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Thermotoga neapolitana is a very primitive, thermophilic, gram negative rod-shaped non-sporulating bacterium.   It has been considered an obligate anaerobe by earlier investigators.  We have discovered that these organisms will grow and can tolerate/utilize low levels of oxygen quite readily in liquid cultures, when the culture is maintained at a temperature of 70-750C.  Under these conditions, we have also observed that these organisms will generate high levels of hydrogen gas.  

Our earlier work describes a microaerophilic process for producing 20-30% hydrogen (volume/volume in the headspace) Thermotoga neapolitana in batch experiments of relatively short duration (approximately 50 hours).  These batch results were quite promising, however, they leave many unanswered questions because the experimental conditions cannot be held constant.  Thus, conditions soon become inhospitable for bacterial growth and hydrogen production.  Questions relative to maximum obtainable biomass, maximum rates and concentrations of hydrogen generated and optimal conditions for growth are most readily resolved using a continuous culture process.

We have established a continuous culture system for Thermotoga neapolitana that is capable of monitoring and identifying the off gases once a minute. Our magnetic sector mass spectrometer monitors H2, CO2, N2, H2S, H2O, O2, and the gas flow rate.  In addition, the culture medium is also monitored hourly for changes in pH, pO2, pCO2, K+, NH4+, glucose, lactate, glutamate, and glutamine, as well as several calculated values such as osmolarity.  We are using these tools and a coulter counter to approximate the number of cells present, the doubling time of the population, and the health and productivity of the culture.  

Our continuous cultures are easily maintained for at least a month with no substantial fouling.  The highest recorded cell count measured thus far in such cultures was 3.95 x 109 cells/mL, with an increase in the cell population of as much as 38.03 x 106 cells/mL/hr.  In continuous culture we have obtained hydrogen concentrations of 60-70% (volume/volume in the headspace), and found that we could sustain these hydrogen production levels for more than 5 days.  We have also measured rates of hydrogen production of up to 42 mL/L medium/hour (at STP).  The rate of hydrogen production is highly correlated with a decrease in concentrations of glucose and ammonium ions in the culture medium.

Our current research focuses on determining the biochemical pathways associated with hydrogen production and developing an optimized continuous flow reactor, where all salient factors influencing hydrogen production are quantitatively described.  We believe this system holds great promise as a means of generating large quantities of hydrogen relatively easily and inexpensively. 

