
Proteomics : an OMICS module to understand and measure biological systems 

Proteomics refers to all the proteins expressed by a genome and involves the identification of proteins that 
are present in a biological system (proteome). In order to analyze the content (identification) and the dynam-
ics (quantification) of proteomes mass spectrometry is currently used.  

Proteomics strategies aim at reaching the best coverage of a proteome, i.e. to identify all (or almost all) the 
proteins in the proteome of interest. A typical proteomics analysis involves, first, the extraction of the cel-
lular or sub-cellular proteome of interest and optionally a step of protein separation. Then the whole set of 
proteins, or separated proteins, are enzymatically cleaved by trypsin to generate peptides. The resulting 
peptides are then separated, generally by liquid chromatography (LC), and finally analyzed by mass spec-
trometry, by both single (MS) or double (MS/MS) modes. MS/MS is required to determine the proteins iden-
tity: peptides ions, called precursor ions, undergo a characteristic fragmentation in the mass spectrometer 
and the fragments mass patterns, like az bar code, provide the sequence information that is used for protein 
identification through a variety of computer programs for database searching (Figure 1). Mass spectrometry 
analyses also provide information for relative quantification where the goal is to measure the variation of the 
protein abundance between two (or more) physiological conditions (e.g. fold change).

Figure 1: Principle of a proteomics analy-
sis using LC-MS/MS technology
LC: liquid chromatography
MS: mass spectrometry mode (detection 
of peptide masses)
MS/MS: tandem mass spectrometry (de-
tection of peptide fragment masses)

By allowing comparative studies of dynamic cellular processes, quantitative proteomics constitutes a power-
ful tool for tackling a wide range of research programmes at the molecular level. These can range from the 
mechanisms of cellular differentiation (e.g. cancer), through cellular responses to stress, to the maturation 
of an intracellular compartment. In the fields of clinical biology and health, this new aspect of analysis can 
potentially provide crucial information for the identification of early, reliable markers of pathology, and can 
help to elucidate the cellular origin leading to the development of these pathologies.

For both identification and quantification, the laboratory has implemented a method called AMT (Accurate 
mass and time tag). First, a reference database for an organism, a tissue, a cell line, or an intracellular com-
partment is created using data generated through multiple proteomics analyses. The totality of the data 
(analytical coordinates) is then structured in a database specific to the sample studied. Second, this refer-
ence database can be used in the context of high throughput experiments for both identification and relative 
quantification. 

Using this method we created a reference database for the Arabidopsis thaliana chloroplast so as to be 
able to study the impact of stresses or the mutation of certain proteins on the chloroplast as a whole. The 
chloroplast AMT database, called AT-Chloro, contains all the analytical information for over 1300 chloroplast 
proteins or proteins linked to the chloroplast. This database was created in such a way that we were able to 
assign sub-chloroplast localisation to the proteins identified. The information relating to this localisation is 
vitally important in answering questions relating to the function and addressing of chloroplast proteins (Ferro 
et al., to be published). A detailed mining of these data allowed us to identify proteins potentially addressed 
to the chloroplast by an alternative to the canonical pathway. The existence of a similar alternative pathway 
was recently proven (Ferro et al., 2003; Miras et al., 2002; Jarvis et al., 2008), and the identification of novel 
proteins transported by this pathway constitutes an important step for the study of the molecular mecha-
nisms used. This work has achieved in close collaboration with the “Laboratoire de Physiologie Cellulaire 
Végétale” at CEA/Grenoble.
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While relative quantification strategies allow comparative proteomics analyses, they do not allow access 
to the precise ("absolute") concentration of proteins in a given sample. This information is nevertheless re-
quired in certain fields such as systems biology, medical biology (in particular for the evaluation of candidate 
biomarkers of pathology), determination of the bioavailability of therapeutic proteins, food quality control, 
hygiene surveillance, or simply inter-laboratory data comparisons (for review see Brun et al, 2009). In order 
to meet this need for absolute quantification our laboratory developed a method for protein absolute quanti-
fication. This method showed excellent analytical performance. In particular, the use of full-length standard 
proteins, biochemically indistinguishable from the proteins to be quantitated, allows the addition of these 
standards from the start of sample preparation, and is compatible with biochemical fractionation of the 
sample (e.g. depletion, affinity chromatography) without risking the introduction of analytical biases (Brun 
et al., 2007). Examples concerning the detection of toxins or disease biomarkers will illustrate the interest of 
such a method for measuring protein amounts.

Proteomics is one of the OMICS brick that supports systems biology. Proteomics allows different level of 
information about proteins to be retrieved. Indeed protein identity, fold changes, absolute amount can be 
obtained and further used, together with information from other OMICs investigations, to model biological 
systems. 
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