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Abstract: Exhaust flue gas generated during combustion of fossil fuels such as coal accounts for about 11 % of CO 2 emissions 

worldwide. To reduce these carbon emissions, cost-effective, clean and efficient approaches are needed to capture the CO2 from 

flue gas and convert it into a relatively cleaner and sustainable fuel such as methane. M. maripaludis is a fast growing, meso-

philic, hydrogenotrophic methanogen which reduces CO2 (an electron acceptor) with the help of H2 (an electron donor) for 

growth and methanogenesis. Despite several decades of research on M. maripaludis, a consolidated review on its metabolic pro-

cesses and applications was lacking in the literature. In addition, efforts to generate a systems biology model for M. maripaludis 

have not been successful. We initiated the system level analysis and successfully reconstructed the first genome-scale metabolic 

model (iMM518) of M. maripaludis. For model validation, we performed batch culture experiments and quantified three key ex-

tracellular fluxes (CO2, H2, and CH4) along with specific growth rates of M. maripaludis. A novel process simulation approach was 

used to accurately estimate these fluxes. Exceptionally high consumption and production rates were observed in M. maripaludis 

with a growth yield of 3.549±0.149 gDCW/mol CH4. The experimental results indicated that M. maripaludis was capable of reduc-

ing 70-95% of CO2 to CH4 during the exponential phase. We further explored the nitrogen-fixing ability of M. maripaludis 

and  performed batch culture studies on M. maripaludis to compare the impact of NH4+ or N2 on methane production. Our re-

sults show that with the same amount of nutrients in both the reactors, N2-fixation allows methane production for more than 30 

days and hence provides an ideal scenario for dual capture of carbon and nitrogen from flue gas.  
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