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Abstract

The enrichment and isolation of proteins are considered limiting steps in proteomic studies. Identification of proteins
whose expression is transient, those that are of low-abundance, and of natural peptides not described in databases,
is still a great challenge. Plant extracts are in general complex, and contaminants interfere with the identification of
proteins involved in important physiological processes, such as plant defense against pathogens. This review dis-
cusses the challenges and strategies of separomics applied to the identification of low-abundance proteins and pep-
tides in plants, especially in plants challenged by pathogens. Separomics is described as a group of methodological
strategies for the separation of protein molecules for proteomics. Several tools have been used to remove highly
abundant proteins from samples and also non-protein contaminants. The use of chromatographic techniques, the
partition of the proteome into subproteomes, and an effort to isolate proteins in their native form have allowed the iso-

lation and identification of rare proteins involved in different processes.
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Introduction

The separomics challenges in plants

Proteomics tools have been widely used in recent
years. Proteomics and peptidomics involve sophisticated
methodologies which accurately detect alterations respec-
tively in protein and peptide synthesis, under different
physiological situations. Two main tools are widely used to
isolate proteins, especially so two-dimensional electropho-
resis (2-DE) associated with mass spectrometry (MS), and
liquid chromatography associated with MS (LC-MS). Yet
both present limitations inherent to the techniques (Cho,
2007). Multi-dimensional liquid chromatography has been
valued in recent years as a technique to obtain native sam-
ples, due to the need to validate biological events observed
in proteomic studies. Obtaining native proteins is one of the
biggest challenges in proteomics. Difficulties in isolating
and identifying protein and peptide groups occur due to the
high complexity of proteins present in the samples, the
presence of non-protein contaminants that are difficult to
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remove and the occurrence of post-translational modifica-
tions. The difficulties are even greater for proteins and pep-
tides present in low abundance (LAP) in the tissues. These,
however, have attracted the attention of researchers since
they are in general very effective and/or transiently present
as components of finely controlled metabolic pathways.
Thus, alternative methods to detect and identify these pro-
teins are necessary.

Alternative strategies applied to the extraction, purifi-
cation and biochemical and functional analyses of these
molecules have been proposed, favoring access to struc-
tural and functional information of hard-to-reach proteins
and peptides (Kolodziejek and van der Hoorn, 2010). Sepa-
romics is described as a group of methodological strategies
aimed at separating protein molecules for proteomics, in-
cluding fractionation and enrichment of specific molecules
(Fang and Zhang, 2008). The use of separomic tools is es-
pecially important for peptidomics, which is described as
the group of methodologies and procedures applied to the
analysis of native peptides by means of proteomics tools,
since they are small and non-abundant proteins (Jurgens
and Schrader, 2002).

Especially for peptidomics, 2-DE is difficult to apply,
due to the low concentration of the peptide molecules, their
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small sizes (up to 10 kDa), their partial hydrophobic char-
acter, and their ionic characteristics, as many peptides are
strongly cationic. For the identification of these molecules,
the greatest challenges are the small number of available
specific databases and the low number of studied and
posted molecules, which makes their identification through
limited proteolysis techniques and MALDI-MS difficult. In
addition, the partial hydrophobicity characteristics and sur-
face charges facilitate peptide molecular associations, mak-
ing them unavailable for analysis by any known proteomics
tools.

For plant proteomics, the greatest challenges are to
reduce sample complexity and remove contaminants which
are incompatible with the isolation and identification tools
(Kolodziejek and van der Hoorn, 2010). The correct use of
separomics is imperative, especially for the identification
of proteins and peptides expressed in low concentrations.
This said, the current review aimed at discussing difficul-
ties and challenges in plant proteomics and peptidomics,
and to point out methodologies and strategic tools capable
of detecting low-abundance proteins, especially biological
peptides, differentially expressed in soybean plants after bi-
otic and abiotic stresses.

Proteomic analysis applied to the response of
soybean plants to pathogens

Proteomic analysis has become the most powerful
tool for the functional characterization of plants. Informa-
tion on soybean sequencing (Kim et al., 2010; Schmutz et
al., 2010) and the soybean genome database (Phytozome
v7.0: Glycine max) are available. Soybean was the first le-
gume species to have its complete genome sequenced, be-
coming therefore a key reference for the more than 20,000
legume species (Schmutz et al., 2010). Several genomes
are emerging as model for plants, including that from soy-
beans. Komatsu and Ahsan (2009) have discussed the ad-
vantages and limitations of different proteomics tools ap-
plied to the study of soybean defense. In the last two years,
different research groups have also discussed the difficul-
ties and alternatives concerning proteomic analyses of
plants in general (Sudaric et al., 2010; Yamaguchi and
Sharp, 2010; Bindschedler and Cramer, 2011). Low protein
concentration, difficulties in protein extraction, genome
ploidy, interference of highly abundant proteins in green
tissue are some of the main challenges in plant proteomics
(Bindschedler and Cramer, 2011). In general, there are
many additional challenges for plant proteomics, such as
the identification of proteins expressed transiently and in
relatively low concentration, or the fact that the natural pep-
tide has not yet been deposited in any of the databases. In
silico information is essential for proteomic analysis of im-
portant physiological processes, such as plant defense. The
subcellular proteome analysis of soybean plants submitted
to stress conditions aims to identify proteins and peptides
that are differentially expressed and potentially involved in
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plant defense or pathogen resistance induction. Biotechno-
logical methods may then be developed in order to intercept
the pathogen action before infection, or to produce defense
agents to boost the plant’s defense system. Organelle pro-
teins and specific soybean tissues have been studied, such
as membrane (Komatsu and Ahsan, 2009; Bindschedler
and Cramer, 2011), primary roots (Nouri and Komatsu,
2010) and cell wall (Yamaguchi and Sharp, 2010).

Searching For Native Low-Abundance Proteins
and Peptides By Proteomics and Peptidomics

Techniques with different sensitivities and accuracies
should be used in the analysis of the proteome. Due to the
physical, chemical and biological diversity of proteins,
proteomics tools present limitations that make it unfeasible
to analyze the entire proteome with only a single separation
strategy, even if it is orthogonal, such as the 2-DE or
multi-dimensional liquid chromatography. Furthermore, the
cellular protein concentration may vary from mg mL™ to
pg mL" (Fang and Zhang, 2008; Jorrin-Novo et al., 2009).

Different proteomic analysis platforms were devel-
oped in recent decades based on biochemical tools already
available for protein isolation and identification. By means
of these strategies, thousands of proteins have been identi-
fied, especially high-abundance proteins (HAP), whereas the
identification of low-abundance proteins (LAP) is still lim-
ited. The search for LAP is growing, for they can represent
important biological markers (Lescuyer ef al., 2007), be re-
sponsible for eliciting important cellular responses, and may
even correspond to low molecular weight transcription fac-
tors. Not only is their synthesis transient but they can also be
easily lost (Corthals ef al., 2000). Different procedures have
been used to reduce HAP levels in extracts and to improve
LAP detection, such as: (1) partial removal of RUBISCO by
increasing dithiothreitol concentration in extracts of rice
leaves (Cho et al., 2008), or by fractionating extracts of soy-
bean leaves with calcium chloride and sodium phytate
(Krishnan and Natarajan, 2009), (2) addition of solvents
such as the isopropanol to remove storage proteins from ex-
tracts of soybean seeds (Natarajan et al., 2009), (3) division
of the proteome into subproteomes, as done for banana leaf
membranes (Vertommen et al., 2011), or (4) the use of affin-
ity and immunoaffinity columns for protein purification
(Azarkan et al., 2007; Fang and Zhang, 2008).

Due to the need for improvement and/or development
of protein separation methods for proteomic studies, sepa-
romics makes its appearance as the science for proteomic
separation. The main goal of separomics is to obtain a spe-
cific set of proteins in a given biological system for proteo-
me composition analysis, for protein-protein interaction
studies, or for analysis of alterations in protein synthesis in
biological materials submitted to different physiological
conditions. The concept of Separomics (originally called
Seppromics) was proposed to describe and define technolo-
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gies, processes, requirements, patterns and applications on
proteomic separation, including fractionation and enrich-
ment (Huang et al., 2005). The greatest challenge was to re-
duce the complexity of a given proteome, aiming to
increase the effectiveness of proteomic analysis as well as
the identification of new proteins through mass spectrome-
try (Fang and Zhang, 2008; Kosova ef al., 2011).

Specific structures in plants, such as the cell wall and
vacuoles, contain substances responsible for the inferior
and non-reproductive outcomes during the separation of
proteins due to proteolytic breakdown, streaking and char-
ge heterogeneity. In most plant tissues, the proteins are part
of complex structures, requiring special care for their isola-
tion in a soluble form, as a native or non-native protein. The
most commonly found interfering molecules during protein
isolation are phenolic compounds, proteolytic and oxida-
tive enzymes, terpenes, pigments, organic acids, inhibiting
ions, and carbohydrates (Carpentier et al., 2005).

A further limiting factor in proteomic studies in plants
is the loss of protein solubility caused by either the enrich-
ment of protein extracts or by the properties of the solvents.
Solubility of proteins is usually dependent on their concen-
tration and amino acid composition, type and solvent dielec-
tric constant, ionic strength, and on the presence of contami-
nants (Jorrin-Novo et al., 2009). The optimum solubility
conditions will be empirically defined for each system.

Preparing and Isolating Low-Abundance
Proteins and Peptides From Plants

Plant extracts require specific sample preparation
procedures especially adjusted for proteomic and pepti-
domic studies. These procedures should take into account
the solubility, the physico-chemical characteristics and the
cellular localization of the proteins, as well as the presence
of interfering molecules (Chen and Harmon, 2006; Matros
et al.,2010), which correspond to the most challenging and
critical aspects (Komatsu and Ahsan, 2009).

Subproteomes

Since the preparation protocols do not allow evalua-
tion of the complete proteome and peptidome, the protocol
definition should take into consideration protein subgroups
and source material of interest, whether it is an organelle, a
cell or a tissue, in order to reduce sample complexity, en-
rich and increase the possibility of identifying LAP of inter-
est involved in different cellular mechanisms and different
locations. Hence, the information obtained for each subpro-
teome of the same source material contributes to achieve
greater coverage of the proteome being studied. This strat-
egy has attracted the attention of several researchers (Cano-
vas et al., 2004; Zhang et al., 2004; Natarajan et al., 2005,
2009; Oehrle et al., 2008; Jorrin-Novo et al., 2009; Krish-
nan and Natarajan, 2009; Agrawal ef al., 2010; Matros et
al., 2010; Kota and Goshe, 2011).
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Plant cell wall proteins

For the study of plant proteomes, the extracts may be
successfully fractionated into soluble proteins and cell wall
(CW) proteins (Figure 1). CW proteins represent a subpro-
teome of great importance, since many of these molecules
are involved in the maintenance of the cellular structure and
in processes of plant defense, for instance in responses to
abiotic and biotic stresses (Jamet ef al., 2006; Kong et al.,
2010), or as a constitutive barrier against pathogenic micro-
organisms. Studies in our laboratory evidenced high consti-
tutive antimicrobial activity against two plant-pathogenic
bacteria by the peptide fraction obtained from CW extracts
from leaves of bell pepper (Figure 2, Teixeira et al., 2006)
and 60-day-old eggplant (Almeida et al., 2008). Also for
eggplants, the highest inhibition levels were obtained with
CW extracts from 5-cm-tall plants, while soluble extracts
promoted the highest inhibition rate when fully expanded
leaves were analyzed (Table 1). These results suggested
that young plants exhibit an innate defense mechanism,
very likely to minimize plant microbial invasion, whereas
expanded leaves produce soluble defense molecules (Al-
meida et al., 2007).

Da MW ES1-30 ES>30 EP1-30 EP>30
66,200 —»

31,000 —»

21,500 —»

14,400 —»

Figure 1 - Denaturing electrophoresis (16.5%) of soluble extracts (SE)
and cell wall extracts (CWE) of leaves of soybean genotypes ‘PI 561356’
(Embrapa CNPSo) subjected to injury from seven wounds on the leaves.
SE and CWE were fractionated by ultrafiltration and molecules contained
between 1 and 10 kDa (1-10) and greater than 30 kDa (> 30). MM: 5 uL of
the Wide-Range Molecular Weight Markers (Bio-Rad, USA). The peptide
bands were stained with Coomassie Brilliant Blue R250. (Courtesy of José
Fabiano Sena-Netto, from the final paper for his undergraduate degree in
Biochemistry in 2010 at the Federal University of Vigosa, Brazil).

Da MW 1
66,200 —» M-
31,000 —»

21,500 —y

14,400 —p |y
6,500 — |

Figure 2 - Three-phase SDS-Tricine-PAGE of Cell Wall Extracts (CWE)
from fully expanded leaves of Samara bell pepper variety, after ammo-
nium sulfate precipitation followed by heating fractionation and dialysis
(line 1). MM was 5 pL of the Wide-Range Molecular Weight Markers
(Bio-Rad, USA). The protein bands were stained with Coomassie Brilliant
Blue G250.
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Table 1 - Antimicrobial activity of cationic (CF1, CF2) and anionic (AF) fractions obtained from soluble (SE) or cell-wall (CWE) extracts of young
plants or fully-expanded leaves of eggplant (Almeida et al., 2007, with authorization from the authors).

Bacterial growth inhibition (%)*

Ralstonia solanacearum

Peptide-enriched fractions

5 cm whole plants (1.25 g)** 15 cm whole plants (1.25 g)**

Fully-expanded leaves

(0.75 g)** (1.5 gy**
SE-CF1 -43.3 £ 0.082%** 92.2+0.003 90.8 +0.004 85.2+£0.000
SE-CF2 0.75+0.012 86.2 £ 0.001 100 +0.003 100 £ 0.001
SE-AF 23.9£0.005 14.2 £0.001 92.0 £ 0.000 100 £ 0.005
CWE-CF1 8.60 +0.000 3.70+£0.014 1.80 £0.001 45.8£0.029
CWE-CF2 91.0 £ 0.000 80.0 £ 0.004 29.6 £0.019 88.0 £ 0.006
CWE-AF 14.2 £0.005 0.75+0.007 69.0 +0.006 73.4+0.018

*The percentage values refer to the average = SD, for two replications; ** Extract concentration refers to 1.25 g of fresh young plant material, or 0.75 g
and 1.5 g of fresh fully-expanded leaf, with cultivation for 14 h; *** The negative signal indicates the occurrence of larger growth than in the cul-

ture-control.

Plant CWs are highly dynamic and contain chemi-
cally active compounds secreted by the cells, which are es-
sentially polysaccharides and proteins, the latter compris-
ing approximately 10% of the CW mass (Jamet et al.,
2008). These proteins, which are difficult to isolate from
these complex matrixes, require specific extraction meth-
ods (Teixeira et al., 2006; Zhu et al., 2006; Almeida et al.,
2007, 2008; Kong et al., 2010), due to their low abundance.
Differential extraction enriches the extract, allows access to
the CW LAP, and facilitates the comparison of the expres-
sion profiles under different stress conditions (Watson and
Summer, 2006; Negri et al., 2008).

Protein extraction from CWs can be achieved by
methods that may involve or not cell disruption. For each
procedure there are advantages and disadvantages, espe-
cially concerning contamination and experimental proce-
dures. Methods commonly used involve calcium chloride
and lithium chloride solutions (Feiz et al., 2006; Kong et
al., 2010). Calcium chloride does not disrupt the cell wall
but is capable of releasing ionic molecules externally an-
chored to the CW, whereas lithium chloride solution is used
to extract proteins intrinsic to the CW, such as glyco-
proteins (Feiz et al., 2006). When comparatively evaluating
the CW subprotreomes of soybean leaves submitted or not
to biotic stress using reversed-phase high performance lig-
uid chromatography we obtained a group of differential
protein peaks in the comparative chromatograms, demon-
strating that sample complexity was reduced. This proce-
dure allows the identification of the isolated proteins.

Proteins with different ranges of molecular masses

When the aim is to identify proteins of a specific
group of molecular mass present in a complex sample,
methodologies based on ultrafiltration have an advantage,
since they are capable of fractionating, concentrating and
exchanging solutions, and thus recovering native samples
with molecular masses of interest. Ultrafiltration is a low-

cost process requiring simple equipment only, such as fil-
tering membranes of different cut-off values, which allow
the fractionation of different protein groups. Soluble (SE)
and CW extracts (CWE) of soybean leaves submitted (Fig-
ure 1) or not to stress were successfully fractionated in our
laboratory through ultrafiltration. Fractions for peptido-
mics and proteomics, with proteins smaller than 30 kDa and
greater than 30 kDa, respectively, were recovered. After
separating the fractions by reversed-phase chromatography
(RPC) and recovering the proteins and peptides for mass
spectrometry analysis, differentially expressed molecules
were successfully identified.

Molecular exclusion chromatography (MEC) is also
an alternative used by our group for this purpose. This
method favors isolating a specific protein group according
to the selected resin. In general, MEC presents low accu-
racy in the separation of small proteins and peptides, yet it
is a fast procedure that generates clean samples with low
salt concentration, which is important for later stages of pu-
rification, for instance during RPC. MEC has been success-
fully used in our proteomic analyses using multi-dimen-
sional liquid chromatography. A constitutive antimicrobial
peptide was identified in CW extracts from tomato plant af-
ter MEC following RPC while an induced defense peptide
was detected in plants after abiotic stress (submitted for
publication).

Proteins from different cellular compartments

Ultra-centrifugation enables the separation of cellular
organelles according to their sizes and densities. Zonal
centrifugation or centrifugation by differential velocity
may be used for fractionation, the latter being a technique
which generates greater sedimentation strength, enabling
the separation of organelles of similar characteristics (Ko-
matsu, 2006), such as nuclei, mitochondria or plastids,
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while maintaining their integrity (Wijk, 2004; Kosova et
al.,2011).

Contaminant removal and use of additives

A limiting factor for proteomic studies is the presence
of protein and non-protein contaminants in the samples.
Contaminants may interfere with the detection, isolation or
identification of proteins of interest, acting by aggregation
with the proteins, by affecting the signal/noise relationship
of the detection equipment, by promoting protein degrada-
tion or reducing the activity of enzymes, among other fac-
tors. Under native conditions, the removal of these contam-
inants may be achieved by dialysis, salt fractionation, or
with organic cold solvents, through ultrafiltration or pre-
parative chromatography. Under denaturing conditions,
steps including selective heating or addition of concen-
trated acids may favor sample bleaching and the enrich-
ment of the protein group of interest. Also, anionic deter-
gents like sodium dodecyl sulfate (SDS) or nonionic
detergents such as Triton X-100 and Nonidet P-40 can be
added in different concentrations. The concentration to be
used must be empirically defined.

Fractionation by ultrafiltration allows the simulta-
neous desalting and concentration of the samples in the na-
tive form (Kong et al., 2010). However, during the ultra-
filtration procedure certain caution is required so as to
maintain the sample in its native form, as well as to avoid
protein agglomeration. Some of the factors to be controlled
are hydrophobicity, pH and ionic strength of the buffer or
solution being used. The choice of salts and pH of the
buffer solution for ultrafiltration depends on the subpro-
teome under study. For instance, as pH values around 5.5
are close to the pH of the cell wall, the fractionation of CW
proteins should be done at pH values close to 5.5 to avoid
precipitation of these proteins (Watson and Summer,
2006). On the other hand, many storage proteins, which are
usually contaminants, precipitate between pH 4.5 and 4.8
(Speroni et al., 2010), and extraction at these pH values
produces less complex extracts. For ultrafiltration of mem-
brane proteins and partially hydrophobic proteins, deter-
gents should be used, as these become soluble in the
presence of amphipathic compounds, such as 3-[(3-chola-
midopropyl) dimethylammonio]-1-propanesulfonate
(CHAPS), SDS and the nonionic surfactant Triton X-100,
among others.

Pressure is considered an important factor which fre-
quently is not controlled during ultrafiltration. There are
not sufficient studies reporting protein agglomeration, sol-
ubility and protein conformation under pressure (Chalikian
and MacGregor, 2009; Speroni et al., 2010). Iwabuchi and
Yamauchi (1987), fractionating glycinin (360 kDa) and
[-conglycinin (180 kDa), found low molecular mass pro-
teins in the protein fraction containing these storage pro-
teins, suggesting the occurrence of agglomeration of low
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molecular mass proteins together with high molecular mass
proteins.

In our experience, when a low salt concentration
buffer (5 mM Tris buffer, pH 7.0) was used after the ul-
tra-filtration procedure, the occurrence of agglomeration in
extracts from soybean leaves increased. Agglomeration
was also increased under cold temperatures, and an insolu-
ble precipitate was observed in fractions containing low
and high molecular masses. Replacing this buffer with
20 mM Tris-HCI, pH 7.0, containing 20 mM ammonium
acetate, agglomeration was no longer observed, suggesting
that agglomeration was an ionic behavior. In an attempt to
disaggregate the precipitate formed in the high molecular
fraction, different procedures were used. Disaggregation
was not achieved in the presence of 0.5% (v/v) Triton
X-100 or by dilution (up to 10 times) with 100 mM Tris-
HCI, pH 7.0, but the sequential addition of 0.4, 1.0 and
2.0% (w/v) SDS partially reduced the agglomeration, thus
corroborating the hypothesis of ionic behavior.

Denaturing one-dimensional electrophoresis
(16.5% T) done with extracts from soybean leaves enriched
for low molecular mass proteins (up to 30 kDa) yielded pro-
tein bands higher than 30 kDa, suggesting the occurrence of
agglomeration after ultrafiltration. This was confirmed
when a 60-kDa band was eluted from the gel and again sep-
arated under the same conditions, this time producing
6-kDa and 30-kDa bands. Similarly, the elution and new
separation of a 6-kDa band has also produced the same
bands, confirming that heating the sample for 10 min in the
sample buffer (Teixeira ef al., 2006) was unable to solubi-
lize proteins in the sample.

Fractionation with ammonium sulfate has been used
by our group since 2000 for bleaching plant samples, to re-
move contaminants such as carbohydrates, phenolic com-
pounds and pigments, among others. Plant extracts ob-
tained in the absence of this compound presented high
noise/signal relationship in the spectrometry analyses and
protein agglomeration was observed. Recently, Park et al.
(2008) stressed the importance of this procedure to remove
interfering molecules. Nevertheless, caution should be
taken, as the presence of salt may interfere with electropho-
retic properties and the MS procedure.

Specific stages of the proteomic analysis require sam-
ples with specific characteristics. 2-DE, for instance, is
highly affected by salts, as these may accumulate in the tips
of'the strips during the first-dimension separation. They can
cause heat generation and the formation of zones with dif-
ferent conductivities and degrees of hydration. During MS
analysis, salts may increase noise that interferes with the
ionization of the molecules. SDS interferes with the RFC
procedure by causing the degradation of the resins. Sam-
ples with high protein concentration may precipitate and
those with low protein concentration may prevent the de-
tection of LAP. Hence, samples should be prepared in buff-
ers with low ionic strength and in the presence of protease
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inhibitors with different specificities (unpublished date).
The use of non-interfering additives is an empirical deci-
sion, which should be carefully evaluated because these
compounds may have to be removed in a subsequent purifi-
cation step.

Refined methods for isolation

Separation by two-dimensional electrophoresis

Two-dimensional electrophoresis (2-DE) is the most
commonly used separation technique in proteomics for
comparative and global protein analyses under differential
conditions. A high number of proteins can be identified in a
single gel. Considering that in general, plant tissues do not
present a high protein concentration, and that the presence
of proteases and interfering molecules can drastically affect
proteomic analyses, an efficient protein extraction protocol
must be used. This protocol should be able to eliminate sec-
ondary metabolites, remove additives which are not com-
patible with the different stages of purification, and enrich
the LAP. Extraction methods using phenol in conjunction
with ammonium acetate/methanol precipitation have pro-
ved to be highly efficient (Isaacson et al., 2006). Using this
procedure Xu et al. (2006) were able to obtain a large num-
ber of intense and well-resolved spots from soybean leaves
in 2-D gels. Similar results were obtained in our laboratory.
Methods based on precipitation with trichloroacetic acid
(TCA) have also been used in the literature (Chen and
Harmon, 2006) and in our laboratory. Using a method
based on an initial TCA precipitation step followed by ex-
traction by the dense phenol/SDS method and a final pre-
cipitation with ammonium acetate/methanol, Wang et al.
(2003) obtained a high number of soluble and membrane
proteins from soybean leaves. To optimize this method, we
introduced some modifications, such as the use of protease
inhibitors (1 mM phenylmethylsulfonyl fluoride), reducing
agents (different concentrations of f-mercaptoethanol and
dithiothreitol) and 1% polyvinylpolypyrolidone, which eli-
minate or prevent the action of proteases and compounds
that interfere with the subsequent steps in protein separa-
tion and identification.

Liquid chromatography (LC) can be used as an alter-
native to 2-DE when the proteins of interest present ex-
tremes of molecular mass and pl, when they are highly
hydrophobic or LAP (Natarajan et al., 2009; Gilmore and
Washburn, 2010; Kolodziejek and van der Hoorn, 2010).

Separation by chromatographic methods

Chromatographic methods using a combination of
different separation principles (multi-dimensional) in on-
line or off-line processes, or the selective separation by af-
finity have been used and improved to resolve the complex-
ity of the extracts and/or to enrich them. Commercially
available on-line chromatographic systems generally use a
strong ionic exchange column (IEC) followed by a reverse
phase. Molecular exclusion chromatography (MEC) fol-
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lowed by reverse phase chromatography (RPC) is also used
(Issaq, 2001), though less often. Our group has worked with
off-line chromatography with success, especially associat-
ing MEC and RPC for prospection of proteins with differ-
ent ranges of molecular masses, when two antimicrobial
peptides from tomato leaves were purified under native
conditions and subsequently identified (data submitted for
publication). These procedures are orthogonal, creating a
large number of fractions to be analyzed, making proteomic
analyses by MDLC difficult and lengthy. However, it al-
lows a greater proteome and peptidome prospection, with
little restriction for very large or very small and electrically
charged membrane proteins. And in particular, it allows the
isolation of native purified samples for evaluation of the
proteome functionality.

Although these methods are very efficient, comple-
mentary techniques are required for obtaining further infor-
mation regarding the proteome. Thus, the development and
application of technologies and methods for separation by
affinity and enrichment have become a high priority for de-
fining separomic procotols to be used for different organ-
isms.

A great variety of affinity and immuno-affinity col-
umns are already available and allow the separation of
complex biological extracts into different protein classes,
or even to fractionate LAP. These commercially available
columns are important for the identification of protein-
protein interaction networks (Azarkan et al., 2007) and to
remove unwanted HAP proteins, peptides and nucleotides,
metals, etc. (Keshishian et al., 2007; Cellar et al., 2008;
Fang and Zang, 2008; Huang and Fang, 2008; Miernyk and
Hajduch, 2011).

Identifying Soybean Proteins and Peptides By
Proteomics Tools

For comparative proteomics and peptidomics, 2-DE
is the proteomic platform giving highest-throughput (Bran-
dao et al., 2010). More sophisticated procedures, such as
2-D DIGE and isotopic labeling can be used. In most soy-
bean proteomic studies using 2-D procedures, the proteins
undergo electrophoresis, are trypsinized in gel and are then
analyzed by MALDI-MS/MS. The PMF technique (Pep-
tide Mass Fingerprint) following MS correlates the peptide
masses after proteolysis of the unknown protein with the
peak list of theoretical proteins deposited in public data-
bases (Chamrad et al., 2004; Elias et al., 2005), which are
assessed by search software such as MASCOT (Thiede et
al., 2005). Similarly, PFF (Peptide Fragment Fingerprint)
correlates mass spectra of fragments of these peptides
(Chamrad et al., 2004; Elias et al., 2005; Nielsen et al.,
2005). Fragmentation spectra can also be analyzed by “de
novo” peptide sequencing using MS, which gives the ami-
no acid sequences (Roepstorff and Fohlman, 1984). The
development of a plethora of bioinformatics resources has
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allowed the identification and characterization of proteins
with accuracy, thanks to genomic and protein sequence in-
formation deposited in public databases (Schmutz et al.,
2010).

Conclusions

Proteomics is an invaluable tool for functional geno-
mic analysis of plants. Techniques with different sensitivi-
ties and accuracies should be used in the analysis of the re-
spective proteome. Highly sensitive and accurate
identification equipment is available; however, better pro-
tein and peptide extraction procedures and methods for en-
richment and isolation of low-abundance proteins with
transient expression and of rare peptides are needed. Some
alternatives to overcome or minimize these limitations are:
(1) the decrease of extract complexity to allow evaluation
of subproteomes, (2) use of methodologies and/or additives
to remove highly abundant proteins known as contami-
nants, (3) use of chromatographic techniques which allow
the enrichment of specific protein fractions, and (4) isola-
tion of proteins in their native form to aid their identifica-
tion and validation of metabolic pathways in which they are
involved. The use of basic biochemistry tools which sepa-
rate protein and peptides based on their physico-chemical
characteristics can further the enrichment process. Knowl-
edge about the chemical and structural characteristics of
non-protein contaminants is helpful in the choice of meth-
ods and tools for their removal or inactivation. This infor-
mation will also aid in defining methods to prevent solu-
bilization of these contaminants and their consequent
contact with the proteins of interest.
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