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Thin, Multi-Layer Latex Coating Photobioreactors for Investigation of Optimal Light Adsorption and Hydrogen Evolution using Non-Growing Rhodopseudomonas palustris Nitrogenase Mutants
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Rhodopseudomonas palustris CGA009 is an excellent model genetic system for optimization of the rate and efficiency of photosynthetic hydrogen production from organic substrates using nitrogenase. R. palustris contains three functional nitrogenase enzymes, a nonfunctional uptake hydrogenase, and can utilize waste carbohydrates, organic acids, and aromatic compounds which could be derived from lignin.  Many of the obstacles to large-scale biohydrogen production may be overcome by using this organism under non-growth conditions in thin, porous, multilayer translucent latex coating photobioreactors. The multilayer approach could also be used to increase photosynthetic efficiency by overcoming light saturation by use of antenna pigment and light harvesting complex mutants in different layers.  The H2 evolution rate of R. palustris CGA009 from acetate in 40µm thick porous latex coatings (argon atm) is 3.0-3.4mmol H2 m-2 h-1. Hydrogen evolution from acetate is a function of light intensity, is continuous for over two weeks, and H2 production activity is sustained after storage at -80ºC. H2 production rates have been measured for latex entrapped single nitrogenase expressing mutants (Nif+, Vnf+, Anf+) showing that some nitrogenases are more active in coatings than others.  Altering the expression of Nif, Vnf, or Anf in order to increase coating specific activity, half-life, and the fate of substrate carbon (stored as PHAs or evolved as CO2) are being investigated.
