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ABSTRACT
Despite the number of examples that correlate interspecies interactions in polymicrobial infections
with variations in pathogenicity and antibiotic susceptibility of individual organisms, antibiotic
therapies are selected to target the most relevant pathogen, with no consideration of the
consequences that the presence of other bacterial species may have in the pathogenicity and
response to antimicrobial agents.
In this issue of Virulence, Garcia-Perez et al. [10] applied replica plating of used wound dressings to
assess the topography of distinct S. aureus types in chronic wounds of patients with the genetic
blistering disease epidermolysis bullosa, which is characterized by the development of chronic
wounds upon simple mechanical trauma. This approach led to the identification of two strains of S.
aureus coexisting with Bacillus thuringiensis and Klebsiella oxytoca. S. aureus is highly prevalent in
chronic wound infections, whereas B. thuringiensis and K. oxytoca are regarded as opportunistic
pathogens. These bacterial species did not inhibit each other’s growth under laboratory conditions,
suggesting that they do not compete through the production of inhibitory compounds. Using a
top-down proteomic approach to explore the inherent relationships between these co-existing
bacteria, the exoproteomes of the staphylococcal isolates in monoculture and co-culture with B.
thuringiensis or K. oxytoca were characterized by Mass Spectrometry.
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Bacteria living on internal and external surfaces of the
human body are typically surrounded by different strains
and species with whom they compete for scarce nutrients
and limited space. The exception to this rule comes only
at very specific places, such as the gastric epithelia, which
as far as we know is colonized only by Helicobacter
pylori, or when bacteria traverse the epithelia and colo-
nize internal organs to cause infection. In the former
cases, bacteria grow as single species and competition
only occurs between siblings. Although competition for
resources between individuals of the same species is fre-
quent as evidenced by the rapid emergence of mutants
with advantageous traits for growing in a particular niche
[1], the intrinsic clonality of single species populations
make them insensitive to more complex interference
competition mechanisms. Thus, complex competitive
phenotypes are usually adopted by members of one
species that, either alone or working cooperatively,
develop strategies to outcompete and displace members
of other species [2]. The two major ways of interspecies

competition are on one hand, exploitative competition,
which implies one species consuming a limiting resource
and thus, restricting the growth of the competitor, and
on the other, interference competition, where one species
produces antimicrobial compounds that damage neigh-
bouring cells.

Genomic analysis confirms that competition is
highly prevalent in bacteria because most bacterial
genomes include a significant number of genes for the
production of secondary metabolites and other poten-
tially damaging molecules, that include antibiotics,
molecules that inhibit quorum sensing, surfactants,
exopolysaccharides, proteases and type VI secretion
systems (for review see [3]). For example, it has been
shown that Pseudomonas aeruginosa secreted factors
can alter S. aureus susceptibility to different antibiotics
[9]. The presence of a P. aeruginosa population produc-
ing LasA endopeptidase or rhamnolipids makes S.
aureus more susceptible to vancomycin and tobramy-
cin, respectively. Because the production of these
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molecules by P. aeruginosa is highly strain dependent,
the behavior of S. aureus during the treatment of poly-
microbial infections will vary depending on the geno-
type of the coexisting P. aeruginosa strain in the
infected tissue.

However, growing in polymicrobial communities does
not always implies competition and bacterial species
sharing the same niche can also promote each other’s
growth [4]. Positive interactions, termed mutualism or
syntrophy, have been related with exchange of metabo-
lites, in which one partner provides a metabolite that is
consumed by the other in exchange for a reward [5]. A
particular case of mutualistic microbial interaction
involves the protection of one microbe by another in the
context of antibiotic resistance [6,7]. The mechanisms by
which some sensitive bacteria are protected against anti-
biotics by neighboring microbes include the formation of
protective structures, namely biofilms, and the secretion
of compounds that deactivate the antibiotic. For exam-
ple, the presence of the fungal pathogen Candida albi-
cans or its secreted cell wall polysaccharide material
induces S. aureus biofilm formation and increases the
bacterium’s tolerance to antibiotic killing [8].

Despite the number of examples that correlate inter-
species interactions in polymicrobial infections with var-
iations in pathogenicity and antibiotic susceptibility of
individual organisms, antibiotic therapies are selected to
target the most relevant pathogen, with no consideration
of the consequences that the presence of other bacterial
species may have in the pathogenicity and response to
antimicrobial agents.

In this issue of Virulence, Garcia-Perez et al [10].
applied replica plating of used wound dressings to assess
the topography of distinct S. aureus types in chronic
wounds of patients with the genetic blistering disease epi-
dermolysis bullosa, which is characterized by the develop-
ment of chronic wounds upon simple mechanical trauma.
This approach led to the identification of two strains of S.
aureus coexisting with Bacillus thuringiensis and Klebsiella
oxytoca. S. aureus is highly prevalent in chronic wound
infections, whereas B. thuringiensis and K. oxytoca are
regarded as opportunistic pathogens. These bacterial spe-
cies did not inhibit each other’s growth under laboratory
conditions, suggesting that they do not compete through
the production of inhibitory compounds. Using a top-
down proteomic approach to explore the inherent rela-
tionships between these co-existing bacteria, the exopro-
teomes of the staphylococcal isolates in monoculture and
co-culture with B. thuringiensis or K. oxytoca were charac-
terized by Mass Spectrometry.

The results revealed that S. aureus exoproteomes contain
a significantly lower amount of exoproteins upon co-cultur-
ing with K. oxytoca or B. thuringiensis. Interestingly, this

decrease was particularly evident in the case of extracellular
proteins with a predicted cytoplasmic localization. The
reduction in extracellular proteins during co-culturing
might be due to an enhanced proteolysis, to the consump-
tion of these proteins by the other organism in respective
co-cultures or to a decrease in S. aureus cell lysis. As regards
proteolysis, it is not easy to explain why this process would
preferentially degrade cytoplasmic proteins, amongst all
extracellular proteins. On the other hand, and from an evo-
lutionary point of view, lysis of a percentage of the popula-
tion within a monospecies population would represent a
beneficial trait or ‘public good’ for the community, whereas
the benefits of the same process in a multi-species commu-
nity are certainly questionable. In this respect, it would be
interesting to determine how often S. aureus coexists in the
same space with K. oxytoca and B. thuringiensis, since coop-
eration is more common between species that have a shared
evolutionary history and less common between those with
no recent interactions [11].

A question that immediately arises from the finding
that the content of S. aureus extracellular proteins is dra-
matically altered when this bacterium is grown in the
presence of other bacterial species is how recognition of
other bacterial species is carried out and also, which is
the signal transduction system responsible for connect-
ing the presence of other bacterial species with a change
in bacterial physiology. In this respect, it would be inter-
esting to use the proteomic approach of this pioneering
study to compare the extracellular proteomes of a collec-
tion of S. aureus mutants deficient in two-component
systems grown either in monoculture or in the presence
of other bacterial species.

Even though evidence of competition or cooperation
between bacteria that colonize and invade the human
body and the existing microbiota and other pathogens is
growing, our understanding about how relationships
between different bacterial species occur still remains
preliminary. Therefore, additional studies are needed to
understand how the findings of this manuscript can be
generalized and which is their biological relevance.
Needless to say, two co-isolated strains that are found to
compete in the laboratory may actually live separated by
millimeters in a wound and therefore, sampling may
exaggerate competition relationships between strains.
Thus, it would be very important to develop sampling
methods that conserve spatial structure (for instance,
MALDI Imaging mass spectrometry), where the identity
and protein profile of individual groups of cells over
different areas and over time could be followed.
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