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Metaproteomics for Analysis of Microbial Function in the Environment 

 

Philip Bond and Margaret Wexler 

 

This report briefly describes the approach of using proteomic analyses to 

examine protein expression directly from environmental samples (termed 

metaproteomics). This approach has potential for solving one of the major 

challenges facing microbial ecologists, by providing insight of microbial 

function directly within samples.  

 

The emerging opportunity  

There is increasing emphasis to study microbial communities directly in their 

environments. Recent molecular analysis of environmental samples has 

vastly increased understanding of microbial diversity. However, the next big 

challenge is to understand details of function in these environments, 

particularly to link the phylogenetic and functional information.  

 

Recent metagenomic sequencing projects, that analyse genomic DNA directly 

from environmental samples, are providing opportunities to make the above 

link. These studies vastly expand our knowledge of the genetic diversity and 

the physiological and metabolic potential within selected environments that 

include seawater samples (1, 2), an acid mine biofilm (3), and activated sludge 

(4). The presently escalating sequence data (genomic and metagenomic) 

provides increasing potential for application of high throughput functional 

approaches. Transcriptomics and proteomics can be applied directly within 



mixed culture to detect expression profiles and provide functional insight of 

microbial environments.  

 

The procedure for metaproteomic analysis is basically that utilized for 

proteomic study of pure culture. This involves (i) sample preparation, (ii) 

protein extraction, (iii) separation of the proteins or peptides, usually in two-

dimensions, and (iv) mass spectrometry (MS) analysis for identification of the 

proteins (figure 1). Detecting protein expression from environmental samples 

is not new (5, 6), however, interest has recently grown. Sequence data, 

improved protein separation techniques, and the rapidly improving protein 

identification by mass spectrometry provide new opportunity to apply large-

scale proteomics and protein identification to environmental samples. 

 

An ongoing challenge for proteomics is the identification of proteins. This can 

be achieved from peptide mass data if metagenomic data is available. For 

example, following separation of proteins or peptides, MS or tandem MS 

(MS/MS) can be used to generate peptide mass fingerprints (PMF) (7). The 

PMF patterns are then compared to the metagenomic database for protein 

identification. Another approach for identification is to estimate the de novo 

protein sequence from the MS/MS data, and then search for homologous 

sequences. The latter requires extra effort compared to the PMF approach, 

however, de novo sequencing is especially useful for protein identification 

when corresponding metagenomic data in unavailable. This approach was 

recently used to identify more than 100 proteins that were differentially 

expressed following exposure of bacterial communities to cadmium (8). 



 

Examples of metaproteomics studies 

So far only a handful of studies in the literature examines the proteome of 

mixed culture samples. These studies include detection of proteins in high 

abundance during biological phosphorus removal in activated sludge 

wastewater treatment (9, 10). Proteins associated with dissolved organic matter 

in soil and water have been analysed to detect the presence of broad 

taxonomic groups of microorganisms (11). Expression profiles that have been 

examined include: an estuary transect (12), infant fecal samples (13), and 

freshwater samples following exposure to heavy metals (14). In a landmark 

study, high-throughput proteomic analyses have recently been performed on 

acid mine biofilms (see more below) (15).  

 

Metaproteomics was first applied to a laboratory-scale activated sludge 

reactor (9). In that study, comparisons of proteome profiles are made, to 

determine metabolic details of a wastewater treatment process known as 

enhanced biological phosphorus removal (EBPR). Large-scale protein 

separation was performed by 2DE, and initially proteins were identified by 

MS/MS de novo sequencing of peptides (9). However, metagenomic 

sequences of EBPR performing sludges recently became available (4), thus 

facilitating protein identification by analysis of PMF patterns. By this means, 

over 30% of highly expressed proteins chosen from 2DE gels, could be 

matched to the metagenome database (unpublished data). These results of 

comparative expression offer insight into EBPR biochemistry and enable 

refinement of the EBPR metabolic model.  



 

The most extensive metaproteomic analysis to date was performed on an acid 

mine biofilm of low diversity (15). The mine is characterised by low pH (~0.8) 

and microbially mediated iron oxidation that contributes to the acid mine 

drainage production. Here, liquid chromatography (LC) was used to separate 

the protein mixture following protein extraction and trypsin digestion. This LC-

MS/MS approach utilises two dimensional chromatographic separation 

(typically strong cation exchange with reversed phase), that is often coupled 

with tandem MS for analysis of complex peptide mixtures (7, 16).  Following 

chromatographic separation, the peptides are further fragmented and 

analysed by MS/MS for peptide mass pattern matching to a database. Thus, 

corresponding sequence data is required for protein identification. In this case 

the metagenomic data set was of a similar biofilm from another part of the 

mine (3). From the proteins identified (~2000) a high coverage (48%) of the 

predicted proteins for the dominating microorganism (Leptospirillum sp.) was 

obtained (15). One highly abundant protein, annotated as a hypothetical, was 

further investigated and found to be an iron oxidising cytochrome, a key 

component of the energy generation in these biofilms. Here the proteomic 

results were instrumental in guiding the ensuing biochemical investigations.  

 

Future directions 

Proteomic analysis of mixed communities is challenging, especially in 

complex samples such as soil, as a typical analysis may only resolve <1% of 

the metaproteome (18).  Nevertheless, mixed community studies are exciting 

and timely given the improved techniques and capabilities of proteomics and 



environmental genome analyses. The approach holds great promise for 

comparative analysis to examine response to a range of environmental 

perturbations such as stress and redox, and for monitoring metabolic and 

physiological activities.  

 

There are a number of potential metaproteomic applications suited to the 

different protein separation techniques (2DE and LC). 2DE is labour intensive, 

however, presently it is preferred for quantification of expression and 

comparative studies. There are also some useful in-gel aspects of 2DE, for 

example, for incorporation of radiolabel to detect newly synthesized proteins. 

The LC-MS/MS approach, together with advanced de novo sequencing (19), 

hold much promise for high throughput metaproteomics. Additionally, 

quantitative analysis of LC-MS data has recently been achieved in pure 

culture studies (17), and likely metaproteomic studies will follow. 
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Figure 1. Workflow for a metaproteomic analysis may consist of six stages. 

Sample preparation may be required (stage 1). e.g. cells may need to 

be concentrated or purified away from interfering substances, such as 

humic acids in soil. Protein extraction is performed (stage 2) and 



fractions of interest may be targeted, e.g. extracellular, cell 

membranes, or whole cell fractions. The procedures in these stages 

must have minimal effect on the protein expression itself and 

sufficiently preserve those extracted.  To assist latter 2D separations, 

the extracted metaproteome may be subdivided (stage 3). For example 

this could based on solubility. The 2D separations may be performed 

by either 2-dimensional polyacrylamide gel electrophoresis (2DE), or 

by use of liquid chromatographic (LC) methods. Following 2DE, gel 

images are analysed and spots quantified. Chosen spots are then 

excised and trypsin digested for mass spectrometry analysis. For LC, 

the protein mixture is trypsin digested prior to separation, the separated 

peptides then flow directly into the mass spectrometer. In stages 5 and 

6, peptide mass fingerprints can be generated by MS.  Further mass 

analysis may be performed by MS/MS following fragmentation of the 

peptides. Additionally, de novo protein sequence data can be 

determined from the MS/MS data. Algorithms such as Mascot 

(http://www.matrixscience.com) enable the MS data to be searched 

against sequence databases for protein identification. 



 


