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            Key Points

                	
                  A range of genetic-circuit designs have emerged for the construction of reporter bacteria that can be used in the monitoring and quantification of toxic compounds in environmental samples, food stuffs and body fluids.

                
	
                  Synthetic biology allows further rational engineering and assembly of genetic components to achieve enhanced detection properties of reporter bacteria, including the ability to sense new chemical targets.

                
	
                  Bacterial bioreporters have become the preferable biological elements for incorporation into microengineered and microfluidic formats, thereby generating miniaturized assays or cell array platforms for high-throughput screening.

                
	
                  Many examples of successful bacterial bioreporter assays have been reported, demonstrating their applicability, flexibility and accuracy.

                
	
                  Widespread commercial implementation of bacterial bioreporter assays is currently hampered by the hesitation of potential business partners, by restrictive legislation on the use of genetically modified organisms and by currently unresolved technical hurdles concerning the scaling up of the assays and the long-term preservation of reporter cells.

                


              

Abstract
Bacteria have long been the targets for genetic manipulation, but more recently they have been synthetically designed to carry out specific tasks. Among the simplest of these tasks is chemical compound and toxicity detection coupled to the production of a quantifiable reporter signal. In this Review, we describe the current design of bacterial bioreporters and their use in a range of assays to measure the presence of harmful chemicals in water, air, soil, food or biological specimens. New trends for integrating synthetic biology and microengineering into the design of bacterial bioreporter platforms are also highlighted.
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                    Figure 1: Bacterial bioreporter designs.[image: ]


Figure 2: Types of bacterial bioreporter assays.[image: ]


Figure 3: Whole-cell bacterial biosensor devices.[image: ]
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Glossary
	Bioreporter
	
                  A microorganism, cell culture or cell line, often genetically engineered, with an activity that reflects changes in environmental conditions in a dose-dependent manner.

                
	Genetic circuit
	
                  A genetic construction involving a sensory function, a molecular switch and an output (for example, a reporter protein).

                
	Reporter protein
	
                  A protein, ideally non-native, that is synthesized by the cell in response to a pre-determined external stimulus and that can be measured (for activity or amount) non-invasively.

                
	Auxotrophic mutation
	
                  A mutation that results in the carrier strain requiring one or more essential substances (that the parental strain is able to synthesize for itself) for growth.

                
	SOS response
	
                  A coordinated error-prone DNA repair system that allows DNA replication to continue in spite of lesions or errors; the response is triggered by exposure of the bacterial cell to agents or conditions causing DNA damage and is controlled by LexA and RecA.

                
	ISO standardization
	
                  International standards for a range of subjects in numerous disciplines, including test systems.

                
	Effector
	
                  A compound that triggers the activator or repressor function of a regulator protein.

                
	Oxidative stress response
	
                  The coordinated reaction of the cell to combat the effects of chemicals producing reactive oxygen species (for example, oxygen radicals, peroxides or superoxides) in the cell.

                
	Bioavailable fraction
	
                  The molar fraction of a chemical compound that is available to the reporter cell in the time span of the assay.

                
	Non-exhaustive extraction technique
	
                  The extraction of complex samples (for example, soil) with mild chemical solvents in order to obtain the bioavailable and bioaccessible compound fractions.

                
	Bioaccessible fraction
	
                  The molar fraction of a chemical compound that can potentially become bioavailable to a cell over time.

                
	Biosensor
	
                  A device that combines a biological entity (that is, an enzyme, antibody, tissue, organelle, nucleic acid or whole cell) and a suitable hardware platform for the detection of a chemical, a group of chemicals or a biological effect.

                
	Ecotoxicological-safety endpoint
	
                  The amount of a pollutant in an environmental matrix that is considered non-harmful for animal and plant life or to human activities and that is thus used as a target in bioremediation strategies.
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