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●
Bacteria are the most numerous organisms on
this planet and have a vital rôle in buffering the
biosphere against radical changes, not least

those inflicted by man. Mobile genetic elements (MGE)
endow their bacterial host with genetic variability and
flexibility, promoting DNA rearrangements within a
bacterium as well as exchange between bacteria. They
thus fuel the bacterial response to environmental stress.
Horizontal gene exchange provides an opportunity for
the MGE and the genes it carries to out-replicate its
original host by creating phenotypic combinations that
are better adapted to the current environment or which
can invade new ecological niches. MGEs provide a
location where catabolic and anabolic genes can be
assembled to provide the response to environmental
stresses. The traits specified by mobile elements include
resistance to antibiotics, heavy metals and radiation,
biodegradation of xenobiotic compounds, symbiotic and
virulence determinants, bacteriocin production and
increased mutation frequencies. Despite the importance
of MGEs, our present knowledge is extremely limited
due in part to the non-culturability of the vast majority
of bacteria in the environment, but also to the fact that
most work on bacterial genetics has concentrated on 
just a few groups of species. Indeed studies on mobile
elements have often focused on bacteria from clinical
specimens. A better understanding of the diversity,
maintenance and transfer functions of MGE and the
acquisition and spread of new phenotypic traits will be
only achieved by combining the expertise of molecular
biologists and ecologists. EU funding through a
Concerted Action entitled ‘Mobile Genetic Elements’
Contribution to Bacterial Adaptability and Diversity’
(MECBAD) has provided a further opportunity to bring
these two disciplines together.

● Diversity and distribution of mobile genetic
elements 
A major objective of MECBAD is to develop the tools 
to assess whether there are many classes of completely
unknown MGEs yet to be discovered and how the known
MGEs are distributed. Most people are familiar with
‘endogenous’ plasmid isolation in which bacteria are
cultured and plasmid DNA is extracted by standard
techniques. To access MGEs in bacteria which are not
culturable, ‘exogenous’ isolation mixes a marked host
with environmental samples and determines whether it
can capture MGEs carrying certain selectable traits.
Exogenous isolation has been successful in capturing
resistance and biodegradative plasmids. Experiences of
different laboratories indicate that endogenous and
exogenous isolation procedures yield completely
different sets of plasmids, so both methods should 
be used in tandem. So far, exogenous isolation has only
been successful with Gram-negative bacteria and then
only with a limited range of species. Perhaps more

appropriate recipients, and revised methodologies, will
be important for success with Gram-positive bacteria.

The most vital part of a plasmid is the DNA that gives
it the ability to replicate autonomously – the replicon.
Plasmids are commonly defined by the replicon family to
which they belong. Similarly, transposable elements are
defined by their transposition functions. The commonly
used set of replicon probes has been unsuccessful in
identifying the vast majority of plasmids in natural
environments. Therefore, we need strategies to identify
the replicons and transfer systems from a wide range of
plasmids in new environments. A possible approach for
this may be through sequencing of complete plasmids.
Funding will be required to sequence large numbers 
of plasmids and therefore an important task for the
MECBAD group is to convince funding bodies and
industry of the enormous contribution of MGE to
bacterial diversity and the potential for biotechnology.
Furthermore, the development of membranes or
preferably biochips with a bank of rep probes should
provide an important tool for environmental analysis.

Currently however, the most important tools being
developed are the PCR primer systems for plasmid
replicon, transfer and maintenance genes (Fig. 1). New
primer sets for replicon families, as well as transposons
and integrons, are absolutely essential if studies of the
environmental prevalence of particular plasmid/replicon
families are to be made. The development and testing of
new primer sets is essential prior to studies of MGE
prevalence in any complex environment. Since each new
environment studied is likely to contain MGE systems
unrelated to those for which sequence information is
available, PCR-based methods must be used as part of a
multiphasic approach together with exogenous and
endogenous isolation.

● Maintenance of MGEs
A key property of an MGE is the range of hosts in which
it can establish itself and maintain itself stably. MGEs
can be maintained in a bacterium either through
autonomous replication as a plasmid or by integration
into a genome that is capable of replication. A particular
MGE may be able to exploit both strategies under
different circumstances. For example, IncP-1α plasmids
normally replicate autonomously, but in Xanthomonas
species they integrate into the chromosome. Conversely,
the IncJ elements of Escherichia coli normally integrate
into the chromosome but if deprived of their normal
integration machinery they are capable of autonomous
replication. Novel elements are still being discovered,
such as a catabolic transposon which appears capable of
conjugative transfer followed by integration/excision by
a site-specific process (either into a plasmid or a
transposon), so fitting into a gap between temperate
phage and conjugative transposon. Once present in a new
host, the maintenance of an MGE can be regarded as the

Trawling the horizontal gene pool
Christopher M. Thomas & Kornelia Smalla

Mobile genetic
elements fuel
bacterial response
to environmental
stress. Co-ordinated
action is needed 
to define their
importance in
biosafety issues as
well as to tap their
potential as
sources of new
properties for
biotechnology.



MICROBIOLOGYTODAYVOL 27/FEB00 25

combination of stability of the MGE in its new host 
and the fitness of the host with the MGE in relation 
to bacteria without the MGE. Many observations of
plasmid instability may reflect poor experimental design
where we do not consider the true growth rate of the 
host under natural conditions (competition, nutrient,
pH, temperature, etc.). Temperature is an extremely
important environmental factor for the host range and
stability of different plasmids, while benefits of plasmid
carriage during stress or starvation should also not 
be ignored. A major focus is therefore to increase our
understanding of how plasmids maintain themselves 
in populations and microbial communities, and
particularly to extend what we know about plasmid
maintenance in laboratory shake flasks and agar plates, 
to microcosms and real environments.

To determine host range it is important that a wide
spectrum of hosts is used. Release of bacteria into
complex communities followed by isolation of bacteria
into which the plasmid has transferred may provide a
means of looking at effective host range. However,
studies on transfers to different host organisms are biased
due to the lack of tools for including non-culturable 
or not-yet-cultured bacteria in the analysis. The use of
plasmids tagged with fluorescent reporter genes (gfp)
which are completely repressed in the donor strain but
will become derepressed after transfer, will allow trans-
conjugants to be detected without culturing (Fig. 2).
The new host could then be identified by the use of host-
specific oligofluors. However, gfp may not be expressed
or functional in all hosts, thus limiting the range of
recipients that will be detected. Another strategy may 

be to use antibody-based magnetic isolation of bacteria
expressing plasmid-encoded surface antigens such as
pilin, or surface exclusion protein, followed by a
technique such as Denaturing Gradient Gel Electro-
phoresis (DGGE) on amplified rRNA to assess the
diversity of host species. Flow cytometry could also be
used to enrich for such transconjugants prior to
identification. The sensitivity and selectivity of these
techniques must be explored and developed.

● Transfer of MGEs 
Conjugation is the transfer mechanism most usually
associated with mobile elements but we still know
surprisingly little about the process itself. For example,
what triggers transfer? Is it the contact between a donor
and recipient cell? How is the pore formed? How is 
the DNA transferred? Recent experiments have defined
the pilus assembly machinery, but it has not yet been
possible to uncouple DNA transport from pilus
assembly. Perhaps the two processes are intimately
coupled and therefore it will be valuable to continue
comparing conjugative DNA transfer mechanisms with
the development in our understanding of macro-
molecular transport in related processes, such as type II
and type III protein export, and in processes of DNA
transmission connected with competence as well as
phage entry and extrusion. It is also pertinent to
investigate the specificity of interactions between donors
and recipients, since we know little about what controls
the interaction between bacteria of different genera.

There is a need to study the signals that regulate
expression of conjugative systems. Thus stress response,

LEFT:
Fig. 1. PCR-based detection of
IncPα and IncPβ plasmids in total
community DNA. Hybridization was
with a trfA2-derived probe from
RP4 (left) and R751 (right). Lanes:
1, potato rhizosphere; 2, degrading
consortium from soil; 3, salt
marsh; 6, mouse gut; 8, soil; 
9, contaminated soil; 11, oil seed
rape rhizosphere; 13, chicken
manure; 14, cattle manure; 
15, pig manure; 16, compost; 
23, sewage; 25, copper-treated
soil; 26, untreated rhizosphere; 
31, fish farm sediment; 33, farm
soil.
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quorum sensing and diffusible factors, as well as the
physiological state of donors and recipients will be
researched in the future. These studies are vital to
establish what types of conditions, compounds or signals
stimulate plasmid transfers – the ecological aspects 
of plasmid transfer. This may allow us to explain why, 
for example, transfer of plasmid RP1 can occur between
100-day starved Vibrio cells in sea water, but not between
E. coli strains. This suggests that the host/plasmid
combination is a crucial determinant of transfer rate:
Vibrio cells must have an energy maintenance mechanism
that allows successful transfers to occur long after
blocking of the energy sources. On the other hand, for
biofilms composed of copiotrophic organisms such 
as pseudomonads, transfers of the TOL plasmid are
confined to the outer (upper) biofilm regions, with
presumably the highest metabolic activity (Fig. 2). This
indicates the importance of cellular metabolic rate for
successful transfers between copiotrophs, an inference
previously made from studies in the rhizosphere, rhizo-
plane and in soil. The contrasting results between transfers
between Vibrio spp. and those between copiotrophs likely
relates to the ecophysiological host type. There is a clear
need for future comparative research in this area so that we
can predict and model transfer in complex communities.

● Gene recruitment and spread of novel traits 
The evolutionary spread of antibiotic resistance genes 
in the last 50 years cannot be described in traditional
phylogenetical terms which deal with an accuracy of
±106 years. Therefore, other methods have been used to
monitor the evolution and spread of such adaptive traits
within bacteria. For example, it is clear from the data on
glycopeptide resistance and the vanA gene that some
estimate for gene mobility could be made. By combining
information on the usage of certain growth-promoting
antibiotics with data analysing the problems of vanco-
mycin resistance in hospitals (arising in enterococci
causing sepsis) it has been possible to find an identical
resistance gene in two populations physically separated
from one another. This case involved a series of stepwise
transfers from hosts with overlapping environments to
enable mobility from the farm environment to the hospital.

Studies of bacterial populations in rapidly changing
environments, simulated in model systems such as a
chemostat, have demonstrated that bacteria evolve rapidly
where growth rates are relatively high (in comparison to
soil, for example) and gene transfer occurs readily under

selection of an adaptive trait. Genetic exchange increases
potential for diversity and phenotypic plasticity. Gene
mosaics have been discovered in several drug resistance
genes where extensive chromosomal recombination has
been mediated by transformation in Gram-positive
pathogenic cocci. Much more difficult to evaluate is the
rate at which genes are recruited on to mobile elements,
such as plasmids, phages and transposons, facilitating
transfers. A highly selective environment was made by
the widespread use of antibiotics for growth promotion
in farm animals and for use in human and veterinary
medicine. A brief analysis of the resistance gene
dissemination proves that horizontal gene transfer is
highly efficient and an effective method for bacteria to
acquire advantageous genes. Even when selection is
removed, genes tend to remain associated with mobile
elements: for example, mercury resistance on R-
plasmids. However, caution is necessary to avoid over-
simplification of environmental conditions: mercury is
no longer used in hospitals as a disinfectant but it is
ubiquitous, albeit at low levels, in most environments.
Further work is needed to identify the reasons for
persistence and spread of MGEs.

● MGEs as tools for biotechnology 
A major aim of the concerted action is to see how our
knowledge of MGEs can be exploited in industry,
agriculture, environmental management or medicine.
The metabolic pathways carried on mobile elements 
are important and there is probably more diversity
among catabolic genes than we know so far in the well
characterized Pseudomonaceae. Exogenous plasmid
isolation is a possible strategy. Using recipients that lack
only one gene of a pathway allows the missing gene 
from environmental samples to be picked up by genetic
complementation. However, there may be many genes 
in nature that cannot be accessed by looking only at
MGEs. An alternative to this strategy would therefore be
to use expression libraries in which DNA extracted from
soil is cloned downstream of an active promoter, followed
by the identification of genes which confer degradation
of a given compound in a functional assay. Sequencing
projects will also be useful in the search for novel genes.

The search for exploitable genes is purpose driven, e.g.
for bioremediation. Chemostats (elegant but messy)
allow one to put everything into the melting pot in the
hope that a single strain or a consortium of strains will
emerge. Since polluted sites are often simultaneously

ABOVE:
Fig. 2. Two vertical cross
sections through a benzyl-alcohol-
degrading biofilm, illustrating the
spatial distribution of green
fluorescent transconjugants
(green/yellow) relative to the non-
infected Pseudomonas putida cells
(potential recipients) (red) and
Acinetobacter strain C6 (blue). The
biofilm was analysed 8 days after
introduction of donor cells. P. putida
(red) cells were identified by 16S
rRNA hybridization. After
hybridization, green fluorescent
transconjugants appear as either
yellow or green, depending on the
ratio between the green GFP signal
and the red hybridization signal.
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contaminated with xenobiotic compounds and heavy
metals, bioremediation needs strains that can detoxify
both. Such strains have been constructed and shown to
work under laboratory conditions. Since numerous
aromatic compounds occur in nature it seems likely that
most desirable pathways could be derived by mutation or
rearrangement of genes of natural origin. Interestingly,
where this has been observed already, plasmids of the
IncP-1 group are associated with the rapid evolution step.
A strategy to develop new biodegradative capacity would
be to apply very strong selective pressure as in a grossly
contaminated site. A promiscuous conjugative MGE,
such as an IncP-1 plasmid, could be added to enhance the
spread of genes in the bacterial community and to ‘seed’
the catabolic genes. This should achieve efficient detoxi-
fication of xenobiotic compounds by forced evolution of
natural bacterial consortia using ideas derived from
studies of the MGEs associated with natural evolution.

An issue relevant to our knowledge is the agricultural
use of genetically modified organisms. While GM crops
are widely accepted in the US, the situation in Europe is
different: public opinion is strongly against their use. 
By contrast, GM vaccines against viruses such as hepatitis
B or rabies are widely accepted. Hence, it seems that the
public has a completely different perception of medically
applied technology compared with that used in agri-
culture. In the same way, a modified bacterium capable of
biodegrading gunpowder or land mines, if such a thing
were invented, is likely to be acceptable because it is doing
a useful job. It adds up to a risk versus benefit situation.
With our food ‘mountains’, it is hardly surprising that
people in developed countries do not see a need for this
technology in food production and so do not want it.
Following this argument there should be a future for in
situ bioremediation with GMOs, but a good campaign
will be necessary to inform the public of the benefits. On
the other hand, if natural bacteria or bacterial consortia
can be encouraged to evolve their capacity for bio-
remediation without in vitro recombination then the
public perception of that would be much better. There is
thus great scope for the exploitation of knowledge about
MGEs and the natural recombination they can promote.
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MECBAD involves 44 research groups from 12
countries across Europe. The groups already have an
established tradition of working together since they
were previously funded for 3 years (1994–1997) by
an ESF Network to study ‘The Molecular Biology and
Ecology of Plasmid-Mediated Gene Spread’.

MECBAD started in October 1998 and is due to 
run to September 2000. The main activities are listed
below.

■ First Symposium 
Strasbourg – April 1999 

■ Workshop 1
Prevalence of mobile genetic elements
Braunschweig – June 1999

■ Workshop 2
Characterisation of new mobile elements
Birmingham – March 2000

■ Workshop 3
Conjugation systems viewed as protein secretion
pathways
Munich – May 2000

■ Workshop 4
New tools to study microbial physiology and 
plasmid transfer
Copenhagen – August 2000

■ Second Symposium
Prague – September 2000

If you would like to know more about MECBAD
or apply to attend any of the remaining activities,
please contact the Chairman, Kornelia Smalla, at
k.smalla@bba.de or visit our website at
http://www.mecbad.bba.de

The
Millennium 
for
Microbiology

2000 Joint Scientific
Meeting
8–13 July 2000
Cairns, Queensland,
Australia

For further information, contact:
The ASM Secretariat, Unit 23, 
20 Commercial Road, Melbourne,
Vic 3004, Australia
Tel. +61 3 9867 8699
Fax +61 3 9867 8722
e-mail admin@theasm.com.au
www.vicnet.net.au/~asm

As we enter the first century of the
next millennium, the general public
is being made more aware that
human society will be as dependent
as much on microbiology and
applications of biotechnology to
microbiology as it will be dependent
on computers and information
technology. This is the theme of the
2000 Joint Scientific Meeting being
held by The Australian Society for
Microbiology at the Cairns
Convention Centre in Tropical North
Queensland in July 2000.

A stimulating, informative and
diverse scientific program, based 
on the theme The Millennium for
Microbiology covering many topical
issues relating to various
microbiological disciplines has
been devised by the Organizing
Committee. 

A warm invitation is extended to all
microbiologists to attend the last
ASM Meeting of the Millennium. 


