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Supplementary Figure. 1 Reactions of N-transforming processes and the corresponding trace 

metals employed by the metalloenzymes. 



 

Supplementary Figure. 2 Relative abundances (GPMs) of urease genes in the a) free-living 

and b) particle-attached communities. 

 

Supplementary Figure. 3 Results of the Spearman correlation analyses for the a) free-living 

and b) particle-attached communities. Stars indicate significant correlations (p<0.05). 



 

Supplementary Figure. 4 a) Coverage of representative MAGs in FL communities b) Copy 

numbers of representative N-transforming genes encoded by the MAGs. c) Coverage of 

representative MAGs in PA communities. Stars represent the MAGs with species affilation. 

 

 

Supplementary Figure. 5 Dissolved TM concentrations at the depth of sample collection for 

metagenomic analyses. 



 

Supplementary Figure. 6 Particulate TM concentrations at the depth of sample collection for 

metagenomic analyses. 



 

Supplementary Figure. 7 Physiochemical parameters concentrations, of the samples collected 

for metagenomic analyses. 

 



 

Supplementary Figure. 8 Inorganic carbon fixing pathways observed/detected in MAGs 

associated with N-transformations. 



 

 

Supplementary Figure. 9 nap gene abundances in the a) free-living and b) particle-attached 

fractions. 

 

Supplementary Figure. 10 Metaproteome representing DNR proteins expressed in free-

living, particle-attached and exoproteomes of varying oceans. Data from Zhao et al. 2024. 



 

Supplementary Figure. 11 Urease VS ANR gene abundances a) free-living and b) particle-

attached fractions. 

 

Supplementary Figure. 12 Organic N compounds synthesis and degradation gene abundances 

a) free-living and b) particle-attached fractions. 

 

 


