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We focus on hydrogen production catalyzed by nitrogenase enzyme, as represented by the 
equation: N2 + 8H+ + 8e- + 16 ATP > 2 NH3 + H2 + 16 ADP. Nitrogenase generates pure 
hydrogen gas in situations where no nitrogen gas is available.  Our experimental organism is 
the phototrophic bacterium Rhodopseudomonas palustris. R. palustris generates the ATP 
needed for hydrogen production from sunlight by cyclic photophosphorylation. And it obtains the 
electrons needed from organic compounds (which also serve as the carbon source for cells). It 
is assumed that the protons that end up in hydrogen gas are present free in water. In the initial 
stages of this project we completed a genomic and functional characterization of four newly 
sequenced strains of R. palustris (5). We selected the strain with the most robust 
hydrogen-producing abilities for further work. In initial work, we also developed some new gene 
expression vectors that were useful later in the project (6). 

Our goal for this project was to elucidate pathways of electron flow from organic substrate to 
nitrogenase in R. palustris and to use the information so obtained to engineer improvements in 
hydrogen production. We worked with a mutant NifA* strain of R. palustris that synthesizes 
nitrogenase when supplied with ammonium as a nitrogen source and deprived of nitrogen gas. 
Such cells produce pure hydrogen gas during growth. During the project period we determined 
major pathways of electron flow from succinate, butyrate, fumarate, and acetate to nitrogenase 
when cells were making hydrogen gas (1, 4). This involved the use of 13C metabolic flux 
analysis. We concluded that three factors influence the amount of hydrogen produced by cells. 
These are a) the reduction state of the organic compound (e.g, butyrate is much more electron 
rich than acetate), b) the amount of carbon dioxide-fixing Calvin cycle flux that competes against 
hydrogen production for electrons and c) the route that cells use to the metabolize the 
electron-donating carbon compound that they are provided with. Following from this work we 
found, as predicted, that we could improve H2 yields by R. palustris cells by blocking electron 
flow to carbon dioxide fixation by mutagenesis (1, 4). 

In related work, we showed that R. palustris can also use the inorganic compound thiosulfate as 
an electron source for both nitrogen fixation and hydrogen gas production (3).  In addition we 
determined that hydrogen yields from R. palustris can be vastly improved by using nongrowing 
cells as biocatalysts, because during growth, most electrons from the donating organic 
compound are used for biosynthesis (2,3).  
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