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Background 

 
Nitrification is a two-step reaction; ammonium oxidation 

and nitrite oxidation. The first reaction is performed by 

aerobic ammonium oxidizing bacteria (AOB), ammonium 

oxidizing archaea (AOA) and anaerobic ammonium 

oxidizing (Anammox) bacteria. While only aerobic nitrite 

oxidizing bacteria (NOB) is known to conduct the latter 

reaction. Some recent research [1, 2] imply the existence 

of bacteria anaerobically oxidizing nitrite to nitrate in the 

anoxic environment such as the oxygen minimum zone in 

the ocean (OMZ). So in this research, I aimed to explore 

anaerobic NOB by batch incubation with IO3
- (⊿G0’= -

48.6 kJ/mol) and Fe2O3 (⊿G0’= -46.3 kJ/mol) which is 

thermodynamically feasible as an alternative electron 

acceptor instead of oxygen. Both chemicals are available 

in the anoxic environment with 10-3~105 µM [3, 4] and 

0.3~0.5 µM [5], respectively. 

 

 

Methodology 
 

1) The enriched NOB biomass genetically close to 

Nitrospira ND1 has been stored without oxygen and 

substrate at 4ºC for 2~3 years. Its purity of Nitrospira was 

confirmed as 80-90% among the whole bacteria by FISH 

(Fluorescence in situ Hybridization) analysis. Firstly, this 

biomass was verified to oxidize nitrite aerobically and 

confirmed the existence of Nitrospira by FISH analysis 

again (its purity was 80-90%). Then it was incubated with 

KIO3 (0~2 μM) and Fe2O3 (0~10 mM) as an electron 

acceptor under the anoxic condition. 0.5~2.0 mM of 

NaNO2 was the substrate and 0.5 mM of NaHCO3 was the 

carbon source. Also 50 µM of C2H2 gas or 10-3 M of NaN3 

was added in order to inhibit denitrification. The 

concentration of nitrite and nitrate was measured hourly 

or daily to confirm the nitrite oxidation. Once nitrite was 

depleted, the incubation was continued with adding a new 

substrate. 

2) In order to detect the gas production, 15NO2
- was 

utilized as only nitrogen source and the headspace of the 

vials were filled with helium gas. The gas products were 

measured by GC/MS and confirmed to be derived from 

the biomass. 

3) For the biomass dilution experiment, I picked 4 

biomass samples of the first incubation samples with KIO3 

then inoculated and diluted each of them with the medium 

into the new vials. This is for delaying the reaction and 

expecting the observation of a tiny amount of nitrate 

accumulation along nitrite oxidation. 

4) Expecting to separate the NOB from denitrifiers much 

effectively, the biomass was picked from the first 

incubation with Fe2O3 and KIO3 and Percoll separated. 

For it is unknown which layer includes the NOB, all of 

three obtained layers were incubated respectively.  

5) A new membrane bioreactor (MBR) was established 

with the biomass mentioned in 1) intending the Nitrospira 

biomass to regrow and increase their activity. This MBR 

has been operated for 140 days with 1~10 mM/d of nitrite. 

The purity was confirmed again by FISH method and then 

I used this biomass for anaerobic incubation with KIO3.  

 

 

Results and Discussion 
 

The Nitrospira biomass was incubated for 180 days with 

Fe2O3 and for 160 days with KIO3 respectively. In the 

series with Fe2O3 except the abiotic sample, nitrite got 

depleted and the same amount of nitrate has increased at 

the beginning of the anaerobic incubation. However, once 

the accumulated nitrate was removed and the medium was 

renewed (light red-shaded area in the Fig 1 and 2), nitrate 

accumulation could not be found even though nitrite was 

consumed at the same rate. It is considered that Nitrospira 

have used the dissolved oxygen due to the insufficient gas 

purge of the medium used for the first incubation. Any 

oxidation rate differences could not be confirmed among 

the several Fe2O3 concentrations. After 165-day 

incubation, the biomass in the sample with Fe2O3 10mM 

was confirmed to include Nitrospira by FISH observation.  

In the samples with KIO3, nitrite was depleted at a high 

speed (Fig 3) but nitrate accumulation could not be 

observed, then I added NaN3 as an inhibitor to the 

denitrifiers. Nitrate could not be measured precisely due 

to the interference of N3
- by ion chromatography then 

confirmed by brucine sulfuric acid method (the red solid 

circle in the Fig 4). The corresponding amount of nitrate 

with nitrite consumption could not be found in any biotic 

samples. Also, ammonium could not be detected. The 

denitrifiers contaminating the biomass got a high activity 

rate in the anoxic environment, which dominated the 

nitrite consumption in spite of the inhibitor addition. It is 

not clear whether the nitrite has directly been used up then 

become gaseous products or nitrate has been produced 

first then reduced by denitrifiers. And it can be considered 

that denitrifiers have utilized dead biomass as electron 

donors. As a result of the gas detection with 15NO2
- 

addition, 30N2 gas was produced, however, the amount of 

N2 did not correspond with that of nitrite consumption. 

This gas is obviously derived from the biomass as it rarely 

exists in the natural environment. It is considered that the 

high concentration of the biomass can be one of the 

contributions why nitrate accumulation is hidden.  

Thus, I diluted the biomass 300 times and incubated 

the new series of the vials. This is to intend the NOB to 

grow among the fewer denitrifiers by chance and catch 



nitrate accumulation. I succeeded to delay the nitrite 

consumption as shown in Fig 5, however, nitrate was not 

detected at any incubation phases of any samples.  

Regardless of the Percoll separation and use of the new 

MBR biomass, the trend of the reaction was the totally 

same with the previous experiments. Nitrite was 

completely depleted and nitrate was not detected. Nitrite 

oxidation could not have been selectively picked up by 

this Percoll separation.  

Fe2O3 is insoluble to water, which requires NOB to 

have a specific strategy. In order to use Fe2O3 as an 

electron acceptor, NOB has to build biofilm and catch a 

Fe2O3 particle, then establish the extracellular electron 

transport system. In this experiment, the vials have been 

agitated at irregular intervals, which broke the biofilms 

and prevented the system setup. 

 

 

 

Conclusion 
 

In this research, I explored anaerobic nitrite oxidizing 

bacteria with KIO3 or Fe2O3 as an alternative electron 

acceptor. High rate consumptions of nitrite were observed 

in the biotic samples with or without the Fe2O3 and KIO3 

addition. However, denitrification reaction was dominant 

and suppressed nitrite oxidation in the series of the 

samples, which requires more investigation on the 

incubation condition.  
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Graph 1 (left) and 2 (right): NO2
- (1) and NO3

- (2) concentration during the incubation with Fe2O3 

Graph 3 (left) and 4 (right): NO2
- (3) and NO3

- (4) concentration during the incubation with KIO3 

 

Graph 5 (left) and 6 (right): NO2
- (5) and NO3

- (6) concentration during the 300-time diluted incubation with KIO3 

 

 


