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The taxonomic distribution and phyloge-

netic relationships of proteins required for 

molybdenum (Mo)-nitrogenase that arose by 

gene fusion and duplication reveals that Mo-

nitrogenase was not associated with LUCA, 

but rather emerged in the strictly anaerobic 

methanogenic archaea and was acquired in 

bacteria via lateral gene transfer in an anoxic 

environment.  These findings strongly suggest 

that this process emerged in an anaerobic en-

vironment  early during the evolution of life, 

perhaps prior to the emergence of oxygenic 

photosynthesis.   

To test this hypothesis, we examined the 

evolutionary relationships of paralogous pro-

teins required for the biosynthesis of the ni-

trogenase active site cofactor and bacterioch-

lorophyll (Bch).  The results, in the context of 

evolutionary analyses of additional nitroge-

nase and Bch proteins, collectively indicate 

an origin for Mo-nitrogenase that predates 

oxygenic photosynthesis.  Importantly, the 

age of nodes delineating the major diversifi-

cation of Mo-dependent nitrogenase is similar 

to the maximum age for the emergence of 

oxygenic photosynthesis, suggesting that the 

diversification of Mo-nitrogenase may have 

been promoted by the emergence of oxygenic 

photosynthesis, most likely through the wide-

spread oxidation of Mo-sulfides and subse-

quent increases in Mo bioavailability.  These 

findings imply that Mo-dependent biological 

nitrogen fixation emerged prior to the transi-

tion from the Archean to the Proterozoic and 

the widespread oxidation of the atmosphere 

and ocean.    
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