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Introduction
We use liquid crystals every day, for example in our phones. They play also an important role in biology.
Filamentous bacteriophage Pf4 in biofilms align themselves to form liquid crystalline cocoons around P.
aeruginosa bacteria, increasing their antibiotic tolerance [1]. We have developed a mathematical model
of this phenomenon, which explains how Pf4 liquid crystals may enhance bacterial defences through
controlled diffusion [2]. This is a first step in the modelling of liquid crystalline biofilms.
Constant concentration of antibiotic outside tactoid:
Free antibiotic between viruses:
Flux balance between free and bound antibiotics:
Adsorption/desorption:
No antibiotic adsorption at bacterium:
The model: in vitro, Pf4 forms liquid crystalline cocoons called tactoids, which encapsulate the bacteria [3].
The bacteriophages trap (adsorb) the antibiotics. The schematic illustration above shows a tactoid with Pf4
bacteriophages encapsulating a bacterium. The structure of the bacteriophage is shown on the left, with
colour indicating charge. A slice of the tactoid is taken as the geometry of the model, as illustrated on the
right.
The homogenised model: the complexity of this detailed model obscures the role of the parameters, so
we have developed a simplified model that allows us to assess the parameter influence on the results.

Pf4 bacteriophages
mop up antibiotics
as time progresses
from 10 to 100 s.
Background colours
denote the tactoid
domain and outer
domain.
Slowing of antibiotic diffusion. Diffusion
without bacteriophages is much faster. The
diffusion time t90 is indicated and the microscopic
and homogenised models are compared.

Through adsorption, antibiotics
are trapped in the tactoid,
confirming experimental results
by Secor et al. [1].

•
The dependence of t90 on the model
parameters agrees with the behaviour derived
from the homogenised model, shown as red lines.
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Conclusions
Pf4 liquid crystals slow down antibiotics and form
a transient but effective barrier.
Adsorption is essential for this effect and leads
to antibiotic trapping in the tactoid.
Homogenisation is an efficient tool to
understand the possible origins of antibiotic
tolerance.
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