
 

Bacteria can 'divide and conquer' to vanquish
their enemies
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Two images of strains fighting it out. See release text for full caption. Credit:
Despoina Mavridou

Some bacteria can release toxins that provoke their neighbours into
attacking each other, a tactic that could be exploited to fight infections.

Bacteria often engage in 'warfare' by releasing toxins or other molecules
that damage or kill competing strains. This war for resources occurs in
most bacterial communities, such as those living naturally in our gut or
those that cause infection.
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As well as producing toxins that directly kill their competitors, bacteria
can release toxins that can act as 'provoking agents'. These provoking
toxins make other strains increase their aggression levels by boosting
their toxic response.

In a new study, led by Imperial College London and the University of
Oxford and published today in Proceedings of the National Academy of
Sciences, researchers used a combination of experiments and
mathematical models to see what happens when bacteria provoke their
competitors.

They found that when used against a single competitor, provocation
backfires: the provoked strain mounts a strong toxic counterattack and
harms the provoking strain.

However, when there are three or more strains present, provocation
causes the other competing strains to increase their aggression and attack
each other. This can lead to the competitors wiping each other out,
especially when the provoking strain is shielded from, or resistant to,
their toxins.
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Mechanisms of warfare. See release text for full captions. Credit: Despoina
Mavridou

Senior author Dr. Despoina Mavridou, from the Department of Life
Sciences at Imperial, said: "This behavior is strongly reminiscent of the
human 'divide and conquer' strategy, famously delineated by Niccolò
Machiavelli in his book The Art of War and shows that bacteria are
capable of very elaborate warfare tactics."

The researchers suggest that the strategy could be exploited to
manipulate microbial communities. Lead author Dr. Diego Gonzalez,
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from the University of Lausanne, said: "We could envisage exploiting
provocation in alternative antimicrobial approaches. For example,
exposing established bacterial communities to low levels of known
antimicrobials could promote warfare and cross-elimination of different
strains."

This approach could be particularly useful to help eradicate resistant
biofilms—layers of bacteria that form for example in industrial water
pipes and are hard to remove. It could also be used to treat some
bacterial infections if the composition of the bacterial community
responsible for the infection is well known.

Dr. Mavridou added: "By provoking other strains to attack each other,
the toxin of the provoker is more effective than what would be expected
based on its real toxicity. Using toxin-mimicking chemicals, we could
potentially manipulate microbial aggression to our own benefit."

  More information: Diego Gonzalez el al., "Provocation in bacterial
warfare: Retaliation, divide-and-conquer, and an antimicrobial
approach," PNAS (2018).
www.pnas.org/cgi/doi/10.1073/pnas.1801028115
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