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Supplementary information about nitrogen fixation 

 
1) Estimating the potential for nitrogen fixation 

Anvi’o v7.1 was used to estimate the metabolic potential for nitrogen fixation in euphotic layer samples where significant Ni 25 

isotope fractionation was detected (stations 8, 11 and 25), using the commands and parameters described in 

https://anvio.org/blog/targeted-binning/. This approach relies on anvi-estimate-metabolism to estimate the completeness of 

KEGG modules in contigs of individual metagenomic samples, working at operon-level. It allows to detect complete or partial 

nitrogen fixation operons instead of traditional single-gene nifH detection. 

  30 

2) Nitrogen fixation and Ni fractionation 

Among the 13 omic samples corresponding to high δ60Ni (11-15m, 11-30m, 8-15m, 8-40m, 25-15m, 25-30m, each with two 

size fractions except 25-15 m which has three), none showed a contig bearing more than 50 % of the genes from the M00175 

KEGG module, corresponding to the catalytic part of the nif based nitrogen fixation. Nitrogen fixation potential could have 

been missed due to single assemblies not properly recovering contigs of nitrogen-fixing populations. Yet, similar 35 

metagenomic-based approaches have demonstrated their efficiency (Delmont et al. 2022), and recent data has shown evidence 
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of limited nitrogen fixation in the Southern Ocean (Gu et al. 2025). Thus, the effect of nitrogen fixation on nickel fractionation 

in our samples should be negligible, if not absent. 
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Figure S1: Comparison of depth profiles a) near the Sub-Tropical Front between ACE station #25 and GA10 station #6 (in orange; 

Archer et al., 2020), and b) near the Polar Front between ACE station #24 and ANT XXIV/3 station #104 (in blue; Cameron and 

Vance, 2014). 
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Figure S2: Schematic of the different methods applied to the metagenomic data from a broad biological scale (function-level 

investigation) to a refined biological scale (gene clusters-level investigation). 

 

 55 



5 

 

 

Figure S3: Comparison of Ni isotope composition (δ60Ni) and metagenomic relative abundance of broad functional groups: NiFe 

hydrogenase (in green, left plots), SOD (in orange, middle plots) and urease (in purple, right plots) in a) the small size fraction (0.2 

– 3 µm and 0.2 - 40 µm; top panels) and b) large size fraction (3 – 200 µm; bottom panels). Samples from station 11, near the Mertz 

Glacier, are identified by triangle symbols. A regression line coloured by enzyme surrounded by a 95% confidence interval plotted 60 
in grey is represented for each plot. 
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Figure S4: Comparison of Ni isotope composition (δ60Ni) and robust Centered-Log Ratio (r-CLR) transformed metagenomic 

abundance of broad functional groups: NiFe hydrogenase (in green, left plots), SOD (in orange, middle plots) and urease (in purple, 65 
right plots) in panels a (small size fraction) and b (large size fraction); EggNOG best OG descriptions or PFAM annotations in panels 

c (small size fraction) and d (large size fraction). A regression line surrounded by a 95% confidence interval plotted in grey is 

represented for each plot. Light blue symbols were excluded from the computation of the linear regression lines. Samples from 

station 11, near the Mertz Glacier, are identified by triangle symbols. 
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Table S1: Dissolved δ60Ni, Ni concentrations, silicate, nitrate, phosphate, potential density (σϴ), temperature and salinity for 8 

stations of the ACE cruise. 
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Table S2: Functional and taxonomic annotations of all AGNOSTOS gene clusters (AGC) emerging from the redundancy analyses 

as particularly linked to δ60Ni (shown in yellow in Figure 4), station 11 (shown in red in Figure 4) and stations 8 and 25 (shown in 

orange in Figure 4), for the small (0.2 - 3 µm and 0.2 - 40 µm) and large (3 – 200 µm) size fractions. 


