Microfabricated Structures Powered by Flagellated Bacteria
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Introduction

As the field of engineered micro/nanoscale structures matures, a need has emerged for ro-
bust, controllable methods of actuation for miniaturized systems. In low Reynolds number
hydrodynamics, the behavior of flagellated bacteria such as Fscherichia coli and Serra-
tia marcescens suggests that they could be used to manipulate suspended microbarges in
microfluidic environments for potential applications. Flagellar motors offer many unique
advantages as microactuators. Countless bacteria can be inexpensively cultured in a matter
of hours. Those bacteria draw chemical energy from their environment, convert this energy
to mechanical energy very efficiently, and can survive in a wide range of temperature and pH
values. Bacteria have also been demonstrated to self-coordinate when patterned in mono-
layer carpets, and those carpets can be controlled by phototactic and chemotactic means [1].
However, the motion of the bacteria-driven microbarge throughout the microfluidic chan-
nel is unpredictable. It is not easy to determine the amount of chemicals or the intensity
of ultraviolet(UV) light to be used for having the microbarge follow the desired trajectory.
On the other hand, if we can successfully model both the bacteria-driven microbarge and
the surrounding environment then we can find the optimal amount of external stimuli to be
used in order to achieve the predetermined task. This approach will help us save tremendous
amount of time and money.

We have studied self-coordinated transportation systems using SU-8 microstructures in open
microchannels and here present a stochastic model for the bacteria-driven microbarge that
is designed to mimic the motion of this system with and without chemical gradients or other
external stimuli and compare experimental results with the outcomes of simulations. Our
ultimate goal is to use our mathematical model as a workbench to propose various closed
loop control schemes applicable for the real system.

Microfabrication

50x100 pm microbarges were fabricated utilizing standard photolithography techniques. SU-
8 negative photoresist was chosen for its material properties and ease of use. SU-8 series
10 resists can be pattered to a thickness of 10m which provides a useful balance between
structure thickness minimization and sufficient rigidity for micromanipulation. Additionally,
SU-8 microbarges are relatively unaffected by troublesome surface and electrical forces that
dominate the microfluidic environment. Serratia marcescens have also been observed to
adhere favorably to SU-8 structures using a swarm blotting technique. Using this technique
a monolayer of vigorous cells can be quickly patterned on the surface of several structures










