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Oceans represent a major sink for atmospheric CO2 with approximately 50% of the Earth’s photosynthesis occurring in aquatic marine environments each year. Primary productivity in many areas of the ocean is limited by nutrients such as nitrogen, phosphorous and Fe.  Marine diazotrophs fix atmospheric nitrogen (N2) into a form such as ammonium that can be used by other organisms, and are therefore critically important in contributing N that supports up to 50% of export production2,4. N2 fixation in cyanobacteria is an energy requiring process, fuelled either directly or indirectly by photosynthesis.  However, the link between photosynthesis and N2 fixation is complicated by the irreversible inhibition of the enzyme responsible for N2 fixation, nitrogenase, by O2. Therefore, N2 fixing cyanobacteria must prevent nitrogenase from being damaged by molecular oxygen produced as a by-product of photosynthesis. Most diazotrophic cyanobacteria achieve this by separating photosynthesis and N2 fixation either spatially or temporally. Spatial separation is accomplished by conducting N2 fixation in specialized cells called heterocysts, which are impermeable to O2 diffusion. Temporal segregation relies on the use of respiratory energy to fix N2 at night.  One of the most abundant marine diazotrophs is the non-heterocystous, filamentous cyanobacterium Trichodesmium that executes both photosynthesis and N2 fixation during the light period without morphological differentiation of specialized cells1. Several mechanisms have been proposed that would allow these two processes to occur simultaneously, including partial differential location of nitrogenase within and between filament cells, temporal decoupling of N2 and C fixation within the diel cycle3 and metabolic O2 consuming processes that reduce cellular O2 sufficiently to permit nitrogenase activity. In order for these two processes to be uncoupled temporally, diurnally or spatially, requires frequent re-modelling of the diazotroph’s proteome.  Moreover, ecophysiological pressures on photosynthetic processes driven by a fluctuating environment (e.g. light & nutrients) will directly or indirectly impact not only on C accumulation but also N2 fixation and fluxes, facilitated by modifications in protein type and abundance. 
We are seeking a PhD student to undertake research investigating ecophysiological driven impacts on proteome dynamics in a range of marine diazotrophs in relation to photosynthetic and N2 fixation processes. The aims of this proposed research will be to gain a quantitative understanding of cyanobacteria proteomic dynamics (i) that enable temporal segregation of N2 fixation and photosynthesis (ii) and the ecophysiological pressures on the proteome and these key processes. Work to be undertaken during this studentship will involve a series of laboratory experiments on several species of cyanobacteria including Trichodesmium and Croccosphera grown at varying light, CO2 and nutrient concentrations to assess protein dynamics, rates of photosynthetic carbon dioxide fixation and nitrogen fixation. The student will gain expertise in culturing cyanobacteria, quantifying the structure, function and abundance of the proteins, measure photosynthetic gas exchange and nitrogen fixation rates.  The student will be introduced to a range of state-of-the-art techniques including membrane inlet mass spectrometry, proteomics, gas-chromatography and photophysiological techniques. The student will use computational bioinformatics approaches to model the proteome.  

For more information contact Prof. Richard Geider e-mail:  Geider@essex.ac.uk
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