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Quantitative Analysis of Single Bacterial Chemotaxis Using a Hydrodynamic
Focusing Channel
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Abstract

Bacterial chemotaxis is essential to the study of structure and function of bacteria. Although many studies have
accumulated the knowledge about chemotaxis in the past, the motion of a single bacterium has not been studied much
yet. In this study, we have developed a device microfabricated by soft lithography and consisting of microfluidic
channels. The microfluidic assay generates a concentration gradient of chemoattractant linearly in the main channel by
only diffusion of the chemicals. Bacteria are injected into the main channel in 2 single row by hydrodynamic focusing
technique. We measured the velocity of bacteria in response to a given concentration gradient of chemoattractant using
the microfludic assay, optical systems with CCD camera and simple PTV (Particle Tracking Velocimetry) algorithm.
The advantage of this assay and experiment is to measure the velocity of a single bacterium and to quantify the degree
of chemotaxis by statistically analyzing the velocity at the same time. Specifically, we measured and analyzed the
motility of Escherichia coli strain RP437 in response to various concentration gradients of L-aspartate statistically and
quantitatively by using this microfluidic assay. We obtained the probability density of the velocity while RP437 cells are

swimming and tumbling in the presence of the linear concentration gradient of L-aspartate, and quantified the degree of
chemotaxis by analyzing the probability density.
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Fig. 1 Device for microfluidic chemotaxis assays. The
main channel is 23-mm long, 450-#" wide and
20 #m high, The focused channel is 100-#m wide
and each buffer inlet is 100-4m wide
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Fig. 6 Distribution of the velocities measured at intervals of 0.1 s in various concentration gradients of L-aspartate. The
ordinate shows the velocity from -40 (m/s to 40 (m/s, where the negative sign means the migration to lower
concentration, and the positive sign means the migration to higher concentration. The abscissa reg)resents the
probablhty (a) no L-aspartate in motility buffer, (b) 2.2x10° M/mm, (c) 2.2x10™ M/mm, (d) 2.2x10” M/mm, (e)

2.2x107 M/mm, (f) 2.2x10"" M/mm. The numbers on the right side of the chart denote mean velocity, standard
deviation and total number of data, respectively
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