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Summary. Proteomics is the science that studies the proteins in general and
in particular their changes, resulting from various disorders or the effect
of external factors, such as toxic agents. It has as goal the detection of novel
drug targets, diagnostic markers and the investigation of biological events.
Proteomics has emerged the last few years and its major difference from the
previously existing protein analytical techniques is that it does not analyze the
proteins one by one, but in a possibly automated, large-scale mode. In this
article, the state of the art of proteomics in our laboratory is presented, as well
as selected applications of proteomics in the study of disorders of the central
nervous system and of toxic events.
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What is proteomics

In addition to the existing classical terms genome and genomics, the last years
two new terms appeared, proteome and proteomics. Proteome was originally
defined as the protein complement of a genome, but it now means the total
proteins expressed in an organism, an organ or a cell line at a given time.
Proteomics is the technology-driven science which studies the proteomes, i.e.
the proteins, their post-translational modifications, their interactions and in
particular the changes in their levels and their modifications, which result on
account of specific diseases or from various external factors, such as toxic
agents and has as goal the detection of novel drug targets and diagnostic
markers.

The genomic analysis quickly provides us with data about the mRNA
levels (here the corresponding terms are transcriptome and transcriptomics).



364 M. Fountoulakis

However, knowledge of the transcription levels does not necessarily informs
us about the protein levels or the number of modified protein forms, informa-
tion, which can only be provided by the proteome analysis. Life is a dynamic
process and not all-possible proteins are expressed at any time point. More-
over, the pattern of protein expression changes depending on factors, such as
the stage of development of an organism and the organism’s physiological
state. It seems that the more complex the genome, the less of the total possible
proteins will be expressed at any particular moment. Thus, proteomics supple-
ments the genomics data with information on what gene products are being
made, in what cell type, at what amounts and under what conditions and how
protein levels and modifications change as a result of specific diseases or
external challenges (Abbott, 1999).

Proteomics is a member of the New Technologies and it enjoys a remark-
able bloom today. This can be attributed to developments in the computer
and software sciences, developments in mass spectrometry and the enormous
amount of information, which became available from the sequencing of the
whole genome of many organisms. The genomes of about 30 microorganisms
have been sequenced so far and the sequencing of the human genome has
been almost completed. Much more information is expected to be released in
the near future. The era of the human proteome analysis has already started,
newly established companies as well institutions have undertaken the task of
analyzing various proteomes under healthy and diseased states for the detec-
tion of drug targets and diagnostics. This effort is probably going to revolu-
tionize protein science, in particular the analytical techniques and to increase
their efficiency and capabilities.

The steps of proteomics

The aim of proteomics is the high throughput analysis of proteomes.
Proteomics mainly comprises two steps: (i) protein separation usually by two-
dimensional gel electrophoresis and (ii) protein analysis and identification
by efficient analytical techniques, mainly by mass spectrometry, but also by
amino acid composition analysis, N-terminal sequencing and immunoblot
analysis (Fountoulakis, 2000). The whole process is supported by highly so-
phisticated software for protein identification, image analysis, comparison and
quantification and data storage. Some of the techniques used by proteomics
have existed for many years. The novel contribution of proteomics is the
large-scale analysis, which was not possible before and which was enabled by
the factors mentioned at the beginning. The proteome analysis appears to
be more complex than the genome analysis. There are usually more than
one product resulting from one gene. The protein modifications change con-
stantly, depending on the influence of the environment and the disorders.
Moreover, the protein detection and in particular the analysis of the
modifications are not very efficient at present.

Recently the term proteomics has been used in a much broader sense,
meaning roughly “Protein Science”. Under this newer definition, it comprises



Proteomics: Current technologies and applications 365

protein production and enrichment, study of protein changes, protein-protein
interactions, protein function and protein structure analysis. These pro-
teomics technologies comprise the yeast two-hybrid system, which provides
information on protein-protein interactions, microarrays, in which chips
coated with specific ligands or peptides are used for protein screening, anti-
body chips and large-scale crystallography (Borman, 2000; Dove, 1999;
Eisenberg et al., 2000; Pandey and Mann, 2000; Wang and Hewick, 1999).
Most of these technologies are in the early stages of development and only
the classical proteomics, 2-D electrophoresis followed by mass spectrometry,
although itself under development, is more mature than the other approaches.
Here we will further deal with the classical definition of proteomics.

Two-dimensional electrophoresis

Figure 1 shows the work flow in proteomics. The first major step of proteomics
is the analysis of protein mixtures by two-dimensional (2-D) electrophoresis,

Fig. 1. Workflow in proteomics. Proteomics in its classical definition usually involves
separation of a protein mixture and protein identification as well as detection of changes
in the protein level and of post-translational modifications. IPG, immobilized pH
gradient; SDS, sodium dodecyl sulfate; PAGE, polyacrylamide gel electrophoresis;
PVDF, polyvinylidene difluoride; MALDI-MS, matrix-assisted laser desorption ioniza-

tion mass spectrometry
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which involves: (i) separation of the proteins on the basis of differences in
their net charge, called isoelectric focusing (IEF) and (ii) separation of the
focused proteins on the basis of differences in their molecular masses. IEF is
an equilibrium process, during which, under the influence of a high voltage
field, proteins move along a stable pH gradient and focus at a position where
they have no net charge. There are two ways to form a pH gradient: (i) with
the use of carrier ampholytes, that are amphoteric compounds of low molecu-
lar mass, which upon application of the electric field move and align them-
selves between the electrodes (O’Farrell, 1975; Klose, 1975). In this system,
both the pH gradient and the proteins move; (ii) with the use of an immobi-
lized pH gradient (IPG), which has been formed prior to the IEF run
(Bjellqvist, 1982). The IPG is formed by acrylamide derivatives, called im-
mobilines. They are weak acids and bases with a buffering capacity, copoly-
merized with acrylamide and fixed on a plastic sheet. In this system, under the
influence of the electric field, the pH gradient does not move, only the charged
protein molecules are moving and are focused along the IPG.

The carrier ampholytes technique was the first IEF approach. It has a high
reproducibility and allows a reliable protein quantification. However, because
the pH gradient is affected by the amount of the total proteins loaded, that
have themselves a buffering capacity, only relatively low amounts of protein
can be applied. Also the range of the pH gradient is limited (usually between
pH 4 and 8). The IPG strips are commercially available in broad and narrow
pH ranges, can be stored frozen for long times before use and after the first
dimensional separation and a relatively large amount of protein can be ap-
plied to them. The latter is compatible with the subsequent protein identifica-
tion, as with today’s status of the various large-scale analytical techniques, a
minimal protein amount is required for an unambiguous identity assignment.
The bloom of proteomics is to a large extent due to the introduction of the
IPG strips. We use exclusively IPG strips in our laboratory for the first
dimensional protein separation. There are several ways of applying the pro-
tein sample on the strips (Langen et al., 1997b). The application method, the
protein quantity applied and the voltage and time of IEF affect the protein
resolution (Görg et al., 2000).

In the second dimensional separation, the proteins are separated accord-
ing to their size on porous polyacrylamide gels. During this nonequilibrium
step, the anionic detergent sodium dodecyl sulfate (SDS) is added, so that the
proteins are negatively charged. In comparison with IEF, the second dimen-
sional separation on SDS-gels is relatively easy to control. Gels of a constant
acrylamide concentration or gradient gels can be used. The 9–16% linear
gradient gels represent a good compromise to visualize proteins with a wide
spectrum of molecular masses (5–200kDa). However, for the efficient separa-
tion of low or high molecular mass proteins, gels of proper acrylamide concen-
tration have to be used (Langen et al., 1997b). Use of gels of a large format
(usually 18 � 20cm) can facilitate the efficient resolution of the thousands of
protein spots. There exist various stain methods for the spot visualization.
More sensitive stains, such as silver stain, are preferentially employed for gel
comparison, whereas stain with Coomassie is preferred when the gels are
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intended for protein identification by mass spectrometry. Figure 2 shows
an example of 2-D electrophoresis where the proteins of the bacterium
Haemophilus influenzae have been separated on a broad range pH 3–10 IPG
strip, followed by a 9–16% SDS-gel. More than 1,000 spots can be seen on
this gel.

On 2-D gels, the proteins are often represented by more than one spot,
so that the number of expressed products is much higher than the number
of the corresponding encoding genes. In prokaryotes, usually 1–2 proteins

Fig. 2. Two-dimensional gel analysis of the soluble proteins of Haemophilus influenzae.
The microorganism was cultured as described (Langen et al., 2000). Cells from the
stationary phase were broken and the lysed cell suspension was centrifuged at 150,000 �
g for 90 min. One mg of the supernatant was used for the 2-D gel analysis of the cytoplas-
mic proteins. The proteins were separated on a pH 3–10 nonlinear IPG strip followed by
a 9–16% linear gradient polyacrylamide gel. The gel was stained with colloidal Coomassie

blue
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correspond to one gene and in eukaryotes 5–20 proteins may be derived from
one gene (Fountoulakis et al., 2001). Figure 3 shows examples of protein
heterogeneity. Presently, in most of the cases, we do not know the reasons
or the biological meaning of the observed heterogeneity. One major task of
proteomics is to identify and correlate cases of heterogeneity with eventual
disorders. Post-translational modifications or changes in them may carry more
significant messages than changes in the protein level.

The major advantage of 2-D electrophoresis is that it enables the simulta-
neous separation and visualization of thousands of unknown proteins. No

Fig. 3. Partial 2D-gel images showing examples of protein heterogeneity. A, B γ-enolase
from human brain. The protein is represented by one spot when IEF was performed on
a broad pH range 3–10 nonlinear IPG strip (A), and by at least five spots when IEF was
performed on a pH 4–7 strip (B). C Dihydropyrimidinase-related protein 2 from human
brain shows a high heterogeneity, represented by at least five spots, localised into two
regions on the gel. The two shorter, acidic forms are most likely generated post-mortem
from the larger forms (Fountoulakis et al., 2000b). D α1-antitrypsin from human cerebro-
spinal fluid is represented by many spots, most likely denoting different glycoforms of the
protein. E glial fibrillary acidic protein from human brain. The protein is represented by

at least 50 spots with molecular masses between 35 and 60 kDa
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other method can do that for the time being. However, it shows certain
limitations: (i) only the major components of a protein mixture can be visual-
ized (Gyri et al., 2000). For the detection of the low-abundance proteins,
specific protein enrichment steps have to be employed prior to the 2-D analy-
sis; (ii) the detection of the low and high molecular mass, of basic and hydro-
phobic proteins is inefficient (Fountoulakis et al., 1998a and 1998c). Figure 4
shows the mouse liver proteins identified in our laboratory, sorted according
to their theoretical molecular mass (Fig. 4A) and pI (Fig. 4B) values. Most
proteins have masses between 10 and 80kDa. No protein with a mass below
10 kDa and only a small number of proteins with masses above 80kDa were
found. Similarly, no protein with a pI below 4 and only a few with pI values
higher than 10 were detected. Improvements of the technology are urgently
required for an efficient proteome analysis (Corthals et al., 2000).

The preparation of the protein sample to be analyzed is of a particular
significance. Careful sample preparation is a prerequisite of a successful

Fig. 4. Distribution of mouse liver proteins identified by proteomics technologies in
relation to their molecular mass and pI. The about 330 mouse liver proteins were sorted
according to their molecular mass (A) and pI values (B). The number of the proteins

found in the indicated molecular mass and pI intervals are shown
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analysis. Until now, in most cases of a proteome analysis, a sample of the total
proteins has been analyzed. This provides a general image of the proteome,
however, it is insufficient for the analysis of the difficult protein classes men-
tioned above. On a 2-D gel stained with colloidal Coomassie blue, 1,000–3,000
protein spots can be detected, which, however, are the products of 200–400
different genes only. For the construction of the 2-D database for mouse liver
proteins, we analyzed about 5,800 spots from 14 gels. The analysis resulted in
the assignment of 2,500 identities. The identified proteins were the products
of 328 different genes. Some of the proteins were detected in the various
gels with a higher frequency than others. Thus, three heat shock proteins were
found in all gels and three housekeeping enzymes were found in 13 out of the
14 2-D gels. About 18% of the proteins were detected once and 15% were
found twice (Fountoulakis et al., 2001). It is more likely that the low-
abundance proteins could be potential drug targets rather than their high-
abundance counterparts.

The detection of additional gene products can be facilitated by a pre-
fractionation of the sample and a protein enrichment by application of cen-
trifugation and chromatographic techniques. Chromatography prior to the
2-D electrophoresis is a very efficient approach to enrich several classes of
low-abundance proteins. We have used chromatography steps to enrich
cytosolic proteins of the bacteria H. influenzae (Fountoulakis et al., 1997b,
1998b and 1999d) and Escherichia coli (Fountoulakis et al., 1999c) and of
human brain (Karlson et al., 1999). Multicompartment electrolyzers (Righetti
et al., 2001) and other preparative electrophoretic techniques also represent
strong tools in detecting low-copy number gene products. The identification
of the proteins enriched by the various chromatography steps is useful for the
construction of master purification maps, i.e. lists of the proteins enriched
by the corresponding chromatography step (Fountoulakis and Takács, 1998).
Biochemists could consult such lists and save a lot of labor, which is otherwise
spent in “trial and error” approaches during protein isolation. The master
purification steps are in particular useful for the isolation of “hypothetical” or
“unknown” proteins. Such proteins have been found in large numbers from
the sequencing of the various genomes and today no information about these
proteins exists.

A protein can be only visualized and analyzed if it can be brought into and
kept in solution during the whole two-dimensional separation process. In
general, the solubility question appears at two time points along performance
of the 2-D electrophoresis: (i) during the initial extraction step to solubilize
the proteins of the sample to be analyzed using agents that are compatible
with isoelectric focusing, such as solutions of urea and CHAPS, and (ii) during
the performance of the first dimensional separation, when hydrophobic pro-
teins or proteins present in large amounts could precipitate at their applica-
tion positions. The detection of many proteins might not be possible, not
because they are hydrophobic and consequently do not enter the immobilized
pH gradient strips during the first dimensional separation, but because they
remain insoluble during the extraction step. In addition to urea and CHAPS,
which are usually employed during IEF, many other solubilizing agents are in
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use, chaotropes, such as thiourea (Chevallet et al., 1998), novel detergents,
such as amidosulfobetaines (ASB-n) (Rabilloud, 1999) and reducing agents,
such as tributyl phosphine (Herbert et al., 1998). It seems that no one, single
solubilizing agent is sufficient for the visualization of all proteins of a
proteome (Fountoulakis and Tákacs, 2001).

Matrix-assisted laser desorption-ionization mass spectrometry

The second major step of proteomics is the protein identification. Nowadays,
this is mainly performed by mass spectrometry techniques and in particular by
matrix-assisted laser desorption-ionization time of flight mass spectrometry
(MALDI-TOF-MS), but also by ion spray approaches (Lahm and Langen,
2000). Another protein identification technique of significantly lower
throughput in comparison with MALDI-MS but of high confidence is the N-
terminal sequencing analysis. We have previously employed other analytical
methods as well, such as amino acid composition analysis for protein identifi-
cation (Fountoulakis et al., 1997a; Fountoulakis and Lahm, 1998; Weiss et al.,
1998). The latter has a relatively high throughput, but it is complex and the
identification is often ambiguous. Today we mainly use MALDI-TOF-MS for
protein identification and only in cases where this method does not deliver an
identity we apply electrospray techniques.

The protein identification using MALDI-TOF-MS is performed on the
basis of the peptide mass fingerprinting (Henzel, 1993). The peptide masses
are compared with the theoretical peptide masses of all known proteins of all
databases available. For the peptide production, the protein spots are auto-
matically excised from the Coomassie stained 2-D gels and the proteins are in-
gel digested with a protease, usually trypsin. We perform the digestion in the
presence of a low concentration of Tris buffer which is compatible with a high
throughput analysis, allowing the daily measurement of more than 1,000 spots
per instrument by one person (Fountoulakis and Langen, 1997). The masses
of the peptides generated during digestion are automatically measured in the
MALDI-TOF-MS instrument. At Hoffmann-La Roche, Basel Peter Berndt
and Hanno Langen have developed specific software for the automatic mass
assignment, mass correction, considering the mass values of standard peptides
that are included in each mass measurement, and the automatic search in the
databases (Berndt et al., 1999). In this way, the labor has been significantly
reduced and because of the stringent searching conditions, the automatic
identity assignment is usually more confident than individual search even with
the use of molecular mass and pI restriction windows. The results are stored
in specific servers and can be called up on the computer desktop of each
researcher. The software shows which spots from a particular gel have been
analyzed, which proteins have been successfully identified as well as the
confidence of the identity assignment. Usually, an identity is assigned to 60–
80% of the spots analyzed, following the MALDI-TOF-MS approach.

The strength of MALDI-TOF-MS is that it enables the automatic analysis
of thousands of samples per day with a minimal involvement of the operator.
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Its drawback is that the identifications can occasionally be ambiguous and
that it does not deliver amino acid sequence data. When sequence analysis
is required, post-source decay or electrospray MS analysis can provide such
information. This however demands a higher personnel engagement.

Both genomics and proteomics represent new tools in the drug discovery
process and in the investigation of biochemical problems. In relation to
proteomics, the comparison of nucleotide levels using genomics technologies,
for example by high density oligonucleotide arrays, is usually more sensitive,
has a higher throughput and requires a shorter analysis time. Comparison of
protein levels on the other hand by proteomics, provides us with information
on changing protein levels, post-transional modifications, subcellular protein
location and turnover, data that can not be delivered by the genomics tech-
nologies. In most cases, the two technologies are complimentary, each deliv-
ering unique information not provided by the other.

Using the proteomics technologies described, we constructed 2-D
databases for several bacterial and eukaryotic proteomes. The 2-D database
for the H. influenzae proteins is one of the largest published databases today.
It comprises 502 identified different gene products from the 1742 possible
gene products of the microorganism (Langen et al., 1997a and 2000). All
possible heat shock proteins and almost all possible proteins involved in some
pathways, such as glycolysis and pentose phosphate, were identified. The
major components of the H. influenzae proteome are elongation factors, heat
shock proteins and certain enzymes such as aspartase and phosphoenolpyru-
vate carboxykinase, outer membrane proteins and hypothetical proteins.
Gene products not included in the database are most likely expressed at
low levels and the chromatographic steps applied were not sufficient for an
efficient enrichment or the proteins could not be identified on account of
limitations of the technology, because they are too small, large, basic or
hydrophobic. The human and rat brain 2-D protein databases we prepared
were the first and up to now the largest of their kind (Fountoulakis et al.,
1999b; Langen et al., 1999; Lubec et al., 1999a). Each comprises approxi-
mately 200 unique gene products. In the meantime we have identified more
than 700 human brain proteins (unpublished results). Also the mouse and rat
liver 2-D protein databases are the most detailed today (Fountoulakis et al.,
2000a, 2001, 2002).

Applications of proteomics

Neuronal diseases

Proteomics is a tool that can lead to drug discovery and as member of the New
Technologies family, it belongs to the preclinical research sciences. The iden-
tification of disease-related differences is usually a difficult task. Proteomics
can relatively easily identify changes in bacterial proteomes and also in cell
lines. Analysis of human tissues, such as brain, is more difficult, as many
factors are involved, such as differences in age, sex, possibly other diseases,
treatment with medicines, as well as technical, disease-unrelated factors, such
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as post-mortem time, improper treatment of the samples etc., which can affect
a clear discrimination between healthy and diseased states of interest. Indeed,
the expression levels of many proteins vary depending on the age of the
subject (Fountoulakis et al., 2000c). Post-mortem time also strongly affects
protein levels, in particular at 48h post-mortem (Fountoulakis et al., 2000b).

Proteomics is routinely used in clinical diagnosis today and many changes
in protein levels resulting from specific disorders have been identified. It
has been applied in the investigation of infectious diseases, cancer, heart
(Jungblut et al., 1999; Alaiya et al., 2000; Banks et al., 2000; Cash, 2000) and
diseases of the central nervous system (Rohlff, 2000). We applied proteomics
in the investigation of protein changes in disorders of the central nervous
system, such as Alzheimer’s disease (AD) and Down syndrome (DS). Alzhei-
mer’s disease is a well-studied dementia affecting mainly elderly people, for
which no reliable premortem diagnosis marker exists today. Down syndrome
is the most frequent genetic cause of dementia. Although the trisomic state is
responsible for the phenotype, the pathomechanisms are not well understood.
Almost all subjects with Down syndrome over 40 years show neuropathologi-
cal and neurochemical abnormalities on post-mortem brain examinations
indistinguishable from those seen in Alzheimer’s disease. Thus, the results
from the DS may be useful in the AD studies. The controls were individuals
with no history of neorological disease. Samples from five regions of the brain
of the control and the disease groups were analyzed by 2-D gels and the
proteins with different levels in the disease groups were identified by
MALDI-MS.

In the disease groups, we found about 4-fold increased levels in the AD
brain of the glial fibrillary acidic protein (GFAP), a known marker of neuro-
nal decay and brain damage, which distinguishes astrocytes from other glial
cells during development of the central nervous system (Fig. 5) (Greber
et al., 1999). We also observed increased levels for the 14-3-3γ and 14-3-3ε
proteins in the Alzheimer’s and Down syndrome groups by about 1.5-fold
(Fountoulakis et al., 1999a). The 14-3-3 proteins exert complex functions in
signal transduction pathways. Deranged levels may reflect impaired signaling
and apoptosis in the brain. The levels of synaptosomal associated protein
25 kDa (snap-25) decreased in the two disease groups to approximately 40%
(Greber et al., 1999). Snap-25 is widely distributed in the brain, is an integral
constituent of the synaptic core complex, participates in synaptic vesicles
exocytosis and is involved in the formation of presynaptic sites. Decreased
snap-25 levels may lead to deranged functions in exocytosis and neuro-
transmission. Figure 6 shows examples of changed levels of the 14-3-3 and
snap-25 proteins in the Alzheimer’s disease and Down syndrome groups.

The proteomic analysis revealed changes in the levels of several other
brain proteins as well, such as glycerol 3-phosphate dehydrogenase (Lubec
et al., 1999b), dihydropyrimidinase-related protein (DRP) 2 (Lubec et al.,
1999c), synaptotagmin (Yoo et al., 2001a), voltage-dependent anion
channel proteins VDAC1 and VDAC2 (Yoo et al., 2001b), and others.
Dihydropyrimidinase-related proteins show homology to chicken collapsin
62 kDa and the rat turned on after division protein. DRPs are expressed in
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relatively large amounts in the brain, DRP-1, -3 and -4 mainly in the neonatal
brain and DPR-2 in both neonatal and adult brain (Fountoulakis et al., 2000c;
Karlsson et al., 1999). The functions of DRPs are not clear. It is possible that
these molecules are involved in neuronal migration during brain develop-
ment. When the latter becomes less pronounced in the adult brain, DRP-2,
which is almost equally expressed in both, adult and neonatal brain, may serve
as a guidance cue in repair and remodeling in adult brain. Reduced levels of
DRP-2 in the Alzheimer and Down syndrome brain may have consequences
in the functions of the protein (Lubec et al., 1999c). We have also used the
technology to study changes in the brain proteins of animals serving as models
for neurological diseases, such as ischaemia, anxiety and pain. This research is
still ongoing.

Toxicology

Proteomics has also been employed in the investigation of toxic events (Qiu
et al., 1998; Steiner and Anderson, 2000). We studied liver toxicity in mice
treated with acetaminophen (APAP), the known antipyretic and analgesic
agent, which is toxic at high doses. The mechanism of the toxicity is not well
understood (Cohen et al., 1997). The animals were treated with two doses
of APAP of 100 and 300mg/kg and with its non-toxic stereoisomer 3-
acetamidophenol (AMAP) at 300mg/kg (Fountoulakis et al., 2000a). The
levels of about 30 proteins changed following administration of the two
agents. The changes were in the order of 10–50% of the control value and
appeared mainly in the high- than in the low-dose of APAP-treated animals.

Fig. 5. Partial two-dimensional gel images of human brain proteins from the parietal
cortex lobe of a control (A), and a patient with Alzheimer’s disease (B). The proteins
were separated on pH 3–10 nonlinear IPG strips, followed by 9–16% SDS-polyacrylamide
gels. The gels were stained with Coomassie blue. The spots representing glial fibrillary

acidic protein (GFAP) are indicated
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Figure 7 shows examples of changed protein levels following treatment with
APAP and AMAP and the corresponding quantifications of the protein
levels. We also applied proteomics to study the effect of administration of
carbon tetrachloride in rat liver which resulted in significant changes in
protein levels (manuscript in preparation).

We further studied the effect of systemic administration of kainic acid, a
potent neurotoxin and excitatory amino acid, on the levels of brain proteins.
Heat shock protein HSP 27 was exclusively detected in brains of animals
treated with kainic acid. The levels of neurofilaments and alpha-internexin
were significantly decreased and a fragment of tubulin alpha-1 chain was
manifold increased in kainic acid-brains. The proteomic analysis indicates
altered regulation of heat shock proteins, neuronal death, cytoskeletal disrup-
tion and mitochondrial derangement by systemic kainic acid administration
(Krapfenbauer et al., 2001a). The cytosolic proteins from control and animals
treated with kainic acid were fractionated over an ion exchange column prior
to proteomic analysis and changes in the levels of low-abundance brain pro-
teins were studied. We found a manifold decrease of annexin VII, heat shock
co-factor HOP/p60 and SP-32 and a manifold increase of heparin-binding
protein P30. The results suggest, respectively, for the involvement of an
apoptotic pathway, the recruitment of the heat shock protein machinery, the
generation of an antioxidant response and probably the induction of repair
mechanisms. Three out of the four proteins with changed levels had not been
detected in the cytosolic fraction before and the detection of the changed
levels was possible only after the protein enriching step (Krapfenbauer et al.,
2001b).

Conclusions

Proteomics studies changes in the level and the modifications of proteins and
is a tool in drug discovery, diagnosis and the investigation of toxic events. It
has two major steps, 2-D electrophoresis and protein analysis, performed
mainly by mass spectrometry, and quantification. Recently, the term pro-
teomics has been used in a broader sense, comprising many disciplines of the
protein science. The technology is still under development. Improvements are
required to increase sensitivity and visualization of certain classes of proteins,
like the small, large, basic and hydrophobic proteins and in the detection of
post-translational modifications.

In our laboratory, we have established the technology for the preparation
of about 50 2-D gels per week and the analysis of about 1,000 spots per day
and person. Applying this technology, we constructed 2-D databases for
bacterial and eukaryotic proteomes, which are of the largest existing today.
We identified many differences in the protein level in the brain of patients
with Alzheimer’s disease and Down syndrome, in the brain of animals serving
as models for human diseases and in the liver and brain of animals subjected
to treatment with toxic agents. This high throughput analytical system is
becoming a powerful tool in pathological, biological and toxicological studies.
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