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Normalized Whole-Cell Kinetics

Nitrous oxide (N2O) is 300 times more potent than CO2 as a 

greenhouse gas1 and contributes 6% of annual global greenhouse gas 

emissions2.  > 85% of N2O emissions are from biotic processes, like 

agricultural soil management, wastewater treatment, and manure 

management3.  Ammonium-oxidizing bacteria (AOB) are the primary 

bacteria producing N2O and important for biological nutrient removal 

during wastewater treatment.  AOB are generally perceived as obligate 

aerobes that oxidize ammonium (NH4
+) to nitrate (NO2

-). Recent 

advances in the understanding AOB metabolism have elucidated key 

mechanisms AOB nitrification, N2O production, and NO2
- reduction4-6.  

No model has described AOB metabolism based on all the 

intermediate steps and their thermodynamic viability.

Background

WE USE THE LATEST KNOWLEDGE OF AMMONIUM OXIDIZING BACTERIA (AOB) METABOLISM 

TO ESTIMATE AOB ENERGETICS AND KINETICS
The latest understanding of the metabolic pathways for AOB and thermodynamics electron equivalents modelling 

(TEEM) were integrated to estimate kinetic and stoichiometric parameters for the AOB’s multi-step nitrification and 

autotrophic denitrification reactions.  An energetics analysis for each reaction in the oxidation and reduction pathways 

resulted in an understanding of which intermediate pathways are important for respiration and biomass synthesis, 

how N2O is linked to biomass growth and detoxification, and individual pathway stoichiometry and kinetics determined 

by TEEM can be normalized to the number of electrons used in the respiration chain to determine whole cell kinetics.  

This normalized TEEM approach can be applied to a variety of bacteria besides AOB to provide kinetic insights into 

performance.  
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N2O formation:

• Dimerization during nitrification

• Detoxification when NH2OH reacts with NO through cyt P460

• NO reduction using NOR enzyme for respiration/biomass synthesis 

AOB’s metabolic pathways for nitrification and reduction

NH4
+ Monooxygenation (AMO)

NH4
+ + O2 + 2[H] → NH2OH + H2O + H+

where [H] = electron equivalent

• 4 out of 6 electrons produced during nitrification are used in this step

• 2 electrons must be provided from downstream nitrification products 

(NH2OH, HNO, or NO)

• No energy for cell maintenance or biomass synthesis from AMO

Hybrid Thermodynamic Electron Equivalents 

Modeling (TEEM)

TEEM utilizes thermodynamics of the electron donor and acceptor half 

reactions and carbon assimilation processes to estimate the fraction of 

electrons used for biomass synthesis based on Gibbs free energy

Hybrid TEEM:

1. Calculate the stoichiometry/kinetics for each individual pathway that 

produces biomass 

2. Normalize the individual pathway value based on the number of 

electrons contributed to overall biomass growth

0

Normalization of nitrification pathway

Normalization can also be applied to the denitrification pathway.

Respiration/ 

biomass 

synthesis does 

not occur during 

NH4
+

monooxygenation 

(Rxn 1) or NO2
-

reduction to NO 

(Rxn 7)

A model of AOB metabolism

Nitrification pathway

• Using electron donors NH2OH for AMO oxidation and HNO for NO 

reduction is most energetically favorable

• NO reduction to N2O appears to be thermodynamically favorable, but 

the need for O2 in NH4
+ monooxygenation likely precludes NO 

reduction to N2O from becoming a major pathway

• N2O is energetically favorable in the reduction pathway and a 

detoxification step in aerobic processes

Reduction pathway

inspiring change

A Thermodynamic Analysis Of Intermediary Metabolic Steps And 

Nitrous Oxide Production In Ammonium-Oxidizing Bacteria


