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This project provides an innovative program for developing a new generation of scientists in biomedical science and engi-
neering that are trans-disciplinary in their training, better equipped for multilevel communication across ages (GK-12) and 
fields (e.g., industry interaction), and finally prepared to take leadership roles for scientific inquiry and progress into the 
21st century. The research component consists of activities in sensing, modeling, and understanding how molecules move 
and the functions of multi-cellular tissues and organ systems in response to external chemical and physical stimuli through 
intercellular communication. The research project focuses on studying the release of key molecules of intercellular com-
munication in brain, pituitary, and gonads and their effects on cell behavior. Additional project components also examine 
ways in which such data can be modeled and interpreted for maximum understanding of complex processes. Among the 
molecules of interest, there are major advantages for biosensor technologies that are amenable to electrochemical detec-
tion. (e.g., 1). The project is particularly interested in the detection of molecular gradients in extracellular space that are 
essential for the development of tissue and organ systems as well as marking the response to external chemical and physi-
cal stimuli (2, 3). Such gradients are difficult to detect because molecules released into extracellular space are not readily 
fixable in space by the vast majority of histological methods (4). Advanced silicon technology is being used to build dense 
biosensor arrays with the resolution of single cells, and that can operate at high frequencies to achieve sufficient temporal 
resolution to visualize molecules released to communicate between cells. 
The results of the microscopic approach must be interrogated using state of the art techniques of data and image analysis. 
Using in vitro slice preparations from developing mammalian embryos, there are multiple patterns of cell migration in differ-
ent brain regions (e.g., 5, 6, 7), including significant cell mixing, and the identification of apparent boundaries. The number 
of different fluorophores useful for cellular level imaging has exploded over the last 10 years. Visual imaging is being com-
bined with electrochemical methods to yield synergisms in molecular information processing. Micro-sized biosensor arrays 
will allow the detection of small currents with micron resolution, and yield chemical data to complement optical methods. 
The broad impact of the program is three-fold: 1) the research is critical for continued understanding and advances in fun-
damental questions facing biology and medicine; 2) it provides a broad framework for incorporating biomedical engineering 
research in K-12 STEM (Science, Technology, Engineering, and Math) curriculum; and 3) it demonstrates the power of 
broad partnerships between universities, K-12 education districts, local industry, and international collaboration on improv-
ing graduate and K-12 education.
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