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Introduction:  Environmental stresses drive adap-

tation and evolution of life. Concentration gradients of 

environmental stresses exist in nature and they are po-

tentially the key factors of microbial evolution. Further 

knowledge of the importance of gradients and bacterial 

response to stresses are critical for understanding the 

nature, speed and likelihood of evolution of life. It is 

difficult, however, for batch experiments (which are 

used in most prior studies) to maintain concentration 

gradients. To address this challenge, we employ micro-

fluidics in our experiments to mimic natural conditions 

with gradients of environmental stresses. We use mi-

crofluidic gradient cells (MGC) that enable microor-

ganisms to explore different concentrations of stressors 

and develop in the niches that best fit their physiology. 

We use a well-known model organism, Escherichia 

coli, to assess the feasibility of using MGC to promote 

evolution. Fluorescence experiments are conducted to 

better evaluate stress response of E. coli to the antibi-

otic ciprofloxacin. Further conclusions will be drawn 

after use of genomic and transcriptomic techniques to 

track and analyze mutations in response to different 

stressors. We are also able to maintain three different 

oxygen conditions, i.e., aerobic, anoxic and anaerobic 

in our MGC, which suggests the MGC will support the 

growth of other organisms, regardless of whether they 

require oxygen or not. The use of different organisms 

will provide a broader and deeper view of the mecha-

nisms of stress response and evolution. 

The research is part of a NASA Astrobiology Insti-

tute project entitled “Towards Universal Biology: Con-

straints from Early and Continuing Evolutionary Dy-

namics of Life on Earth”. Our results will allow us to 

evaluate the mechanisms that contribute to the evolu-

tion and development of early life. 
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