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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
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.

2) Nitrogen fixation and Ni fractionation

Among the 13 omic samples corresponding to high §°°Ni (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

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.

References from Supplementary information
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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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Functional annotations through 2 databases :

EggNOG (including PFAM) and KEGG
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Figure S2: Schematic of the different methods applied to the metagenomic data from a broad biological scale (function-level
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Figure S3: Comparison of Ni isotope composition (3°°Ni) 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 pm and 0.2 - 40 pm; top panels) and b) large size fraction (3 — 200 pm; 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
in grey is represented for each plot.
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Figure S4: Comparison of Ni isotope composition (5°°Ni) 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,
right plots) in panels a (small size fraction) and b (large size fraction); EggNOG best OG descriptions or PFAM annotations in panels
¢ (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.



Potential

Station Lat  Long Depth Temperature  Salinity Oxygen Silicate Nitrate  Phosphate Ni &%Ni 2sD

density

# “N °E m kgim® °C psu pmolll  pmolil  pmoliL pmolil nmolil %o %o

8 -46.39 15039 15 12.49 3560 24510 0.45 6.27 0.53 297 163 0.08
g -46.39 15039 40 26.41 1214 34.80 249048 0.41 6.43 0.51 313 151 0.04
g -46.39 15039 60 2643 12.06 34.80 246.55 0.48 6.58 0.55 313 139 010
8 -46.39 15039 80 26.45 11.96 34.80 24424 0.73 8.08 0.60 354 1.40 0.0
8 -46.39 15039 125 26.55 11.44 34.81 24330 1.97 10.98 0.72 376 145 011
8 -46.39 15039 150 26.69 1071 34.82 241.08 290 11.94 0.79 368 1.37 0.05
8 -46.39 15039 200 2678 10.19 3481 240.41 333 1216 0.78 35 1.39 0.08
8 -46.39 15039 250 2678 10.17 34.81 24094 3.30 121 079 355 13 011
8 -46.39 15039 300 2678 10.12 34.80 24158 332 12.42 077 3.66 1.16 ooy
8 -46.39 15039 500 26.83 .91 34.60 236.07 478 16.11 0.96 413 1.24 011
g -46.39 15039 750 26.88 8.29 3453 237.44 531 16.84 1.08 4.26 1.39 0.09
9 -63.58 14930 15 26.55 8.00 34.07 2M.a7 5.58 18.57 1.20 5.00 13 0.05
9 -63.58 14930 30 26.55 7.99 34.07 270.60 534 18.66 124 494 1.35 0.06
9 -53.58 14930 &0 2676 7.59 34.26 270.30 542 18.65 119 482 1.37 005
9 -6358 14930 &0 26.84 6.97 3426 264.55 522 17.90 1.16 477 143 ooy
9 -6358 14930 125 26.87 6.89 3428 258.61 5.86 19.38 110 477 148 0.08
9 -5358 14930 150 26.89 6.84 34.29 252.38 6.56 2053 116 481 1.40 0.07
9 -5358 14930 200 26.91 6.24 34.22 257.33 813 2213 132 494 132 0.04
9 -5358 14930 250 2694 598 3421 251.86 9.41 2297 137 5.09 119 0.08
9 -53.58 14930 300 2697 5.82 3423 24266 .33 2435 1.36 5.54 120 0.06
9 -53.58 14930 500 i1 482 3425 21317 272 29.22 1.76 5.62 128 0.09
9 -5358 14930 750 2729 360 34.31 191.51 4070 B35 2Zm 6.34 115 0.06
9 -53.58 14930 1000 2744 297 3443 167.45 60.14 3480 210 6.80 1.09 0.08
10 -59.61 14864 30 2704 290 3393 309.27 2286 2588 1.66

10 -59.61 14864 50 2720 145 3398 317.80 33.95 2788 19 6.52 137 0.08
10 -59.61 14364 80 27.38 -0.49 34.07 32340 39.11 2854 1.98 6.50 1.26 0.06
10 -59.61 143.64 100 27.41 -062 34.09 318.07 4235 29.04 1.99 6.59 124 010
10 -59.61 14864 125 2748 0.22 3423 267.85 53.62 3239 215 6.68 1.30 0.06
10 -69.61 14364 150 2753 133 34.38 189.81 64.93 .52 228 6.69 110 004
10 -69.61 14364 200 2758 179 34.48 175.61 .28 3499 27 6.88 1.20 0.09
10 -69.61 14364 250 2761 212 3455 161.72 7493 478 221 6.82 123 007
10 -69.61 14364 500 2771 21 3467 164.68 80.34 3262 207 6.79 1.40 008
10 -69.61 14364 750 2776 1.98 3472 172.08 8419 30.95 2.02 6.72 133 0.08
1 -67.10 14492 15 26.16 -099 3253 372.04 3812 10.02 0.62 495 168 0.04
" -G7.10 14492 30 2617 -1.05 3254 v4zy 39.03 10.51 0.70 5.05 1.62 004
11 -67.10 14492 &0 26.23 -122 3261 376.15 40.81 .78 078 5.05 1.65 004
11 -67.10 14492 &0 27.38 -0.89 3404 359.38 60.80 20.68 142 7.15 143 0.05
1 -67.10 14492 100 2761 -143 34.30 313.04 69.52 2549 173 7.08 1.36 0.08
1 -67.10 14492 200 2780 -199 34.51 286.81 75.99 30.69 176 6.86 132 0.03
" -67.10 14492 250 2780 -200 3451 286.42 7739 3078 1.88 774 132 0.04
" -67.10 14492 300 2780 -199 3452 285.73 78.02 30.83 1.83 8.03 13 0.06
" -67.10 14492 400 2782 -2 3454 285.56 7794 30797 1.81 6.86 1.30 0.04
11 -67.10 14492 475 27.84 -208 34.56 286.70 77.55 30.75 1.92 7.93 1.36 0.08
22 -56.99 -27.95 10 27.00 1.66 3375 312.80 49.58 2358 1.63 5.86 132 0.06
22 -56.99 -27.95 30 27.00 167 3375 31z2.02 4065 2358 1.62 6.39 138 004
22 -66.99 -27.95 60 2733 0.07 34.04 303.87 55.12 2473 173 7.35 1.35 0.05
22 -66.99 -27.95 a5 27.49 -0.85 3418 28417 72.09 28.50 20 6.33 1.35 0.06
22 -56.99 2795 100 2753 -0.70 3424 267.05 75.42 30.30 218 7.61 1.36 0.05
22 -56.99 -2v.95 150 27.66 0.14 3445 22355 86.35 3247 221 6.09 134 007
22 -66.99 2795 200 2773 0.56 3456 202.47 91.69 3220 222 6.23 1.20 0.09
22 -66.99 2795 300 2778 0.80 3464 191.58 97.63 3210 221 6.10 134 010
22 -66.99 2795 500 2779 0.68 34.65 190.49 104.04 3218 220 8.20 1238 007
22 -66.99 2795 800 27.81 0.55 3466 19011 11.28 3232 228 6.38 125 008
22 -66.99 2795 1000 27.82 048 3467 190.73 11340 32.59 2.7 6.28 133 0.09
23 -58.67 -14.00 15 2692 185 3367 31440 49.41 2308 1.62 6.39 139 0.08
23 -58.67 -14.00 50 26.94 177 3369 31348 5291 2354 1.66 6.44 142 0.06
23 -58.67 -14.00 60 2699 139 3371 31436 57.50 2413 172 6.47 138 0.09
23 -58.67 -14.00 100 2739 -083 34.06 3227 B64.78 2718 195 6.62 137 0.06
23 -58.67 -14.00 125 2749 -082 3418 280.40 7372 30.04 195 7.07 13 0.06
23 -58.67  -14.00 150 2757 -032 3431 252.61 80.09 31.06 218 6.93 129 0.06
23 -58.67 -14.00 250 2773 079 3458 193.77 83.28 s 217 7.36 133 010
23 -58.67 -14.00 500 2780 072 34.66 188.30 104.45 .87 225 733 127 0.06
23 -58.67 -14.00 750 2782 0.59 3467 185.87 111.51 .88 23 73 138 0.08
23 -58.67  -14.00 1000 2782 0.49 34.67 187.62 11467 3222 22 7.40 132 0.08
24 -49.00 900 15 2679 4.39 3379 29261 33 2033 1.52 5.92 147 0.05
24 -49.00  9.00 30 2679 438 33.80 29311 335 20.41 1.48 5.95 1.45 007
24 -49.00  9.00 70 26.81 428 33.80 20217 345 2027 1.53 5.92 147 0.05
24 -49.00  9.00 100 26.85 4.00 3382 200.96 417 20.43 1.56 5.95 143 010
24 -49.00  9.00 125 26.98 a0 3387 201.48 1.47 2234 171 5.97 1.39 007
24 -49.00 900 150 2715 181 33.95 286.76 2079 25.91 1.91 6.21 1.30 008
24 -49.00 900 200 2721 1.56 3401 277.80 27.00 28.06 1.95 7.01 133 009
24 -49.00 900 300 27.30 1.99 3416 228.50 35.67 30.53 215 6.96 132 ooy
24 -49.00 9.00 500 2745 245 34.38 175.12 58.56 3354 23 7.03 1.30 0.09
24 -49.00 9.00 1000 2767 238 3465 161.78 7470 31.81 223 7.25 1.27 0.08
25 -43.98 1407 15 26.37 10.42 3434 256.34 1.14 11.43 0.90 434 1.49 004
25 -43.98 1407 30 26.37 10.43 3434 255.68 112 11.50 0.90 427 1.52 008
25 -43.98 1407 45 26.37 10.52 34.36 28570 128 9.82 0.81 4.03 1.68 0.07
25 -43.98 14.07 75 26.40 11.68 3467 24419 137 8.65 0.74 375 164 011
25 -4398 1407 100 26.50 971 34.35 253.28 218 1493 116 459 1.56 010
25 -43.98 1407 150 2674 762 3424 253.40 5.65 1877 134 5.04 136 0.04
25 -43.98 1407 200 26.86 7.08 34.30 24531 77 2037 143 5.02 139 010
25 -43.98 1407 400 2703 5.04 3419 22342 12z 26.39 1.82 439 110 0.10
25 -43.98 1407 500 2710 5.28 3431 20315 eyl 27.59 187 5.84 137 0.06
25 -43.88 1407 750 27.26 379 34.30 189.86 34.64 30.94 218 7.08 1.15 0.08
25 -43.98  14.07 1000 27.40 3.25 344 17012 51.53 3314 233 6.95 1.42 0.08

Table S1: Dissolved 3°Ni, Ni concentrations, silicate, nitrate, phosphate, potential density (ce), temperature and salinity for 8
stations of the ACE cruise.
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Table S2: Functional and taxonomic annotations of all AGNOSTOS gene
as particularly linked to 3°°Ni (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 pm and 0.2 - 40 pm) and large (3 — 200 pm) size fractions.
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clusters (AGC) emerging from the redundancy analyses



