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Introduction: The search for life on other 
planets is contingent on our ability to measure 
biosignatures accurately on Earth. Nitrogen, a critical 
nutrient for the synthesis of biomolecules and thus a 
hallmark for life, has been a target of interest for 
planetary exploration. To understand the biological 
use of oxidized forms of nitrogen (NOx) in natural 
ecosystems, the stable isotopes of nitrogen and 
oxygen ( 15N, 18O) can be employed to measureδ δ  
nitrogen fluxes in a dual isotopic approach (Casciotti 
et al. 2002).  

All known biological nitrate reduction causes an 
enrichment in 15N and 18O in the residual pool, 
making it an easily identifiable indicator for reductive 
nitrogen fluxes. However, the ratio at which oxygen 
and nitrogen isotopes fractionate (ε18O / ε15N)  varies 
significantly between environments, with modern 
marine systems having ε18O / ε15N  trajectories of 
~1.0, and terrestrial systems closer to ~0.6 (Granger 
et al. 2008). Several hypotheses have been proposed 
to explain this variation, including enzyme specific 
effects from nitrate reductases.  

There are two dissimilatory nitrate reductases 
utilized by bacteria, Nar and Nap. While both 
catalyze the conversion of nitrate to nitrite, Nar has 
been assumed to be the primary respiratory reductase 
while Nap was thought to be used mainly as an 
auxiliary electron sink or in oxic and anoxic 
environment transitions (Kraft et al. 2011). 
Differences in their functional roles suggest a 
geochemical tie to their expression and thus a 
possible influence on isotope fractionation. Here, we 
present new work addressing the hypothesis that 
isotopic variation of nitrate reduction stems from 
purely enzymatic differences.  

Methods: Batch cultures of various nitrate 
reducing bacteria harbouring either Nar or Nap or 
both were grown anaerobically with nitrate as the 
sole electron acceptor. Samples were collected as 
nitrate was consumed by the cultures. The isotopic 
composition of the samples was then measured via 
the denitrifier method, yielding both nitrogen and 
oxygen isotopic data (Sigman et al. 2001). To isolate 
differences in isotope fractionation between the two 
nitrate reductases utilized (either Nar or Nap), we 
also conducted similar experiments with deletion 
mutants of the Nar and Nap reductases in strains of 
Pseudomonas aeruginosa.  

Results: The isotopic data collected from the 
physiological experiments in this study provide 
compelling evidence corroborating earlier reports that 
the different nitrate reducing systems indeed display 
remarkable systematic differences in their ε18O / ε15N 
trajectories (Fig. 1). 

 
Fig. 1 - Summary of ε18O / ε15N  ratios of nitrate 

reducing bacteria used in this study and others 
(Granger et al. 2008; Treibergs et al. 2017; Frey et al. 
2014). Blue, red, and purple indicates strains that 
have Nar, Nap, or both enzymes present, 
respectively. 

Implications: This study provides evidence for 
enzyme-specific isotope effects in the reductive 
nitrogen cycle that could explain unresolved isotopic 
signals in modern terrestrial ecosystems. Because of 
their different functional roles, linking specific nitrate 
reductases to ε18O / ε15N trajectories will provide the 
necessary mechanistic framework to connect the 
isotopic biosignature of nitrate reduction to the redox 
conditions of different environmental systems. This 
work will thus broadly inform our understanding of 
nitrogen fluxes and geochemical conditions of anoxic 
ecosystems and consequently aid in interpreting 
isotopic signatures of astrobiologically relevant 
analog environments. 
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