
System. Appl. Microbiol. 23, 591-598 (2000) SYSTEIVL41lC AND 
© Urban & Fischer Verlag 
_htt-'-p_://w_w_w_.ur_ba_nf_is_ch_er_.de.....:./jo_u_rn_als_/s_am ____________ APPLIED MICROBIOLOGY 

Bacterial Community Changes and Enrichment of 
Burkholderia-like Bacteria Induced by Chlorinated Benzoates 
in a Peat-Forest Soil-Microcosm 

HUGO C. RAMfREZ-SAAD1,2, ANGELA SESSITSCH1,3, WILLEM M. DE VOSI, and ANTOON D.L. AKKERMANS I 

1 Laboratory of Microbiology, Wageningen University, Wageningen, The Netherlands 
2 Departamento de Sistemas Biol6gicos, Universidad Aut6noma Metropolitana-Xochimilco, Mexico D.E, Mexico 
3 Department of Life Sciences, Austrian Research Centers Seibersdorf, Seibersdorf, Austria 

Revised Augutst 6, 2000 

Summary 

Bacterial community shifts in a peat-forest soil spiked with 3-chlorobenzoate (3CBA) or 2,5-
dichlorobenzoate (2,5DCB) were monitored by PCR-amplification of the V6 to V8 regions of the 16S 
rRNA and rDNA, followed by separation of the amplicons by temperature gradient gel electrophoresis. 
3CBA disappeared to non-detectable levels after 15 days by a biologically mediated process, while 
2,5DCB remained at the initial concentration values. The experiments were conducted under micro
cosms systems. Addition of the chlorinated benzoates to the soil resulted in a rapid decrease of the mi
crobial diversity, as judged by a time-dependent reduction in the number of amplicons detected by tem
perature gradient gel electrophoresis. Few amplicons specifically enriched in the spiked soils were cloned 
and characterised by sequence analysis. The identity of the cloned DNA and the corresponding soil am
plicons was confirmed by hybridisation with a radioactively labelled V6-probe. Analysis of the 16S 
rDNA sequences indicated that Burkholderia-related bacteria dominated the enriched soil populations 
under 3CBA stress. In addition, enrichment cultures growing on 3CBA as sole C-source were obtained 
from the respective spiked soil, which were found to contain bacteria with identical 16S rDNA se
quences as those induced by 3CBA stress in soil. 

Key words: TGGE - 16S rRNA - chlorobenzoate - bacterial community - soil- microcosm - Burkhol
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Introduction 

The chlorinated benzoates 2,5-dichlorobenzoate 
(2,5DCB) and 3-chlorobenzoate (3CBA), can be found in 
soil, sediments and water mainly as by-products of the 
partial degradation of the man-made polychlorinated 
biphenyls, which are widely used in industrial and agri
cultural applications (FOCHT, 1993). In addition to this 
antropogenic source, up to 68 genera of basidiomycetes 
have been reported to produce many different halogenat
ed metabolites, most of them being chlorinated aromat
ics (DE JONG and FIELD, 1997). Currently, there is a 
wealth of bacteria that are able to degrade chloroben
zoates under different physiological conditions (BRUNS
BACH and REINEKE, 1993, 1994; CHAUDHRY and CHA
PALAMANDUGU, 1991; KROONEMAN et aI., 1996; VAN DER 
WOUDE, 1996). Most of these bacteria have been isolated 
by selecting for their degrading abilities in vitro, but it is 
uncertain whether these bacteria were predominant or 

even active in their original habitats. Moreover, little at
tention has been paid to the ecological impact of chlori
nated benzoates on the soil microbial community of nat
ural environments, although microbial populations with 
the ability to mineralise 3CBA proved to have a wide
world distribution (FULTHORPE et aI., 1996). 

It has been widely accepted that with the current mi
crobiological techniques only a minor fraction of all the 
bacteria present in the environment can be cultured. 
Therefore, considerable attention has been given to assess 
bacterial diversity by using molecular methods mainly 
based on PCR-amplification and analysis of the 165 
rRNA (WARD et aI., 1992). This approach was further 
complemented by separation of 165 rDNA- or rRNA
based amplicons with the temperature gradient gel elec
trophoresis (TGGE), or the equivalent technique denatur
ing gradient gel electrophoresis (DGGE). The combination 
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of these approaches was found to be effective for analys
ing complex microbial communities (MUYZER et aI., 1993; 
HEUER and 5MALLA, 1997; ZOETENDAL et aI., 1998; VAN 
HANNEN et aI., 1999), detecting uncultured bacteria in 
natural environments (FELSKE et aI., 1997; KOWALCHUK et 
aI., 1997; FELSKE and AKKERMANS, 1998), and monitoring 
the isolation of pure cultures (TESKE et aI., 1996). 

The objective of this work was to assess the changes in 
the bacterial community of a peat-forest soil upon addi
tion of two chlorinated benzoates, 2,5DCB or 3CBA. 
This was realised by using the 165 rRNA and its encod
ing gene as molecular markers in combination with the 
TGGE profiling technique in order to a) monitor shifts in 
the composition of the soil bacterial community, b) direct 
the isolation attempts, c) cultivate the predominant bac
teria involved in those changes, and d) specifically ad
dress the phylogenetic relationships of these bacteria. 

Materials and Methods 

Soil sampling 
Soil samples were collected from a natural black alder 

(Alnus glutinosa) wet stand at the nature reserve "de Hel", Vee
nendaal, the Netherlands. A description of the site and physico
chemical properties of the peat soil were reported previously 
(WOLTERS et aI., 1997). Four soil samples (ca. 1 kg each) free of 
stones and large plant material were taken from different sites, 
the samples were pooled and stored at 4 °C until their use, 
within the following week. 

Microcosms experiments 
A fraction of the collected soil was air dried during 2 days. 

After that period 15% (w/v) of the total water content was lost, 
as determined by weight difference. Three equal samples were 
taken and reconstituted to the original 45% humidity by adding: 
a) sterile water to the control treatment, b) 2,5DCB sterile solu
tion to a final concentration of 0.4 pmoles 2,5DCB g-I soil, and 
c) 3CBA sterile solution resulting in a final concentration of 0.4 
pmoles 3CBA g-l soil. The water and the solutions of chlorinated 
compounds were added to the soil in small aliquots and mixed 
thoroughly. Two replicate sterile petri dishes filled with 120 g of 
each treated soil were used as microcosm systems. Soil samples (5 
g) were taken after 0, 5, 10 and 15 days for the HPLC analysis, 
DNA and rRNA extraction. The microcosms were incubated in 
the dark at a cycling temperature of 24/16 °C for 16/8 h, respec
tively, and opened daily under sterile conditions to allow air ex
change. Water content was checked every second day and re
stored to 45%, when necessary, by spraying small volumes of 
sterile water, since water losses were rather low. 

HPLC analysis for quantification of 2,5DCB and 3CBA 
Soils sub-samples (1 g from each microcosm) were extracted 

separately with methanol:water (1:1 v/v) by mixing equal 
weights of soil and extraction mix in an orbital shaker at 300 
rpm for 14 h. The resulting slurry was centrifuged for 10 min at 
10,000 X g. This extraction procedure resulted in an efficiency 
around 85%, which was the highest chlorobenzoate recovery 
reached with this soil type. Aliquots of the supernatants were 
analysed for 2,5DCB and 3CBA in a HPLC Spectra System 
(ThermoQuest, Breda, the Netherlands) equipped with a Chro
moSphere Cg reversed-phase column (Chrompack, Middelburg, 
the Netherlands, Cat. No. 28362). The mobile phase was ace
tonitrile: 0.01 N H2S04 at a volume ratio of 35:65, and a flow 

rate of 0.6 ml min-I. Under these conditions the respective re
tention times for 3CBA and 2,5DCB were 5.1 min and 5.7 min, 
UV-absorbance of both compounds was measured at 206 nm. 

The cultures used for most probable number (MPN) estima
tions and the enrichment cultures obtained from them (see 
below) were centrifuged as described above, and aliquots of the 
supernatant were similarly analysed to determine residual con
centrations of the chlorinated compounds. 

DNA and rRNA extraction 
DNA and rRNA obtained from isolated ribosomes were ex

tracted simultaneously from soil bacteria as described previous
ly (FELSKE et aI., 1998a). The protocol yields two fractions, one 
was treated to obtain DNA, and the other fraction yielding 
rRNA was DNase digested, both fractions were resuspended in 
100 pi of an appropriate buffer. Since the protocol was started 
with 2 g of soil, the yield of each fraction could be regarded as 
obtained from 1 g of soil. Equal amounts of soil from each mi
crocosm were pooled together for DNA and rRNA extraction. 

DNA extraction from enrichment cultures growing on 3CBA 
as only C source was done by bead-beating followed by phenol
chloroform extraction (MIRZA et aI., 1994). 

Temperature gradient gel electrophoresis of PCR and 
reverse transcriptase (RT)-PCR amplicons 

Soil-extracted DNA and rRNA were used as template (1 pi) 
in PCR and RT-PCR amplifications, respectively, in combina
tion with the bacterial specific primers U968/GC and L1401 
(NOBEL et aI., 1996), under the conditions described by FELSKE 
et aI., 1997, by applying 30 thermal cycles. The resulting ampli
cons were approximately 470 bp, including a 40-mer GC-clamp 
(MUYZER et aI., 1993), and comprised the V6 to V8 variable re
gions of the 16S rRNA (NEEFS et aI., 1990). Separation of these 
amplicons was performed in a TGGE system (Diagen, Dussel
dorf, Germany). Polyacrylamide gel preparation and electro
phoresis running conditions were done as described previously 
(FELSKE et aI., 1998b), except that the temperature gradient was 
set to range from 38°C to 49 °C to allow a better band separa
tion. Fixation and silver staining of the gels was according to 
SANGUINEITI et al. (1994). 

Cloning and screening of PCR-amplicons 
DNA extracted from the enrichment cultures (see below) 

was used as target to amplify the nearly full length 16S rRNA 
gene by using primers 7f and 1510r (LANE, 1991). PCR amplifi
cation, purification and cloning of the amplicons were done as 
reported elsewhere (RAMiREZ-SAAD et aI., 1998). 

DNA from randomly selected clones was used as template 
for PCR-amplification of the V6 to V8 regions. TGGE separa
tion of these amplicons was done in parallel with similar amp li
cons, but obtained from the 3CBA treated soil and the enrich
ment cultures. By this means of screening, the PCR products 
with identical V6 to V8 sequences were related by their compa
rable TGGE mobility. 

The identity of matching bands was confirmed by transfer
ring the DNA of a non-stained TGGE-gel to a nylon membrane 
that was further hybridised with radioactive-labelled, clone-spe
cific V6-targeted probes (FELSKE et aI., 1997). These probes 
were PCR-generated by using cloned 16S rDNA as target, in 
combination with primers V971 and RI057 both directed to 
highly conserved 16S rRNA regions of bacteria flanking the 
variable V6 region (HARTUNG, 1996). The 86-base pair long 
probes were 5' labelled with ly-32P]ATP (HEUER and SMALLA, 
1997). The distribution of the radioactive signal was deter
mined using a Phosphor screen (Molecular Dynamics, Sunny
vale, Cal.), and visualised with a STORM 815 (Molecular Dy
namics) scanning and imaging system. 



Reamplification of a specific sequence from a silver-stained 
TGGE band 

PCR amplification of a specific sequence was performed by 
cutting the band of interest immediately after the developing 
and prior to the fixation steps of the silver staining protocol. 
The polyacrylamide piece was transferred to an eppendorf tube, 
completely covered with approximately 100 pi of TE buffer 
(10 mM Tris-HCl, pH 8; 1 mM EDTA), and then shaken for 20 
min after which the buffer was changed; this step was repeated 
three times. After removing the supernatant the gel piece was 
macerated, and 100 pi TE buffer was added. The suspension 
was incubated for 2 h at 4 DC, and briefly centrifuged to pellet 
the gel fragments. Two pi of the supernatant was used as tem
plate in PCR-amplifications, and the resulting V6 to V8 ampli
cons were cloned and screened on TGGE as described above. 

Cultivation and enumeration of chlorobenzoates
degrading bacteria 

Soil micro-organisms were extracted from the original un
spiked soil sample, and also from the soils that have been incu
bated for 15 days in the presence or absence of chloroben
zoates. The extraction procedure was done by mixing 5 g of soil 
with 45 ml 0.1 % (w/v) sterile sodium pyrophosphate solution 
and 5 g sterile glass beads (3 mm diameter) . The mixture was 
shaken for 15 min and allowed to settle down for 5 min; the su
pernatant was used as soil extract. Serial ten-fold dilutions of 
the spiked soil extracts were plated in low-chloride mineral salts 
medium (LMM) (GERRITSE and GOTTSCHAL, 1992), containing 
2.5 mM of either 3CBA or 2,5DCB, as the only energy and 
C-source, while the control soil extracts were plated on both 
3CBA or 2,5DCB-amended media. 

Alternatively, a MPN approach was used to obtain enrich
ment cultures and to address the numbers of chlorobenzoate
degrading micro-organisms present in the treated soils. Tripli
cate series of LMM-tubes amended with the respective chlori
nated compound were inoculated with aliquots of the soil serial 
dilutions. After seven days of incubation at 26 DC, the tubes 
with the highest dilution level showing growth were HPLC
analysed to monitor chlorinated compounds degradation, and 
scored for MPN determinations. A tube was scored positive 
when the residual concentration of chlorinated compound was 
equal or less than 0.5 mM. Aliquots of the most-dilute positive 
tubes were plated on LMM agar amended with either of the 
chlorobenzoates, or enriched by successively transferring 10% 
of a well-grown culture to fresh liquid medium. 

Sequencing and phylogenetic analysis 
The cloned 16S rDNA amplicons obtained from plasmid 

minipreps (Wizard kit, Promega, Madison, Wise.) were se
quenced in both directions by using a Sequenase T7 sequencing 
kit (Amersham, Slough, United Kingdom). The sequencing 
primers used were complementary to the T7 and SP6 promotor 
regions flanking the cloned amplicons, both localised in the 
pGEM-T plasmid (Promega). Additional forward and reverse 
primers 338, 515 and 1115 were directed to conserved regions 
within the 16S rDNA (LANE, 1991). The numbers in the 
primers( names indicate the position of the 5' nucleotide in the 
16S rRNA of E. coli (BROSIUS, et aI., 1978). Sequencing primers 
were labelled with Infra-Red Dye 41 (MWG-Biotech, Ebers
berg, Germany). The sequencing reactions were run in a 4000L 
automated sequencer (Li-Cor, Lincoln, Neb.). All procedures 
were done following manufacturers' instructions. 

Gene data banks search was performed with the improved 
BLAST tool (ALTSCHUL et aI., 1997). Sequence alignment took 
into consideration both the primary structure and the putative 
secondary structure of the 16S rRNA, as implemented in the 
ARB software package (STRUNK et aI., 1998). Phylogenetic dis-
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tance calculation was done according to JUKES and CANTOR 
(1969), unrooted phylogenetic trees were constructed by the 
neighbor-joining method (SAITOU and NFl, 1987), using options 
available within the same ARB software package. The accession 
numbers (in parenthesis) of the sequences used for tree con
struction are: Burkholderia sp. strains N2P5, N2P6, N3P2 
(U37342 to U37344), Burkholderia sp. strain JBl (X92188), B. 
caryophylli (X67039), B. gladioli (X67038), B. andropogonis 
(X67037), B. cepacia group (M22467, X87275, X87284, 
X87286, X87287), Pseudomonas sp. (U86373), Alcaligenes sp. 
(L31650), Ralstonia eutropha (M32021). 

The determined sequences were deposited in GeneBank 
under the accession numbers: AF074711 to AF074713. 

Results and Discussion 

Fate of chlorinated compounds added to soil 

Peat soil samples were amended with either 2,5DCB 
or 3CBA to approximately 0.4 flmol g-l soil, and the fate 
of the added chlorinated benzoates was followed in time. 
The replicate microcosms set up for each treatment be
haved very alike as appreciated by the small differences 
obtained on each experimental determination (Fig. 1). 
The amount of soil-extractable 2,5DCB remained rather 
constant during the experiment, while the values of 
3CBA decreased to almost non-detectable concentrations 
after 15 days (Fig. 1). Autoclaved soils similarly spiked 
with the chlorinated benzoates did not show any signifi
cant reduction of the initial values after two weeks (data 
not shown). Pointing to a biologically mediated disap
pearance of 3CBA in the non-autoclaved treatment. 

Soil-TGGE profiles 

To characterise and compare the bacterial communi
ties from the control and the chlorobenzoate-spiked 
soils, the respective microcosm systems were sampled at 
different times, and the soil samples processed to obtain 

0.40 
'""' 
.~ 0.35 

+ 
eo + 2,5DCB 
'" 0.30 + + v + 
"0 E 0.25 
:i 

+ 

';' 0.20 

"E + 
01 0.15 .. 3CBA 

-= 0.10 41 ... 
C + 
0 0.05 U + CONTROL 

0.00 

0 2 4 6 8 10 12 14 16 

Time (days) 

Fig. 1. Kinetics of 2,5DCB and 3CBA in the soil microcosm ex
periment at 5-day intervals. Each point represents the mean 
value of two replicate microcosm systems and the + signs indi
cate the concentration values obtained for each replicate micro
cosms. 



594 H. C. RAMiREZ-SAAD et al. 

CONTROL G 2,SDCB 
P ·R 

3CBA oc 
;., 

The selective pressure induced by the 
chlorinated benzoates selected some of 
the bacterial populations originally pre
sent in the soil, as reflected in less com
plex community TGGE-banding profiles. 
With time, few of the selected bacterial 
species became dominant populations, 
clearly visible as the predominant arrow
head marked amplicons in Fig. 2. 

P R 

() 5 10 

c... 
r
oc 

15 15 () 5 10 
0:: 

15 15 0 

peR 

5 10 15 

D;-
..... 
oc 
1.5 - da}~ 

- M 

Cultivation and enumeration of 
chlorobenzoates-degrading bacteria 

Initial trials to isolate either 2,SDCB
or 3CBA-degrading bacteria from the 
original unspiked soil were not success
ful, as no growth could be obtained in 
LMM agar plates and tubes inoculated 
with serial dilutions of soil-extracted bac
teria. Similarly, several attempts aimed to 
directly isolate chlorobenzoate-degrading 
microorganisms from both spiked soils 
were unsuccessful as well. Since 2,SDCB 
was not degraded in the spiked soil, and 
the MPN counting on 2,SDCB-contain
ing media was also negative, further culti-
vation from this source was not attempt-
ed. However, in contrast with the initial 
trials, successful enrichment cultures 
were obtained from the 3CBA-amended 
soil, which could be due to a soil enrich-
ment of the degrading bacteria after the 

Fig. 2. TGGE of V6 to V8 rDNA amplicons obtained from the control and the 
chlorobenzoate-spiked soils. The RNA-based (RT-PCR) profile of the control 
soil showed similar banding pattern as the respective DNA-based (PCR) pro
files, while the RT-PCR profiles of the spiked soils are less complex The arrow
heads point to prominent amplicons U, M, L, which were subject to further 
analysis. The small triangles indicate bands present in the control soil that be
came fainter or disappeared in the spiked soil profiles. 

IS-day experiment. The amount of bacte
ria able to grow in the presence of 3CBA 
was addressed by MPN counting. Esti
mation at 95% confidence from two par
allel dilution series yielded 8.5 x 104 and 
1.8 x 105 bacteria g-I soil. Additional at
tempts to cultivate the 3CBA-degraders 
relied on enrichment of the most diluted 
positive tubes from both MPN series. 
After several successive transfers, two en-

V6 to V8 amplicons, which were further separated by 
TGGE (Fig. 2) . The TGGE profiles of the control (non
spiked) soil remained quite constant in time, while the 
profiles of the 2,SDCB- and 3CBA-spiked soils showed a 
reduction in time in the number of bands. However, the 
most noticeable feature in the profiles from both 
chlorobenzoate-spiked soils is the amplicon appearing 
with increasing intensity in time, and marked U(upper) in 
Fig. 2. This amplicon is the most conspicuous after 10 
and 15 days in the 2,SDCB profiles. I 

In the TGGE patterns from the 3CBA-treated soil, 
two additional amplicons marked M(middle), and 
L(lower) were also prominent. Whereas, in the RT-PCR 
profile comparable amplicons U, M and L were the most 
conspicuous, while several other bands were absent (Fig 
2), indicating a high expression of the corresponding 
rRNA genes, and suggesting the presence of few active 
bacterial populations at that time. 

richment cultures (A and B) were obtained that were able 
to degrade about 80% of the added 3CBA in only 3 
days, in contrast to the 7 days needed by the original 
MPN-cultures to metabolise the same amount of 3CBA. 

When aliquots from enrichments A and B were plated 
on LMM agar medium supplemented with 3CBA as sole 
C source no colonies developed, suggesting the involve
ment of a co-metabolic pathway for 3CBA degradation 
on the enrichment cultures. 

Sequencing and phylogenetic analysis 

Further characterization of the bacterial communities 
present in the 3CBA-degrading enrichment cultures A 
and B was done by analysing the 16S rRNA genes. DNA 
extracted from both enrichment cultures was used as 
template in two types of PCR amplifications. One reac
tion was intended to amplify the nearly full length 16S 
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Fig. 3. TGGE of V6 to V8 rDNA amplicons of the 3CBA-treat
ed soil, the 3CBA-degrading enrichment cultures, and the clones 
(EN-B3 and EN-B9) obtained from one of the cultures, showing 
the matching position of bands M and L from the soil profile 
with those from the enrichments and the corresponding clones. 
These arrow-head marked amplicons are comparable to those 
on Fig. 2. 
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rDNA (primers 7f - 1S10r). The obtained products were 
cloned yielding clone libraries A and B from the corre
sponding enrichment cultures. The other reaction was 
targeting the V6 to V8 regions of the 16S rDNA (primers 
U968/GC - L1401), and these amplicons were separated 
by TGGE to address the bacterial composition in the two 
enrichment cultures (Fig. 3). Similar V6 to V8 amplifica
tions but using as target 15 randomly selected clones 
from each library allowed TGGE-screening of those 
clones yielding a band that matched the prominent U, M 
or L amplicons in the 3CBA-treated soil profiles. The se
lected matching clones were further characterised. 

Although the obtained 3CBA-degrading enrichment 
cultures were started from the same inoculum source, 
they showed different bacterial composition as shown by 
the TGGE profiles (Fig. 3). Dunbar et al. (1997) has al
ready reported this enrichment bias. From the prominent 
arrow-head marked amplicons, only the one marked L 
was common to both of the enrichments. In addition, en
richment A had two major amplicons localised in the 
upper part of the profile, which were not detected in the 
3CBA-spiked soil profile (Fig. 3). Hence they were ex
cluded from further analysis. 

Comparison of the V6 to V8 amplicons obtained from 
the clone libraries showed that 18 of 30 clones yielded a 
band migrating to the same position as band L (Figs. 2, 
3), indicating a predominance of the bacteria harbouring 
this 16S rDNA sequence. Two clones comparable in their 
migration position to the amp lie on marked M were pre
sent in only one of the libraries (Fig. 3). The remaining 
10 clones migrated to three different positions and did 
not match with any prominent amplicon within the 
3CBA soil profiles. 

Three clones were selected for nucleotide sequence 
analysis. Two of them (clones EN-AS and EN-B3) that 
matched the amplicon L, were obtained independently 
from each of the two libraries. The other clone (EN-B9) 
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Fig. 4. Unrooted phylogenetic tree showing the 
relations of the environmental clone from de Hel 
soil (DH02), and the clones EN-B3 and EN-B9 
from a 3CBA-degrading enrichment culture, with 
other micro-organisms belonging to the ~-sub
class of Proteobacteria. The dendrogram is based 
on 429 nucleotides comprising the V6 to V8 vari
able regions of the 16S rDNA, which is also the 
analysed sequence length of clone DH02. Those 
micro-organisms marked with an ,. have been re
ported to degrade aromatic xenobiotic com
pounds. The bar represents one base substitution 
per each 10 nucleotides. 
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had a TGGE position comparable to band M (Fig. 3). 
Nearly full-length 16S rDNA sequences covering more 
than 1470 bases were determined for the three clones. As 
expected by their comparable TGGE mobility, the two 
clones matching the amplicon L showed identical se
quences, and we will only refer to clone EN-B3. Compar
ison of the rDNA sequence of this clone to that matching 
the M amplicon (EN-B9) showed a high overall identity 
of 98.9%, with only 16 nucleotide substitutions in their 
sequences. Comparison of both determined sequences 
with gene data banks pointed different members of the 
genus Burkholderia as closest relatives (93 to 94.7%. se
quence similarity). This genus includes several strains 
known to degrade xenobiotics, such as strains N2P5, 
N2P6 and N3P2 are able to degrade polyaromatic com
pounds (MUELLER et aI., 1997), or strain JB1 which is a 
monochlorinated biphenyl degrader (SPRINGAEL et aI., 
1996) (Fig. 4). 

Remarkably, none of the enrichment cultures present
ed on their TGGE-profiles an amplicon matching the U 
position (Fig. 3), although it is quite prominent in the 
profiles of both spiked soils (Fig. 2). Therefore, to char
acterise this amplicon the corresponding band U was ex
cised from a silver-stained TGGE gel, re-amplified and 
cloned, resulting in clone DH02, whose amplicon 
showed the same mobility as the amplicon U upon 
TGGE. Sequence analysis of the V6 to V8 insert of clone 
DH02 showed it to be homologous to the 16S rRNA 
from B. caryophylli, with 95% identity in the 426 bp se
quenced, which comprised positions 975 to 1401 as the 
E. coli numbering (BROSIUS, et aI., 1978). The relations 
of the clones with their closest neighbours in the p-sub
class of Proteobacteria are depicted in Fig. 4. 
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V6-probe hybridization 

In order to confirm the identity between the se
quenced clones EN-B3, EN-B9 and DH02, and their re
spective matching bands L, M and U from the spiked soil 
profiles (Fig. 3), a TGGE gel was run with V6 to V8 am
plicons from the clones, together with those amplicons 
obtained from the chlorobenzoate-treated soils. Subse
quently , the gel was electro-blotted on a nylon mem
brane, and, radioactively labelled probes of the V6 re
gion from each clone were applied in separate hybridisa
tions. The probes derived from clones EN-B3 and EN-B9 
cross-hybridised with each other and with amplicons L 
and M even under stringent conditions, indicating a cor
respondence between the clones and the respective bands 
in the spiked soil profiles (data not shown). Sequence 
comparison of the V6-region from both clones showed 
only one mismatch in the 86 nucleotides comprising the 
probe. In contrast, the radioactively-labelled probe based 
on clone DH02 hybridised with the amplicons derived 
from this clone, and with the fingerprint band U present 
in the TGGE-profiles from the soils treated with 2,5DCB 
or 3CBA (Fig. 5). This confirms not only the sequence 
identity between amplicon U and clone DH02, but also 
indicates that in the soils amended with either of the 
chlorobenzoates, phylogenetically identical bacteria are 
enriched. 

The here described molecular analysis based on TGGE 
profiling allowed to detect in a broad scale and without 
the need of cultivation, the bacterial community changes 
occurring in a peat-forest soil microcosm under chi oro
benzoate stress. The specific population changes were as
sessed, and the phylogenetic position of the predominant 
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Fig.S. Electroblotted TGGE-gel hybridised with a radioactively labelled V6-probe derived from the clone DH02. The gel was load
ed with DNA-based amplicons (PCR) from the untreated soil (control), and from both spiked soils (2,5DCB and 3CBA). RNA-tar
geted amplicons (RT-PCR) from the 3CBA treated soil were also included. In addition, control lanes containing amplicons derived 
from clones DH02, EN-B3 and EN-B9 are indicated. A positive band-signal was obtained in the lanes containing clone DH02 and 
the corresponding spiked-soil profiles. The smeary upper signal corresponds to single stranded amplicons. 



bacterial populations determined. Assessment of commu
nity shifts at both DNA and rRNA level showed similar 
results, indicating that the bacterial populations detected 
at the DNA level were also those metabolically active at 
the different sampling times. 

The bacteria present on the peat-forest soil from De 
Hel could not degrade the xenobiotic 2,5DCB. However, 
a B. caryophylli-related organism was able to adapt to 
the stress conditions opposed by 2,5DCB as indicated by 
the TGGE and sequencing results. Bacteria with similar 
phylogenetic position could also multiply in the presence 
of 3CBA and the question arises whether these bacteria 
contribute to the degradation process in soil. We specu
late that the B. caryophylli-like bacteria are tolerant to 
both chlorobenzoates and well adapted to the soil envi
ronment, allowing their proliferation in a less competi
tive community. This also may explain why in culture 
medium they are apparently overgrown by other fast
growing members of the community, which are readily 
present in the enrichment cultures. 

The Burkholderia-related organisms represented by the 
clones EN-B3 and EN-B9 proved to be predominant in the 
3CBA-degrading enrichment cultures and in the spiked 
soil, as revealed by the molecular analysis. It is tempting 
to assume that these bacteria are responsible or directly 
involved in the disappearance of 3CBA from the soil. 

In a recent study on polychlorinated biphenyl-polluted 
moorland soils sequence types within the ~-subclass of 
the Proteobacteria, including Burkholderia caryophylli, 
have been found (NOGALES et aI., 1999). Their sequences 
comprising coordinates 1 to 476 do not overlap at all 
with our clone DH02. In addition, any of these clones 
were among the 15 closest related sequences to our 
clones EN-B3 and EN-B9, which being nearly full length 
do have an overlapping stretch with the clone library. 

The chosen approach has proven successful in identi
fying soil bacterial populations able to survive and re
main active under chlorobenzoate stress, some of these 
micro-organisms may be involved in the degradation of 
3CBA. This strategy may be a useful tool for future 
bioremediation studies. Furthermore, TGGE-profiling 
proved to be an efficient means of monitoring the ecolog
ical impact of xenobiotic compounds such as chloroben
zoates, in soil bacterial communities. This approach 
could be easily applied to other complex environments 
and to different members of the microbial community. 
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