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The rapid detection of microorganisms in environments with extremely low biomass is of key interest to Astrobiology for several reasons.  Life detection on the surface of Mars or Europa is likely to be faced with low concentrations and with unknown organism types. The use of multiple detection methods and broad survey modalities is probably essential in any such life search. Another application of microbial detection at low levels is in the application of planetary protection protocols and terrestrial contamination on Mars missions. Any life search mission on Mars will need rigorous contamination control during assembly and during operations on Mars. Finally, and nearest in time, a portable field unit would be of use in studies of Mars-like environments on Earth that are used as analogs for science and technology development for future Mars missions. We propose to focus our testing program on one such environment– the Atacama Desert.
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	Photograph of hand-held prototype instrument for monitoring microbial flora on food and other surfaces. An 8.5” X 11” piece of standard white paper is folded and placed under the instrument for size comparison.


Over the past several years, we have developed intrinsic fluorescence methods to achieve non-contact bacterial detection on natural untreated surfaces.  With initial funding from DARPA and other DoD agencies, we have developed a method and prototype devices for the detection and identification of microbial life on surfaces, such as foods, glass, plastics, cloth, stainless steel, etc., and in water/liquids, which have resulted in a sensitivity of ~100 cells/cm2 under environmental conditions. 
The figure on the right is a photograph of a prototype unit. These prototype detection devices employ multiple intrinsic fluorescence markers, including metabolites which are present only during cellular respiration, to distinguish the presence of microbial contamination from environmental interferences using fuzzy algorithms and neural networks. Because we are measuring several fluorescence signatures whose ratios must fall within narrow physiological bounds, interference at any one of them can easily be detected and corrected.  Measurement of the background in the off-cycle of a pulsed source allows contributions from ambient light sources to be subtracted from each measurement pulse. These devices employ custom designed low-noise analog circuits, background cancellation techniques, and approximate cancellation for the optical differences [e.g., scattering characteristics of the matrix, distance from the source of the fluorescence signals, penetration].  This technology has been reported in the literature and several patents have issued.

Analysis of several Atacama Desert soil samples reported by Navarro-Gonzalez et al., (2003) [which they collected on a previous trip] with the multi-wavelength fluorescence instrument shows a correlation between reported culturable cell content and fluorescence emission as shown in the figure below.  While specific identification of the microbial flora is not possible with this technology, the system can distinguish viable and non-viable microbes as well as spores.  This remote capability offers considerable value in the search for life, especially in extreme environments.
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	Figure 11.  Comparison of outgrowth results and intrinsic fluorescence emissions of soil samples reported in Navarro-Gonzalez et al., (2003).  RFU is relative fluorescence units.


