Design and Implementation of Whole-Cell Biosensors for Micronutrient Detection in Low Resource Environments

Micronutrient deficiencies are a significant healthcare concern across the globe.  These conditions, though easily treated, remain a problem because they are often difficult to recognize and diagnose, requiring lab tests that are prohibitively expensive in both material and human resources for those in developing or remote areas.  As obligate consumers of the same micronutrients, bacteria possess cellular machinery to control intracellular micronutrient levels and have corresponding regulatory mechanisms to respond to varying concentrations in their environment.  We are developing a novel medical test based on bacterial sensors using designed genetic circuitry to direct existing or minimally engineered cellular machinery to trigger specific changes in color in response to defined micronutrient levels.  Such a test would be cheap, require no complex equipment and minimal medical training to administer and interpret, allow on-site diagnosis of micronutrient deficiencies in the populations most at risk, and facilitate epidemiological studies of such deficiencies and assessment of the efficacy of intervention strategies on a population scale.  

[bookmark: _GoBack]Towards this goal, we present work on a whole-cell biosensor for the detection of a micronutrient of medical relevance.  We have demonstrated a multi-output circuit using two native E. coli transcription factors that respond to micronutrient levels, and we present strategies for eschewing sensitive detecting equipment for bioluminescent or fluorescent reporters while maintaining unambiguous sensor output. We have demonstrated visible, unambiguous changes in cell color using this circuit, and have investigated multiple configurations of the genetic circuitry needed to produce this color, manipulating strand orientation, gene order, and ribosomal binding sites, ultimately identifying improved designs that allow for more unambiguous coloration in a shorter period of time. We have also investigated the use of additional genetic manipulations to facilitate the tuning of the whole-cell biosensor to respond at the desired micronutrient levels. The resulting biosensor is capable of distinguishing conditions that are high, intermediate, or low in our selected micronutrient, and is currently being engineered for expanded detectable analyte ranges and reduction to practice in a format ready for use in the field.

