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Abstract: 
In this project we seek to understand the biomechanical properties of individual bacteria as well as 
bacterial mechanobiology (the response of living bacteria to mechanical stimuli). We have two goals 
in this project: 1) to understand how physical forces influence bacterial resistance and tolerance to 
antibiotics; and 2) to understand how to embed and maintain viable bacteria within rigid materials, the 
so-called “engineered living material.”

Summary of Research:
We have designed microfluidic systems that allow us to 
apply mechanical loads to individual bacteria and observe 
the cellular response. We manufacture our devices 
on silica glass wafers using DUV photolithography to 
achieve nanoscale features (250 nm smallest dimension, 
Figure 1). We have demonstrated that mechanical stimuli 
applied to individual bacteria interrupt the assembly 
of the tripartite efflux pump responsible for removing 
copper and silver from the bacteria, CusCBA [1]. 

We recently demonstrated that mechanical stresses 
within the bacterial cell envelope also interrupt the 
function of the MacAB-TolC efflux pump which is 
used by bacteria remove aminoglycoside antibiotics. 
Additionally, we have developed mechanical modelling 
methods that allow us to use the results of our 
experiments as a measure of the elastic modulus of the 
bacterial cell envelope [2]. 

In our most recent work, we have demonstrated that 
mechanical stress within the cell envelope of the 
pathogen Vibrio cholerae stimulates cell wall repair 
mechanisms through the VxrAB two-component 
regulatory system [3]. 

This finding is exciting in that it suggests that 
mechanical stress and strain regulate maintenance of 

the bacterial cell envelope, which is the primary load 
carrying component of bacteria and the primary target 
of bacteriocidal antibiotics. 

We were recently awarded two grants from the National 
Science Foundation to explore methods of populating 
rigid materials with living bacteria and the effects of 
mechanical stimuli on bacterial biomineralization.
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Figure 1: (A) The microfluidic device is shown. Bacteria in liquid media flow through 
the large bypass channel or become trapped by fluid pressure within the nanoscale 
tapered channels. The tapered channels are in sets of five, each set providing a different 
magnitude of differential pressure. (B) E. coli trapped within the tapered channels are 
shown. (C) The results of an experiment in which E. coli are placed within the device 
untreated or after treatment with the small molecule A22 that depolymerizes the 
structural protein MreB, resulting in a less stiff cell as seen from the smaller cell width 
at each applied differential pressure.




