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Untargeted, tandem mass spectrometry metaproteome of 
Columbia River sediments

Josué Rodríguez-Ramos,1,2 Carrie D. Nicora,3 Samuel O. Purvine,3 Mikayla A. Borton,2 Bridget B. McGivern,2 David W. Hoyt,3 Mary S. 
Lipton,3 Kelly C. Wrighton2

AUTHOR AFFILIATIONS See affiliation list on p. 4.

ABSTRACT Rivers are critical ecosystems that impact global biogeochemical cycles. 
Nonetheless, a mechanistic understanding of river microbial metabolisms and their 
influences on geochemistry is lacking. Here, we announce metaproteomes of river 
sediments that are paired with metagenomes and metabolites, enabling an understand­
ing of the microbial underpinnings of river respiration.
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R ivers are vital ecosystems with global-scale consequences. While they have 
economic value for practices like agriculture, they are also a link between terrestrial 

and aquatic ecosystems. In fact, rivers transport, mineralize, and bury ~2.7 Pg of carbon 
per year (1). The hyporheic zone (HZ) is a saturated transitional space between river 
surface water and underlying sediments, which greatly contributes to river respiration 
(2, 3). Within HZs, microbial metabolisms significantly contribute to the biogeochemi­
cal transformations that ultimately modulate river respiration (4). Currently, a lack of 
genome-resolved, multi-omic data sets makes the linkages between microbial metabo­
lism and river biogeochemistry opaque, leading to uncertainties in ecological model 
constraints. Here, we present a metaproteomic data set from Columbia River sediments 
with paired metagenomes and metabolites and Hyporheic Uncultured Microbial and 
Viral (HUM-V), a genome-resolved database of river microorganisms (5), providing a 
multi-omics infrastructure to decode microbial contributions to river carbon and nutrient 
processing.

We collected six HZ sediment cores of the Columbia River (46°22′15.80″N, 
119°16′31.52″W) and subsampled each core into six 10 cm depth sections (0–60 cm) 
(5, 6). Liquid nitrogen frozen sediment profiles were collected across two transects 
(170 m apart), yielding 33 samples that were processed for metaproteomics, metage­
nomics, Fourier-transform ion cyclotron resonance mass spectrometry and 1H nuclear 
magnetic resonance spectroscopy. Sediment was prepared for metaproteomic analysis 
as described previously in detail (6) with a modified application of the MPLEx protocol 
(7).

Briefly (6), extractions were analyzed on a Q-Exactive Plus Orbitrap mass analyzer 
(Thermo Electron, Waltham, MA, USA) coupled to a Waters NanoAcquity high-perform­
ance liquid chromatography system (Waters Corporation, Milford, MA, USA) through 
75 µm × 70 cm columns packed with Phenomenex Jupiter C18 3 µm beads (Phenom­
enex, Torrance, CA, USA). Samples were loaded onto columns with 0.05% formic acid in 
water and eluted with 0.05% formic acid in acetonitrile over 100 min. Ten data-depend­
ent MS/MS scans (17.5 K resolution, centroided) were recorded for each survey MS scan 
(35K resolution) using a normalized collision energy of 30, isolation width of 2.0 m/z, 
and rolling exclusion window of ±1 m/z lasting 30 s before previously fragmented MS1 
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signals were eligible for re-analysis. All liquid chromatography-tandem mass spectrom­
etry data sets were converted to ASCII text using MSConvert (8), and the files were 
interrogated with a target-decoy approach to reach a ~1% false detection rate with 
formula [100 × 191 decoy peptide-spectrum matches (PSMs)/19,084 total filter passing 

FIG 1 Conceptual model summarizing the microbial and viral contributions to HZ carbon and nitrogen cycling identified in this study. This figure is taken from 

the original publication of this data set in reference (5) and is included here to demonstrate the value of our metaproteomics approach. Black arrows signify 

microbial transformations uncovered in our MAG-resolved metaproteomic data. Specific processes (e.g., mineralization, nitrification, CO oxidation, denitrification, 

and aerobic respiration) are highlighted in beige boxes, with microorganisms inferred to carry out these processes denoted by overlaid cell shapes colored by 

phylum. Possible biotic, atmospheric, and aquatic carbon and nitrogen sources are indicated by purple, green, and blue arrows, respectively. Inorganic carbon 

and nitrogen sources are shown by black squares (aqueous) and black circles (gaseous), with white text and dashed arrows indicating possible gases that could 

be released to the atmosphere. Processes that could be impacted by viruses are marked with gray virus symbols.
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PSMs] (9) and using MSGF+ (10). Our metaproteome contained 10,063,272 protein 
entries from 1,299,102,456 amino acids (6).

Spectra were searched against files that included (i) 55 dereplicated bacterial and 
archaeal metagenome-assembled genome (MAG) and (ii) 111 clustered viral MAG 
(vMAG) amino acid sequences. Due to functional conservation across closely related 
MAG strains, peptide recruitments were divided into three categories: (i) unique: 
peptides with hits to a single protein, (ii) non-unique specialized: peptides with hits 
to multiple amino acid sequences that shared functional annotation using multiple 
annotation databases by DRAM (5, 11) and MAG taxonomy with the genome-taxon­
omy database toolkit (12), and (iii) non-unique: peptides with hits to multiple amino 
acid sequences with different annotation or taxonomy. Microbial metaproteomes were 
converted to spectral abundance factors by calculating the length of each protein and 
normalizing by total counts per peptide mapped to each protein per sample.

Our genome-resolved strategies assigned gene expression to all 55 dereplicated, 
quality-verified MAGs in HUM-V. These MAGs recruited 13,102 total peptides to 1,313 
proteins. The “unique” peptides represented 67% of genes expressed in our pro­
teome. Interestingly, non-unique peptides with identical genus assignment and protein 
annotation accounted for 14% of the total genes expressed. The addition of this 
specialized non-unique category prevented the exclusion of ecologically relevant data 
due to strain overlap. In addition to our microbial results, 66% of our identified vMAGs 
uniquely recruited peptides (5).

Leveraging HUM-V, we unveiled a myriad of microbial and viral metabolisms 
contributing to carbon and nitrogen cycling in river sediments (Fig. 1) (5). Our co-expres­
sion analyses revealed heterotrophic microbial members (e.g., Actinobacteriota and 
Nitrososphaeraceae) that expressed enzymes for the degradation of complex carbon 
polymers like starch and cellulose to generate monomers that could be utilized by 
saccharolytic microorganisms (e.g., Thermoplasmatota and Proteobacteria) (5). We also 
identified organisms (e.g., Binatia and Nitrospiraceae) that expressed nitrogen mineraliza­
tion genes, supplying a source of ammonium that could sustain coupled nitrification 
and denitrification (5). Furthermore, viral metaproteomics demonstrated that viruses 
likely influence the biogeochemical cycling of river carbon and nitrogen both by active 
predation of microbial members and through the expression of auxiliary metabolic 
genes like glycoside hydrolases (5). Ultimately, our paired multi-omic data set ena­
bled the description of a mechanistic, conceptual model of Columbia River microbial 
biogeochemical cycling.
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