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Project Goals: This project is focused on improving algorithms and methods for mass spectrometry data 
analysis of metaproteomics data. Recent advances in mass spectrometry and biological separations have 
dramatically increased the depth of proteomic discovery. Unfortunately, traditional computational 
workflows are in many cases preventing researchers from realizing these benefits for microbial 
communities. We propose to create a new generation of computational workflows to overcome the 
sensitivity limitations inherent in status quo data processing schemes. 
 
Unlike laboratory experiments that focus on one single organism, biofuel production is often explored in 
experiments with either natural or synthetic communities composed of numerous organisms. To 
understand the active state of these communities it is advantageous to assay the proteome as opposed to 
the genome. Unfortunately current algorithms for peptide/spectrum matching are reliant on protein 
databases. The practical implication of this dependence for proteomics of communities (metaproteomics) 
is that the algorithms often fail to identify sufficient number of peptides and proteins. The major goal of 
this project is to improve peptide and protein identification in community proteomics datasets. 
Metaproteomics currently is difficult for environmental samples that either have no protein sequence 
information (for a project without matched metagenomics) or for projects where the strain heterogeneity 
hinders complete characterization with metagenomics sequencing. Therefore, we are developing 
algorithms that work in the absence of sequence databases. Our current approach is to adapt the library 
search to match spectra of similar, but non-identical, peptides. This requires a very large spectrum library 
of previously identified peptide/spectrum matches.  

We present here the PNNL Biodiversity Library, 
a collection of the annotated peptides and 
proteins from 112 bacterial and archaeal 
organisms representing 15 phyla into public 3rd 
party repositories. In addition to the annotation 
of millions of peptide sequences, we also 
deposited 13 TB of raw mass spectrometry data. 
The library contains >2.5 million confidently 
identified peptides (230,000 proteins) from >60 
million spectra. By mapping these proteins onto 
known pathways via KEGG, we show that 
proteomics of functionally annotated proteins is 
consistently high, even for organisms with 
relatively little data. 
 
As an example of the depth of coverage, we 
show the coverage of proteins in the cysteine and 
methionine metabolic pathway. On average, 
proteomics data for a single organism covers 

90% of all annotated proteins in this pathway (see plot below). Specific species are also shown for 
reference: Desulfovibrio alaskensis, Cellulomonas flavigena, Cenarchaeum symbiosum, Thermobispora 
bispora, and Sulfolobus acidocaldarius. 
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This high coverage is typical for amino acid metabolic pathways, and any pathway annotated in KEGG. 
Thus the Library is both deep in its coverage of annotatedprotein function and broad in its coverage of 
taxonomic diversity. 
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