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Introduction 

 

Both nitrogen and oxygen isotopes of fixed nitrogen 

compounds are fractionated during their microbial production 

and consumption processes comprising the global marine N 

cycle. Thus, measurements of nitrogen and oxygen isotope 

ratio (δ15N and δ18O (‰)) of fixed nitrogen compounds have 

long been used as biogeochemical stable isotopic tracers to 

estimate the global marine N budget. To quantitatively assess 

the impacts of these processes on their pools, the degree of 

isotope fractionation is quantified by the kinetic isotope 

effect: ε (‰). The kinetic N and O isotope effects for key 

microbial processes provide the basis for interpretation of 

natural abundance N isotopic distributions in the ocean. 

Hence the kinetic N and O isotope effects associated with 

microbial ammonium oxidation, nitrite oxidation, 

denitrification have been determined for laboratory cultures 

of corresponding bacteria (Figure.1).  

Anaerobic ammonium oxidation (anammox) and 

denitrification are the two major sinks of fixed nitrogen (N) in 

the ocean. Despite significant importance of anammox 

bacteria in the global oceanic N cycle, the N isotope effect 

(15ε) associated with anammox metabolism was determined 

only for one of freshwater anammox strains, “Ca. Kuenenia 

stuttgartiensis”(Brunner et al., 2013), to date. In addition, the 

kinetic O isotope effect (18ε) of anammox metabolism has 

never been measured for laboratory enrichment cultures. 

Here we analyzed the N and O isotope effects of three 

anammox species: “Ca. Scalindua japonica”, “Ca. Jettenia 

caeni”, and “Ca. Brocadia sinica”. “Ca. Scalindua” is a 

marine anammox species, which is considered to be a main 

player of the oceanic fixed N loss.  

Figure 1. Marine microbial nitrogen cycle with the reported N 

and O isotope effects of key transformation processes.
 

 

Material and method 
 
We have successfully established continuous enrichment 

cultures (>90%) of three anammox species in membrane 

bioreactors (MBRs). The MBRs were assumed to have 

reached steady state if the concentrations of nitrogen 

compound (NH4
+, NO2

-, and NO3
-) in the effluents stabilized. 

Once steady state was reached, four independent sub-samples 

of MBR influent and effluent (permeate) were taken and 

measured concentration of NO2
-, NO3

- and NH4
+. N and O 

isotope ratio of NO2
- and NO3

- were determined via the “azide 

method” and “denitrifier method”, respectively. N isotope 

ratio of NH4
+ was determined via the “diffusion method”. N 

isotope effect (15ε NH4＋→N2, 15ε NO2－→N2, 15ε NO2-→NO3-) and O 

isotope effect (18εNO2- →NO3-) were calculated based on actual 

measurement value of stoichiometric ratio and isotope ratio.  

 

 
Result and discussion 
 

N isotope effects (15εNH4→N2, 15εNO2→N2, 15εNO2→NO3-) and, O 

isotope effect (18εNO2- →NO3-) were calculated for all three 

species. (Table. 1, Table.2) Data of “Ca. Kuenenia 

stuttgartiensis” was cited from previous research(Brunner et 

al., 2013). 

Strain reaction 15
ε (‰)

“Ca . K. stuttgartiensis”※  -31.1 ± 3.9

“Ca . S. japonica”  -30.1 ± 3.0

“Ca.  J. caeni”  -45.3 ± 4.2

“Ca.  B. sinica”  -31.5 ± 4.0

“Ca . K. stuttgartiensis”※  16.0 ± 4.5

“Ca . S. japonica”  19.9 ± 1.7

“Ca.  J. caeni”  29.3 ± 3.9

“Ca.  B. sinica”  5.9 ± 4.5

“Ca . K. stuttgartiensis”※ 23.5~29.1

“Ca . S. japonica”  32.7 ± 0.7

“Ca.  J. caeni”  31.9 ± 2.2

“Ca.  B. sinica”  30.9 ± 0.2

※Data from Burunner et al., 2013

Strain reaction 18
ε (‰)

“Ca . S. japonica”  -12.1 ± 0.8

“Ca.  J. caeni”  -1.9 ± 0.8

“Ca.  B. sinica”  -1.5 ± 1.2

NO2
-
 → NO3

-

Table. 1 Nitrogen isotope effect 

Table. 2 Oxygen isotope effect 

NO2
-
 → NO3

-

NO2
-
 → N2

NH4
+
 → N2

 



For the conversion of NH4
+ to N2, the N isotope effects 

(15εNH4 → N2) of all three species are consistent (30.9‰ to 

32.7‰), which do not significantly differ from the range of 
15εNH4 → N2 reported previously for “Ca. K. 

stuttgartiensis”(23.5‰ to 29.1‰) (Brunner et al., 2013). This 

is probably because this reaction is mediated through the 

same enzymes such as hydrazine synthase (hzs) and 

hydrazine dehydrogenase (hdh) in all anammox bacteria 

species. On the other hand, for the conversion of NO2
- to N2, 

variations of the N isotope effects (15εNO2 → N2) were found. 

This difference could arise from the different types of nitrite 

reductases. Both “Ca. S. japonica” and “Ca. K. 

stuttgartiensis” possess Fe-NIR and therefore yielded the very 

similar values (16.0‰ and 19.9‰). In contrast, “Ca. J. caeni” 

has Cu-NIR and yielded higher values (29.3‰). Most 

intriguingly, “Ca. B. sinica” yielded distinctively lower value 

(5.9‰). “Ca. B. sinica” does not possess canonical nitrite 

reductase genes (neither Fe-NIR nor Cu-NIR).  

For the conversion of NO2
- to NO3

-, all three anammox 

species exhibited pronounced inverse N isotope effects (-

30.1‰ to -45.3‰), which agreed with the previously reported 

value for ‘Ca. K. stuttgartiensis’ (-31.1‰) (Brunner et al., 

2013). In addition, we firstly observed that all three anammox 

species exhibited inverse O isotope effects (-0.5‰ to -

12.1‰). 

During anammox reaction, NO3
- is also produced from 

NO2
- oxidation. The Δδ18O (δ18ONO3-, effluent – δ18ONO3-, influent) 

of NO3
- was plotted against the corresponding Δδ15N 

(δ15NNO3-, effluent – δ15NNO3-, influent) for three anammox bacteria 

species (Figure. 2) The resulting Δδ18O NO3 /Δδ15N NO3 ratios 

were 0.28 for “Ca. S. japonica” and “Ca. B. sinica”, 0.08 for 

“Ca. J. caeni”. All three values were significantly deviated 

from the previously reported Δδ18O NO3 / Δδ15N NO3 = 1 for 

nitrate reduction by denitrifying bacteria (Kritee et al., 2012). 

Thus, the apparent departure of the anammox Δδ18O NO3 / 

Δδ15N NO3 values from 1 could be a valuable signature to 

distinguish N2 removal by anammox bacteria and denitrifying 

bacteria. 

 

Conclusions 
We report the dual N and O isotope effects associated with 

anammox by three different anammox bacteria ‘Ca. 

Scalindua japonica’, ‘Ca. J. caeni’, and ‘Ca. B. sinica’ for the 

first time. “Ca. Scalindua” is a major player in the marine N 

loss. All three anammox species yielded similar 15εNH4→N2 

(NH4
+ oxidation to N2) ranging from 30.9‰ to 32.7‰ and 

inverse kinetic isotope effects of NO2
- oxidation to NO3

- 

(15εNO2→NO3 = -30.1‰ to -45.3‰, 18εNO2→NO3 = -1.5‰ to -

12.1‰). In contrast, 15εNO2→N2 and 18εNO2→N2 (NO2
- reduction 

to N2) were significantly different among three species, which 

was likely depending on the type of nitrite reductase. 

Furthermore, all three anammox strains yielded Δδ18O NO3 : 

Δδ15N NO3 ratios = (0.08-0.36) : 1 significantly deviated from 

the previously reported 1 : 1 ratio for nitrate reduction by 

denitrifying bacteria. Therefore, Δδ18O NO3: Δδ15N NO3 could 

be a valuable signature to distinguish between anammox and 

denitrification. 
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“Ca. S. japonica”

“Ca. J. caeni”

Figure. 2 Changes in NO3
- isotopic ratio starting 

from δ15NNO3- = 0‰ and δ18ONO3- = 0‰.

Δδ18O/Δδ15N = 1

“Ca. B. sinica”

Denitrification

Δδ18O/Δδ15N = 0.28

Δδ18O/Δδ15N = 0.08


