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Supplementary Notes 

δ15N records of bulk sediment organic matter from published literature 

The nitrogenase reaction induces a large degree of nitrogen isotopic fractionation due 

to the preferred utilization of 14N, resulting in 15N depletion in sedimentary organic 

nitrogen1-3. On average, lighter δ15N values were observed in active seep sites than in 

reference areas lacking signatures of seepage (Supplementary Figure 1). These trends 

were significant in the sites where the sample size is sufficient for statistical tests to be 

performed (Site F and Haima; P < 0.05 and P < 0.001, two-sided Student’s t-test, 

respectively). Overall, lighter sedimentary δ15N values found at various types of cold 

seeps suggest nitrogen assimilation through microbial nitrogen fixation2. It cannot be 

ruled out that external reduced nitrogen with low δ15N signatures, for example from 

isotopically light ammonium, may have also contributed to these lower values4-6. 
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Supplementary Figures 

 

Supplementary Figure 1. A literature summary of δ15N records of bulk sediment organic 

matter from five active cold-seep sites. Cold seep sediments are compared to nearby background 

sites where no seepage signals were detected. Nitrogen stable isotope values are reported in per mil 

(‰) relative to atmospheric N2 (air). n values refer to the number of biologically independent 

samples for statistics analysis. Asterisks indicate statistically significant differences between cold 

seep and background groups (two-sided Student’s t-test; * for P < 0.05, ** for P < 0.01 and *** for P 

< 0.001). Boxplot components: center line, median values; box limits, upper and lower quartiles; 

whiskers, 1.5× interquartile range; points, outliers. Additional details on δ15N values, cold seep sites 

and references are presented in Supplementary Data 11. 
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Supplementary Figure 2. NifH superfamily amino acid alignment. Pairwise alignments of NifH 

superfamily sequences are shown in the region of active site residues responsible for MgATP 

binding and hydrolysis Fe4-S4 iron sulfur cluster binding. MSL: Methanosarcina-like group. 
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Supplementary Figure 3. NifD superfamily amino acid alignment. Pairwise alignments of NifD 

superfamily sequences are shown in the region of active site residues responsible for coordination 

of the P-cluster and FeMo-cofactor within the molybdenum nitrogenase subunit NifD, and substrate 

bound to the FeMo-cofactor. MSL: Methanosarcina-like group. 
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Supplementary Figure 4. NifK superfamily amino acid alignment. Pairwise alignments of NifK 

superfamily sequences are shown in the region of active site residues responsible for coordination 

of the P-cluster within the molybdenum nitrogenase subunit NifK. MSL: Methanosarcina-like 

group. 
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Supplementary Figure 5. Relative abundance of dereplicated nitrogen-fixing MAGs across 

various cold seep sediment samples. Details on the abundance of nitrogen-fixing MAGs can be 

found in Supplementary Data 5. 
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