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Abstract

Developing antiviral drugs, vaccines and diagnostic markers is still the most ambitious challenge in clinical virology. In the past few dec-

ades, data from high-throughput technologies have allowed for the rapid development of new antiviral therapeutic strategies, thus mak-

ing a profound impact on translational research. Most of the current preclinical studies in virology are aimed at evaluating the dynamic

composition and localization of the protein platforms involved in various host–virus interactions. Among the different possible

approaches, mass spectrometry-based proteomics is increasingly being used to define the protein composition in subcellular compart-

ments, quantify differential protein expression among samples, characterize protein complexes, and analyse protein post-translational

modifications. Here, we review the current knowledge of the most useful proteomic approaches in the study of viral persistence and

pathogenicity, with a particular focus on recent advances in hepatitis C research.
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Introduction

Our understanding of host–virus interaction has recently

been advanced by system-wide analyses. ‘Omics’ technologies

such as genomics and transcriptomics have greatly enhanced

the systemic evaluation of gene expression. Despite their

usefulness, genomics and transcriptomics approaches have

certain limitations. First, gene mutations and mRNA expres-

sion levels determined quantitatively often do not mirror the

real situation in terms of mature proteins. Moreover, transla-

tional and post-translational regulation affect not only the

level of a mature protein but also its function. In fact, the

effects on protein structure and biological function of alter-

native splicing, post-translational modifications and virus–host

interactions cannot be easily predicted by genomics and

transcriptomics studies. In light of this, mass spectrometry

(MS)-based proteomics is a unique and necessary tool for

system-wide, structural and functional analysis of the effec-

tors of biological functions.

MS-based Proteomics

Proteomics offers a great variety of applications. Each experi-

mental proteomic analysis can be summarized in three major

steps: (i) sample preparation; (ii) protein separation; and (iii)

identification. A downstream bioinformatic analysis can also

be performed for data processing (Fig. 1).

(i) The first requirement for successful proteomic analysis is

appropriate and specific protein sample enrichment by frac-

tionation techniques. Indeed, many of the crucial viral life-cycle

steps are associated with defined subcellular complexes;

moreover, the more attractive therapeutic targets or prognos-

tic markers are either specific cell membrane components, or

circulate in biological fluids at low concentrations [1,2].
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(ii) The sample preparation step leads to a complex mix-

ture of different proteins. Proper separation of these mix-

tures is essential for the accurate identification and

quantification of proteins by MS. Traditionally, two-dimen-

sional gel electrophoresis (2-DE) has been considered to be

a suitable protein separation method. In the past few years,

this technique has been complemented by a quantitative

application (two-dimensional difference in-gel electrophoresis

(DIGE)) that allows for analysis of the relative changes in

protein abundance among different samples [3]. However,

owing to recent technical advances, high-resolution nano-

liquid chromatography is gradually replacing both 2-DE and

DIGE. This is because the low volume and low flow rate of

nano-liquid chromatography allows for analysis of proteins

on an attomole level, significantly reducing solvent waste and

enhancing MS-based protein identification [4].

(iii) MS is the core of proteomics. The biological applica-

tions of MS have grown exponentially since the discovery of

matrix-assisted laser desorption ionization and electrospray

ionization techniques [5]. Protein identification is the primary

aim of MS in proteomic applications. Because of the difficul-

ties in analysing the mass of entire proteins, identification is

performed on peptides obtained from them by proteolytic

cleavage.

The development of quantitative techniques has extended

MS applications in proteomics. In fact, high-throughput rela-

tive and absolute protein abundance measurements are now

possible in liquid chromatography/MS configurations with a

variety of isotope-mediated approaches, such as isotope-

coded affinity tags, isotope-coded protein labelling, the accu-

rate mass and time tag approach, isobaric tags for relative

and absolute quantitation, and stable isotope labelling of

amino acids in cell culture [6].

Proteomic Applications in Preclinical and

Clinical Virology

Viral replication and propagation cause host cellular proteome

variations. The identification of proteins whose presence is

affected by the presence of a virus may serve for either diag-

nostic or prognostic purposes, or for the discovery of novel

therapeutic targets (Fig. 2). Biomarker investigations are nor-

mally performed on biological fluids such as serum, plasma,

and saliva. An excellent example of this can be observed in an

investigation by Wiederin et al. [7] on sera of human immuno-

deficiency virus-1-associated dementia patients that allowed

for identification of two differentially expressed proteins (pre-

albumin and gelsolin) as early biomarkers in human immunode-

ficiency virus-induced neurodegenerative disorders.

Interestingly, biomarker identification can also be obtained

with tissues or cell cultures as a protein source. For
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FIG. 1. MS-based proteomic workflow.

Experimental proteomic analysis consists of

several steps, listed in the different panels:

sample preparation (i), protein or peptide mix-

ture separation (ii), protein identification by

MS (iii), and bioinformatic analysis (iv). 2-DE,

two-dimensional gel electrophoresis.
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