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Microbial metaproteomics — From sample processing
to data acquisition and analysis

WU Enhui, QIAO Liang "
(Department of Chemistry, Fudan University, Shanghai 200433, China)

Abstract: Microorganisms are closely associated with human diseases and health. Understand-
ing the composition and function of microbial communities requires extensive research. Metap-
roteomics has recently become an important method for throughout and in-depth study of mi-
croorganisms. However, major challenges in terms of sample processing, mass spectrometric
data acquisition, and data analysis limit the development of metaproteomics owing to the com-
plexity and high heterogeneity of microbial community samples. In metaproteomic analysis, op-
timizing the preprocessing method for different types of samples and adopting different microbi-
al isolation, enrichment, extraction, and lysis schemes are often necessary. Similar to those for
single-species proteomics, the mass spectrometric data acquisition modes for metaproteomics
include data-dependent acquisition ( DDA) and data-independent acquisition ( DIA). DIA can
collect comprehensive peptide information from a sample and holds great potential for future

development. However, data analysis for DIA is challenged by the complexity of metaproteome
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samples, which hinders the deeper coverage of metaproteomes. The most important step in da-
ta analysis is the construction of a protein sequence database. The size and completeness of the
database strongly influence not only the number of identifications, but also analyses at the spe-
cies and functional levels. The current gold standard for metaproteome database construction is
the metagenomic sequencing-based protein sequence database. A public database-filtering meth-
od based on an iterative database search has been proven to have strong practical value. The
peptide-centric DIA data analysis method is a mainstream data analysis strategy. The develop-
ment of deep learning and artificial intelligence will greatly promote the accuracy, coverage,
and speed of metaproteomic analysis. In terms of downstream bioinformatics analysis, a series
of annotation tools that can perform species annotation at the protein, peptide, and gene levels
has been developed in recent years to determine the composition of microbial communities. The
functional analysis of microbial communities is a unique feature of metaproteomics compared
with other omics approaches. Metaproteomics has become an important component of the

multi-omics analysis of microbial communities, and has great development potential in terms of

depth of coverage, sensitivity of detection, and completeness of data analysis.
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Fig. 1 Number of publications concerning metaproteomics
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Fig. 2 Timeline containing milestones of metaproteomics
MP. metaproteomics. DIA . data-independent acquisition.
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Fig. 3 Workflow of shotgun metaproteomics
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Table 1 Several representative researches of metaproteomics since 2011
MS
Analysis MS Analysis
Reference Time Samples yel . acquisition VSl Identification
strategy instrument tools
mode
Rooijers 2011 fecal sample iterative search  LTQ-Orbitrap DDA OMSSA over 3000
et al.['”] peptides
Jagtap 2012 salivary sample iterative search  LTQ-Orbitrap DDA MaxQuant 2176 proteins
et al.[!
Tanca 2013 synthetic microbial metagenomics LTQ-Orbitrap DDA Proteome 10881 peptides
et al.[%] community derived databases Discoverer
Zhang 2016 mouse fecal sample; MetaPro-1Q Q Exactive DDA X! Tandem 30749 proteins;
et al.[%%] human colonoscopy sample MaxQuant 19011 proteins
May 2016 ocean microbiome sample  Metapeptide Q-Exactive-HF DDA Comet 6918 peptides
et al.[3!]
Xiao 2018 synthetic microbial MT LTQ-Orbitrap DDA X! Tandem 11308 peptides;
et al.[52] community ; fecal sample MaxQuant 10932 peptides
Long 2020 fecal sample hybrid spectra Orbitrap Fusion DIA PEAKS 91902 peptides;
et al.[20] library-based DIA Lumos Tribrid SpectroMine 30062 proteins
Spectronaut
Aakko 2020 synthetic microbial DDA spectra Q Exactive HF DIA diatools 14888 peptides;
et al.[2!) community; fecal sample library-based DIA 12804 peptides
Stamboulian 2021 human colonoscopy HAPiID LTQ-Orbitrap DDA MS-GF+ 24962 peptides
et al.[%! sample
Pietila 2022 fecal sample directDIA Q Exactive HF DIA X! Tandem 14691 peptides
et al.[**] Comet
Zhao 2023 synthetic microbial directDIA Orbitrap Fusion DIA PEAKS 10572 proteins;
et al.[55] community ; fecal sample Lumos Tribrid MaxQuant about 70000
FragPipe proteins
Gomez-Varela 2023 mice fecal sample peptide-centric  timsTOF Pro DIA DIA-NN over 15000
et al.[47] DIA analysis MaxQuant proteins
Wu 2024 synthetic microbial ConDiGA timsTOF Pro DDA PEAKS 13537 proteins;
et al.[56! community; fecal sample 12630 proteins
Wu 2024  synthetic microbial HAPs-hyblibDIA timsTOF Pro DIA Spectronaut 11770 proteins;
et al.[%7] community ; fecal sample 28585 proteins

MetaPro-1Q: metaproteome identification and quantification; Metapeptide: short amino acid sequences that may be represented in
multiple organisms; MT. metagenomic taxonomy-guided database-search strategy; HAPiID: high abundance proteins guided metapro-
teomics identification; ConDiGA: contigs directed gene annotation; HAPs-hyblibDIA . high-abundance protein-guided hybrid spectral

library for data-independent acquisition metaproteomics.
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