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Context.  
In open oceans, nitrogen fixation is the only process that compensates for nitrogen losses due to denitrification and 
to anaerobic ammonium oxidation. A current challenge is to further understand why estimations of the nitrogen 
budget are not balanced in the World Ocean. A comprehensive understanding of the nitrogen budget in the world’s 
ocean is still lacking, partly due to the uncertainties on the N fluxes related to the growth of diazotrophs.  

Objectives / scientific questions. 
This multidisciplinary project is devoted to characterizing the nitrogen budget of marine N2 fixing cyanobacteria 
grown in the laboratory. The first goal was to revisit the current, highly debated, isotopic-tracer methodology to 
assert robust and relevant analysis protocols. Then, the second objective was to derive nitrogen budgets from 
populations of marine nitrogen fixers grown under tightly and carefully controlled conditions, and thereby 
quantify nitrogen pools in the different, dissolved and particulate compartments and their related fluxes. 

Main results. 
1. A number of paradigms have pervaded the study of diazotrophy for the last half-century or so, including the
necessity for warm, low nutrient and low DIN environments. Building on a conceptual analysis of the current
literature, we emphasize the need to look into both the deficiencies in current methodologies to estimate N2

fixation, as well as ‘new’ diazotrophs which do not conform to old paradigms of N2 fixation.
2. We demonstrate that previous observations as to the down regulation of N2 fixation under significant
concentrations of DIN do not hold true for all diazotrophs, and in particular, do not limit the rate of nitrogen
fixation in Crocosphaera watsonii. This result calls for a reconsideration of the way the nitrogen fixation is
accounted for, and parameterized, in biogeochemical models (Randall et al., subm).
3. We monitored the particulate (Fig. 1) and dissolved pools of N as well as the rate of N acquisition and N
exudation (Fig. 2) in duplicated, turbidostat cultures (so to control light availability within the cultures) exposed to
two different irradiances (60 and 400 µE m-2 s-1). Results show that the extra nitrogen acquired by cells under higher
light is somehow 'lost' from the cells during the light phase, suggesting that a nitrogen release occurs which is
proportional to the growth rate or to the energy acquired (irradiance or photosynthetic activity; analysis in
progress).
4. Comparison of the stable isotope approach (15N2 and 13C incorporation) and bulk (rate of change in the particulate
C and N contents in the biomass) suggests an underestimation of rates with the former. This result would add
further warning to the current discussion about the validity of the different methods employed to assess N2

fixation… (analysis in progress)



 

 
Fig. 1 a. Mean cellular C and N content at the start (bottom right values) and 
the end (top left) of the dark phase. Red points: high light experiments; blue 
points: low light experiment. Vertical and horizontal error bars are the standard 
deviations for cellular N content and cellular C content, respectively. Arrows 
and annotation are to signify the evolution in C and N content over the diel 
cycle, i.e. change in C and N occurring over the dark and light phases.  
b. Changes in the cellular C:N ratio. Blue and yellow, shaded areas represent 
the dark and light phase. Red points & lines: high light experiments; blue 
points & lines: low light experiment.  

 
 

 
Fig. 2. Boxplots of volumetric N exudation from cultures 
of C. watsonii exposed to two different growth irradiances, 
determined via 15N enrichment in the dissolved fraction. All 
values are determined from the same 12h and 24h 
incubations. Values are divided by experiment, denoted by 
color; pink for the high light and blue for the low light. 
White dots are the mean values for each. 
 
 
 
 

 

Comments on the figures. 
Once at equilibrium, cultures stabilized at an average growth rate of 0.11 ±0.006 and 0.34 ±0.006 d-1, under the 
lower and higher irradiance, respectively. While the N accumulated per cell under high light is twice that 
accumulated under lower light, cells show equivalent N content at the beginning of the dark in both experiments, 
i.e. just before the onset of N2 fixation (Fig.1a). This translates onto the C:N ratios (Fig.1b), which i/ are highly 
conserved between culture replicates and synchronized with the light cycle, ii/ show identical lowest values in both 
experiments and iii/ rise to higher values in the high light experiment. And as seen on Fig. 2, higher exudation rates 
are measured in the high light cultures. Cells exposed to higher light fix more C and more N (they are also a little 
bigger) but they also "lose" much more N: the higher the growth rate, the higher the N exudation rate... 

Future of the project. 
S. Rabouille has submitted a bilateral ANR proposal in which A. Oschlies (Geomar Kiel, Germany) is a partner. 
The LEFE project has initiated a momentum, opened to a collaboration with LCB (Marseille; 1 paper published) 
and we're now building new collaborations upon it, also with S. Duhamel (Univ. of Arizona, USA). 

Nombre de publications, de communications et de thèses 
This project constituted a framework for the PhD of B. Randall (12/2015-11/2019, including a derogatory, 4th 
year). Thus far, one manuscript has been submitted, which has been taken into consideration and is currently being 
reviewed. Up to four or five papers could be envisioned from these data, on which we are now working.  
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