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ABSTRACT:

Motile bacteria play integral roles in biophysical processes ranging from biogeochemical cycling
in the oceans to the spread of infections in the human body. Their ability to seek out nutrients
and chemical signals for survival is conferred through swimming using long, thin, actuated
flagella. However, these processes can be disrupted by the ubiquitously dynamic fluid
environments in which they live. In this seminar, we will discuss microfluidic experiments using
video microscopy to uncover transport mechanisms that lead to bacterial unmixing in flowing
fluids. In particular, hydrodynamic shear produces striking spatial heterogeneity in suspensions
of motile bacteria, characterized by up to 70% cell depletion from low-shear regions due to cell
‘trapping’ in high-shear regions. A Langevin model reveals that trapping arises from the
competition between the alignment of elongated bacteria with the flow and the stochasticity in
their swimming orientation. Finally, we show that shear-induced trapping directly impacts
bacterial survival strategies, suppressing chemotaxis by hampering directional motility and more
than doubling surface attachment by increasing the transport of bacteria towards surfaces.
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