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Abstract

The discovery of candidate biomarkers from biological materials coupled with the development of detection methods holds both incredible
clinical potential as well as significant challenges. However, the proteomic techniques still provide the low dynamic range of protein detection at
lower abundances. This review describes the current development of potential methods to enhance the detection and quantification in proteome
studies. It also includes the bioinformatics tools that are helpfully used for data mining of protein ontology. Therefore, we believe that this review
provided many proteomic approaches, which would be very potent and useful for proteome studies and for further diagnostic and therapeutic
applications.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Proteomics defined in its most broad terms is the under-
standing of the protein expressed from biological compartments
such as cell, tissue, or organisms in term of identification, quan-
tify, post-translational modification, protein—protein interaction,
sub-cellular localization activities and their biological functions.
The complexity of any proteome makes all proteome analysis
technically challenging. For example, human serum and plasma
proteomes are estimated to be composed of more than 10,000
different proteins at a dynamic range of protein concentration,
and most of which would be present at very low relative abun-
dances [1,2]. Interestingly, proteomics is entering into the field
of biomedicine with declared hopes for the identification of new
pathological markers and therapeutic targets [3]. Determina-
tion of proteins in either small or large cells requires methods
for separation of protein mixtures into their individual compo-
nents. Currently, proteomic approaches based on the analysis of
protein pattern have emerged that may provide a more effec-
tive evaluated profiling protein for diagnostic purposes, such
as two-dimensional polyacrylamide gel electrophoresis (2DE)
[4], surface-enhanced laser desorption ionization (SELDI) [5],
matrix-assisted laser desorption ionization (MALDI) [6], liquid
chromatography (LC) [7], capillary electrophoresis (CE) [8],
followed by computational image analysis and protein iden-
tification using mass spectrometry [9]. The use of combined
proteomic techniques for protein identification is a powerful
approach that can give a better understanding about the mech-
anism of disease in which proteins play major role [10,11].
Although many powerful techniques for protein separation are
used, there are some common problems and limitations in pro-
teomic analysis. Herein, the purpose of this review is to describe
the proper way to reduce the limitations in proteome studies
by improving the appropriate sample preparation method for
obtaining the good result and to enhance the detectability and
quantification in proteomic research for optimizing the high
throughput methodology. We believe that this review may pro-
vide a useful guideline and introduce some potent approaches for
proteome studies and for the diagnostic and therapeutic appli-
cations.

2. Limitation and essential factors of proteomic analysis

Although the proteomic approach using various analytical
techniques has been successfully used for protein expression
analysis, screening, identification and characterization of pro-
tein, some techniques have certain limitations and need to
consider the essential factors for solving these problems. Com-
position of the proteome and analytical methods are the most
of limitations in the proteomic analysis. In fact, each sample
contains the vast diversity of proteins, which show different

characteristics and complexation. The sample preparation is the
most important factor in the first step of proteomic analysis, in
which each sample preparation method can differentially capture
the entire proteome for a given biological system. Reliable and
effective methods of sample preparation and fractionation pro-
cess are the keys to the success of proteomic research. Ineffective
steps can lead to loss of valuable samples, time and cost. How-
ever, the sample preparation methods can be affected by some
essential factors, such as sample extraction, protein solubiliza-
tion, protease inhibitors, protein concentration, and non-protein
contamination.

On the other hand, the limitations of the analytical methods
are the detection and the quantification of the proteins. Due to
the difficulty in detection of low abundant proteins in biolog-
ical materials, proteomics is simultaneously trying to increase
the low quantity of the low abundant proteins to allow an effi-
cient detection, and to apply the proper analytical methods to
visualize all proteins of a mixture. So, the quantity of low abun-
dant proteins in sample is one of essential factors that occur in
low abundance levels and cannot be readily detected during the
analysis of total proteins. In addition, some techniques of pro-
teomic analysis show the problems of reproducibility, sensitivity
and accuracy. For example, 2DE mostly shows the problems of
non-reproducibility, poor resolution of separation, and hardly
detection of low abundant proteins [12]. Mass spectrometry
(MS) has different kinds of analysis platform, which based on
physicochemical principles, and also provided the MS results
with different separation and accuracy upon machinery use [13].
Therefore, those of techniques are also dependent on sample
property, sample preparation, and proper use of techniques [14].

3. Sample preparation
3.1. General sample preparation methods

Due to the vast diversity of sample components, the sample
preparation is absolutely essential in many successful exper-
iments and is the most important factor in the first step of
proteomic analysis because the biological materials contain
either protein of interest or other interfering substances, such as
salts, small ionic molecules, ionic detergent, charged molecules,
lipid, and non-protein components, and the protein of interest
must be isolated by the proper preparation method. Those sub-
stances in the sample may lead to difficulty in protein separation
and also disturb the detection and identification in proteome
studies, so sample preparation is necessary to deplete or entirely
remove the interfering substances in the biological samples prior
to analysis. Depending on the type of sample, there are vari-
ous ways to prepare protein sample for further analysis. The
general sample preparation methods of greatest interest in pro-
teomics study are prefractionation and enrichment of protein
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prior to further protein separation by preparative electrophoresis
or chromatography [15]. The basic methods, including precipi-
tations, dialysis, ultrafiltration and gel filtration, can employ to
concentrate the sample and to separate the proteins from poten-
tially interfering substances. Precipitation methods, relying on
different chemical principles, can be performed by ammonium
sulfate precipitation, trichloroacetic acid (TCA) precipitation,
TCA in acetone precipitation, ethanol precipitation, and ace-
tone precipitation [16]. Although many protein precipitation
methods have the advantages for concentrating and eliminat-
ing interferences, they also have the disadvantages of protein
irreversible denaturation and protein insolubilization. Dialysis
is an old established procedure for reducing the salt concentra-
tion in samples and its separation based on principles of diffusion
that allows the low molecular weight contaminant removal from
sample solutions. Using dialysis method can reduce the max-
imal interfering substances, but it may have lost the protein
in sample, get the high volume of interchanged buffer, need
to be concentrated and spend more time than other desalting
techniques [17]. In the meanwhile, ultrafiltration can remove

high molecular weight polysaccharides and salts with a short
time and avoid precipitation [18,19]. Although the removal of
low molecular weight proteins or interferences can concentrate
the protein concentration, but some of high molecular weight
interferences are also concentrated that is the disadvantage of
this technique. Therefore, each sample preparation method has
advantage and disadvantage upon the sample composition and
the proper preparation method used.

3.2. Advanced preparation methods

3.2.1. Enrichment of low abundant proteins

The effort of disease biomarker discovery in biological sam-
ples generally observes in the extraordinary range of high
abundant proteins while the low abundant proteins cannot be
readily detected during the analysis of total proteins. The pres-
ence of high abundant proteins reasonably obscures the amount
of low abundant proteins that may act as disease biomarkers
[20]. Due to diverse characteristics of biological samples, the
optimization of the protein preparation method can reduce the
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Fig. 1. 2DE protein profiles of whole serum proteins and depleted high abundant proteins in normal serum sample. Four high-abundant proteins, namely alpha
1-antitrypsin, IgA transferrin, and haptoglobin, were depleted by immunoprecipitation against theirs antibodies and albumin and IgG proteins were subsequently
depleted by removal kit. Labels: (A) untreated neat serum; (B) six abundant proteins depleted normal human serum; (C) bound proteins.
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complexity of protein samples and would be a fundamental first
step in the proteomic analysis. There are many reports about the
removal of high abundant proteins that enrich the low abundant
proteins and enable to increase the quantity of protein iden-
tification [21-23]. In the case of human blood proteome, the
bulk of the serum and plasma comprised of several proteins and
their isoforms, in which the protein content of human blood
is dominated by the high abundant proteins, such as albumin,
transferrin, haptoglobulin, immunoglobulins and lipoproteins.
The presence of high amounts of these proteins creates techni-
cal difficulties for identifying minor components. Particularly,
albumin and immunoglobulin (Ig) are the carrier or transporter
proteins that bind with other important entities in blood, and con-
sequently albumin or Ig depleting from serum or plasma samples
risk loosing the proteins of other constituent important species
[24,25]. However, the important points for protein separation
are expected in term of high binding and specificity, minimal
disruption to native condition of samples, simple procedure and
reproducible results.

Currently, the detection of specific low abundant protein has
been studied to increase the dynamic concentration range avail-
able for the identification and characterization of serum proteins
by employing commercial removal kits coupled with immuno-
precipitaion technique in different types of antibodies. In our
study, we used the immunoprecipitaion method to specifically
remove four high abundant proteins, such as alpha-1 antitrypsin,
immunoglobulin A (IgA), tranferrin, haptoglobin and followed
by depletion of albumin and IgG by using removal kit. The
combination of removal techniques enabled the enrichment of
low abundant proteins and reached a loading sufficient to detect
trace proteins, whereas many proteins were less abundant or
undetectable (Fig. 1). Moreover, we also removed the high abun-
dant proteins of albumin and IgG in hepatocellular carcinoma
(HCC) serum samples before and after tumor resection in order
to investigate the low abundant protein markers in HCC serum.
The 2D gel patterns of depleted serum samples showed the
significant increase in intensity of protein spot and the differ-
entially expressed proteins among two samples of HCC serum
(Fig. 2). The usefulness of depletion strategy for proteomic
application is to significantly enhance the detection of protein
resolved by proteomic analysis, and to compare the low abundant
protein patterns between serum samples before and after subtrac-
tion. In addition, an immobilized metal affinity chromatography
(IMAC) is a separation technique that uses covalently bound
chelating compounds on solid chromatographic supports to
entrap metal ions, which serve as affinity ligands for various pro-
teins or peptides, making use of coordinative binding of some
amino acid residues exposed on the surface [26]. Initially, IMAC
was generally used for separating proteins and peptides with nat-
urally present, exposed histidine residues, which are primarily
responsible for binding to immobilized metal ions, and is also
particularly suitable for isolating the protein target from complex
extracts and biofluids. This technique has not only proven to be
one of the most effective approaches, which is one way of reduc-
ing sample complexity to further enrich the target proteins, but
also used for isolating and selective enriching the phosphopro-
teins or phosphopeptides from complex mixture proteins [27].

However, the complete removal of such proteins, which will
trap with other proteins and lost proteins, should be considered.
On the other hand, an alternative enrichment approach of low
abundant proteins is the gel filtration chromatography that sep-
arates the proteins based on size exclusion. This technique was
used to separate the high and low molecular weight urinary pro-
teins from the urine sample mixtures and the result showed a
good separation of proteins (Fig. 3). It also provided several sig-
nificant advantages to selective fractionation of proteins upon
molecular weight and to reduce the complexity of the protein
mixtures.

3.2.2. Removal of carbohydrate moiety

Proteins from natural sources often retain carbohydrate
chains which are connected by either O- or N-glycosidic link-
ages to proteins and these modifications play a critical role in
the biological system and in disease progression [28]. In gen-
eral, the N-glycosidic linkage is through the amide group of
asparagines while the O-glycosidic linkage is to the hydroxyl of
serine or threonine. More than half of total proteins in the human
blood serum have carbohydrate molecules, know as O-linked
and N-linked glycoproteins [29,30]. Moreover, deglycosylation
of glycoproteins can be achieved by either enzymatic or chemi-
cal method that can reduce the complexity of proteome samples
by glycosylation [28]. Enzymatic methods include the use of a
variety of endoglycosidase (peptide N-glycosidase F) and endo-
alpha-N acetylgalactosaminidase (O-glycosidase) enzymes able
to release glycans from glycoprotein. The successful enzymatic
method is dependent on the substrate specificity of enzyme and
the choice of hydrolytic condition. Otherwise, chemical methods
for deglycosylating glycoprotiens with anhydrous hydrazine,
trifluoromethanesulphonic acid (TFMS) and anhydrous hydro-
gen fluoride (HF) effectively remove peripheral sugars from
the oligosaccharide side chains of glycoproteins [31-33]. In
addition, an alternative procedure for deglycosylation using
hydrogen fluoride (HF) has been employed with removal of car-
bohydrates or polysaccharides from glycoprotein. In our study,
we also used the HF anhydrous to deglycosylate the glycan
groups of glycoproteins in normal human serum for studying
the effect of chemical deglycosylation method on reduction of
sample complexity by removal of carbohydrate moieties that
possess the post-translational modifications, known as N- and
O-linked glycosylations. The results showed the different pro-
tein patterns of deglycosylated serum proteome with distinctly
shifting molecular weights and pl values of proteins (Fig. 4).
Removing all oligosaccharides that attached to proteins by HF
deglycosylation method may be applied to analyze the protein
markers in human disease serum, which contain in the complex-
ity of glycoproteome samples.

3.2.3. Sequential preparation methods

Challenges associated with the efficient and effective sam-
ple preparation methods are crucial to achieving good protein
recovery and enable quantitative proteomic measurements due
to a common problem is that a variety of biological sources
and lack of standardization of influence of sample processing
to minimize sample losses. The decision to employ a sample
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preparation method depends on the type of sample and the exper-
imental design. The basic methods of sample preparation, such
as dialysis, ultrafiltration, lyophilization and protein precipita-
tion, used for protein concentration and separation of diverse
small molecules, can provide the different quality of proteomics

results. Each preparation method has advantages and disad-
vantages in the same time. However, some samples cannot be
prepared in once step and are probably required by an alternative
method for protein concentration and/or desalting more than one
step, in order to get the high quality of sample.
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Fig. 3. Separation of high abundant urinary proteins by FPLC analysis using
Superose 6 gel filtration chromatography. (A) FPLC chromatogram of urinary
proteins flowed through size exclusion chromatography (SEC) using Superose
6 prep grade gel, column size of 1 cm x 30 cm, 50 mM Tris-HCl buffer pH 7.5
containing 50 mM NaCl and 0.025% NaN3, flow rate of 0.3 mL/min, UV280 nm.
(B) SDS-PAGE gel stained with SYPRO Ruby staining to analyzed each fraction
(indicate by circle) eluted from FPLC column. The samples in the different lanes
represent: standard protein markers (lane 1, M), total urinary protein (lane 2, U),
eluted fraction no. 5, 6, 7, and 8 from Superose 6 column (lane 3, F5; lane 4,
F6; lane 5, F7; lane 6, F 8), respectively.

In the presence, the combination of sample preparation meth-
ods is helpfully used to isolate the high amount of proteins in
the mixture of biological samples. For example, the human urine
samples contain a high amount of interferences, such as salts,
metabolic wastes, small molecules and a few of proteins, which
give the difficulty to separate the proteins. So, the removal of
interferences in human urine samples is very important and
needs to do as the first priority and follow by other preparation
methods to remove the remaining interferences and to enrich
the protein concentration. In our study, the urine samples were
passed first through a gel filtration column to remove high salts
and subsequently concentrated by ultrafiltration or four precipi-
tation methods [34]. The results of 2DE showed more distinctly
different protein patterns and the sequential preparation of uri-
nary proteins by gel filtration and ultrafiltration could retain
most urinary proteins which demonstrated the highest protein
spots on 2D gels and able to identify preliminary protein mark-
ers related to cancer (Fig. 5). After protein identification by
MALDI-Q-TOF analysis, GM2 activator protein (GM2AP) is
one of most interesting proteins that showed high expression
level in lung cancer urine sample, and acted as an essential cofac-

tor for hydrolyzation of terminal 3-hexaminidase A (Hex A).
Although sequential preparation of urine samples by gel filtra-
tion and protein precipitation methods resulted in low amounts
of protein spots on 2D gels, the high molecular weight pro-
teins were easily detected. Therefore, the sequential preparation
methods are alternative choices for urinary sample preparation
for studying the urinary proteome and identifying protein mark-
ers important for further preclinical diagnostic and therapeutic
applications.

4. Proteomic analysis
4.1. Protein separations

4.1.1. General protein separation: chromatography and
electrophoresis

Chromatography and electrophoresis have been used for cen-
turies as a means of protein separation. Due to many diverse
properties of samples, many techniques have been developed
taking advantage of differences in chemistry, biology, size,
shape, charge, hydrophobicity and biochemistry of the molecu-
lar to separate the molecular forms found in biological samples
[35]. Chromatography is usually used to separate different com-
pounds in a mixture and to determine the exact amount of each
compound. Itis a powerful analytical technique because it can be
used both qualitative and quantitative. Many types of available
matrix used for column chromatography are usually packed in
the column in the form of small beads and provided the different
protein profiles of each separation. Affinity chromatography is
usually used for purifying the target protein with high affinity
binding upon the matrix used; for example, a molecule of anti-
body or enzyme substrate directed interact a specific protein is
attached to the bead. Otherwise, the lectin-agarose affinity chro-
matography based on lectin specificity on carbohydrate moiety
is also used to bind specific sugars for depletion of carbohy-
drate moieties or enrichment of glycoproteins prior to proteomic
analysis [36]. Gel filtration chromatography is used to sepa-
rate proteins or peptides on the basis of size. Smaller molecules
diffuse further into the pores of the beads and therefore move
through the bed more slowly, while larger molecules enter less
or not at all and thus move through the bed more quickly. Both
molecular weight and three-dimensional (3D) shapes of proteins
contribute to the degree of retention. Gel filtration chromatogra-
phy can also be used for analysis of molecular size, separation of
target protein in a mixture, and salt removal or buffer exchange
from a preparation of marcromolecules. Ion-exchange chro-
matography relied on charge—charge interactions between the
proteins in sample and the charges immobilized on the resin can
be subdivided into cation- and anion-exchange chromatogra-
phy. Cation-exchange chromatography binds positively charged
ions, while anion-exchange chromatography binds negatively
charged ions. However, the utility of chromatography meth-
ods as the sole separation technique are used to isolate proteins
before mass spectrometry analysis.

Electrophoresis is a method that separates macromolecules
either nucleic acids or proteins on the basis of size, electric
charge, and other physical properties. Separation of charged
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molecules is based on their migration in an applied electric
field. For instance, polyacrylamide gel electrophoresis (PAGE),
since the pores in a PAGE gel are excluded the size of pro-
teins, molecular sieving contributes to the resolving power of
PAGE. Consequently, PAGE is a high-resolution method and
one of the best available for separating complex mixtures of
proteins, which require a small gel pore size for retardation.
High throughput technique has been developed which utilize
protein separation by 1D or 2DE. The 2DE analysis of proteins
is currently the highest-resolution analytical technique avail-
able for the study of protein expression pattern and capable of
resolving thousands of protein in one experiment. The promi-
nent point of 2DE as a separation technique is the orthogonality
of the two-dimensional separation, based on vertically p/ and
horizontally molecular weight. The procedure has become the
core technology to visualize the global change in protein expres-
sion for proteome analysis with subsequent protein identification
by mass spectrometry [37,38]. Since the high sensitivity and
throughput of mass spectrometry were the main characteris-
tic that provided the best methodology to identify protein of
interest, the mass spectrometry has been widely recognized as a
cornerstone of proteomic research.

4.1.2. Multidimensional proteomic approach
Many proteomic approaches have been attempted to increase
the overall resolution of protein separation by combining differ-

ent techniques. Up-to-date, the first approach is still 2DE that
used to characterize the complex protein mixtures, followed
by trypsin proteolysis of visible proteins spots, and subse-
quent analyzed the individual digested peptide by MALDI-MS
[39—41]. Although the 2DE provides excellent resolving power,
the dynamic range of this technique is still limited for detection
of low abundant proteins. Some technical limitations are differ-
ently in accomplishing reproducible separation and identifying
separated proteins. Thus, the separation of such large number
of component is not possible by only a single chromatographic
or electrophoretic run [42,43]. The use of several independent
dimensions significantly increases resolution of a separation.
Therefore, the combination of two or more orthogonal separation
procedures dramatically improves the results in a larger number
of protein or peptide being identified from complex proteome
digests.

Alternative ways of multidimensional approaches employing
liquid chromatography (LC) can potentially overcome some of
the limitation of 2DE in proteomic analysis and are proposed
as a way to separate protein and peptide with development
of highly effective methods for peptide separation. The most
current liquid phase separation methods can be achieved by
using high performance liquid chromatography (HPLC), capil-
lary isoelectric focusing (CIEF) and/or capillary electrophoresis
(CE). The protein analysis can combine two different separa-
tion processes, chromatography or electrophoresis [40,44,45].
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For example, the protein analysis can use ion-exchange HPLC
followed by reverse phase-HPLC (RP-HPLC) followed by CE
or CIEF, and can also be coupled with different detection sys-
tems, such as 2DE, MS or laser-induced fluorescence (LIF), to
enhance the detectability and identification. Recently, a novel
multiplexed microcapillary liquid chromatography system has
been developed for automated and high throughput separation of
complex protein/peptides sample in RP-puLC subsequently fol-
lowed by MALDI analysis [44]. This strategy allows a four-fold
increase in sample throughput and relies on both MS and MS/MS
analysis for quantitative and qualitative analysis of protein mix-

tures. The combination of liquid chromatography with different
separation principle makes multidimensional chromatography
more attractive technology. In addition, we also used the mul-
tidimensional chromatographic methods using RP-HPLC and
2DE to separate the protein component of Naja naja kaouthia
venom (Fig. 6). The 2DE images of the three RP-HPLC peaks
demonstrated broad distribution of molecular weights and p/
values. The 2DE result of one peak from the RP-HPLC elution
contained many protein components that include protein aggre-
gates, isoforms, or protein—protein interactions having the same
hydrophobic property. Many trains of spots are presumed to be
protein isoforms, due to post-translational modifications, as well
as homologues with similar amino acid compositions. Using
multidimensional chromatographic methods to prefractionate
and analyze the snake venom proteome, the obtained protein
patterns, protein identifications, and unique markers are very
important and useful for further diagnostic and pharmaceutical
applications.

4.2. Protein detection and quantification

The differential protein expression on gel electrophoresis
including 1D and 2DE is analyzed by the shape, size, and inten-
sity of the corresponding band or spot of proteins. The first stage
in protein quantification is image acquisition and the method
used depending on how the proteins were stained. The most
popular and widely used methods of protein staining that are
applied to reveal all the protein bands or spots are Coomassie
colloid solution [46], Silver nitrate [47,48] and SYPRO® Ruby
[49]. Coomassie and silver gel stains can be scanned with charge-
coupled device (CCD) camera, while SYPRO® Ruby gel stain or
fluorescently labeled proteins must be scanned using fluorescent
image scanner, such as Typhoon 9200 series scanner (Amersham
Bioscienes). Two dimensional difference in-gel electrophoresis
(2D DIGE) is a relatively new technique in 2DE for multiplex
quantitative analysis of the component proteins of related but
different protein samples [50,51]. This technique allows label-
ing protein mixtures with different fluorescent cyanine dyes,
such as Cy2, Cy3 and Cy5 maleimides. These CyDyes are struc-
turally similar, but spectrally different (Cy2, Aem =520 nm; Cy3,
Aem =580 nm; Cy5, Aem =670 nm) fluorophors undergo nucle-
ophilic substitution reaction with the thiol group of cysteine
residues of proteins via a thioether linkage. The 2DE image
shows the different protein spots with different fluorescent col-
ors of labeled CyDyes on one gel image and the fluorescent
intensity can be compared to allow quantification of each pro-
tein spot. In our study, we employed 2D DIGE to investigate
differentially expressed proteins in rice samples. For each of
sample, Cy3-labeled proteins from CNT1 rice sample were com-
bined with Cy5-labeled proteins from KMDML105 rice sample
and separated by 2DE analysis (Fig. 7). Special image analysis
software can be used to match the images, to quantitative the
spots, to normalize the signals, and to provide the difference
of expression of any set of two proteins by comparison. Com-
pared with conventional 2DE, the co-migration of proteins on
2D DIGE can generate reproducible data and has the potential
for high-throughput analysis.
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Fig. 6. Multidimensional chromatography of Naja naja kaouthia venom using RP-HPLC and 2DE analysis. (A) RP-HPLC fractionation of N. naja kaouthia; (B),
(C), and (D) are 2DE images of fractionation of peak area eluted from RP-HPLC; and (E) 2DE image of whole proteins from N. naja kaouthia venom.

In addition, the post-translational modifications of phospho-
proteins and glycoproteins can be directly detected by different
staining methods [52-55]. Pro-Q Diamond phosphoprotein stain
is a phosphoprotein specific fluorescence-dye that is available
from Molecular Probes, and can be used to detect phospho-
rylated tyrosine, serine, or threonine residues of proteins on
SDS-PAGE and 2DE [53]. Otherwise, a recently developed
approach for the detection of glycosylated proteins relies upon
the utilization of a fluorescent hydrazide. Pro-Q Emerald 488
glycoprotein gel stain provides an attractive alternative to the
labeling with radioactive sugars that conjugated to glycopro-

tein by periodic acid Schiff’s mechanism to use for specific
glycoprotein detection [56]. Gels stained with both Pro-Q Dia-
mond phosphoprotein stain and Pro-Q Emerald 488 glycoprotein
stain can also be post-stained with SYPRO® Ruby dye, which
allows sequential detection of total protein profile in the same
gel. Furthermore, several labeling strategies have been devel-
oping, based on the metabolic labeling for incorporation of a
light or heavy form to the different experimental protein sample.
Recently, the stable isotope labeling is used for quantification
of proteins [57,58]. One of most popular methods for isotope
labeling is ICATS (isotope coded affinity tagging), based on two
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Fig. 7. Separation of proteins in CNT1 and KDML105 rice samples on 2D difference in-gel electrophoresis (2D DIGE). Equal volumes of the two fluorescent
dye-labeled samples were mixed, separated on 2DE by isoelectric focusing (IEF) followed by SDS-PAGE. The IEF was performed in an 18 cm Immobiline DryStrip
with a pH range of 3—-10 NL. The protein were further separated by SDS-PAGE on a 12.5% polyacrylamide gel, and scanned using the Typhoon 9200 series imager.
(A) Comparative protein expression profiling in CNT1 and KDML10S5 rice samples by 2D DIGE. (B) The CNT1 proteins were labeled with Cy3 (green color). (C)

The KDML105 proteins were labeled with CyS5 (red color).

principles: (i) a short sequence of contiguous amino acids con-
tains a sufficient information to identify that unique protein,
and (ii) pairs of peptides tagged with the light and heavy ICAT
reagents are chemically identical and therefore serve as ideal
mutual internal standards for accurate quantification [59,60].
Another isotope tagging method is stable isotope labeling with
amino acids in cell culture (SILAC) that has also widely used
method to identify and quantitate complex protein samples [61].
Using SILAC approach involves growing cells two different bio-
logical condition on normal and stable-isotope labeled media
that supplemented with light or heavy isotope containing amino
acids, the isotope labeled samples are then combined in equal
ratios and subsequent analyzed quantification of proteins or
peptides by MS. These labeling strategies employ mass spec-
trometry to obtain quantitative information, which can determine
the relative abundance for each peptide-pair. Any peptide-pairs

that are significantly different can be further sequenced using
MS/MS and the relative amounts of the isotopic peaks can be
determined on the basis of the intensities of the light and heavy
peptides. It allows comparison samples to be combined and
treated as a single sample throughout subsequent purification
and analyses [61-63]. Although the strength of these techniques
lies in its ability to allow quantification and identification within
a single analysis, there is some limitation of each technique. In
one limitation of isotopic labeling techniques, SILAC requires
no chemical labeling or affinity purification steps because it
relies on the normal biosynthetic machinery of cells, whereas
ICAT uses a chemical, only cysteine containing peptides are
retrieved non-specific binding to stable isotope mass tags. Thus,
the strategies for protein quantification in proteomics depend on
the use of general staining or labeling of particular classes of
proteins, which is a significant component of proteomics.
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4.3. Protein identification by mass spectrometry

Mass spectrometry has become an important tool for protein
identification, peptide sequencing, identification and location
of post-translational modifications of proteins [64—66]. In gen-
eral, the mass spectrometer can be thought of as two distinct
components of the ionization source and the mass analyzer.
The ionization source is the region of the instrument in which
the sample of interest is ionized, with a positive or negative
charge, and then desorbed into the gas phase. The mass ana-
lyzer is where the gas phase ions created in the source region
are guided through the instrument to the detector, where their
mass-to-charge (m/z) ration is measured. Two ionization sources
of electrospray ionization (ESI) and matrix-assisted laser des-
orption/ionization (MALDI) are currently the principal methods
for peptide/protein ionization. ESI is the choice of identifica-
tion method for proteins, oligonucleotides and metal complexes,
which can produce molecular ions directly from samples in
solution and transfer into the gas phase. However, the effi-
cient of ionization is directly impacted by the solution phase
chemistry of the various peptides that varies in accordance to
their physicochemical properties, including pK, value, polar-
ity, hydrophobic or hydrophilic index and ionization potential,
and by the concentration and type of peptides infused into the
ionization source. MALDI coupled with time-of-flight (TOF),
known as MALDI-TOF, has been developed for the ionization
of relatively large polypeptides and proteins and its application
has widened to incorporate glycoproteins, oligonucleotides and
complex carbohydrate [67,68]. It is used predominantly for the
analysis of simple peptide mixtures, such as the peptide obtained
from an interest of single spot that separated on 2DE. Also, it
has been used to analyze the large m/z range mass used for
protein identification by means of peptide fingerprinting but it
was suitable for analysis of material obtained from organisms
with known complete nucleotide sequence of genome [69-71].

Table 1

However, MALDI-TOF still has a limitation in the analysis of
low molecular mass proteins that delivered few peptides, and
the identification is often based on a low number of matches.
Although identification of small proteins by MALDI-TOF is
not efficient, the combination of MS/MS technologies, such
as TOF/TOF, hybrid quadrupole time-of-flight (Qq-TOF), or
LC-MS/MS, may be useful and more advantageous for peptide
sequencing [72-74].

5. Bioinformatics tools for data mining
5.1. Database search of protein ontology

The bioinformatics tools of proteome studies enable the anal-
yses of complex sample and organization of the data in a useful
biological context. Due to the numerous data in proteomics
analyses and the lack of well data interpretation and organi-
zation, these tools are needed to emerge many software and
database systems to automate these higher-level organizational
tasks. Database of 2DE maps and programs for the image pro-
cessing of their maps are developed to be the integrated software
that are available during search by connecting to other database
via active links [75,76]. The partial list of 2DE gel map databases
is presented in Table 1, which ties directly to a proteome database
of species with completed genome information. Several gel
databases are able to zoom into any region of the 2DE gel pattern
with the corresponding MW and p/ scale automatically updated
and its can be searched by organism, sample type and anno-
tation. SWISS-2DPAGE is the most well-known database and
its data used to be stored as separate text file, which are very
convenient to obtain consistent, and facilitate data integration
from external sources. Also, there are two special catalogues
of numerous databases of 2DE maps; WORLD-2DPAGE
(http://www.expasy.ch/ch2d/2d-index.html) and 2DWG Image
Meta-database (http://www-lecb.ncifcrf.gov/2dwgDB) [77].

Partial list of 2DE gel image databases including material image sources and web location

Organization

Material images

‘Websites (URL)

ExPASy SWISS 2DPAGE

Argonne Protein Mapping
Group

Joint Protein Structure Lab

Yeast 2D gel DB, Bordeaux

IPS/LECB, NCI/FCRDC

Washington Univ. Inner Ear
Protein Database

Protein Project of
Cyanobacteria

Lab. de Biochimie et Tech.
des Proteines, Bobigny

Siena2D-PAGE

BALF 2D_AGE
PHCI-2DPAGE
Max-Planck-Institute

Liver, plasma, HepG2, HepG2SP, RBC, lymphoma, CSF,
macrophage-CL, platelet, yeast, Escherichia coli, colorectal, etc.
Mouse liver, human breast cell lines, pyrococcus

Human colorectal-CL, placental lysosomes

Yeast

Phosphoprotein, prostate, phosphoprotein, breast cancer drug screen,
FAS (plasma), Cd toxicity (urine), leukemia

Human: inner ear

Cyano2Dbase-Synechocystis sp. PCC6803
Human leukemia cell lines

Chlamydia trachomatis L2, Caenorhabditis elegans, human breast
ductal carcinoma and histologically normal tissue, human amniotic
fluid

Mouse, human broncho-alveolar lavage fluid

Parasite host cell interaction, IFN-gamma induced HeLa cells
Mycobacterium tuberculosis, vaccine strain M. bovis BCG

http://www.expasy.ch
http://www.anl.gov/BIO/PMG/
http://www.ludwig.edu.au/jpsl/jpslhome.html
http://www.ibgc.u-bordeaux2.fr/YPM
http://www.lecb.ncifcrf.gov/ips-databases.html
http://oto.wustl.edu/thc/innerear2d.htm
http://www.kazusa.or.jp/cyano/cyano2D/
http://www-smbh.univ-

paris13.fr/lbtp/biochemistry/biochimie/bque.htm
http://www.bio-mol.unisi.it/2d/2d.html

http://www.umh.ac.be/~biochim/BALF2D.html
http://www.gram.au.dk/
http://www.mpiib-berlin.mpg.de/2D-PAGE/
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http://www.ludwig.edu.au/jpsl/jpslhome.html
http://www.ibgc.u-bordeaux2.fr/YPM
http://www.lecb.ncifcrf.gov/ips-databases.html
http://oto.wustl.edu/thc/innerear2d.htm
http://www.kazusa.or.jp/cyano/cyano2D/
http://www-smbh.univ-paris13.fr/lbtp/biochemistry/biochimie/bque.htm
http://www.bio-mol.unisi.it/2d/2d.html
http://www.umh.ac.be/~biochim/BALF2D.html
http://www.gram.au.dk/
http://www.mpiib-berlin.mpg.de/2D-PAGE/
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Table 2

Some software for protein identification by peptide mass fingerprint (PMF), sequence query and MS/MS ions

MS data Source (Websites)
PMF
1. Mascot http://www.matrixscience.com/search_form_select.html

2. MS-FIT (protein prospector)
3. PeptideSearch

http://prospector.ucsf.edu/ucsthtml4.0/msfit.htm
http://www.mann.embl-heidelberg.de/GroupPages/PageLink/ peptidesearch/Services/Peptide Search/

FR_PeptideSearchFormG4.html

4. ProFound
5. Peptldent

6. ProteinLynx
7. IonlQ

Sequence query
1. Mascot
2. MS-Seq (protein prospector)
3. Multident (Tagldent, etc.)
4. PeptideSearch

http://bioinformatics.genomicsolutions.com/service/prowl/profound.html
http://us.expasy.org/tools/peptident.html

http://www.waters.com

http://www.proteomesystems.com

http://www.matrixscience.com/search_form_select.html
http://prospector.ucsf.edu/ucsthtml4.0/msseq.htm

http://www.expasy.or/tools/multildent/

http://www.mann.embl-heidelberg.de/GroupPages/PageLink/ peptidesearch/Services/PeptideSearch/

FR_PeptidePatternFormG4.html

5. PepSea

MS/MS ions
1. Mascot
2. MS-Tag (protein prospector)
. Omssa
. Phenyx
. X!Tandem
Sequest
. PepFrag (Prowl)
. GutenTag

http://www.unb.br/cbsp/paginiciais/pepseaseqtag.htm

http://www.matrixscience.com/search_form_select.html
http://prospector.ucsf.edu/ucsthtml4.0/mstagfd.htm
http://pubchem.ncbi.nlm.nih.gov/omssa/index.htm
http://www.phenyx-ms.com
http://thegpm.org/TANDEM/index.html
http://www.thermo.com
http://prowl.rockefeller.edu/PROWL/pepfragch.html
http:/fields.scripps.edu/GutenTag/index.html

Study of proteomes becomes important not only to iden-
tify what genes a protein came from, but also what particular
form the proteins has taken on in the particular biological cir-
cumstances. The major protein identification of each program
displays a match between experimentally collected MS data and
protein sequence database using mass spectrometry for iden-
tifying the protein sample [78]. There are three proven ways
of using mass spectrometry data for protein identification. The
first of these is known as a peptide mass fingerprint (PMF).
This was the original method to be developed, and used the
molecular weights of the peptides resulting from digestion of
a protein by a specific enzyme [79,80]. The second method of
using MS data for protein identification is a sequence query
in which mass values combined with amino acid sequence or
composition data. MS/MS ion search is the third category that
searched uninterpreted MS/MS data from single peptide or from
a complete LC-MS/MS run [81-85]. Some existing software for
protein identification by PMF, sequence query and MS/MS ions
is presented in Table 2. A fundamental difference come from
the database used to make the comparison and the most popular
databases used for a reference protein identification are NCBI
[86] and SWISS-PROT [87], which contain assisted informa-
tion of both proteins and genes, and also provide a high level of
annotated entries for all species.

5.2. Development of in-house bioinformatics tools

We have developed in-house bioinformatic tools for facilitat-
ing the search for protein description, protein ontology, category
classification and interactive pathways. Bulk Gene Search Sys-

tem (BGSS) is one of the protein search engines, which is
composed of the UniGene, LocusLink and Proteome databases,
and can be easily used to find the associated protein functions
and related information in the worldwide databases by applying
only protein name or accession number. The BGSS program is
available at http://servx8.sinica.edu.tw/bgss-cgi-bin/protein.pl,
and has been used for analyzing the proteomes of human
myeloid leukemia cells [88] and thermophilic bacterium Bacil-
lus stearothermophilus [89]. It will be useful for analyzing the
other proteomes in the nearly future. On the other hand, the clas-
sification of gene expression can be processed by Bulk Gene
Search System for Java (BGSSJ); http://bgssj.sourceforge.net/)
program, which is a searching system accomplished by open
database connectivity, UniGene database, and Gene Ontology
knowledgebase. It is also able to correlate gene identifying from
cDNA microarray with their protein functions, which are coop-
erated with BGSS program. The combination of both search
engine programs is very useful and effective for correlating
proteome and genome information, which provides more under-
standing of systems biology.

In addition, we also developed an interactive tool, GeneNet-
work, which is based on the gene expression data from DNA
microarray experiments and available on http://genenetwork.
sbl.bc.sinica.edu.tw [90]. GeneNetwork displays the gene reg-
ulatory network of gene interactions at the level of gene
expression and enables the visualization of large and complex
data sets of genetic networks. It supports three data inter-
polation approaches and four reverse engineering models to
visually reconstruct the genetic networks, which also uses the
genetic algorithm to fit the gene regulation matrix from the data.
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GeneNetwork is an alternatively tool for further understanding a
biological system through organizing functional sub-networks,
inferring the overall regulation pathways and generating the
biological hypotheses and meanings.

6. Conclusion and future perspectives

The proteomic approaches using many strategies and tech-
nologies show certain limitations of detectability in proteomic
studies while the efforts of reducing these limitations and
enhancing detectability are increasingly continued. The most
success of proteomic analysis depends on the complexity of sam-
ples, sample preparation method and analytical method, which
should be considerably selective used for each individual sam-
ple. Currently, the identifying biologically relevant proteins in
the whole proteomes are possible and the combination of pro-
teomic tools, such as sequential sample preparation methods and
multidimensional protein separation methods, become the pop-
ular strategy that able to solve the limitations in proteome studies
and to helpfully separate the interested protein from biological
materials. In addition, the technical development in the fields of
protein separation, protein identification, and bioinformatics can
be integrated to solve the limitations in proteome studies and to
improve the effective proteomic approaches for determining the
differentially expressed proteins or novel biomarkers and for a
better understanding of protein structure, biological function,
and organization in complex signaling and regulatory net-
works. Moreover, the up-to-date proteomic approaches are very
important and helpfully used to decode complicated diseases.
Comparison of the protein expression levels between disease
and normal and the result of significantly changed proteins may
provide more understanding of disease progression and obtain
the biomarkers that are very important for diagnostic and thera-
peutic applications. Although the challenges are great for global
analysis of proteomes, the proteomic approaches for reduction
of limitations and enhancement of proteomic detectability are
alternative used for investigating the biomarkers and providing
a greater understanding of disease-specific biomarkers in the
application of proteomics to clinical application.
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