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central to the success of bacteria. The
importance can be judged from the fact
that between 5 and 25 % of the genes
within bacterial genomes sequenced to
date are controlled by quorum sensing
regulatory networks. It seems to be
particularly important to the process 
of bacterial infection of both plants 
and animals, because mutants defective 
in quorum sensing exhibit greatly
reduced virulence. The maintenance of
bacterial biofilms, which are complex
and dynamic populations, is also under
the control of quorum sensing.

The evidence for
eavesdropping on bacteria
Our initial observation was that more
Ulva zoospores settled on surfaces
colonized by bacteria than on clean
surfaces. Also, the numbers of attached
zoospores increased with the size of the
bacterial population. Moreover, we
proved statistically that this was not 

a random process and that zoospores
attached directly to bacterial cells 
(Fig. 2). This suggested a specific
selection mechanism – but what cues
might the zoospores be using? It is
known that settlement is enhanced by
many factors, such as surface roughness
and extracellular polymeric substances
(EPS), but the response appeared to 
be more specific and was a property of
certain types of bacterial cells. Quorum
sensing molecules were an obvious
candidate mechanism but they had not
previously been shown to be important
for eukaryotic cells. In the event, we
were able to prove unequivocally that
AHLs are exploited by zoospores in the
selection of sites for attachment. 

The evidence was based on four types
of experiments. Using biofims of the

marine bacterium Vibrio anguillarum,
we showed that the wild-type attracted
zoospores, but mutants that were
defective in AHL production did not
attract. Zoospore settlement assays
were also carried out using Escherichia
coli expressing recombinant AHL syn-
thase genes; again, settlement was only
enhanced when AHLs were produced.
Synthetic AHLs were also found to
attract zoospores. Finally, the attraction
was inactivated when V. anguillarum
expressed a recombinant gene from
Bacillus that inactivates AHL molecules.
Clearly, there is little doubt that Ulva
zoospores exploit AHLs when they
select a surface for attachment.

However, zoospores are not attracted
to all bacteria and we have a number of
isolates that inhibit attachment. The

� Fig. 1. Ulva is a common green alga in
intertidal rocky shores. Paul Williams,
University of Nottingham
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known about the biology of large biofouling organisms and
how they are dispersed, but there has been relatively little
research to link these animals and plants to the microbiology
of the surfaces. So far, treatments to prevent biofouling have
relied on toxic chemicals, but the most effective substances
are no longer acceptable because of detrimental impacts on
the environment. 

Our work has focussed on the green seaweed Ulva, which is
a common biofouling organism and a prominent seaweed on
the shore throughout the world (Fig. 1). Ulva reproduces by
releasing motile zoospores that swim away from the parent,
attach to a surface and develop into a new plant. The numbers
of zoospores released are truly immense and thousands swim
away from the tip of a mature plant each day. Look in a rock
pool in summer, on a shore where Ulva grows, and it will be
bright green with the zoospores that the seaweed has released.

What is quorum sensing?
The best understood system is that of Gram-negative bacteria
and involves N-acylhomoserine lactones (AHL) as signal
molecules. By moderating gene expression in the whole
population in response to cell density, microbial population
behaviour can be considered to be analogous to that of a
multicellular organism. Quorum sensing systems are very
widespread and modulate many physiological processes 
in bacteria that are associated with humans, plants, animals,
soils and marine and fresh waters; it is increasingly seen as

Eavesdropping 
on bacterial 
conversations

O
ne of the surprising discoveries in recent
years has been that many bacteria have
sophisticated systems of communication.
Small molecules that co-ordinate gene
expression are released into the environ-
ment and enter other bacteria in the

vicinity. This cell-to-cell signalling is usually referred to as
quorum sensing – to indicate that it is a density-dependent
process that allows concerted activity of a population. Our
interest developed from a study of biofouling of surfaces in 
the sea. We found that it is impossible to understand the
attachment of large biofouling plants and animals without
considering the bacteria that grow on those same surfaces.
From those initial questions, we have discovered a complex
story of how a seaweed utilizes quorum sensing molecules 
to select a suitable surface for attachment and growth. In 
other words, the seaweed appears to eavesdrop on the cell-
to-cell communication of bacteria by exploiting quorum
sensing molecules.

Marine biofouling
The growth of animals and plants on structures in the ocean is
a billion dollar a year problem. Biofouling organisms increase
the roughness of surfaces and so increase drag; ships consume
more fuel to maintain speed and large structures such as oil
platforms have to be engineered to account for the increased
stresses imposed by biofouling organisms. A great deal is
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production of AHLs is also not constant
during the growth phase of a bacterial
biofilm and the relationship between
quorum sensing, biofilm age and
composition has proved to be very
complex. But what benefit might a
seaweed get from attaching to certain
bacterial species? The answer is not yet
clear. It is known that bacteria are
essential for the normal development of
seaweeds; that is, certain bacteria have
to be present for normal morphology.
However, there does not appear to be a
close correlation between the species of
bacteria that attract zoospores and
those that are essential for normal
morphological development. This
interaction is complicated and is the
subject of other research. 

The wider significance of
quorum sensing molecules in
community ecology
Although in the context of higher
organisms, bacteria are usually thought
of only in terms of disease, beneficial
interactions also occur. Symbiosis is
widespread and is involved in pro-
cesses as diverse as nitrogen fixation 
in the rhizosphere and light generation
in deep-sea fishes. Quorum sensing is
essential for maintaining these inter-
actions between host and bacteria. The
case of Ulva eavesdropping on bacterial
communication is a novel example 
of cell-to-cell communication. We do 
not know if this phenomenon of
communication across the prokaryote/
eukaryote boundary is widespread. We
suspect it might be common and it will
be interesting to discover how many
organisms have evolved mechanisms to
exploit bacterial communication for
their own benefit.
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� Fig. 2. Epifluorescence image of Ulva
zoospores (red) attaching to bacteria
stained with SYBR Green. Karen Tait


