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ABSTRACT 

Bacteria in natural environments are prevalent in close-packed 
biofilm structures, where intercellular chemical and physical 
signaling interactions can lead to emergent forms. In experimental 
synthetic biology, close-packing of cells also exists in microfluidic 
devices that study bacterial consortia in a continuous, exponential 
growth phase.  Due to their anisotropic, rod-like geometry and 
axial growth, bacteria in microfluidic experiments exhibit nematic 
ordering dynamics similar to those of liquid crystals under shear 
flow.  The relative rate of nematic ordering can be vastly different, 
however, depending on the geometry of the device and cell 
location with respect to trap boundaries.  We extend a continuum 
model of bacterial growth and nematic ordering to capture the 2D 
spatiotemporal dynamics of a monolayer of bacterial cells grown in 
a microfluidic trap.  Typical bacterial growth environments of low 
Reynolds number result in a Poisson's equation PDE formulation 
for cell growth pressure, which is coupled to a reaction/advection 
equation for the tensor order parameter under shear flow.  We 
numerically simulate bacterial growth and ordering dynamics and 
demonstrate how stochastic interactions between cells can lead to 
persistent destabilization of cell ordering in regions predicted by 
the model.
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