
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