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Summary 15 

Nitrogen compounds are transformed by a complicated network of competing 16 

geochemical processes or microbial pathways, each performed by a different 17 

ecological guild of microorganisms. Complete experimental unraveling of this network 18 

requires a prohibitive experimental effort. Here we present a simple model that 19 

predicts relative rates of hypothetical nitrogen pathways, based only on the 20 

stoichiometry and energy yield of the performed redox reaction, assuming 21 

competition for resources between alternative pathways. Simulating competing 22 

pathways in hypothetical freshwater and marine sediment situations, we surprisingly 23 

found that much of the variation observed in nature can simply be predicted from 24 

these basic principles. Investigating discrepancies between observations and 25 

predictions suggest two important biochemical factors that may create barriers for the 26 

viability of pathways: enzymatic costs for long pathways and high ammonium 27 

activation energy. Besides, we hypothesize that some discrepancies can be 28 

explained by non-equilibrium dynamics. The model predicted a pathway that has not 29 

been discovered in nature yet: the dismutation of nitrite to the level of nitrate and 30 

dinitrogen gas.  31 

Introduction 32 

In nature, several competing microbial pathways are responsible for the 33 

transformation of nitrogen compounds. Each pathway is performed by a different 34 

guild of microorganisms under different environmental conditions. This network of 35 

microbial nitrogen pathways is known as the microbial nitrogen cycle, and includes 36 

pathways such as nitrification, denitrification, dissimilatory nitrate reduction to 37 

ammonium (DNRA, also called nitrate ammonification), anaerobic ammonium 38 

oxidation (anammox) nitrate reduction to nitrite, and nitrogen fixation (Fig. 1). The 39 

biogeochemical nitrogen cycle is affected intensely by human activity (Rockström et 40 
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