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Feedback and Collective behaviour in Enzyme-Loaded Beads

Many single-celled organisms, such as yeast, bacteria and slime mould show complex
dynamics driven by a combination of an autocatalytic signal and an intercellular
communication mechanism. The presence of autocatalysis ensures the possibility for a
response above a threshold signal; it also provides a mechanism by which behaviour can be
rapidly synchronised across a population. Population-wide switches and synchronisation of
activity are used by cellular organisms to deliver coordinated pulses of chemicals, initiate
motion and material formation.

Here | will discuss our efforts in the design of bio-inspired complex dynamics in
compartmentalised autocatalytic reactions in experiments and in simulations. Some time ago,
it was suggested that feedback might be obtained in enzyme catalysed reactions in non-
buffered environments as a result of the bell-shaped rate-pH curve. A small number of
enzyme-catalysed reactions have been shown to display feedback via this route, including the
urease catalysed hydrolysis of urea. We will show how bistability, switches and oscillations is
obtained in urease-loaded beads and the potential role of differential transport will be
examined. Collective behaviour displayed by populations of particles including
synchronisation and dynamical quorum sensing (a density dependent transition to population-
wide oscillations) will also be discussed. The compartmentalisation of synthetic autocatalytic
reactions may provide insights into dynamic behaviour in cellular systems as well as new
methods for drug delivery, sensing and repair that may be exploited in living systems.
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