Visualisation of bacterial hydrodynamics
J.L. Flewellen, University of Oxford, Clarendon Laboratory, Parks Road, Oxford, OX1 3PU, England.

Bacteria and other microgenisms lve in an ajueous, law-Reynolds number environment where viscous
forces dominate. The means by which gnamcroorganisms propel themselves through such arirenment
are not well understood. Additionallynderstanding the ay in which fluid couples physical interactions
between micro-scale objects and surfaces hasveec@icreasing attention in a number of biological and
technological fields @ recent years. The traditional approaches teestigating these problems are
mathematical simulations and particle image velocimetry (PRgeements. While modeling can be done in
three dimensions, the vast majority of experimenta¢dtigations hae keen restricted to only two. This is
primarily due to the reduced depth of fielditable at the high magnifications required to see migausms.

| have used some n@ approaches to irestigating hydrodynamic interactions on the micro-scale,
specifically in the context of the bacterial flagellar motdrave adapted in-line holographic PIV techniques
(Cheonget al., 2009) for use in a biological environment under high magnification. Assays of motile
Escherichia coli are seeded with microsphere tracer particles and illuminated with a collimated laser beam. The
coherent light scattering foh microsphere interferes with non-scattered light and results in a characteristic
interference pattern. From this pattern, microsphere positions in three dimensions can be determined. This
technique allows for greater depth of field than other techniques, and, when combined with high-speed video
microscopy, can generate a full three-dimensional map of fleld in a dynamic micro-system.

Independentlymicrospheres can also be used as pasditectors of dynamic bewiaur. In a ®parate
experiment, a microsphere is held in an optical trap in close proximity to a second microsphere attached to the
motor of an immobilised bacterium. The resulting hydrodynamic interactions are recorded through video
microscopy. The ultimate aim of this approach is tovdep a non-contact method of detecting the motion of
dynamic systems which are invisible under normal microscop

These methods hold promise foqptoring and visualising not only bacterial systems, byt d&ymamic,
agueous micro-scale environment.
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