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Introduction

This is a short literature review on proteome analysis tools. It will only cover software tools used for proteome

analysis. Instruments such as mass spectrospectrometry and related techniques will not be covered.

Proteome describes the set of proteins encoded by a genome (Wilkins et al., ). Proteomics is

the study of a genomes proteome and as (Tyers and Mann, 2003) points out, it encompasses most of the

post-genomic analysis such as interactions between proteins and the structural descriptions of the proteins.

Proteomics is a relatively new field with limited bioinformatics tools to support it. According to (White

et al., 2006), as of March 2006, ProMat was the only open-source tool designed to support analysis of

protein microarrays. Gene microarrays or the other hand have been around longer and the technology is

more developed. There are also a myriad of tools available to support gene microarray analysis (Doniger

et al., 2003), (Raychaudhuri et al., 2001), (Gollub et al., 2003). DNA synthesizes RNA which synthesizes

proteins. Since gene microarrays can measure gene expressions levels, and given the maturity of the available

technology for doing gene expression analysis, one can question the need proteome analysis. (Haynes et al.,

1998) give three good reasons for doing proteome analysis. (i) mRNA expression levels do not always predict

protein expression levels, (ii) proteins are dynamically modified in ways not apparent from gene sequence,

and (iii) proteomes are dynamic and reflect the state of a biological system.

For the purpose of this review, proteome analysis tools will be roughly categorized into four groups.

a) Tools for predicting protein interactions and protein function, b) Tools for comparing proteomes c) Tools

used to analyze protein microarrays and d) Tools used for exploring and navigating proteome networks.
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Below we present a few of the tools in the different categories.

Tools for predicting protein interactions and protein functions

Most of the available software tools for doing proteome analysis attempt to predict protein interaction on a

proteome scale. (Bock and Gough, 2003) extend a previously described data mining approach ( (Bock and

Gough, 2001)) to prediction of protein-protein interactions on a proteome-wide scale. Using computational

statistical learning theory, an analogy between the proteomes of two closely related organisms is used to

predict protein-protein interactions. (Bock and Gough, 2003) use support vector machine to extrapolate

from a protein interaction map in one organism to a complete map in a related organism. This approach is

similar to doing sequence analysis to annotate proteins of unknown function but uses support vector machines

because unlike in sequences where similarity is the key feature, in protein-protein interactions networks

multiple features need to be examined. They introduce the phylogenetic boostrap algorithm. Bootstrap is a

numerical technique used for estimating standard errors of arbitrary test statitics (Efron and Gong, 1983).

After extrapolation, predicted interaction can be used to design experiments. The authors show how a

predicted protein-protein interaction network can be used to infer the function of the hypothetical protein

Q9PMG7.

(Alexeyenko et al., 2006) present a tool, MultiParanoid for identification of orthologous groups

shared by multiple proteomes. The program is automated and in addition to finding orthologs, it also

finds inparalogs between pairs of proteomes. The program is free and available as a standalone program.

One caveat to its application is it was designed to handle multiple proteomes that diverged at roughly

the same time point during evolution. If species that diverged at different times are compared e.g yeast,

human and chimpanzees, there will be no last common ancestral node in the phylogenetic tree. As a result,

clusters will often contain human and chimpanzee outparalogs which a considered inparalogs relative to yeast

(Alexeyenko et al., 2006). The term inparalogs indicate paralogs that arise through a gene duplication event

after speciation. Outparalogs arise following a gene duplication preceding speciation. Because outparalogs

are expected to have a diversified function relative to inparalogs, it is important to distinguish between the

2



two (is inparanoid, 2006). This application extends inparanoid (Remm et al., 2001) to multiple species

while retaining the advantages of inparanoid.

(Nabieva et al., 2005) exploit the underlying structure of protein interaction maps to predict protein

function. This is done through the use of a network-flow based algorithm, FunctionalFlow. Their approach

relies on the annotations of the neighbors of a protein in a network to do the classification. They state this

approach is useful when analyzing largely uncharacterized proteomes.

(Nicodème et al., 2002) present interesting results of an analysis on proteomes worth mentioning.

They demonstrate that statistically over-represented or under-represented motifs in complete proteomes

could be indicators of function. It is not suprising that over-represented motifs can indicate functionality.

However, their assertion that under-represented motifs can indicate function bring new light to functional

analysis. They give the Arg-Gly-Asp cell attachment motif (PS00016) as an example. The motif occurs

in fibronectin and is important for its interaction with cell surface receptor (Ruoslahti and Pierschbacher,

1986). (Nicodème et al., 2002) point out that while there is a trend to avoid this motifs in the examined

proteomes, this motif is present in snake disintegrins. Often when annotating proteins of unknown function,

high similarity matches to protein of known function are used to infer function. It therefore expected that

over-represented motifs can indicate importance in a proteome. This observation however points out the

importance of paying attention to both extremes, over and under-represented motifs.

Tools for comparing proteomes

This section presents tools used for comparing proteome. The European Bioinformatics Institute has de-

veloped a proteome analysis database (Apweiler et al., 2001). The database has a program that can be

used to do comparisons between proteomes. Comparison that can be made includes computing a list of

shared InterPro entries that are common to all selected proteomes (Kanapin et al., 2002). The comparison

analysis data is presented in two different ways, as static or dynamic pages. The authors state the static

pages contain data about a few of the most obvious proteome comparisons. An attempt to find out what
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these obvious comparisons are failed as the link to the tool was consistently down.

The tool by (Nabieva et al., 2005) exploits the underlying structure of protein interaction maps to

predict function. One would thus expect the existence of tools to support the comparison of two different

proteome interaction networks to identify similar portions of the networks. None of the tools encountered

so far provide this functionality. Protein interactions are not the first application to utilize networks as the

data structure. Gene interaction networks and metabolic pathways are other such applications. In some of

these other applications, tools already exist for comparing structural properties. These tools can potentially

be used to compare two protein interaction networks. (Ogata et al., 2000) for example give an algorithm

for comparing graphs that can be used to find local similarities between two graphs.

Tools for analyzing protein microarrays

Protein microrrays are a recent technology and a result, there are not many freely available tools for support-

ing their analysis. As of March 2006, ProMat was the only open-source tool designed for protein microarrays.

ProMat is a tool for statistically analyzing data from enzyme-linked immunosorbent assay microarray ex-

periments. It estimates sample protein concentrations and their uncertainities (White et al., 2006).

(Sundaresh et al., 2006) present software programs in R for analyzing protein microarrays using DNA

microarray data techniques. In both DNA and protein microarrays, the goal is to effectively differentiate

light signals derived from molecular binding events. (Sundaresh et al., 2006) explore the possibility of

using existing DNA microarray techniques to automate the identification of humoral immune system. They

show that with the appropriate modifications, DNA microarray analysis techniques can be used on protein

microarrays. Specifically, the show an existing technique that has been validate (Choe et al., 2005) can be

used to identify significant bindings between antobodies and antigens.
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Tools used for exploring and navigating proteome networks

This final group contains visualization tools. Protein-protein interaction networks are heavily used for

predicting function. It is therefore no suprise that tools have been developed to aid the exploration and

analysis of the networks. (Mrowka, 2001) developed a java applet for visualizing protein-protein interactions

based on function and neighbouring distances. (Chang et al., 2005) improved this java applet to enhance

navigation. With the enhanced java applet, it is possible to search for exact or similar node matches based

on how the nodes have been identified.

(Strong et al., 2003) describe a method for visualizing and interpreting genome-wide functional

linkages. The method involves construction of function maps and their subsequent hierarchical clustering.

This method was applied to the pathogenic bacterium Mycobacterium tuberculosis to assign fcellular functions

to previously uncharacterized proteins.

Conclusion

In this short review, proteome analysis tools were examined and roughy categorized into four main groups.

a) Tools for predicting protein interactions and protein function, b) Tools for comparing proteomes c) Tools

used to analyze protein microarrays and d) Tools used for exploring and navigating proteome networks. This

ad-hoc classification does not cover all the different proteome analysis tools and not all tools will fit into

this categorization. It however provided a frame-work for examining proteome analysis tools. Proteomics

is a relatively new field. As it develops, techniques will improve leading to more reliable data. Analysis

tools should therefore improve with time. This could be a function of time as more and more resources and

devoted to proteomics. Howerever, as is the case with most learning algorithms, analysis tools using learning

algorithms are expected to improve as more reliable data is generated.
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