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Abstract: Microfluidics, a technology that can accurately control extremely small amount of liquid samples, 

together with various micro/nano fabrication technologies, enable the concept of lab-on-a-chip systems. Our 

lab is interested in solving grand challenge problems in the broad area of health and energy through the use 

of micro/nano systems technology. Three of our research themes will be presented; systems that allow unique 

control over the cellular microenvironment to realize microphysiological systems (organ-on-a-chip), systems 

that enable single-cell resolution whole cell analysis, and systems that allow high-throughput analysis of 

microalgae as a source of next-generation transportation fuel production. In the first example, microsystem 

platforms that can be used as developmental neurobiology models of the central nervous system (CNS), 

especially for mechanistic studies of myelination in the CNS, will be introduced. These systems allow co-

culture of two different cell types such as neuron and glia in specific spatial patterns, allow 3D aggregate 

culture for better physiological relevance, and allow quantitative analysis of axon growth and regeneration. 

In the second example, microfluidic systems that allow single-cell resolution analysis of metastatic cancer 

cells through impedance spectroscopy and vibro-acoustic measurement will be presented. Finally, a high-

throughput microfluidic system as a photosynthetic organism screening/analyses platform that is currently 

being used to identify and define metabolic processes and genetic constraints that significantly enhance oil 

production and growth of microalgae will be introduced. We believe that microfluidic and lab-on-a-chip 

platforms can dramatically accelerate research and development in the broad area of life science disciplines. 
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