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Improvement of Peptides Identification in Proteomics with the Use of New
Analytical and Bioinformatic Strategies
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Abstract: Completion of the Human Genome Project enabled a better understanding of biological functions of organisms.
However, these studies still provide a limited insight into the cellular processes. Nowadays, a comprehensive analysis and
characterization of all expressed proteins, called proteomics, is the point of the interest. One of the important issues in
proteomics is finding of analytical and bioinformatic strategies allowing unambiguous protein identification based on the
searching of the peptide sequence databases. Some examples of bioinformatic strategies for analytical data processing
obtained with the use of separation techniques and mass spectrometry analysis are given to demonstrate their usefulness in
proteomics. First, the application of learning algorithms for the reliable evaluation of MS/MS spectra of peptides, which
were separated and processed with reversed-phase liquid chromatography-tandem mass spectrometry is discussed.
Detailed considerations of the use of artificial neural networks analysis to classify automatically peptide MS/MS spectra is
provided and analyzed in the aspect of utility of another learning algorithms. Moreover, the usefulness of predictions of
the reversed-phase liquid chromatography retention times of peptides in proteomic research is reported. In that case,
quantitative structure-retention relationships (QSRR) analysis is considered in the view of the other approaches used in
this field. Finally, the contribution of analytical information from the pI-based separation methods is considered as the
additional source of peptide database matching constraint.
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1. INTRODUCTION

The review describes some analytical and bioinformatic
aspects of proteomics – globally actual, widely discussed
subject of biological and bioanalytical interest. Nowadays,
scientists are able to determine gene expression. Genomics
gets spectacular, scientifically very significant successes.
Scientists from noncommercial, public Human Genome
Project (HGP) [1] and researchers from biotechnological
company Celera Genomics [2] introduced independently the
first identification of human genome code. However, the
studies associated with genomics being very important
scientifically seem to provide only a limited view of cellular
processes. Life and death of the cells are strongly dependent
on gene expression and activity of their products created on
the basis of genetic information – proteins. A comprehensive
analysis and characterization of all expressed proteins
(proteome) has been given the name proteomics [3]. Proteins
are the main catalysts of the biological functions and reflect
the actual, not potential, like in the case of information
comprised in genome, condition of the cell or organism in
the certain moment of time. Unfortunately, there is a poor
correlation between gene expression and protein expression.
It complicates quite significantly proteomic analysis. The
reason for that are the continuous changes in the cell on the
level of proteins and the existence of the same protein in
several forms because of, for example posttranslational
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modifications (phosphorylation, glycosylation, etc.). In fact,
the number of human genes is estimated in the range of 30-
40 thousands [1], but the number of proteins can be even 10-
20 times higher. The task to analyze all proteins complicates
additionally the existence of the broad range of
concentration, in which they can exist (6-10 orders of
magnitude), high dissimilarities in the range of their
physiological functions, the lack of the methods enabling the
replication of proteins or peptides in analogous way as in the
case of DNA replication with the use of polymerase chain
reaction (PCR), as well as variety of their biological
functions [4,5]. Proteome analysis is nowadays on the
similar development as genome analysis in 1990s. Therefore,
the further development of the new bioanalytical
technologies and continuous improvement already available
ones is necessary to obtain the level of proteome research
observed in genomics.

Despite of the typical analytical difficulties as well as in
the range of manipulations of the huge amount of
information obtaining during proteomic research, the
attempts of proteome characterization are nowadays realized
in laboratory practice. The first important analytical tool
used in proteomic research are techniques for the
fractionation and separation of proteins and peptides.
Besides, the separation process allows for the observation of
the eventual differentiation in proteome during the
comparative analysis. At last, separations of proteins enable
also the selective extraction of the appropriate protein from
the complex mixture [6,7]. Two-dimensional gel
electrophoresis is recognized as the first and still the most
popular separation technique in proteomics [8-11]. For
example that technique in combination with mass
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spectrometry enabled to determine and characterize several
human health-related proteins in: lymphoblastoids [12],
vitreous humor [13], bronchoalveolar lavage fluid [14]
cerebrospinal fluid [15]. Two-dimensional gel electro-
phoresis helped to characterize proteins in dental tissues
[16], human blood serum and plasma [17,18], and human
allergens of protein origin [19]. However, the application of
proteomic research for the evaluation of biological-medical
processes in the view of rational design of new drugs
(including orphan drugs) needs the application of separation
techniques, which enable the analysis the significant number
of samples in relatively short time. The main constrain of
two-dimensional gel electrophoresis is impossible
identification of the whole proteome with that method. Large
and hydrophobic proteins have difficulties in the movement
through the gel. Acidic and basis proteins are also poor
resolved. Proteins existing in the small concentration in
sample are usually below the limit of detection of that
technique. That limitation is probably the most significant,
because a lot of regulatory proteins, which could play
potentially important role in disease and health processes and
could be drug targets, are present in cells in very low
concentration.

2. CHROMATOGRAPHIC TECHNIQUES IN PRO-
TEOMICS

It is well known that efficient separation prior to mass
spectrometry (MS) and proper database searching greatly
facilitates identification of proteins [7]. Such high-resolution
separation techniques as two-dimensional chromatography:
ion exchange chromatography (IEC) combined with reversed
phase liquid chromatography (RPLC) [20-25], size-exclusion
chromatography (SEC) combined with RPLC [26], and
RPLC combined with capillary zone electrophoresis (CZE)
[27]) coupled to mass spectrometry, are currently under
intensive development and evaluation in proteomics.

Currently, liquid chromatography is primarily used to
separate complex mixtures of peptides and proteins whereas
mass spectrometry is the method of choice for their
identification. Liquid chromatography coupled to tandem
mass spectrometry (LC/MS/MS) is a standard equipment set
used to identify the components of protein complexes and
subcellular compartments. This technique is capable to
identify hundreds of biomolecules, like for example
identification of the components of yeast and human
ribosomes [20], or the whole yeast cells [21, 22].

Chromatographic techniques have several valuable
features in comparison to one- or two-dimensional gel
electrophoresis and can be successfully use for fractionation
and further separation of proteins and peptides. Large
capability of the columns in the modern high-performance
liquid chromatography (HPLC) is compatible with the needs
of effective preparative separations. It is possible also to
concentrate the large volumes of samples onto the column
without the dangerous waste in resolution of the individual
analytes. On the other hand, nowadays available tandem
mass spectrometers with electrospray ionization (ESI-
MS/MS) are coupled with microcapillary high-performance
liquid chromatography [28]. Miniaturization of the
chromatographic columns in the case of LC-ESI-MS/MS

enables to increase selectivity and effectiveness of the
separation of complex mixtures. It is caused by decreasing of
the column dimension and lower flow rate of the mobile
phase, what proportionally increase resolving power of the
column. At flow rates of the mobile phase at the range of
nL/min also effectiveness of the electrospray in ESI-MS/MS
is increased, what generates additional increasing in
sensitivity. Hence, using micro- or nanocapillary high-
performance liquid chromatography coupled to ESI mass
spectrometry the whole analysis of the sample with peptides
is dramatically increased, including better effectiveness in
resolution, recovery, ionization and detection limit [29].

The characterization of the whole set of proteins in the
appropriate cell or tissue in the certain moment of time at the
specific physiological or pathophysiological conditions is the
main goal of the proteomic experiment. For that case the
researchers first try to separate proteins, then they are treated
with the appropriate proteolytic enzyme (e.g. trypsin), what
provides the generation of peptides. Usually proteins can be
digested according to a standard protocol. Briefly,
appropriate amount of protein or proteins is denatured in a
solution containing 7 M urea, 50 mM Tris and 3 mM
dithiothreitol at 60°C for 60 min. After denaturation, the
mixture is allowed to cool and iodoacetamide is added to a
final concentration of 15 mM, and placed in the dark for 30
min at room temperature. After dilution with 50 mM
ammonium bicarbonate until urea concentration is below
1M, trypsin is added at an enzyme:protein ratio of 1:50
(w/w). Then incubation at 37°C is performed overnight.
Peptides can be then analyzed immediately with the use of
mass spectrometry or further separated before the final
identification on the basis of mass spectra (Fig. 1).

Proteolytic digestion with the use of trypsin generates the
existence of about 50 peptides from one protein. It means
that the final sample with all possible proteins from for
example the cells of baker’s yeast (Saccharomyces
cerevisiae) with expected on the basis of genome about 6000
proteins can comprise of at least about 300 thousands of
peptides. However, even the best single chromatographic
separation system is not able to separate such a complex
sample completely satisfactory. Therefore, one can meet
nowadays the complex chromatographic systems, in which
the separation system is based on different physicochemical
properties of analytes. It enables finally to obtain the
appropriate separation prior to the identification analysis [4].
For example, one can utilize ion-exchange chromatography,
which reflects the first dimension in two-dimensional gel
electrophoresis with the separation based on the differences
between the charges on the analyte molecules, and reversed-
phase chromatography, which reflects the second dimension
and the separation is based on differences in hydrophobicity
of the analytes (Fig. 2).

In that way, multidimensional liquid chromatography
was created, which coupled to compatible ESI-MS/MS or
matrix-assisted laser desorption ionisation time-of-flight
mass spectrometry (MALDI-TOF-MS) is nowadays the most
often used tool in proteomic research [20-27,30,31].

Several kinds of multidimensional liquid chromatography
can be distinguished now. Special attention could be taken
on [6]: i) multidimensional liquid chromatography with
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fraction collection, ii) multidimensional liquid
chromatography with one column comprising two different
stationary phases, iii) multidimensional liquid
chromatography with column switching. The first method
was used for example to determine proteins in yeast cells
(Saccharomyces cerevisiae). Proteins were labeled with
ICAT reagent (isotope-coded affinity tags). Three-
dimensional chromatography was used finally to separate
generated protein digest. First, peptides were fractionated on
cation-exchange column. Next, isolation of the labeled
peptides was performed with affinity column. Prior to
identification with the use of mass spectrometry peptides
were separated with reversed-phase column [30, 31].
Multidimensional liquid chromatography with one column
comprising two different stationary phases is called as
MudPIT (multidimensional protein identification
technology) [20, 21]. In that technology, there is strong
cation-exchange stationary phase prior to reversed-phase
stationary phase packed in one column. Chromatography
system is combined directly to mass spectrometry. With the
use of that technology 1484 [21] and 1504 [22] proteins of
Saccharomyces cerevisiae were detected and identified.

Column switching with the use of novel silica-based
restricted access materials (RAM) with ion-exchange
functionalities in the first dimension and reversed-phase
column in the second dimension was used to protein
mapping of biological samples of human hemofiltrate as well
as of cell lysates originating from a human fetal fibroblast
cell line [23].

Mass spectrometry in the last 20 years reached very high
level of scientific and technological development and is now
very sensitive and reliable tool for the analysis of
biomolecules. That technique is very useful in proteomics
because of the possibility to perform some very important
analyses. First of all, thanks to mass spectrometry it is
possible to achieve very accurate measurements of molecular
mass for peptides and proteins. Mass spectrometry is
nowadays the best method for molecular mass measurement
of proteins and peptides besides the methods based on the
migration of biomolecules in polyacrylamide gels in gel
electrophoresis. However, even the most accurate
measurements of molecular mass value of the certain protein
or peptide with the use of MS spectrum has the limited

Fig. (1). General analytical strategies in proteomics based on the fractionation and separation techniques, mass spectrometry and
bioinformatic data processing.
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application (especially considering very complex mixtures of
proteins, which are of proteomics interest), because it can be
insufficient for unambiguous identification of the protein or
peptide. On the other hand, mass spectrometry can be also
useful in sequence analysis of peptides applying MS/MS
mass spectra. Analysis with the use of MS/MS spectra
enables to identify the certain peptide on the basis of their

amino acid sequence, what provides the higher probability of
the identification of the origin protein [32,33].

2.1. Artificial Neural Networks in Proteomic Research

An important issue in proteomics is finding algorithms
allowing unambiguous protein identification based on the
searching of a sequence database using mass spectrometry
data. Peptides of various molecular mass from enzymatic
digestion of a protein are compared to the experimental data
in the so-called peptide mass fingerprinting approach [34]. In
another case, MS/MS data of one or more peptides are used
to confirm the protein identification in the so-called MS/MS
ions search approach. The experimental data are compared
with the calculated peptide mass or fragment ion mass values
in a sequence database and then corresponding mass values
are counted or scored in a way that the peptide or protein to
be identified matches best the data from the database [34].

One of the most widely used program in proteomics for
identification of proteins is a correlation algorithm Sequest.
It was developed in 1994 by Yates and co-workers [35-37].
The basis of the Sequest is the assumption that amino acid
sequences of peptides can be inferred from tandem mass
spectra. The Sequest algorithm automates inferring process
by enumerating candidates from the database that match the
observed peptide’s mass. The sequences are quickly checked
against the spectrum by a preliminary scoring algorithm and
first nonmatches are removed. A more extensive cross-
correlation scoring algorithm is switched then and evaluates
the sequence-derived theoretical spectra. It compares them
against the observed spectrum, and the sequences are ranked
on the basis of such scoring.

Output information in the Sequest program is generated
for peptides noted in the given database for which theoretical
spectra match well the given experimental spectrum [35-37].
The generated collection of the statistics helps to classify
each match. The difference between normalized cross-
correlation functions for the first and second ranked results
(∆Cn) is used to indicate a correctly selected peptide
sequence. The cross-correlation score between the observed
peptide fragment mass spectrum and the theoretically
predicted one (Xcorr), the preliminary score based on the
number of ions in the MS/MS spectrum that match the
experimental data (Sp), the rank of the particular match
during the preliminary scoring (RSp) and the ions value (I)
describing how many of the detected (observed) ions match
the theoretical ions for the peptide are then listed. The final
Sequest analysis is normally followed by additional manual
interpretation of the MS/MS spectra.

For additional evaluating of the Sequest database search
results Anderson et al. [38] created learning algorithm called
the support vector machine (SVM). SVM was designed to
distinguish between the correctly and incorrectly identified
peptides based on recognition of subtle patterns in a complex
data set. Using appropriate training set for MS/MS data, the
SVM analysis allowed a better match between these MS/MS
data and the theoretical peptide sequences. Manual
examination of spectra of peptides with low SVM-calculated
scores was still recommended to identify the noisy or poorly
fragmenting spectra that might compromise peptide
identification. To circumvent or reduce manual interpretation

Fig. (2). Schematic representation of two-dimensional liquid
chromatography: a) valves in position for loading of the sample
onto the cation-exchange column; b) valves in position for
deposition of the sample from reversed-phase precolumn after the
separation in stage 1 onto the reversed-phase column (stage 2).
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in that aspect, artificial neural network (ANN) analysis has
been also recently proposed [39].

The ANN analysis is a method of data analysis which is
supposed to reflect the work of human brain [40,41]. In
chemistry and related fields of research the interest in neural
network computing has been noted since 1986 [42-58]. ANN
is a compact group of connected, ordered layers, which are
able to process information. There are three kinds of layers
in ANN: input layer, one or more hidden layers and output
layer. Elements of the network are the elementary units
called artificial neurons. These elements are connected with
each other with a different connection strength. The
connections are called synaptic weights. In weights the
whole information on the network is encoded. Those weights
are in fact the numbers, which determine the strength of the
stimuli coming to the neurons. The most important feature of
ANN, which determines the specificity of that computational
method, is the process of learning. Learning of the networks
is realized by the changes of the values for all synaptic
weights with the use of a specific algorithm. The most
commonly used learning algorithm is the so-called back-
propagation training algorithm. In the process of learning
with that algorithm the network uses the error between the
current and the desirable output to improve the values of
synaptic weights [39-41].

To prove the ability of ANN to reduce manual
interpretation of MS/MS spectra a tryptic digest of proteins
from yeast extract was analyzed by LC-ESI-MS/MS [39].

Each individual peptide was characterized by several
features (Table 1): the observed data (peptide molecular
mass, MW, and peptide charge, CH), the Sequest program-
calculated statistics data (Xcorr, ∆Cn, Sp, RSp and I) and the
parameters calculated for individual peptides based on their
structural formulas: isoelectric point value (pI), the change in
protein charge with pH at the pI (dz/dpH), and
hydrophobicity (H).

It was tested whether the trained and validated ANNs
exhibit high enough sensitivity and specificity regarding an
accurate, high-throughput assignment of the Sequest data in
accordance with their manual interpretation. It has been
demonstrated that ANNs were capable to process efficiently
large sets of data generated during the analysis of complex
mixtures of proteins. The ANN constructed in that study
predicted in a reliable manner whether the MS/MS spectrum
for considered peptide was “good” or “bad” thus replacing
the need of manual interpretation of huge amounts of
MS/MS spectra typically considered in proteomics.

2.2. Predictions of HPLC Peptides’ Retention

Chromatographic retention time can be considered as a
chemical structure dependent parameter, which is constant
for a given separation conditions (mobile phase composition,
stationary phase, temperature, pH). Therefore, prediction of
the retention time for a given peptide structure combined
with MS/MS data could be helpful for improving the
confidence of peptide identifications and increasing the

Table 1. Exemplary data describing peptides used during ANN analysis [39].

Amino acid sequence pI dz/dpH H MW CH Xcorr ∆Cn Sp RSp I
"Good"
/"Bad"

1/0

-.MAKDLLPKQAANEPSLK.D 8.2 -0.2353 43.10 1855.19 2 1.73 0.30 124.3 19 0.34 0

-.MASNAARVVATAKDFDK.V 8.3 -0.1936 40.30 1796.04 2 1.92 0.69 137.4 17 0.31 1

-.MDFYTTDINKNVVPLFSK.G 5.7 -0.2192 21.00 2133.45 2 1.76 0.70 301.0 2 0.35 0

-.MEQINSNSRK.K 8.5 -0.1378 44.20 1207.34 2 2.26 0.33 994.4 2 0.67 1

-.MFNCLTKLVILVCLKYVAK.A 10.3 -1.5358 -34.90 2314.89 2 1.56 0.71 92.7 25 0.19 1

-.MGSISRYLLK.K 11.0 -0.3808 1.80 1168.44 2 2.00 0.24 193.2 23 0.44 1

-.MSDDDYMNSDDDNDAEKR.Y 3.7 -4.3706 104.60 2137.12 2 1.66 0.66 144.5 21 0.26 1

R.GNPTVEVELTTEK.G 4.2 -1.9601 52.80 1417.54 1 2.49 0.53 180.6 1 0.38 0

K.AADALLLKVNQIGTLSESIK.A 6.11 -0.1463 23.70 2085.43 3 3.82 0.40 959.4 1 0.39 1

-.MYNPVDAVLTK.I 5.6 -0.1665 1.40 1251.48 2 1.50 0.15 112.3 88 0.35 1

-.TQFTDIDKLAVSTIR.I 5.6 -0.2653 14.00 1708.94 3 3.58 0.54 549.0 1 0.50 1
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number of correct identifications. There are observed
attempts to use information from liquid chromatography
during proteomic analysis [59,60]. For that case the amino
acid composition of peptides was taken into account. A
number of reports have already been published [61-68] in
which chromatographic behavior of peptides in reversed-
phase liquid chromatography was considered. First, in the
paper by Meek [61] the derivation of specific values
(“retention coefficients”) that represent the contribution to
retention of each of the common amino acids and end groups
was demonstrated. “Retention coefficients” were derived
directly from HPLC data for all amino acids and end groups.
Consequently, the retention time of a peptide were predicted
from the sum of “retention coefficients” for each amino acid
and end group. Similar strategy, but with different numbers
of “retention coefficients” was presented by Browne et al.
[62], Casal et al. [63], Guo et al. [64,65]. Mant et al. [66]
considered also the polypeptide chain length as the

additional descriptor along with the contribution of amino
acids into the retention of peptides. Additionally, the
influence of different amino acid sequence on peptide
retention was studied by Houghten and DeGraw [67]. On the
other hand, Zhou et al.  [68] observed also the presence of a
preferred binding domain in an amphipathic α-helical
peptide as producing greater retention than might be
predicted based on amino acid composition.

In the case of proteomic research, Palmblad et al. [59,60]
reported prediction of retention times for tryptic peptides.
Those predictions were based again on the idea of “retention
coefficients”. The applied algorithm was tested within the
use of tryptic digests of well characterized proteins. Its
accuracy was established on the basis of the differences
between predicted and experimental retention of peptides
identified by mass spectrometry. The most important is that
the accuracy of predictions was promising to distinguish
between true and false protein matches.

The approach based on ANNs has been proposed also for
the prediction of peptide elution times by Petritis et al. [41].
Predictive capability of ANN was tested by using large sets
of confidently identified peptides of proteomes of two
microorganisms. The predicted retention time were
demonstrated as useful tool to increase the confidence of
peptide identifications. The development of the initial ANN
model was based again on the assumption that peptide
elution times depends just on amino acid compositions.

Those all above described approaches were based on
simple, additive, amino-acid-composition-of-peptide-based
relationships. Another approach for the prediction of HPLC
retention times of peptides was proposed lately [69] and was
based on quantitative structure-retention relationships
(QSRR) [42,70]. QSRR are statistically derived relationships
between the chromatographic parameters and descriptors
characterizing molecular structure of analytes, here peptides.

QSRR was derived allowing prediction of reversed-phase
HPLC retention of peptides [69]. To quantitatively
characterize the structure of a peptide, and to predict its
gradient retention time the following descriptors were
employed: logarithm of the sum of retention times of the
amino acids composing the peptide, log SumAA, logarithm of
Van der Waals volume of the peptide, log VDWVol, and
logarithm of its calculated n-octanol-water partition
coefficient, clog P:

where: n is the number of peptides used in the studies, R is
multiple correlation coefficient, F is the value of the F-test of
significance, s is standard error of estimate, and p is the
significance level of the equation or the individual terms of
the equation.

The first descriptor, log SumAA, was based on a set of
empirical data for 20 natural amino acids. The next two
descriptors, log VDWVol and clog P were calculated from a
structural formula with the use of molecular modeling
methods. The predicted gradient retention times were in
good agreement with the experimental data, determined for a
structurally diversified series of 101 peptides (Fig. 3).

2.3. Data Processing in pI-Based Separation Methods

Today, the most widely used strategy for analyzing
complex protein mixtures is two-dimensional gel
electrophoresis [12-19,71-74]. Fractionation of proteins in
the first dimension is based on the isoelectric point value of
the protein and in the second dimension - on the molecular
mass value of the protein. Isoelectric focusing (IEF) is an
electrophoretic method that separates proteins and peptides
according to their isoelectric points (pI). Proteins and
peptides are amphoteric molecules and they carry either
positive, negative, or zero net charge, depending on the
surrounding pH. The net charge of a protein is the sum of all
the negative and positive charges of its amino acid side
chains and amino- and carboxyl-termini. The isoelectric
point is the specific pH at which the net charge of the protein

tR = 8.02 (± 2.04) + 14.86 (± 0.93) log SumAA – 5.77 (± 1.16) log VDWVol +

p = 1x10-4 p = 6x10-29 p = 3x10-6

+ 0.28 (± 0.06) clog P (Eq. 1)

                                   p = 3x10-6

n = 101; R = 0.963; F = 411; s = 0.97; p < 5x10-55
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or the peptide is zero. The pI value is one of the most
significant characteristics of proteins and peptides. Being a
very valuable physicochemical structural descriptor in
proteomics it can be used as the additional constraint during
the identification process of proteins [75,76].

Preparative isoelectric focusing analogously to the first
step in 2D-PAGE, can be performed not only on an
immobilized pH gradient (IPG) strip or in a tube gel, but also
in solution. pH gradient in this method is created with the
certain immobiline mixture immobilized into polyacrylamide
gel or with the use of ampholytes in the certain pH range
[75]. When voltage is applied across the focusing cell stable
pH gradient is generated. It makes the possibility to separate

the proteins or peptides according to their isoelectric point.
However, in the case of proteins, some of them demonstrate
a tendency to aggregate and precipitate during focusing [4].
pI-based separations for proteome analysis have been
employed several times for the fractionation of proteins. In
that case Rotofor [77], multicompartment electrolyzer [78],
microscale solution isoelectrofocusing device (µsol-IEF)
[79], off-gel isoelectric focusing [80] or multicompartment
electrolyzer with polyacrylamide gel beads [81] were used.
Another pI-based method – chromatofocusing – has been
used as well [82]. However, again for fractionation of
proteins. On the other hand, the physical and chemical
properties of peptides, derived from enzymatic digestion, are
less diverse than those of the original proteins. Most peptides
resulting from enzymatic digestion are readily soluble in
water or water/organic mixtures. Despite of a wide use of
isoelectric focusing-based methods for protein fractionation,
reports on the separation of peptides are rather limited. They
include the utility of either capillary isoelectic focusing
(cIEF) [83,84] or in-solution isoelectic focusing (sIEF)
[75,76,85]. New HPLC strategies, e.g., gradient HPLC [86]
could have also a potential value for separation of peptides.
Also in that set of proteomic strategies two-dimensional
separation system comprising for example sIEF and RPLC
can be considered [75,76].

sIEF method was proposed as the useful alternative
fractionation method of protein digests [75]. It was
considered as the first dimension for 2-D proteomics
separations. It was demonstrated for the fractionation of BSA
digest and mixture of five proteins digest. Additionally, sIEF
in combination with ZipTip fractionation was used as an
easy-to-use and analytically efficient extension of sIEF used
previously alone. ZipTip pipette tips for sample preparation
(Millipore, Billerica, MA) contains 10 µL of C18 resign
fixed at their tip. They allow to desalt and concentrate
peptides during step-fractionation of complex peptide
mixture. sIEF in combination with ZipTip fractionation were
proved to be useful for five proteins mixture with the

Fig. (3). Correlation between the calculated by QSRR and the
experimental retention times for a set of 101 peptides studied [69].

Table 2. Results of identification of tryptic digest of five proteins mixed in the same concentrations based on MS/MS spectra and
Mascot database searching [75].

Separation system Protein identified Peptides identified  (Sequence coverage)

MALDI-TOF/TOF-MS

Ovalbumin
β-Lactoglobulin

β-Casein
Myoglobin

2 (8%)
2 (11%)
2 (6%)

1 (13%)

SIEF
+MALDI-TOF/TOF-MS

Ovalbumin
β-Lactoglobulin

β-Casein
Myoglobin

4 (14%)
3 (26%)
2 (12%)
9 (63%)

SIEF
+ZipTips

+MALDI-TOF/TOF-MS

BSA
Ovalbumin

β-Lactoglobulin
β-Casein

Myoglobin

2 (3%)
4 (13%)
6 (33%)
2 (19%)

13 (75%)
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concentration of proteins in the same order of magnitude
(Table 2). That strategy marked also in the case of five
proteins mixtures differing in the range of the concentration
in four orders of magnitude. The sIEF method can be also
considered as the additional source of database matching
constraint used in the evaluation process of proteomics data.
Using pI values calculated for identified peptides validity of
the database searching, could be additionally checked on the
basis of the occurrence of peptides in the appropriate
fractions in the sIEF device.

Another example of the utility of in-solution isoelectic
focusing (sIEF) combined with reversed-phase liquid
chromatography (RPLC) was proposed [76]. Fractionation of
Saccharomyces cerevisiae protein digest was performed with
that two-dimensional separation approach. sIEF fractionation
combined with reversed-phase nanocapillary liquid
chromatography enabled the evaluation of yeast proteome.
Based on the MS/MS results obtained with ESI-MS/MS
instrument, 851 proteins were identified. However, after

bioinformatic analysis of the 2D-separation and mass
spectrometry data, reduction in number of proteins to 126
was obtained (Table 3). The whole approach was proposed
also as the additional source of database matching constraint
used in the evaluation process of proteomics data. Using pI
values calculated for identified peptides the validity of the
database searching was again checked on the basis of the
occurrence of peptides in the appropriate sIEF fractions.

CONCLUSIONS

Taking into account that proteomics seems to be one of
the main area of the future life sciences, anyone can not
forget about the potential of genomics, transcriptomics,
metabolomics and other modern research strategies. Hence,
the whole knowledge about the life has a chance to be soon
one large area of research called as biomics or systeomics
(Fig. 4).

Table 3. Number of proteins identified with the use of different constraints [76].

No. Constraint used No. of identified proteins

1.
Tryptic peptide with: Xcorrs > 2.0 (singly charged), Xcorrs > 1.5 (doubly

charged), Xcorrs > 3.3 (triple charged), ∆Cn > 0.08
851

2. As 1. and after manual interpretation of MS/MS spectra 542

3. As 2. and after using of sIEF-based pI constraint 187

4. As 2. but 1. using without any enzyme fixed 188

5. As 3. but 1. using without any enzyme fixed 126

Fig. (4). Systeomics (biomics) and other new biological-chemical research strategies.
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The success of that area will depend strongly on the
ability to design and use of new analytical and bioinformatic
strategies, which will enable to study in the fast, efficient and
accurate manner the huge amount and type of the activity of
thousands of biomolecules existing in organisms.
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