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The introduction of genetically modified
microorganisms designed for
rhizoremediation induces changes on
native bacteria in the rhizosphere but not
in the surrounding soil
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A 168-day microcosms experiment was used to assess the possible functional and structural shifts
occurring in the bacterial community of a site with a historical record of polychlorinated biphenyl
(PCB) contamination, after the introduction of plants whose roots have been inoculated with
genetically modified (GM) microorganisms, designed for rhizoremediation. Salix sp. plants were
inoculated with two different GM Pseudomonas fluorescens strains or with their parental wild-type
strain. Both bulk soil and rhizosphere samples were analyzed. Physiological profiles based on 31
ecologically relevant carbon sources were used to detect differences in bacterial community
functions. The community structure of eubacteria, a and b-proteobacteria, actinobacteria and
acidobacteria communities were analyzed via a polymerase chain reaction–thermal gradient gel
electrophoresis (TGGE) approach. The introduced transgenes had no effect on the function and
structure of the bacterial community in bulk soil, although they enhanced biodegradation of PCBs
as determined by chemical analysis. However, the transgenes effected the development of
functionally and genetically distinct bacterial communities in the rhizosphere. Moreover, structural
and functional differences were detected between planted and unplanted soils and between soil and
rhizosphere samples. In the case of the different group-specific structures studied, differences were
observed between groups because of time-dependant shifts, rhizosphere effect and bacterial strain
introduced.
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Introduction

Polychlorinated biphenyls (PCBs) have been de-
tected in most ecosystems, especially in soils and
sediments of industrial areas (McFarland and
Clarke, 1989). Such ubiquitous presence is ex-
plained by their high chemical stability and low
water solubility, which contribute to their persis-
tence in the environment, but also by the fact that
more than 300 million kg have been released in the

environment before their use was abandoned in
most countries (Holoubek, 2001). PCBs accumulate
in higher trophic levels of the food chain and cause
numerous toxic effects on different organisms (Safe,
1994). Thus, their persistence causes a major
environmental problem. Remediation of PCB-con-
taminated soil has traditionally been carried out by
incineration or burial of the soil in secure landfills.
As a less expensive removal strategy, rhizoremedia-
tion (Yee et al., 1998), the use of a dual plant–
microorganism system, in which the plant provides
nutrients, support and a greater availability of the
substrate, and the microorganisms drive the enzy-
matic remediation, has been proposed (Kuiper et al.,
2004; Villacieros et al., 2005). Salix sp., which
produces salicylic acid and related compounds thatReceived 29 December 2006 revised and accepted 21 March 2007
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induce the degradation of many xenobiotic mole-
cules (such as polycyclic aromatic hydrocarbons)
and sustain bacterial growth (Singer et al., 2003;
Leigh et al., 2006) are good candidates for rhizor-
emediation of PCB-contaminated soils. Since the
desired biotransformation abilities and the aptitude
to thrive in rhizosphere environments are seldom
observed together in any given strain, the use of
genetically modified (GM) microorganisms (GMMs)
is being considered. Before using such GMM–
rhizoremediation technologies for the treatment
of polluted sites, risk assessments are required by
law. Such risk assessments normally concern (as in
the EU Directive 2001/18/EC) the persistence and
dissemination potential of the GMM, the potential
transfer of inserted genetic material to indigenous
organisms and the impact of the GMM on native
microorganisms (Drobnik, 1999). Thus, approval
for field testing will normally be dependant on the
results of studies conducted in simulated natural
environments (Morrissey et al., 2002). The aim
of this microcosm study was to evaluate the possible
functional and structural shifts occurring in the
bacterial populations of a PCB-contaminated soil
ecosystem after the introduction of integrated plant–
GMM systems designed for PCB–rhizoremediation
and compare them with the introduction of the
wild-type parental microorganism. Our results
show that the impact of the introduced transgenes
on the different bacterial populations studied was
limited to the rhizosphere of the inoculated plants.

Materials and methods

Experimental setup
Bacteria were grown overnight in liquid cultures
on sucrose asparragine (SA) medium and washed
in phosphate buffer. Willows (Salix viminalis x
schwerinii, variety Björn), were pregrown in tap
water from 20-cm-long cuttings. The root systems of
3-week-old willow plants were submerged in phos-
phate buffer containing 106 bacteria/ml for 1 h. The
bacterial treatments were as follows: control (Pseu-
domonas fluorescens F113rif; wild-type strain with
a spontaneous rifampicine resistance (Fedi et al.,
1996)), class 1 GM strain (P. fluorescens F113rifpcb;
single chromosomal insertion of the bph operon
(Brazil et al., 1995)) and class 2 GM strain (P.
fluorescens F113LH1180; single chromosomal in-
sertion of the bph operon under the control of the
Sinorhizobium meliloti nod regulatory system,
which shows increased growth rate on biphenyl
(Villacieros et al., 2005)). Three inoculated willow
plants were planted per galvanized iron pot on
1900 g of previously homogenized and sieved (2 mm
mesh) PCB-contaminated soil. The soil, obtained
from Lhenice (Czech Republic), was contaminated
with approximately 200 mg/kg of the PCB mixture
Delor103 (similar to Aroclor 1242) resulting from
historic industrial activity. Controls contained

uninoculated soil only. All pots were incubated
under controlled conditions of 16 h light, at 221C
and 8 h dark, at 181C. All pots were watered from
below. Three replicate pots per treatment were
killed and analyzed for each sampling date. Bulk
soil samples (from a total of 12 pots per sampling
dates) were taken as soils cores at seven sampling
dates, starting with day 0. Rhizosphere samples
(from a total of nine pots per sampling dates),
defined as roots plus the soil still adhering to the
roots after consistent shaking, were taken every 4
weeks for 6 months (six sampling dates). Soil and
rhizosphere samples from each pot were used for the
community-level physiological profiles (CLPPs) sta-
tistical analysis. Soil and rhizosphere-derived DNA
was obtained from each pot and then soil and
rhizospheric DNA samples from the same treat-
ments were pooled. Thus, each final genetic profile
(one profile per time and treatment) was derived
from the combined DNA samples from three
different pots with the same treatment. To document
the persistence of the inocula, triplicate rhizosphere
samples were analyzed at all seven sampling times
by extracting in phosphate buffer and plating on SA
plates containing rifampicin (colonies were double-
checked by morphological appearance), which re-
sulted in an inoculum presence that ranged between
105 and 106 CFU/g rhizosphere wet weight for all
inocula during the first 91 days and declined to
104 CFU/g on day 163.

PCB analysis
Triplicate soil samples from each sampling date and
treatment were air-dried for 24 h at room tempera-
ture, then homogenized with mortar and pestle and
sieved through a 1-mm mesh. Aliquots of soil (1 g)
were extracted in hexane for 4 h using a micro-scale
modification of the EPA method for Soxhlet extrac-
tion (EPA Method 3540C; Ryslava et al., 2003).
Extracts were concentrated under a nitrogen stream
and subjected to florisil cleanup (EPA Method
3620B) before analysis. Each sample was analyzed
in duplicate using a Hewlett-Packard 5890 gas
chromatograph with an electron capture detector
and a fused silica capillary column (30 m, 0.20-mm
inner diameter) coated with 0.25-mm stationary
phase SE054 with nitrogen as the carrier gas (flow
rate 1 ml/min). The total PCB concentration was
estimated based on indicator congeners using
US EPA methods 8089/8081 for expressing the
total content of PCBs as a sum of recommended
indicator congeners (PCB no. 28—2,4,40-trichloro-
biphenyl, 52—2,20,5,50-tetrachlorobiphenyl, 101—2,
20,4,5,50-pentachlorobiphenyl, 138—2,20,3,4,40,5-hexa-
chlorobiphenyl, 153—2,20,4,40,5,50-hexachlorobi-
phenyl, 180—2,20,3,4,40,5,50-heptachlorobiphenyl). The
effect of the different treatments on PCB concentra-
tion was assessed by analysis of variance employing
general linear modelling (GLM) using the SPSS 14.0
software.
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CLPP
Soil samples (5 g) from each replicate pot were
placed in 250 ml flasks containing 45 ml sterile
saline solution and placed in an orbital shaker at
250 r.p.m. for 30 min at 281C. Rhizosphere samples
(0.5 g) were vortexed for 2 min in 4.5 ml of sterile
saline solution. Soil and root debris was removed by
a low-speed centrifugation step (2 min, 500 g, 201C).
The bacterial fraction was harvested from the
supernatant by centrifugation at 1000 g for 20 min.
The resulting bacterial pellet was then washed in
10 ml of sterile saline solution to avoid carry-over of
soil-carbon sources to the microplate and resus-
pended in 10 ml of saline solution. Each suspension
of bacterial cells was diluted 1:10 and used to
inoculate ECOplates (Biolog, CA, USA), 135 ml per
well, which were then incubated at 281C in dark-
ness. Each ECOPlate contains 31 response wells
with different soil-carbon sources and a control well
without carbon source. A tetrazolium redox dye is
included, which turns purple when reduced by
microbial respiration. The OD595 was measured
using a Spectra Fluor microtiter plate reader (Tecan,
Zurich, Switzerland) after 22, 44, 66 and 88 h. The
raw OD values in each microplate were corrected for
the background color in the control well without
carbon source. To account for slightly differing
initial cell densities, the corrected ODs were divided
by the average well color of the plate, giving the
standardized OD, thus comparing standardized
patterns rather than absolute values (Garland and
Mills, 1991). The activity values obtained when a
maximum of wells showed activity (66 h) (Glimm
et al., 1997) were chosen for further statistical
analysis. Activity values smaller than 0.006 only
contributed to noise and were counted as 0 (no
catabolic activity). The resulting 31 variables (corre-
sponding to each carbon source) were reduced to
seven new principal components (SPSS 12.0),
which in all cases explained more than 75% of the
total variance (total eigenvalue sum), using the
covariance of the variables. To test for differences
between the communities, a multivariate analysis
was performed (GLM, SPSS12.0) using the new
principal components as variables (Glimm et al.,
1997). Diversity of the catabolic profiles was
calculated using the Shannon index (Shannon and
Weaver, 1963) according to the following formula:
H¼�SPi log Pi, where Pi represents the proportion
of each particular activity value.

DNA extraction and PCR amplification of group-
specific 16S rDNA
Total DNA was extracted from 0.5 g (wet weight) of
each of the replicate samples following a protocol
described by Porteous et al. (1997). Owing to the
presence of contaminating humic material, the DNA
was further purified using a Microcon YM-100
filtering device (Millipore, Bedford, MA, USA).
The size and quality of the DNA was then checked

on agarose gels. One microliter of pooled DNA
(B15 ng) was used to amplify the 16S rRNA genes
with group-specific primers targeting eubacteria (27f
(Weisburg et al., 1991) and L1494 (Weisburg et al.,
1991)), a-proteobacteria (a-U203 (Gomes et al., 2001)
and L1494), b-proteobacteria (F948b (Gomes et al.,
2001) and L1494), acidobacteria (31F (Barns et al.,
1999) and L1494) and actinobacteria (F243HGC
(Heuer et al., 1997) and R1378 (Heuer et al.,
1997)). The polymerase chain reaction (PCR) mix-
ture consisted of 2.5 ml of reaction buffer, 5 pmol
of primers, 3.75 mM MgCl2, 0.2 mM 20-deoxyribo-
nucleoside 50-O-(1-thiotriphosphate)s, 5 mg bovine
serum albumin, 4% dimethylsulfoxide and 1 U Tth
DNA polymerase (Biotools, Madrid, Spain), in a
final volume of 25 ml. The PCR program was as
follows: 5 min denaturation at 941C followed by 25
cycles of 1 min at 941C, 1 min for primer annealing,
2 min at 721C for primer extension and a final cycle
at 721C for 10 min. The products of three replicate
PCR reactions were then pooled. One microliter
of a 1:10 dilution of these amplified products was
used for a second round of nested PCR using
high-performance liquid chromatography-purified
(Villadas et al., 2002) primer pair F984GC (Heuer
et al., 1997) and R1378. Acetamide was added to
the reaction mixture to facilitate the denaturation
of dsDNA and to circumvent the formation of
secondary structures. This second PCR results in
475 bp fragments (968–1401; 16S rRNA Escherichia
coli numbering) suitable for thermal gradient gel
electrophoresis (TGGE) analysis.

TGGE
For sequence-specific separation of the PCR
products, a TGGE system (Biometra, Göttingen,
Germany) was used as specified by the manufac-
turer. Polyacrylamide gels (6%) were polymerized in
1�TAE buffer, 8 M urea, 20% deionized formamide
and 2% glycerol. PCR samples (8.5 ml) were resolved
by electrophoresis in 1�TAE buffer at 130 V,
through a temperature gradient of 44.5–561C during
16 h. Reference patterns consisting of various group-
specific sequences were included in the gels to
facilitate the gel analysis. DNA gel bands were
evidenced by a silver-staining protocol (Heuer et al.,
1997).

Data analysis
The gels were digitally documented and analyzed
(Quantity One, Bio-Rad, Hercules, CA, USA). After
lane-based background subtraction employing the
rolling disk method, bands were detected and the
resulting banding patterns were standardized with
the reference pattern included. Each band was
described by its standardized position and its
relative intensity in the profile, which was calcu-
lated by the relative surface of the peak in the profile
over the sum of the surfaces for all the peaks within
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the profile. The data obtained, relative abundances
and positions were subjected to correspondence
analysis (CA) (XLSTAT package), to represent the
profiles in two dimensions and to observe their
temporal change. CA is well adapted to abundance
data since its underlying model assumes a unimodal
distribution of species along environmental gradi-
ents (as stated by Niche theory) and since it uses w2

distances, thus avoiding the double-zeros problem
(Legendre and Legendre, 1998). Moreover, the data
were subjected to hierarchical agglomerative clus-
tering using the unweighted pair-group method
using average linkages method (UPGMA), based on
the whole-period averaged w2 dissimilarities, and
significant clusters in the dendrograms were deter-
mined by setting the automatic detect function
(XLSTAT package). The GMM and unplanted soil
treatments dissimilarities versus the control treat-
ment were further studied by analysis of variance
(SPSS 12.0) and diversity of the genetic profiles was
calculated using the Shannon index (as above),
where Pi represents the proportion of a particular
band in the profile.

Results

PCB degradation
To determine the efficiency of the GM strains in PCB
degradation under soil microcosm conditions, we
measured the amount of PCB present initially and at
each sampling time. The initial PCB concentration,
measured as the sum of six recommended indicator
congeners was 182722 mg PCB/kg dry soil. After
168 days PCB concentrations were 186731, 16478
and 158716 mg PCB/kg dry soil, for the wild-type,
class 1 and class 2 treatments, respectively. Statis-
tical analysis of the data from the seven time points,
showed significant differences between the wild-
type treatment and class 1 (Po0.013) and class 2
(Po0.009) treatments. No significant differences
were observed between class 1 and class 2 treat-
ments.

Analysis of the structural changes in the eubacteria
community
To observe differences in the structure of the
microbial communities studied, genetic profiles
were generated by PCR amplification of the 16S
rRNA genes present in the DNA obtained from each
sample, followed by sequence specific separation
via TGGE (Figure 1). The average dissimilarities
between the genetic profiles derived from the
different treatments were represented in dendro-
grams (Figure 2) to assess the overall effect of the
treatments on the structure of the community. In
addition, to observe the temporal changes in the
structure of the communities, the genetic profiles
were subjected to CA (Figure 3). In the dendrogram
derived from the eubacterial genetic profiles
(Figure 2a), the different treatments were grouped

in four significant clusters (dashed lines), which
were formed by the four bulk soil samples in a single
cluster and the three-rhizosphere samples in sepa-
rate clusters. Similar results can also be observed in
the CA plot (Figure 3a); there was a clear separation
between rhizosphere and soil profiles, which grew
with time. The soil profiles showed a low dispersion
because of treatment or sampling date, while the
rhizosphere profiles showed a higher dispersion,
with marked temporal shifts. The class 2 rhizo-
sphere profiles were very different from the control
profiles, while the class 1 profiles were intermedi-
ate, oscillating between being similar to the control
or to the class 2 profiles at different time points.
Thus, no evident effect was observed in the soil
eubacterial structure because of treatment. Conver-
sely, the treatments had noticeably different effects
on the development of the rhizosphere eubacterial
community structure.

Analysis of the structural changes in specific
populations
When the same approach was used to analyze the
structural changes of specific bacterial populations
(a and b-proteobacteria, acidobacteria and actino-
bacteria), similar results were obtained. As in the
case of the eubacterial profiles, the data grouped in
four clusters for all the populations analyzed with
the exception of the acidobacteria (Figure 3). These
four clusters were formed by the soil samples in one
cluster and the three-rhizosphere samples in sepa-
rate clusters. The dissimilarity values between soil
profiles were low, while the genetic profiles from
the different rhizosphere treatments usually were
very dissimilar. The CA plots (Figure 3) also showed

Figure 1 Example of TGGE banding patterns corresponding to
the a-proteobacterial patterns at sampling date 2 (28 days). L,
group-specific ladder. 1–7, treatments: unplanted soil, Wt soil,
class 1 soil, class 2 soil, Wt rhizosphere, class 1 rhizosphere and
class 2 rhizosphere.
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a clear separation between rhizosphere and soil
profiles for all populations studied, which usually
grew over time. In most cases, there was a low
dispersion between soil profiles from different
treatments. On the contrary, the rhizosphere profiles
were more dispersed, with marked temporal shifts
(except in the case of a-proteobacteria). However,
there were some noticeable differences between
populations. In the case of the a-proteobacteria
(Figure 3b), the difference between rhizosphere
and soil profiles was very high from the first
sampling date and no temporal changes were
evident. For this population, both GMM treatments
produced rhizosphere profiles that were very similar
along time, while a steady difference was observed
between the rhizosphere profiles produced by the
GMM treatments and the rhizosphere profiles
produced by inoculation with the wild-type strain.

In the b-proteobacteria CA plot (Figure 3c), the
class 2 rhizosphere profiles were very different from
the wild-type-produced profiles in two out of three
sampling times, while the class 1 profile oscillated
between that similar to the control (wild-type strain)
or to the class 2 profile at different time points.

In the actinobacterial CA plot (Figure 3d), the
differentiation between soil and rhizosphere pro-
files developed slowly and a low time-dependent
drift was observed in the soil profiles. In the case of
the acidobacteria (Figure 2e), dissimilarity levels
between treatments were very low, indicating the
absence of effect because of treatment, although an
evident difference between soil and rhizosphere
profiles can be observed. As for the actinobacteria,
the differentiation between soil and rhizosphere
acidobacterial profiles developed slowly (Figure 3e)
and a low time-dependent drift was detected for the
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soil profiles as well. The dispersion of the acido-
bacteria soil profiles at sampling dates 1 and 2 was
surprisingly high, although it turned to a much less
disperse distribution, similar to the other popula-
tions, at time points 3 and 4. No statistical
significant differences were found for all the groups
studied comparing, by analysis of variance, the

dissimilarities of the GMMs and unplanted soil
treatments with respect to the control soil treatment,
which means that the effect of the GMM treatments
in the soil communities was not greater than the
effect of leaving the soil unplanted. The Shannon
indices of diversity based on the relative abundance
of bands in the TGGE gels were tested by analysis of
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variance (not shown). However, no statistically
significant differences owing to treatment or time-
dependent changes were detected either in soil or
rhizospheric populations for all the different groups
studied, based on Shannon indices of diversity.

Analysis of the function of the microbial community
To assess possible differences between the functions
of the microbial communities derived from different
treatments and sampling dates, CLPPs were gener-
ated and analyzed. Statistically significant differ-
ences were detected between the CLPPs of the
different sampling dates for all treatments (P-value
0.000), indicating that the function of the commu-
nities experienced a time-dependent drift. The
CLPPs of the rhizospheric communities differed
from those of their soil-counterparts (P-value 0.002),
not surprisingly, taking into account the well-
documented rhizosphere effect. Moreover, the
plants exerted an effect on the microbial function
at a distance from the rhizosphere, since significant
differences were also found comparing soil commu-
nities derived from planted and unplanted pots
(P-value 0.000). No significant differences were
detected between the CLPPs of the soil communities
with different treatments, which indicate that the
function of the soil microbial communities was
unaltered by the treatments. Conversely, in the case
of the function of the rhizosphere communities,
statistically significant differences were found
between both class 2 (P-value 0.012) and class 1
(P-value 0.035) treatments compared with the con-
trol, but no differences were observed between the
class 2 and class 1 rhizosphere CLPPs. Such results
indicate that both GMM treatments had an effect on
the function of the rhizosphere communities that
differed from that of the wild-type F113rif inocula-
tion. The CLPPs were also used to obtain a measure
of the functional diversity of the communities based
on the Shannon index of diversity, which were then
compared. The results indicate that the soil com-
munities from planted pots were more diverse than
those coming from unplanted pots (unplanted
2.9170.18; planted 3.0370.11, P-value 0.000) and
the rhizosphere communities were slightly more
diverse than their soil counterparts (soil 3.0370.11;
rhizosphere 3.0870.11, P-value 0.020). These re-
sults, together with the precedent (see above), state
that not only did the presence of Salix sp. plants
alter the microbial function at a distance from the
rhizosphere, but it made it more diverse as well. No
differences were found between the catabolic diver-
sity of soil communities with different treatments,
but both class 2 (class 2 3.1470.10, control
3.0870.11, P-value 0.017) and class 1 (3.1670.05,
P-value 0.001) treatments showed more diversity
than the control treatment in the rhizosphere
communities. No differences were found between
class 1 and class 2 treatments.

Discussion

In the present study, we show that the introduction
of two bacterial strains with genetically engineered
traits for the degradation of PCBs in the rhizosphere
of willow plants had no effect, compared with the
introduction of the wild-type bacteria, on the
surrounding PCB-contaminated soil microbial po-
pulations. This was evidenced by the fact that no
statistically significant differences were detected
between the CLPPs of different treatments (as well
as between the diversity indices derived from them),
even though such approach detected time-depen-
dent changes and overall differences between
planted versus unplanted soil communities and
between rhizosphere versus soil communities. Si-
milar results were obtained when the structure of
the communities was analyzed; the soil genetic
profiles were homogeneous, as evidenced by the
small dispersion on the CA plots of most groups
studied. Moreover, the fact that the clustering
method applied grouped all bulk soil samples
together, and the evidence that the effect of the
GMMs treatments was not significantly greater than
the effect caused by the lack of willow roots in the
environment, support the conclusion that the soil
communities were not noticeably affected by the
difference in treatment (except possibly the b-
proteobacterial structure, see below).

However, the introduction of such GMMs seems
to have influenced the development of distinct
rhizospheric communities, since the CLPPs of the
GMMs treatments differed from those of the wild
type. The genetic profiles were also different, which
can be observed not only in the distinctive cluster-
ings, but also in the dispersion observed in the CA
plots. A similar picture can be drawn in the case of
the group-specific analysis. There were some differ-
ences, for instance, regarding the time-dependent
shifts of the profiles or the strength of the rhizo-
sphere effect, which can be readily explained
accepting that different bacterial groups may have
different responses to the presence of roots in the
environment or may respond more slowly to the
shifts in the environmental factors applied in the
experiment (such as light and temperature or water-
ing regimes). However, other differences require a
closer look; in the a-proteobacteria, it seems clear
from the dissimilarity levels of the dendrogram
(Figure 2b), that there were greater differences
between rhizosphere treatments than what can be
deduced from the CA plot (Figure 3b). This can be
explained by the fact that the CA analysis, which
aims to retain a maximum of the total variance of the
samples in two dimension (Legendre and Legendre,
1998), was probably biased by the strong differences
between soil and rhizosphere samples (first dimen-
sion) and by the presence of some uncommon bands
in the rhizosphere control treatment at sampling
date 3 and in the unplanted soil treatment
at sampling date 1 (second dimension), thus
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conditioning the position of the profiles with
respect to such factors, masking other possible
differences present. The b-proteobacteria soil pro-
files derived from the GMM treatments exhibited a
greater dispersion than expected from the eubacter-
ial pattern. Since several studies (Nogales et al.,
1999, 2001; our unpublished results) describe a
higher than expected abundance of b-proteobacterial
sequences on PCB-contaminated soils with different
origins and postulate the possible implication of
many b-proteobacteria on in situ natural PCB
degradation, it is plausible that a GMM-mediated
effect on the PCB congeners’ abundances may have
an effect on such bacteria, either by competition for
resources or by the formation of new degradable
intermediates. We find no straightforward explana-
tion for the high dispersion of the acidobacteria soil
genetic profiles at time points 1 and 2 (Figure 3e). It
may be an experimental artifact since they are much
more homogeneous at time points 3 and 4, and at
sampling time 1 the soil samples should be much
more similar. Also, it is interesting to note that even
though there seems to be an effect owing to
treatment in the rhizosphere at sampling dates 3
and 4, as observed in the CA plot, the overall
dissimilarities between treatments were rather low.
We have observed that the effect caused by the
introduction of both class 1 and class 2 GM strains
(compared with the inoculation of the wild-type
strain) on native bacterial populations was limited
to the rhizosphere and was variable depending on
the bacterial group studied. Since the colonization
abilities and the metabolism (except the PCB
catabolism) of both GM strains were undistinguish-
able from those of the wild-type F113rif (Brazil
et al., 1995; Villacieros et al., 2005), and they
persisted in the environment at similar levels, we
deduce that such differing effects may be a result of
the activity of the introduced transgenes; reduction
of local PCB concentrations and/or formation of new
intermediates and their impact on sensitive popula-
tions, either because of toxicity or change of
substrate availability. To our knowledge, there are
no other studies dealing with the mid-term impact
of GMMs designed for rhizoremediation on the
native bacteria of polluted soils to compare our
results with. However, in a recent study involving
the use of a Commamonas sp.–alfalfa system to
remediate a soil artificially polluted with 4-chloro-
nitrobenzene (Liu et al., 2007), the structure of the
eubacterial community was analyzed over a period
of 15 days. In that case, observed differences
between treatments in the presence and relative
intensities of bands on denaturing gradient gel
electrophoresis were considered the result of natural
soil variability rather than from the introduction of
the GM strain. Nevertheless, there is evidence from
the release of biocontrol-oriented GMMs (Amarger,
2002; Viebahn et al., 2003; Johansen and Olsson,
2005) suggesting that the introduction of GMMs in
the soil environment causes essentially the same

effects on the native microorganisms than inocula-
tion with the wild-type strains. They may induce,
within the microbial rhizosphere populations, tran-
sient shifts in their structure and function but much
less important than the differences induced by plant
growth, plant species and other means of natural
variability. Results of a field-release study with
strain F113rif (Karlson, unpublished) showed that
4 years after its release, F113rif was still found in the
rhizosphere of willows and their numbers had been
reduced to 9.2% of the initial inoculation, and a
similar behavior is expected for the GM strain
F113LH1180. The later strain does not contain
antibiotic resistance genes from the vector and thus
it is suitable for in situ applications. The bph
element in F113LH1180 is stable and lateral transfer
of the element to a homologous recipient should
occur at nondetectable frequencies in the rhizo-
sphere (Ramos et al., 1994). The transgenes are
derived from another soil microorganism, thus no
new gene is added to the soil microbial community.
Furthermore, the products of the trangenes are
unrelated to any pathogenic or noxious factors.
From the above, the potential human and environ-
mental risk from the use of this P. fluorescens
F113LH1180–Salix sp. system for the rhizoremedia-
tion of PCB-polluted soils seems very low. Never-
theless, a full-range field trial would be highly
valuable to assess the long-term fitness of this GM
strain in the environment as well as its real
usefulness in the decontamination of PCB-polluted
soils.
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