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Abstract

With the development of the systems biology concept proteomic and metabolomic studies have become even
more attractive. The advancement in separation methods of proteins and metabolites, and particularly the pro-
gress that has been made in the field of mass spectrometry significantly facilitated high-throughput analyses and
substantially increased both quality and quantity of the data. In this short review we discuss some aspects of the
analytical strategies used in proteome and metabolome research in which mass spectrometry plays a crucial role.

Introduction

“Omics” studies like genomics, transcriptomics, pro-
teomics, metabolomics, lipidomics, etc. comprise the
systems biology. Proteomics and metabolomics are ana-
lytical approaches focused on qualitative and/or quantita-
tive overview of proteins and metabolites present in the
organism, tissue, cell, organelle, sap in case of plants or
body fluids in case of animals. The dynamics and varia-
bility of the proteome and metabolome are the results of
changes in gene activities caused by various factors like
growth stage/age, diseases and other environmental con-
ditions. As a consequence researchers encounter a lot of
hurdles in analyzing such complex levels of molecular
organization. Growing interest in those fields of research
during recent decades led to development of novel, sen-
sitive and high-throughput analytical methods in prote-
ome and metabolome science. Most of these strategies
are based on mass spectrometry coupled to various se-
paration techniques.

Proteomics

The term “proteome” was coined by Marc Wilkins in
1995 to describe all the proteins encoded by the genome
present in the cell, tissue or organism in specific exter-
nal and internal conditions, at a specific time point and
developmental stage. By analogy to the term “genomics”
“proteomics” was introduced (Wilkins et al., 1996). Pro-

teomics primary goal is to rapidly identify all the pro-
teins found in a cell, tissue or organism and determine
possible interaction occurring between them and be-
tween proteins and other molecules. It also allows to
follow the activity of proteins in various stages of growth
and development and uncover role they play in specific
environmental conditions. Proteins are assembled from
20 different amino acids linked by peptide bond. Those
biopolymers are very heterogeneous in terms of weight,
sequence, and physico-chemical properties. The number
of genes encoding proteins range from a few hundred in
bacteria to tens of thousands in mammals, whereas the
number of proteins can be much higher (Thelen, 2007).
It is estimated that the number of proteins encoded in
the human genome may be even 100-fold greater than
the number of genes due to alternative mRNA splicing
and post-translational modifications (PTMs) (Neverova
and Van Eyk, 2005). With the growing number of se-
quenced genomes and development of protein separa-
tion and identification methods proteomics has become
an essential tool in molecular and systems biology (Ae-
bersold and Mann, 2003). The oldest approach in modern
proteomics includes two-dimensional electrophoretic sepa-
rations and identification by mass spectrometry techni-
ques, usually MALDI-TOF (Matrix Assisted Laser Desorp-
tion/Ionization Time of Flight) mass spectrometer or tan-
dem mass spectrometer ESI-MS/MS (Electrospray Tan-
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dem Mass Spectrometry) are utilized (Gorg et al., 2004).
The introduction of ultra performance liquid chromato-
graphy (UPLC) and nano liquid chromatography (nLC)
systems coupled to tandem mass spectrometer allowed
to overcome the limitations of two-dimensional electro-
phoresis (2D-PAGE). The development of labeling tech-
niques as well as labelfree methods permitted accurate
quantitative analysis (Patel et al., 2009). Nowadays pro-
teomic studies are mainly realized by three strategies:
the classical “bottom-up”, “shotgun proteomics” and
“top-down” approach (Fig. 1).

Bottom-up proteomics

The bottom-up proteomics is based on the analysis
of peptides derived from enzymatic/non-enzymatic pro-
tein digestion in mass spectrometer. The obtained spec-
trum, called peptide mass fingerprint (PMF) is used for
protein identification in databases. In this approach two
dimensional polyacrylamide gel electrophoresis is used
for protein separation (Han et al., 2008; Hirano et al.,
2004; Kelleher et al., 1999). Resolved proteins are ex-
cised from gel, purified and subjected to disulfide bonds
reduction and alkylation process in order to prevent
their reformation. Prepared samples are submitted to
enzymatic digestion and further analyzed (Fig. 1).
2D-PAGE consists of two independent separations. In
the first dimension (IEF, isoelectrofocusing) proteins
migrate in pH gradient formed by ampholytes, in the
presence of urea and detergents, according to their iso-
electric point (pI). In the second step proteins are
separated by molecular weight in denaturing polyacryl-
amide gel containing SDS (Scheler et al., 1998; Smith,
2009; Thelen, 2007). Proteins can be labeled in various
points of the analysis: before isoelectrofocusing by radio-
isotopes or cyanide dyes, which do not alter the protein
pl; between first and second dimension; but usually
proteins are visualized after both separations. One of the
most commonly used and simplest method of protein de-
tection is colloidal solution of Coomassie Brilliant Blue,
which however has a moderate detection sensitivty
(~100 ng) and requires long time procedure (Neuhoff
et al.,, 1985). Silver staining has higher sensitivty
(~1 ng), but narrow dynamic range and low repeatability
(Chevallet et al., 2006). Alternatively, fluorescent dyes
can be used, as they provide high sensitivity (~2-10 ng)
and wide dynamic range. However, they are expensive
and require additional hardware to visualize the sepa-
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rated proteins (Steinberg et al., 1996). The resolution of
2D-PAGE largely depends on the pH range and size of
the used strips in first dimension, and usually allows to
resolve from 1000 to 5000 proteins. This technique also
enables detection of protein species, which are the
result of PTMs, alternative splicing or genetic variability
(Gorg et al., 2004; Newton et al., 2004; Sarma et al.,
2008). The most commonly used protease is trypsin,
which cleaves specifically peptide bonds at the C-ter-
minal side of lysine or arginine, except when the next
amino acid in the sequence is proline, then the hydro-
lysis does not occur. Chymotrypsin, which cleaves pep-
tide bonds after hydrophobic amino acids and endoprote-
inases like Lys-C or Arg-C are also utilized. It is also pos-
sible to use cyanogen bromide, which cleaves peptide
bonds at the carboxyl side of methionine (Matthiesen
and Mutenda, 2007). The resulting peptide mixture is
analyzed by mass spectrometry. Most commonly used in-
strument in this approach is MALDI-TOF mass spectro-
meter (Henzel et al., 2003; Hirano et al., 2004; Yates
etal., 2009). Peptide mass fingerprinting is based on the
concept that each protein after proteolytic digestion will
generate a unique set of peptides, which masses will pro-
vide a molecular signature enabling protein identification
(Hjerng, 2007; Thiede et al., 2005). The list of peptide
masses from generated spectrum is used for comparison
with theoretical masses of peptides obtained in silico
from proteins sequences present in databases (Lin et al.,
2003; Sommerer et al., 2007). In the algorithms imple-
mented in database search engines like MASCOT (http:
fields.scripps.edu/sequest) or SEQUEST (http:www.
matrixscience.com) various parameters are taken into
account, including type and size of the database, taxo-
nomy, used protease and number of miscleavages, modi-
fications made in amino acid sequence, error tolerance
of mass values, etc. (Sadygov et al., 2004). The advan-
tages of PMF are fast data acquisition, ease of sample
preparation, small amount of sample needed for analysis
and ability to store sample after measurement (Cramer,
2009). This approach has also some limitations. Some of
the peptides may be poorly ionized thus will be invisible
in the spectrum. In case of additional signals on spec-
trum, effects of modified peptides, impurities or mixture
of two and more proteins in one sample, accidental pro-
teins may be identified or given data will result in no
identification at all (Hamdan and Righetti, 2005; Resing
and Ahn, 2005). This method is particularly successful
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Fig. 1. Strategies for protein analysis (adapted from Sikorska and Rodziewicz, 2011)

for identifying proteins from species with sequenced
genomes. In other case identification is based on homo-
logy to related species (Hjerng, 2007; Knochenmuss,
2012; Sommerer et al., 2007). De novo protein sequen-
cing may significantly improve the ratio of positive iden-
tifications. Such solution can be achieved by MALDI-
TOF/TOF spectrometers equipped with collision cell.
Peptide fragmentation by collision-induced dissociation
(CID) provides capability to generate partial amino acid
sequence. Combination of the PMF data with MS/MS
spectra gives the best results and minimalizes the pro-
bability of random matches (Liu and Schey, 2005; Mat-
thiesen and Mutenda, 2007). The limitations of the bot-
tom-up approach are mainly related to 2D-PAGE and
include difficulties in resolving small and large proteins
with hydrophobic properties (e.g. membrane proteins).
The most popular protein detection methods have low
dynamic range, which hampers detection of low-abun-
dant proteins and subtle differences in the protein ac-

cumulation between different cellular states. The weak-
ness of the 2DE-PAGE is also related to the differences
in the distribution of individual proteins (shifts in their
position between the gels), which complicates sub-
sequent statistical analysis. In the case of low-intensity
proteins MS identification may be ineffective and ambi-
guity may occur due to presence of several proteins in
the form of one spot. 2D-PAGE possess also many ad-
vantages, which include high resolution and information
about protein mass and pl. Moreover, selective staining
enables identification of PTMs like phosphorylation and
glycosylation (Berth et al., 2007). Both steps of 2D-PAGE
are separated in time and space, and the equipment is
relatively inexpensive. This technique can also be com-
bined with other used in molecular biology, e.g. electro-
transfer and western-blotting. Despite its limitations the
bottom-up approach is still widely used in proteomic
research (Rabilloud et al., 2010).
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Shotgun proteomics

Shotgun proteomics is an emerging tool for ana-
lysing complex mixtures of proteins in samples prepared
from tissues, cells, organelles or biofluids. The term
“shotgun proteomics” was coined after shotgun sequen-
cing of genomic DNA, where long sequences are com-
putationally recovered from short fragment reads. In
shotgun proteomics, proteins are identified from tandem
mass spectra (MS/MS) of their proteolytic peptides (Ya-
tes, 1998). In basic, a typical design of shotgun proteo-
mics experiment involves sample preparation, multi-
dimensional chromatography, mass spectrometry ana-
lysis and protein identification in databases (Fig. 1).
Purification and reduction of the sample complexity is
advantageous and can be obtained by the application of
chromatographic or electrophoretic fractionation, tan-
dem affinity purification (Rigaut et al., 1999), and by che-
mical labelling like Isotope-Coded Affinity Tags (ICAT)
(Gygi et al., 1999). The next step is the enzymatic or
chemical digestion of the prepared protein mixture. The
most utilized protease is trypsin because of its stability,
specificity, low cost and it also produces short peptides
appropriate for MS analysis. Other enzymes like chymo-
trypsin, Asn-N, Glu-C Lys-C or proteinase K and chemi-
cal agents like cyanogen bromide can also be used. The
proteolysis of the sample increases its complexity and
the resulted peptides require separation in more than
one dimension prior MS/MS analysis to assure appro-
priate sensitivity and resolution of the peptides. Multi-
dimensional Protein Identification Technology (MudPIT)
is a chromatographic approach where two or more sta-
tionary phases are applied and usually different chemical
or physical properties of the molecules are exploited to
fractionate them (Giddings, 1987). A combination of two
chromatographic techniques is commonly employed, in-
cluding size exclusion (SE; separation of molecules is ba-
sed of their size), anion exchange (AE; separation of the
molecules is based on their charges using positively
charged column), strong cation exchange (SCX; separa-
tion of the molecules is based on their charges using
negatively charged column) and reversed phase (RP;
separation of molecules is based on hydrophobic inter-
actions with C4, C8, C18 alkyl chains of the stationary
phase) (Swanson and Washburn, 2005). SCX as a first di-
mension and RP column as a second one is the most
commonly implemented combination in shotgun ap-
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proach. In general, three configuration of SCX/RP se-
paration are possible. In off-line analysis fractions from
SCX are first collected and then subjected to RP column.
In on-line analysis SCX fractions are eluted to RP trap
column to wash out the salts used as a mobile phase in
first dimension and then to RP column. The third stra-
tegy takes advantage of biphasic columns packed with
both chromatographic beds. This approach requires
volatile salts like ammonium acetate or formate to be
used as a mobile phase (Wolters et al., 2001). Separated
peptides are then analysed in mass spectrometer. In
shotgun proteomics soft ionization methods ESI and
MALDI are applied. Shotgun analysis requires tandem
mass spectrometer to be used in order to fragment
analysed ions to enable peptide sequencing. Mostly utili-
zed analysers are: quadrupole ion traps, linear ion traps,
time-of-flight/time-of-flight and quadrupole-time-of-flight
(Yates, 2004). Ionized peptide is isolated in mass
spectrometer and excited by the CID with inert gas
particles which results in fragmentation of the selected
molecule. The development of electron capture dissocia-
tion (ECD) and electron transfer dissociation (ETD)
enabled efficient fragmentation of larger peptides and
facilitated the analysis of PTMs (Creese and Cooper,
2007; Syka et al., 2004). Fragmentation occurs by the
breakage of the backbone of the two adjoining amino
acids which generates fragments of different length. The
sum of all obtained fragments will give MS/MS spectrum
from which the sequence of the peptide can be read. In
practice it is a complicated task because the breakage
can occur between various amino acids and carboxyl
sides of peptide leading to generation of abcions if the
charge is at amino terminus or xyzions if the charge re-
mains at the carboxyl terminus and with different effi-
ciency - Figure 2 (Roepstorff and Fohlman, 1984). The
obtained data is interpreted using various algorithms
which involve comparison of experimental MS/MS data
with a set of theoretically generated fragments for pepti-
des present in the database. Most popular search engi-
nes are SEQUEST (Eng et al., 1994) and Mascot (Per-
kins et al., 1999). Typical shotgun analysis generates
from 10 000 to 100 000 tandem spectra. Vast amount of
generated MS/MS data forced development of statistical
methods for validating protein identification (Nesvizhskii
et al., 2003; Sadygov and Yates, 2003). To gain the full
potential of shotgun proteomics further development of
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Fig. 2. Schematic diagram of ion nomenclature
(adapted from Roepstorff and Fohlman, 1984)

search algorithms and statistical tools is necessary. One
of the most promising application of shotgun proteomics
is large scale analysis of PTMs, which with some excep-
tions like glycosylation, are hard to be observed using
bottom-up approach. Moreover, PTMs change masses of
peptide fragments which additionally hamper the identi-
fication. For example, phosphorylation very often occur
in hydrophilic regions of low-abundant proteins and
exists at substoichiometric levels. The recent techno-
logical breakthroughs facilitated for example phospho-
rylation site mapping in various organisms (Nakagami
etal., 2012). In large scale analysis of phosphoproteome
from whole-cell lysate of Saccharomyces cerevisiae, ana-
lytical strategy, which was applied, enabled detection of
more than 1000 phosphopeptides and determination of
383 sites of phosphorylation (Ficarro et al., 2002). In
other study, in which for the first time ETD fragmen-
tation was used to analyse plant material, more than
3000 phosphopeptides in Medicago truncatularoots was
identified (Grimsrud et al., 2010). Another field of appli-
cation of shotgun proteomics is quantitative analysis of
the differences in protein expression pattern between
samples after treatment or exposition to various stimuli
(e.g. healthy vs diseased patients). To quantify such
changes, proteins in one sample (representing one cel-
lular state) have to be modified in order to be distingui-
shed from the second sample (representing second
cellular state). After labelling, samples are mixed toge-
ther and analysed. Labelling can be achieved by various
methods. For example, if the analysis concerns cells
cultured in vitro, they can be grown on medium contai-
ning isotopic variants of light and heavy amino acids
(SILAC, Stable Isotope Labelling by Amino Acids in Cell
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Culture). Another approach involves chemical labelling
after protein isolation. The most popular are ICAT (Gygi
et al., 1999) and Isobaric Tag for Relative and Absolute
Quantitation (iTRAQ) (Aggarwal et al., 2006; Ross et al.,
2004). The ICAT is restricted only to proteins which
contain cysteine residues in their sequence. Recently
developed iTRAQ technique is free of that restriction
and enables quantification even up to 8 different samples
in single analysis. Quantitative shotgun proteomics can
be also conducted by labelfree methods. This strategy is
realized by measuring changes in chromatographic peak
areas or heights or by MS/MS spectral counting of the
analysed peptides (Zhu et al., 2010).

Top-down proteomics

Top-down strategy refers to the fragmentation of
intact proteins in mass spectrometer without prior enzy-
matic/non-enzymatic digestion. Multiply charged pro-
teins are used as precursors in tandem mass analysis
(Fig. 1). Mass spectra of the proteins and their frag-
ments allow to obtain the amino acid sequence and iden-
tify for example sites and type of PTMs. The very first
structural analyses of intact proteins were conducted in
1990’s on ribonuclease A (Loo et al., 1990) and serum
albumin (Loo et al., 1991). Since then this approach star-
ted to gain more and more attention from scientific com-
munity. The breakthrough in top-down strategy was
achieved by application of ECD, which outperformed the
CID fragmentation in number of amino acid backbone
cleavages, which resulted in better sequence coverage
(Zubarev et al., 1998). In top-down proteomics ESI
coupled to Fourier transformation ion cyclotron reso-
nance mass spectrometer (FTICR MS) and hybrid ion-
trap-orbitrap mass spectrometer are commonly used.
Both of them are capable of performing measurements
characterized by high accuracy, sensitivity and reso-
lution, which enable determination of elemental compo-
sition of proteins up to 70 kDa. MALDI-TOF/TOF was
also implemented in intact protein analysis and is mainly
used in the field of tissue imaging. However its applica-
tion in high-throughput proteomics is limited due to
lower resolution and incomplete fragmentation of pro-
teins (Seeley and Caprioli, 2011). One of the highest
protein mass for which isotopic resolution was achieved
was registered for 158 kDa tetrameric aldolase complex
with resolving power of 520 000 at 6033 m/z for the 26-
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times charged ion using ESI coupled to FTICR MS. This
strategy also enabled 35% C-terminal amino acids to be
sequenced (168 out of 463) (Li et al., 2014). High reso-
lution mass spectra are crucial for characterization of
various modifications; e.g. disulfide bonds (Am = 2 Da),
deamination (Am = 1 Da), and distinction between dif-
ferent modification with similar molecular weights, e.g.
trimethylation vs acetylation (Am = 36 mDa). Prior the
top-down analysis complex protein mixtures have to be
fractionated. Separation can be performed by liquid chro-
matography, hydrophobic interaction chromatography,
ion exchange chromatography, electrophoresis, and iso-
electrofocusing. However, to perform efficient analyses
on proteome scale multidimensional separation methods
are required (Tran et al., 2011). Fractions eluting from
chromatograph can be either directly introduced to mass
spectrometer (on-line) or collected and subjected for di-
rect infusion analysis (off-line) (Catherman et al., 2014).
In the past the top-down strategy was mainly implemen-
ted for targeted studies of single proteins. Nowadays,
thanks to development of faster ion traps, automated
fragmentation and efficient separation methods, this
approach has been extended to whole proteome analysis
(Macek et al., 2006; Tipton et al., 2012). For example,
Smith and coworkers reported detection of 700 bacterial
proteins (5-40 kDa) in single experiment. In other study
1034 gene products from human cells which accounted
for more than 3000 of protein species up to 105 kDa
were identified (Tran et al., 2011). The top-down stra-
tegy became extremely useful in identification of PTMs
and proteins variants resulted from genetic variation and
alternative splicing (Boyne et al., 2006; Medzihradszky
et al., 2004). In recent years substantial progress has
been made in membrane proteins analysis using top-
down approach, far exceeding the capability of bottom-up
strategy (Armirotti and Damonte, 2010; Siuti and Kel-
leher, 2007). A big hurdle in this approach is difficult
data interpretation due to complexity of generated spec-
tra (Smith et al., 2013). However with the new software
being developed the bioinformatic analysis of the top-
down generated data will soon match the “shotgun pro-
teomics” computations (Armirotti and Damonte, 2010).

Metabolomics

Metabolomics studies due to the wide diversity of
metabolites, both in terms of their number and chemical
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nature, set analytical chemistry very ambitious task. It
has been estimated that there are over 200 000 different
metabolites within the plant kingdom, whilst the meta-
bolome size of individual plant species range from 7000
to 15 000 compounds (Fernie et al., 2011; Weckwerth,
2003). Most bacteria produce between a few hundred to
2000 metabolites (Liebeke et al., 2012). Furthermore
animals are believed to contain a few thousand small
molecules they make themselves as well as other com-
pounds coming from the environment (nutrients, pollu-
tants, products of intestinal bacteria metabolism) (Ba-
ker, 2011).

The initial goal of metabolomic studies was to catalog
all of the metabolites present in a given organism, but it
quickly became apparent that this task would be extre-
mely difficult. Due to the chemical complexity and hetero-
geneity of metabolites, there is no single analytical me-
thod that enables comprehensive metabolome analysis,
therefore multiple technologies must be employed. How-
ever, the employment of even many analytical platforms
still does not allow measuring the complete metabolite
set of any organism. Additionally all of the techniques
have advantages and limitations, therefore careful re-
search approach must be chosen. Over the years several
experimental strategies have been developed, which
might be useful for answering the questions about the in-
fluence of environmental conditions on the composition
and level of cellular metabolites, as well as impact of low-
molecular-weight compounds on the cell.

Approaches in metabolomics

Generally, the approaches applied in metabolome
studies can be categorized into three classes: untargeted
analysis, semi-targeted analysis and targeted analysis.
These strategies differ in the number of detected meta-
bolites, the level of metabolite identification and their
quantitation (absolute or relative), as well as experi-
mental precision.

In order to monitor low-molecular-weight compounds
without the need for identification and quantification
metabolic fingerprintingis applied. All steps, including:
sample preparation, extraction procedures and all the
other analytical methods used, should preferably be
simple and high-throughput. To reduce time of the ana-
lysis chromatographic separation is usually neglected.
Metabolic fingerprinting enables researchers to classify
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samples according to their origin or biological relevance
(e.g. control vs treatment) by searching chemical pat-
terns, specific to an individual group. This approach is
often used as the initial stage of metabolite profiling be-
cause it allows rapid sample comparison and discrimina-
tion analysis. Typically that kind of “snapshot” of the
metabolic state of the cells is done by nuclear magnetic
resonance (NMR), mass spectrometry (MS), Fourier
transform infrared spectroscopy (FT-IR) or Raman
spectroscopy (Goodacre et al., 2004). Since the metabo-
lome refers to both intracellular and extracellular set of
metabolites, to distinguish analysis of the endo- and exo-
metabolome, screening approach of compounds present
in the body fluids, or secreted to the external environ-
ment (e.g. culture medium), is called metabolic foot-
printing (Nielsen and Oliver, 2005).

Metabolite profiling restricts metabolome studies to
a selected number of pre-de ned chemical compounds,
for example metabolites related to specific pathways or
classes (e.g. carbohydrates, amino acids, alkaloids). Al-
though this analysis does not need to be quantitative,
typically it is at least semi-quantitative. Usually metabo-
lite profiling employs hyphenated techniques which com-
bine chromatographic methods for separation with spec-
tral methods for detection. Following platforms are com-
monly used: one-dimensional or two-dimensional gas
chromatography coupled to mass spectrometry (GC-MS,
GCxGC-MS) (Mohler et al.,, 2006; Welthagen et al.,
2005), liquid chromatography coupled to mass spectro-
metry (LC-MS, LC-MS") (Lewis et al., 2010; Staszkéw
etal., 2011), liquid chromatography with nuclear magne-
tic resonance spectroscopy (LC-NMR) (Agnolet et al.,
2010) and capillary electrophoresis-mass spectrometry
(CE-MS) (Ramautar et al., 2009). New developments in
MS-based techniques enable qualitative and quantitative
analysis of a relatively large number of metabolites.

Another strategy in metabolome studies — metabo-
lite targeted analysis — focuses on the analysis of single
or small group of compounds that participate in a speci-
fic part of the metabolism (e.g. substrates and products
involved in specific enzymatic reaction). Such an ap-
proach provides detailed information, both qualitative
and quantitative (absolute values), about selected com-
pounds. Typically, targeted analysis refers to more tradi-
tional methods of chemical analysis and involves opti-
mized procedures for the extraction, separation and de-
tection of chosen compounds (Roberts et al., 2012).
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Metabolic flux analysis focuses on elucidating the
structure of metabolic pathways, cross-talk between
metabolic networks and studying of mass ow in meta-
bolic systems (Crown and Antoniewicz, 2013). An essen-
tial step of this approach is the introduction into bio-
logical systems (in vitro or in vivo) compounds labeled
with stable-isotopes (*°C, °H, N, *0) or radioisotopes
(14C, H). After incubation with labeled compounds,
metabolites are isolated from the biological sample, and
then compounds with incorporated tracers are analyzed.
This type of analysis is mostly based on NMR (Szyper-
ski, 1995) and MS instrumentation (Hofmann et al.,
2008; Maier et al., 2008).

To get some information about the spatial distri-
bution of metabolites within tissue, which is not provi-
ded by coupled techniques like LC-MS or GC-MS, MS
1maging (MSI) technologies are used. Imaging of small
molecules within tissue sections is an important tool in
various areas of research and includes studies on toxico-
logy and drug metabolism (Parson et al., 2012), lipido-
mics (Eberlin et al., 2010) and biomarker discovery (Ruh
etal., 2013). The most widely used approach for imaging
is MALDI. In this procedure chemical compound called
matrix is applied by spotting or spraying to the thin tis-
sue sections. Then laser is fired at the sample, which
leads to ionization of the molecules and mass spectra
generation. Scanning laser over the sample results in
many spectra, used to create image which visualizes
distribution and abundance of ions (Cornett et al., 2007).
Other MS-based methods used for imaging include: de-
sorption electrospray ionization (DESI) (Takats, 2004),
liquid extraction surface analysis (LESA) (Eikel et al.,
2011), nanostructure initiator mass spectrometry (NIMS)
(Yanes et al., 2009) and secondary ion mass spectrometry
(SIMS) (Winograd, 2005).

Conclusions

Proteomics and metabolomics together with other
“omics” approaches such as genomics and transcript-
omics are a part of systems biology concept. The aim of
systems biology is to integrate existing knowledge about
biological components of the organism, and thus gene-
rate a holistic view of the organism, with all the inter-
actions occurring between individual elements. The
ultimate goal is to formulate universal principles explai-
ning the structure, organization and functioning of a li-
ving organism (Coruzzi et al., 2009). Substantial pro-
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gress towards mass spectrometry instruments and ana-
lytical software which has been made in recent years,
improved the quality of the acquired data in proteomic
and metabolomic studies. The development of ionization
techniques and analyzers in MS enabled faster ion scan-
ning, improved sensitivity, selectivity and more efficient
fragmentation methods. Together with advancement in
separation strategies (e.g. multidimensional chromato-
graphy) more information about biological samples is
now accessible. New approaches in bioinformatics and
increase in number and quality of databases facilitate
identification of proteins and metabolites as well as their
correlation. Further integration of proteomic and meta-
bolomic data with results generated from other mole-
cular levels and phenotype observations will contribute
to explanation of the complex regulatory mechanisms of
cellular networks. The gained knowledge will help to
solve problems concerning for example impact of en-
vironmental factors on plants, influence of drug treat-
ment or molecular bases of various diseases in humans.

This publication was also supported by the Polish Ministry
of Science and Higher Education, under the KNOW program.
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