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Abstract

Characterizing the complete proteome of multicellular organisms is a challenging task using the currently available technologies. With
the increasing degree of genetic complexity, animals acquire a broader repertoire of options to meet environmental challenges. Mammalian
cells from different tissues/body fluids express different thousands of proteins with a predicted dynamic range of up to five to six orders of
magnitude, thus necessitating the whole arsenal of dedicated analytical strategies for a detailed proteome characterization. Nevertheless, 2D-E
analysis of whole cellular lysates still remains the most used initial approach for the proteomic description of specialized cells. It enables to
obtain an overview of the main soluble protein components of a specific tissue/body fluid, allowing comparison between different cellular types
and molecular description of organ specialization. Massive proteomic investigations have been reported mainly in the case of human, mouse
and rat, allowing comparative analysis. For this reason, a research project focused on the 2D-E characterization of tissues and biological fluids
from other domestic mammals has been undertaken in our laboratory. A number of high-resolution reference electrophoretic maps have been
established for liver, kidney, muscle, plasma and red blood cells samples from Holstein Friesian bovine female individuals. Among the 1863
distinct protein features detected, 534 species were identified and associated to 209 different genes by a combination of MALDI-TOF mass
fingerprint, capillary LC-ESI-IT-MS—MS and image gel matching procedures. Identified polypeptide species and differences in expression
profiles between various tissues/fluids clearly reflected organ biochemical specialization. This experimental output allowed establishing a
2D-E bovine database accessible at the URL addréss/www.iabbam.na.cnr.it/biochefar image comparison.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The function of many of the uncharacterised open reading _
frames (ORFs) discovered by large-scale genome sequenc°\;
ing projects is now investigated at the level of the expressedz g
gene products. The term “proteome” was initially coined to ]
describe the global set of proteins encoded by the gelfibne : d
However, the study of the proteome (called proteomics) now 5 | ]
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evokes not only the description of all protein species in any fiy A

J R
given cell, but also the set of all protein isoforms and post- 900.0 13142 12784 21426 2556.8
translational modifications, the characterization of proteinin- ‘* M)
teraction network, and the structural description of proteins 100
and protein complexes. This emerging field of research hasz
been facilitated to a large extent by massive improvements in =.
analytical procedures for the resolution and quantitation of
complex protein mixturefR] as well as in mass spectrometry
techniques for identification and structural characterization
of each resolved compon€i3. ‘ |

Currently, most proteome studies are based on orthogona o Ll Ll bl o Bl g 0o ol l .

electrophoretic separation of complex protein mixtures, fol- 300 500 70"Mass‘f‘;‘l}z) 0o ~ 1300 1300
lowed by peptide fingerprint and/or sequence information-
focused mass spectrometric analysis of proteolytic digestsrig. 1. Mass spectrometric analysis of proteins from bovine liver and
from individual componentf8]. Recently, new strategies for  plasma. Proteins were excised from the corresponding gels, alkylated and
proteome analysis have beenintroduced involving global pro- digested with trypsin. Digests were analysed by peptide mass fingerprint

. . : - MALDI-TOF (panel A) or capillary LC-ESI-IT-MS-MS experiments
teolytic digestion of a cell lysate or subfractions, followed (panel B). Shown is the CID spectrum generated from the peptide with

by an_a|y5|5_ of the resulting complex peptide mixtures by doubly charged parention ¥z 797.6. Measured mass values and assigned
two-dimensional chromatography (2D-LC) coupled to tan- fragmentions areindicated. Masses are reported as monoisotopic values. As-

dem mass spectrometpd]. Accordingly, various proteome terisks indicate signal generated by trypsin autoproteolysis. Proteins were
projects have been undertaken to describe protein expresjden'[ified a§ bovjne aIgehyde dehydrogenase |l (SWi-SSPFOI entry P20000)
sion profiles and protein interaction networks in different mi- 2nde-1 antitrypsin (SwissProt entry P34955), respectively.

crorganisms, plants and animals. Detailed proteomic maps
have been generated for a large number of organisms; on
the contrary, proteomic-based interactome maps are available
only for yeas{5] andC. elegang6]. In general, massive re-
sults have been obtained preferentially for organisms whose
genome has been enterely sequenced. This is the case of mi
crorganisms presenting a reduced genome in size or the pool
number of multicellular species that have chosen for their
importance or as model systents. (sapiens M. musculus

P. falciparum C. elegansD. melanogasteand O. sativg
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In classical proteomic experiments, samples from cellu- 140000

lar crude homogenates are resolved by high-resolution two- Z 120000

dimensional electrophoresis (2D-E) to display the whole g 100000

body of expressed proteins within the studied system under z —

a given cellular conditiofil4]. Assuming that the separation

system is capable of representing all proteins present inthe & %%

sample, these maps provide a complete overview of the pro- = 40000 |

tein repertoire based on protein spot pattern. Following spots 20000 -

identification, maps obtained under basal cellular conditions 0 i ‘ . , , i

may constitute the reference proteome of the organism under(®) 0 20000 40000 60000 80000 100000 120000 140000

investigation. Spot patterns may be compared between two Eaperimental Mr{l1)

samples obtained from the investigated species under differ- _ _ _
ent temporal, environmental or cellular conditions. Original Fig. 2. Comparison of experimentally determined and theoretioginel

! L A) and M, (panel B) values of identified proteins from bovine 2D-E gels.
reference maps has been used to establish integrated 2D-Isequence entries corresponding to bovine or other mammals are reported in
databases accessible through the World Wide Web network,black rhombs and gray squares, respectively.
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allowing direct use of reported results and comparison be- organism serve the same purpose; the organism contains sev-
tween laboratories by optimised image analysis softwareseral different subsets of cells with distinct properties (i.e.
[9,15-18] In this case, the use of identical experimental con- epithelial cells, lymphocytes and neurons). Therefore, the
ditions for electrophoretic separation is a critical prerequi- proteome of any cell, tissue or biological fluid is a complex
site. This availability of data is now allowing the diffuse mixture of proteins that span a wide range of size, relative
integration of previous and novel results in general studies abundance, acidity/basicity, and hydrophobicity. Vertebrate
on the entire protein repertoire of organisms having simple cell types may express up to 20,000 proteins with a predicted
genomes or its variation following environmental challenges. dynamic range of up to five to six orders of magnit(i2i&].
Similarly, this approach has been widely adopted also in dif- These considerations significantly affect the strategies and the
ferential experiments on more complex organisms focused procedures to be used in proteomic studies. In fact, proteomic
on highlighting variations in proteomic repertoire as result maps of eukaryotic organisms are generally more complex
of cellular response to different physiological conditions or than prokaryotic ones, sometimes necessitating the use of
diseasd19,20] highly resolutive separation procedures or pre-fractionation
Characterizing the complete proteome of multicellular or- steps to avoid spot overcrowdifi2g,23] In addition, deple-
ganisms is a challenging and perhaps impossible task usingion of known proteins or enrichment of particular subcellular
only one of the currently available technologies. In fact, with structures are eventually necessary in the discovery of gene
the increasing degree of genetic complexity, eukaryotic or- products that are major components of specific subcellular
ganisms acquire a broader repertoire of options to meet envi-compartments, but are low-abundance species in whole crude
ronmental challenges. This increased complexity is realized homogenateg4]. Finally, a proteomic description of all cell
at three levels: firstly, a larger number of genes are presenttypes, tissues and body fluids is important to describe the dis-
in their genomes with respect to microrganism counterparts. tinct cellular functional properties of multicellular species.
Secondly, various compartments within a cell contain dif- All these observations resulted from previous work in pro-
ferent and compartment-specific subsets of gene products infeome analysis of human and murine samples, and have to
order to provide suitable biochemical environments, where be considered for future investigations on other multicellular
they exert particular functions. Thirdly, not all cells of the organisms.
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Nevertheless, 2D-E analysis of whole cellular lysates has nisms controlling animal health and productivity, either in
been considered as an important initial step in the pro- terms of genetic analysis, animal physiology and proneness
teomic description of specialized cells. It enables to ob- to microbial infectiond26]. A combined effort of different
tain a preliminary view of the main soluble protein com- genomic sequencing resources now has been coordinated to
ponents of a specific tissue/body fluid (several hundreds in definitively sequence and annotate the entire bovine genome
number), allowing the comparison between different cellu- [27]. An updated bovine gene database is now available
lar types and the molecular rationalization of organ special- on the web at uniform resource locator (URL) address
ization. Moreover, differential proteomic studies on specific http://www.ncbi.nlm.nih.gov/genome/guide/cow Bovine
tissues/fluids are characterizing protein expression changegenome contains about 35,000 type | coding genes organized
associated to pathological processes, allowing identificationin 30 haploid chromosomgg8]. Almost 5000 genes have
of disease biomarke[85]. For thisreason a series of research been sequenced to date, showing a high homology with
projects are now in progress to establish 2D-E databases fohuman and mouse counterparts. Bs taurusgenome is
different mammalian tissues/fluids. Liver, muscle, kidney, the fourth well mapped in Mammalia after human, mice
heart, white and brown adipose tissues, lens, pancreatic islend rat, and almost 4000 loci have been located to specific
cells, mammary epithelial cells, macrophages, lymphocytes,chromosomegq29]. Preliminary genome projects on this
platelet, serum, red blood cells (RBC), cerebrospinal fluid ref- species have already yielded powerful tools for assessing

erence maps are progressively annot§@eth,16,18] How- genes that specify hereditary disorders, infectious disease
ever, most of the data are available on samples from human resistance, breed-specific quantitative loci and phenotypes
mouse and rat individuals. of agricultural relevancg0,31].

On the contrary, a limited number of proteomic studies on
1.1. Bovine genomic investigation bovine tissues and biological fluids have been performed,

mainly focused on chondrocytes, mammary glands, cere-
The importance of Bos taurus on the entire agricultural brospinal fluid, pulmonary endothelial cells, seminal plasma,
economy promoted investigation on fundamental mecha- milk and corneal len§32—39] In these investigations, elec-
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Fig. 4. Identified proteins on the 2D-E map of bovine liver cells. Proteins were resolved and identified as previously [@@orted


http://www.ncbi.nlm.nih.gov/genome/guide/cow

C. D’Ambrosio et al. / J. Chromatogr. B 815 (2005) 157-168 161

trophoretic maps have been obtained under different ex- preparation procedurd3,9] according to Rabilloud’s lab-
perimental conditions not allowing tissue/fluid comparison. oratory recipeg41], verifying the increased protein sol-
Moreover, Western blotting and/or automated Edman degra-ubilisation by preliminary sodium dodecyl-sulphate—poly-
dation were the analytical technigues used in the limited iden- acrylamide gel electrophoresis (SDS—PAGE) analysis. Sam-
tification of specific protein species. No massive proteomic ples were separated on non-linear 3.5-10 immobilized pH
projects have been reported for this animal. On this basis, gradient (IPG) strips (0.5 mmx 180 mm) (Amersham Bio-
a research focused on the proteomic analysis of a series ofcience). First and second dimension separations were per-
bovine tissues and biological fluids was undertaken in our formed as previously reportgd0]. Protein detection was
laboratory[40]. achieved by ammoniacal silver staining that allowed visual-
ization of proteins in the range of 10,000-150,000 relative
molecular mass unifgl2]. Optimal resolution was obtained
by loading samples containing 50-1j5@ of proteins. At-
tempts to increase the amount of loaded material were prob-
lematic and resulted in gels poorly resolved. These findings
were evident for RBC and plasma for which a high propor-
2D-E maps were obtained in multiple copies from freshly tion of the total protein is accounted for by abundant species
prepared samples of 1-year-old healthy female Holstein such as globins and albumin, in agreement with previous ob-
Friesian bovine individuals. Particular care was taken to pre- servationg43]. Isoelectric points were estimated by mixing
serve tissue cellular homogeneity avoiding stroma, blood andsamples with pprotein standards (BioRad, Richmond, CA).
serum contamination. In particular, all tissues were washed Image analysis of multiple electrophoresis 2D-E copies
in a cold rinse buffer containing different protease inhibitors allowed defining a master gel for bovine liver, kidney, skele-
and antibiotics to remove cell debris and bldd@]. Fresh tal muscle, plasma and red blood cells, comprising 484,
blood samples were separated into different components by677, 218, 303 and 181 reproducible protein spots, respec-
centrifugation. Sample preparation and solubilisation was tively [44]. Previous systematic investigations on similar tis-
performed slightly modifying the SWISS-2DPAGE sample sues/fluids have been performed on human, mouse and rat,

2. Proteome analysis of bovine tissues and body fluids

2.1. 2D-gel electrophoresis
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Fig. 5. Identified proteins on the 2D-E map of bovine kidney cells. Proteins were resolved and identified as previously[#&jorted
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determining massive protein identificati¢®,7]. However, tandem mass spectrometry (cLC—ESI-IT-MS-MS). Pep-
although a general similarity was observed for plasma, liver tide mass fingerprint experiments were performed using a
and kidney samples from different mammals experimentally Voyager-DE PRO spectrometer (Applera, USA) as previ-
processed in parallel (data not shown), differences in pro- ously reported40]. ProFound software package was used
tein relative abundancel pnd molecular mass were obvious to identify spots from independent non-redundant sequence
for major as well as for minor components. Furthermore, database@5]. Collision-induced dissociation (CID)-derived
initial attempts to identify bovine species by gel-matching information were obtained using a LCQ Deca XpPlus mass
procedures, on the basis of the known nature of proteins al-spectrometer (ThermoFinnigan, USA) equipped with an elec-
ready identified in human and mouse 2D-E databases, wergrospray source connected to a Phenomenex C18 column
unsuccessful. Significant problems were evident in regions (250 mm x 0.30 mm) eluted as previously reportgtD].
with high spot overcrowding. Additional attempts to match Data were elaborated using the BioWorks software pro-
gels following preliminary identification of a dozen of bovine  vided by the manufacturg46]. Candidates with ProFound’s
protein markers already present in human and mouse 2D-EEst'd Z scores >2 from peptide matching analysis or with
database were still unsuccessful. On this basis, we concludednore than five identified CID spectra of peptides belong-
that gel matching procedures with maps already published foring to the same protein and TurboSequest Xcorr values >2.5
other mammals were ineffective for identification of bovine were further evaluated by the comparison with their calcu-
proteins. lated molecular mass and psing the experimental values
obtained from 2D-EFig. 1 shows the spectrum of alde-
2.2. Mass spectrometric identification of bovine proteins hyde dehydrogenase class 2 and antitrypsin as exam-
ples of proteins identified by peptide mass fingerprint or
To identify bovine proteins, spots from 2D-E gels were tandem mass spectrometry experiments, respectively. Sam-
manually picked, submitted to trypsin digestion and ex- ples for whom a positive identification by MALDI-TOF-MS
tracted as previously report¢d0]. Samples were analysed was associated to proteins of other mammalian species
in parallel by matrix-assisted laser desorption ionization-time (whose bovine counterpartwas absentin sequence databases)
of flight mass spectrometry (MALDI-TOF-MS) and capil- were confirmed by peptide tandem mass spectrometry
lary liquid chromatography coupled to electrospray ion trap experiments.
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Fig. 6. Identified proteins on the 2D-E map of bovine skeletal muscle cells. Proteins were resolved and identified as previousljAfdported
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In general, this combined mass fingerprint/tandem massand fluids analysed. These findings were verified for marker
spectrometry approach allowed the identification of 509 pro- proteins common to some analysed samples. No problems
tein species, corresponding to 209 different genes. Identifi- of reproducibility or calibration of the gels were observed
cation succeeded in almost 61% of the analysed samplesgduring image processing, thus confirming the suitability of
this result was probably a consequence of the limited num- these 2D-E gels to be used as reference standards. Compar-
ber of bovine sequences present in databases. Among thative analysis of different bovine tissues and fluids by gel
identified proteins, 141 were associated to bovine genes al-matching procedures allowed a positive identification of 25
ready sequenced and 68 to mammalian proteins whose bovineadditional protein spots, thus determining a final number of
counterparts are missing in the databases. In the latter case534 identified bovine protein species.
initial identifications obtained by mass fingerprint analysis A cumulative analysis of all identified proteins from
always found a positive verification by tandem mass spec- bovine tissues/fluids demonstrated that it ranged from the-
trometry experiments. These results confirmed the possibility oretical g 4.31-8.19 and from theoreticisl, 9000-127,000
to identify proteins from mammals whose genomes are still units. We avoided any experimental conditions favouring un-
poorly characterised by simple mass fingerprint experiments desidered modifications known to be the cause of some elec-
and searching against non-redundant databases. These findrophoresis artefactual phenomenona. Molecular weight and
ings were in agreement with previous investigations where, isoelectric point values of protein spots were experimen-
similarly to our approach, confirmatory experiments were tally determined and compared with gene-dedubgdpl

performed neverthele$47,48] coordinates Kig. 2. In the case of bovine proteins asso-
ciated to mammalian genes whose bovine counterparts are
2.3. Comparative analysis of bovine proteomes missing in the databases, we used the theordtigadl val-

ues of the identified species. The theoretibglpl distri-

A comparative analysis of the 2D-E bovine master gels butions were predicted by the use of the ExXPASy server
revealed that identical proteins, directly identified by mass 'agldent tool [49] on mammalian proteins present in
spectrometry procedures, presented very similar experimen-the Swiss-Prot/ TrEMBL databases. The majority of gel-
tal pl and molecular mass values among the different tissues€stimated and theoreticé,/pl values matched quite well
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(Fig. 2. Discrepancies between theoretical and experimental The nature of the identified polypeptide species and
values were more frequent fot that in general was lower  the differences in expression profiles between various tis-
than expected. These findings were maybe more reliable tosues/body fluids significantly reflected organ/fluid special-
predict on the basis of the known post-translational modi- ization (Fig. 3). In fact, liver and kidney presented the largest
fications affecting mammalian proteins. In fact, it has been number of protein species, in agreement with its numerous
estimated that one-third of mammalian gene products can bespecialized biochemical and physiological functions. They
modified by phosphorylatiofp0]. WhenM, differenceswere  presented enzymes involved in energy generation, carbohy-
considered, both decreased or increased experimental valdrate, lipid, amino acid and xenobiotic metabolism, as well as
ues respecting to theoretical ones were found. The first caseproteins involved in polypeptide synthesis, folding and cell
should be due to proteolytic processing or alternative splic- structure. On the contrary, skeletal muscle showed a relative
ing events; the second case should reflect the occurrence obundance of myofibrillar polypeptide components, and pro-
post-translational modifications causing covalent addition of teins involved in glycolysis and ATP metabolism. Plasmawas
large chemical moieties to the polypeptide backbone. In this enriched in proteins associated to immunity response, blood
case, glycosylation should be the most probable modification clotting, inflamation and transport of small molecules. Our
causing theM; changes observed. results were in perfect agreement with those already pub-
Overall, similarly to other mammalian species, a large lished on bovine serurf43]. Finally, RBC presented high

number of bovine proteins were found to be present as mul- levels of proteins involved in oxygen transport and response
tiple isoforms. Heterogeneity was mainly due to their vari- to oxidative stress. All these data well matched with previ-
able p values. Many of these proteins have a catalytic ac- ous findings on similar tissues/fluids from other mammals.
tivity; isozymes provide a better efficiency in biocatalysis. In fact, in addition to a series of proteins already reported
Others are polypeptide species secreted from particular cellsin the corresponding 2D-E maf®,15,16,18] we were able

in body fluids (plasma); glycoproteins are progressively pro- to identify in bovine a series of polypeptide species revealed
cessed through endoplasmic reticulum and finally sorted for in each mammalian tissue only by nucleotide hybridization

extracellular delivery to their final destination. techniqueg$40].
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2.4. Bovine tissues/body fluids 2D-E database of web-based gel matching applications are available in the
literature[53,54]

The recent developments in computer-based image anal- With these considerations in mind, our experimental out-
ysis systems have allowed the efficient process of detection,put was used to establish a bovine 2D-E database, world-
matching, quantitation and statistical analysis of the thou- wide available for search and image comparison, where
sands of spots on 2D-E mafisl,52] These dedicated soft-  each bovine entry contains data on protein species occur-
wares also allow the user to match his local gel with any gel ring in the gels[40]. This database currently presents the
image from any of the 2D-E databases available on public following five maps containing altogether 1863 spots: liver
domains. These programs make inter-laboratory gel compar-(Fig. 4), kidney Fig. 5), skeletal muscleKig. 6), plasma
isons possible and enhance protein spot identification. De-(Fig. 7) and red blood cellsHig. 8). Master images were
spite technological improvements in gel repeatability, en- stored in joint photographic experts group (JPEG) format
sured by highly reproducible IPG gradients and standardizedon our local server computer and are available at the URL
electrophoretic conditions, Web-based exchange of data foraddressttp://www.iabbam.na.cnr.it/Biocherm particular,
inter-laboratory gel comparisons have to be treated with ex- 134 spots have been identified in livéid. 4), corresponding
treme caution. Particular care has to be spent in limiting mi- to 71 protein entries. Similarly, 170 spots from kidnEig, 5)
nor variations in tissue/fluid handling by standardized sample were related to 85 bovine genes in the database and 71 spots
procedures, thus avoiding separation artifacts, loss or gain offrom skeletal muscleHig. 6) corresponded to 29 protein en-
specific protein components. Positive and negative examplegtries. Finally, 122 spots have been identified in bovine plasma
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(Fig. 7) and 39 spots inred blood celEif. 8), corresponding  tions. Examples are the case of myostatin gene in muscular
to 26 and 13 protein entries, respectively. hypertrophy (double muscle) trg@0], melanocyte stimulat-
Fig. 9shows the bovine 2D-E database Web pages avail- ing hormone receptor and tyrosinase genes in coat colour dis-
able at our Web address. It reports the way to access anyorders[61] and altered expression of major histocompatibil-
given entry present in the database. A main menu page al-ity complex genes in animal propensity to leucosis by retro-
lows selecting the tissue/body fluid of interest. Graphical in- virus or to mastiti§62]. Only very recently, cDNA microar-
terfaces have been developed to query 2D-E maps by directray approaches have been used to characterize pregnancy-
clicking on a red-highlighted spot from the selected refer- associated changes in genome-wide gene expression profiles
ence map. Information on the nature of the selected spotin the liver and blood neutrophils of cow throughout preg-
are provided, including spot number, gene name, protein de-nancy[63,64] lymphocyte subpopulations and major his-
scription, bovine 2D-E serial number, SwissProt accession tocompatibility complex haplotypes of mastitis-resistant and
number of the bovine protein or the mammalian homologue susceptible cowi65], mammary gene expression profiles for
(human, mouse, rat, dog, pig, sheep, goat, horse and rabmammary-specific transcrigi&6] or gene expression inileal
bit), method of identification, experimentdl, gxperimental tissues of cattle infected with Mycobacteri(ig7]. Similarly,
molecular weight and mammalian species whose protein hasonly recently proteomic methodologies have been used to in-
been identified. Different formats of the same map are avail- vestigate global protein repertoire in bovine tissues and fluids.
able for selection. No query is now possible by means of In fact, the recent works on proteins involved in bovine di-
different keywords such as protein name, SwissProt acces-lated cardiomyopathy, an endemic disease in Swiss animals
sion number or author reference name. At the moment our[68], on polypeptides associated to high lean muscle mass
database is not a Federated 2-DE database; in fact, it doegharacter in Belgium Blue bovind69], on serum proteins
not conform to all the guidelines for standardization of 2D-E in major acute-phagéd3] and on the comparative analysis of
data exchange over the N@5]. Efforts are now spent to  liver, kidney, skeletal muscle, plasma and RBIO] are the
overcome this condition. only examples reported in the literature to date. The bovine
2D-E database here reported will provide the users a tool
to identify protein pattern changes in bovine samples as re-
3. Conclusions and future perspectives sult of inflammation, exposure to infectious agents, genetic
diseases, or breed-specific quantitative phenotypes of agri-
Current proteomic methodologies applied to mammalian cultural relevance. Comparison of 2D-E pictures of patho-
cells analysis still suffer from several technical limitations not logical or agriculturally significant samples with reference
allowing a systematic comprehensive description of the en- maps will allow the detection of various modifications such
tire protein expression profile and missing detection of many as presence or absence of particular spots as well as their
important low soluble or less abundant components. How- eventual micro-heterogeneity.
ever, despite this, even preliminary tissues/fluids analysis by A preliminary analysis of the 500 protein species iden-
conventional 2-DE procedures are still able to yield suitable tified in bovine samples indicated a general similarity with
data on poorly characterized animals, contributing to a more those already reported in the same murine and human tis-
detailed understanding of important biological processes. In sues/fluidg7,9], thus suggesting a common pattern of bi-
fact, measuring gene expression by 2D-E platforms can still ological activities among organs from different mammals.
provide information on specific polypeptide species, high- Similar results were reported in previous comparative 2-DE
lighting the occurrence of eventual post-translational mod- studies on serurfb7], skeletal muscl§z0], fibroblastq71],
ifications, or easily detect global dynamic changes in the or atrial and ventricle tissues from various vertebriey.
protein repertoire associated to different physiological and These reports, dealing on systematic 2D-E-based detection
pathological conditions, using user-friendly comparative ex- of evolutionary changes, were performed before the dramatic
periments with multiple samples taken under different ex- advances reached in proteomic analysis during recent past
perimental conditions. On this basis, several electrophoresis-years. Future comparative investigations based on integrated
based investigations have positively described the molecularproteomic platforms will allow a reclassification of the tra-
determinants of a series of human patholoffi&s56), or have ditional three domains (Bacteria, Archaea and Eukarya) not
been used in developmental and infectivological studies ononly according to DNA sequence information but also on the
animal model§57,58] basis protein expression profiles. These studies will be possi-
In contrast, poor examples of systematic studies have beerble only following a detailed characterization of each organ’s
performed to evaluate the entire gene expression repertoirgprotein repertoire by an in-depth proteomic assault. Signifi-
in tissues and fluids of domestic mammals, or to detect novel cant efforts have been coordinated in the case of human pro-
markers specific for bovine pathologies. In fact, although teomic initiative by Human Proteome Organization, trying
metabolic profiles are routinely performed to evaluate an- to benefit from lessons learned by genome-sequencing con-
imal conditions[59], in classical veterinary studies single sortia. In this case, concomitant projects on human plasma,
enzymatic activities or genetic anomalies are conventionally liver and brain are now in progress. Following their comple-
associated to specific physiological and pathological condi- tion, the final comparison of the relative protein expression
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profiles among different tissues/body fluids will provide im- [12] E. Vierstraete, A. Cerstiaens, G. Baggerman, G. Van den Bergh, A.
portant information on the differences and the specialization De Loof, L. Schoofs, Biochem. Biophys. Res. Commun. 304 (2003)
of various cell types. We firmly hope that similar initiatives 831.

. . . [13] S. Komatsu, K. Kojima, K. Suzuki, K. Ozaki, K. Higo, Nucleic
will be coordinated, in a next future, to study the proteome of Acids Res. 32 (2004) 388,

different tissues from other vertebrates. Futuristic compara-[14] p. o'Farrell, J. Biol. Chem. 250 (1975) 4007.

tive investigations on the proteome repertoire of same cellu- [15] C. Hoogland, J.C. Sanchez, L. Tonella, P.A. Binz, A. Bairoch, D.F.
lar types from different organisms, will finally allow studying Hochstrasser, R.D. Appel, Nucleic Acids Res. 28 (2000) 286.
phylogenetics on the basis of proteomic approaches. [16] D. Jager, P.R. Jungblut, U. Muller-Werdan, J. Chromatogr. B 771

) . (2002) 131.
In conclusion, there is a huge amount of work currently [17] PE. Hodges, AH. McKee, B.P. Davis, W.E. Payne, J.I. Garrels,

taking place on the human proteome but most other animals * nucleic Acids Res. 27 (1999) 69.

of importance to humans are poorly studied. Proteomic in- [18] J.E. Celis, M. Ostergaard, N.A. Jensen, |. Gromova, H.H. Rasmussen,
vestigations on mammalian tissues and fluids used as raw P. Gromov, FEBS Lett. 430 (1998) 64.

materials in human diet also will allow evaluating the extent [19] M-J. Page, B. Amess, R.R. Townsend, R. Parekh, A. Herath, L.

of protein modifications resulting from technological pro- Brusten, M. Zvelebil, R.C. Stein, M.D. Waterfield, S.C. Davies, M.J.
p g gical p O'Hare, Proc. Natl. Acad. Sci. U.S.A. 96 (1999) 12589.

cesses adopted in food indusfig]. In a next future, applied  [20] A A. Alaiya, U.J. Roblick, B. Franzen, H.P. Bruch, G. Auer, J. Chro-
genomics and proteomic technologies will significantly con- matogr. B 787 (2003) 207.

tribute to nutritional sciences and food technologies, allowing [21] M. Tyers, M. Mann, Nature 422 (2003) 193.

quality and authenticity verification of foods, identification 22 S- Hoving, B. Gerits, H. Voshol, D. Muller, R.C. Roberts, J. van

f all . tei trol of f tati d Oostrum, Proteomics 2 (2002) 127.
or allergic proteins, control or tfermentation processes an [23] J. Klose, Methods Mol. Biol. 112 (1999) 147.

detection of food spoilage and contamination by pathogenic [24] M. Dreger, Mass Spectrom. Rev. 22 (2003) 27.
microrganisms. [25] S. Hanash, Nature 422 (2003) 226.
[26] J.H.B. Roy, The Calf. Management of Health, Blackwell Science,
Oxford, 1990.
[27] H.A. Lewin, Cytogenet. Genome Res. 102 (2003) 10.
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