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Abstract
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In this research the dynamics and the instabilities in propagating colonial front
formed by Bacillus subtilis TISTR 008 was studied. Depending on environmental conditions,
colonies of this bacterial species grown on the surface of agar mediums show patterns such
as a smooth circular pattern or a fingering pattern. In this work the instability of colonial
fronts corresponds to the roughness of the boundary of the bacterial colony. In order to
quantitatively determine the instabilities in colonial fronts, the fractal dimension is used as a
characteristic parameter to indicate the amount of the roughness or instabilities of colonial
fronts. Experimental results show that instabilities of propagating colonial fronts are linearly
increased with decrease of peptone concentration and/or increase of agar concentration.
Microscopic observations reveal that cell reproduction in a limited space resulting in the
formation of bundles of chains of bacterial cells is a cause of instability in propagating
fronts.

The study proposes a reaction-diffusion model to describe the colonial patterns
obtained from the experimental results. The essential assumption is that there exist two
types of cells; active cells that move actively, grow and perform cell division, and inactive
ones that do nothing at all. Since the movement of cells is dependent on the density of
active cells, a nonlinear diffusion is proposed. The model is able to reproduce the
experimental results of variation of agar concentration and peptone concentration, including

instabilities of the propagating fronts.

Keywords : Instability ; Bacillus subtilis ; Reaction-diffusion system ; Pattern formation
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