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An efficient method for protein extraction is a prerequisite for the successful implementation of
proteomics, which is being used as a tool in the study of the interaction between plants and
phytopathogens. With the objective to optimize a method of protein extraction for proteomic analysis of
the phytobacterium Xanthomonas campestris pv. viticola, the efficiency of four methodologies were
compared, based on the two-dimensional gel electrophoresis profile (2D-PAGE). Trizol®, phenol,
centrifugation and lysis methods were tested and through quantitative and qualitative analysis, the most
suitable method to obtain high-quality protein was selected. All methodologies enabled the extraction of
a significant amount of proteins; nevertheless, the centrifugation method allowed obtaining the highest
concentration of solubilized proteins. However, the analysis of the 2D-PAGE gel images revealed a
larger number of spots in the lysis method when compared to the others. Taking into consideration the
quality of the results and the practical advantages of the lysis method, this is recommended as the best
option for total protein extraction of X. campestris pv. viticola for proteomic studies.

Key words: Bacterial canker, Vitis vinifera, proteomics, sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), two-dimensional gel electrophoresis (2D-PAGE).

INTRODUCTION

Xanthomonas campestris pv. viticola (Xcv) (Nayudu) Dye serious potential risk to Brazilian viticulture (Silva et al.,
is the causal agent of bacterial canker, one of the most 2012). Outside of Brazil, this disease occurs only in India
important grapevine (Vitis vinifera L.) diseases, (Jambenal et al., 2011) and Thailand (Buensanteai,
responsible for severe damage and representing a 2004), where, anyway, severe losses have not yet been
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recorded. The characteristic symptoms of the disease are
cankers in the branches, petioles and stems. Small dark
and angular lesions are observed in the leaves; these
lesions necrose large areas of the leaf when they
coalesce. The veins become necrosed, particularly on the
lower surface of the leaf blade (Nayudu, 1972; Trindade
et al., 2007). Vein necrosis is an important symptom for
diagnosis of the disease when the leaf lesions are
atypical and cankers are absent. The berries of infected
plants are non-uniform in size and color and may exhibit
necrotic lesions (Rodrigues et al, 2011). For the
successful control of bacterial canker of grapevine, it is
necessary to understand the characteristics of X.
campestris pv. viticola and the pathogenesis mechanisms
involved in this plant-pathogen interaction, which have
not yet been fully clarified (Tostes et al., 2014). Thus,
proteomics technologies can integrate the basic
knowledge necessary for the understanding of the
mechanisms that phytobacteria use to cause diseases in
their host (Norbeck et al., 2006).

Proteomics is defined as the analysis of proteins
expressed by a cell or any biological sample at a given
time and under specific conditions (Dierick et al., 2002).
Proteins are functional molecules that play key roles in
cells (Goérg et al.,, 1995), being important for compre-
hensive understanding of any biological system
(Beranova-Giorgianni, 2003). In comparison with
genomic studies, investigations of the proteome provide
detailed information, such as the abundance of proteins
and post-translational modifications (Galdos-Riveros et
al., 2010).

Among the various technologies used for the
investigation of protein expression on a large scale, two-
dimensional gel electrophoresis (2D-PAGE) stands out.
This method separates proteins using a relative
isoelectric point and molecular weight on its mobile base
in a polyacrylamide gel matrix (Kim et al., 2007). The
spots generated are used to create databases. However,
it is necessary to obtain high quality protein samples, that
is, free from contaminants (high levels of salts, nucleic
acids, polysaccharides, phenolic compounds, pigments
and other compounds) that can interfere with 2D-PAGE
(Chan et al., 2002, 2004a, 2004b). Thus, an efficient
method of extraction is a prerequisite for the successful
implementation of proteomics (Mehmeti et al., 2011) for
studies of the plant-pathogen interaction and continues to
be a challenge for scientists (Natarajan et al., 2005). In
this context, four methodologies to extract proteins from
the phytobacterium X. campestris pv. viticola were tested,
in order to optimize the sample preparation for two-
dimensional electrophoresis.

MATERIALS AND METHODS
Culture conditions

The isolate of X.campestris pv. viticola (Xcv 137) used in the

experiments was obtained from the Culture Collection of the
Phytobacteriology Laboratory of the Federal Rural University of
Pernambuco (Universidade Federal Rural de Pernambuco), Brazil.
It was grown in 20 ml of NYD liquid medium (10 g/l dextrose, 5 g/l
peptone, 5 g/l yeast extract and 3 g/l meat extract) for 24 h at 28°C
under shaking (150 rpm) to obtain the pre-inoculate. The
concentrations of the bacterial suspensions were adjusted to A570
= 0.4 (10® CFU/ml) using a spectrophotometer (Analyser 500 M,
Sao Paulo, Brazil). Following this, 180 ml of the same NYD medium
were added and the culture maintained under the same growth
conditions for 24 h.

Protein extraction

In this study, four different extraction methods (Trizol®, phenol,
centrifugation and lysis) were used to extract protein from a
suspension of bacterial cells grown in NYD medium. The bacterial
suspensions were then centrifuged at 10 000 x g for 5 min
(CENTRIFUGE MCD-2000, Shanghai, China) and washed three
times with saline solution (0.9% NaCl). The pellets were stored at
20°C and used in each method. Three biological replicates
(independent cultures) were performed for each method.

Trizol method

The protocol was carried out according to manufacturer's
instructions of Trizol® (Invitrogen®, Carlsbad, USA), modifying only
the protein resolubilization step by using 0.5 ml of rehydration buffer
without the bromophenol blue (7 M urea, 2 M thiourea, 4% CHAPS)
instead of washing solution (0.3 M guanidine hypochlorite in 95%
ethanol).

Phenol method

The bacterial pellet was washed in phosphate buffer (1.24 g/l
K;HPQO,4, 0.39 g/l KH,PO,4, 8.8 g/l NaCl, pH 7.2) and 0.75 ml of
extraction buffer (0.7 M sucrose, 0.5 M Tris-HCI, 30 mM HCI, 50
mM EDTA, 0.1 M KCI and 40 mM DTT) was added, followed by
incubation for 15 min at 28°C. The same volume of phenol was
added, and after 15 min of agitation in a vortex, the suspension was
centrifuged at 14 000 x g for 6 min at 4°C and the phenolic phase
was recovered. This procedure was repeated two more times.
Proteins were precipitated with the addition of five volumes of 0.1 M
ammonium acetate in methanol (Mehta and Rosato, 2003). The
precipitate was washed with 1 ml of 80% acetone and resolubilized
as described in the previous paragraph.

Centrifugation method

Resuspension of the bacterial pellet was performed in 500 pl of
extraction buffer (0.3% SDS, 200 mM DTT, 28 mM Tris-HCI and 22
mM Tris). Subsequently, the Eppendorf tube containing the cell
suspension was gently agitated for 10 min at 4°C. Afterward, the
sample was centrifuged at 14 000 x g for 10 min at 4°C, incubated
at 100°C for 5 min and then cooled on ice. Next, 24 pl of assay
buffer (24 mM Tris, 476 mM Tris-HCI, 50 mM MgCl;, 1 mg/ml
DNAse | and 0.25 mg/ml RNAse A) were added, and the sample
incubated on ice for 15 min. The reaction was stopped by the
addition of four volumes of ice cold acetone and precipitation of
proteins was left to occur on ice for 20 min. Cell debris were
removed by centrifugation at 14 000 x g for 10 min at 4°C (Giard et
al., 2001). The pellet was dissolved by using 0.5 ml of rehydration
buffer (7 M urea; 2 M thiourea; 4% CHAPS), and incubated at 50°C
for 2 h.



Table 1. Quantification of proteins of Xanthomonas campestris
pv. viticola obtained by four different methods of extraction.

Method Concentration (ug/ul)
Centrifugation 9.1a+0.17
Trizol® 8.6b +0.17
Lysis 7.8c+0.17
Phenol 7.2d £0.15

Values are means * standard deviation (SD) of three technical
replicates. Low case letters a, b, c, d indicate significant differences
using Tukey's test (p < 0.05).

Lysis method

Bacterial pellet was resuspended in 0.5 ml rehydration buffer (7 M
urea; 2 M thiourea; 4% CHAPS), homogenized in a vortex for 5 min
and centrifuged at 10 000 x g at 4°C for 30 min. The supernatant
was then transferred to a new 1.5 ml tube (Jangpromma et al.,
2007).

Quantification of proteins

The concentration of total cellular proteins obtained with each
extraction method was determined by the 2-D Quant Kit, according
to the manufacturer's instructions (GE Healthcare®, Piscataway, NJ,
USA). Bovine serum albumin (BSA) was used as standard and the
assay was performed by measuring the absorbance at 480 nm.
This kit was selected as it does not interfere or interact with any
chemicals used during the extractions and is therefore compatible
with isoelectric focusing (IEF). The samples and the standards were
read in triplicate.

One-dimensional gels (SDS-PAGE)

For the preparation of the SDS-PAGE gel the methodology of
Laemmli (Laemmli, 1970) was used, which involved a 15%
polyacrylamide separation gel and a 4% concentration standard
molecular weight marker (High-Range Amersham™ Rainbow™) from
GE Healthcare®. In each well, 30 pg of protein were loaded.
Electrophoresis ran at 40 mA for 15 min and then at 100 mA for 2 h,
in a vertical Owl P10DS cube (Thermo Scientific®, Hudson, New
Hampshire, USA). The gels were stained using the reagent
Coomassie brilliant blue (Coomassie Brilliant Blue G250) (Candiano
et al., 2004) and bleached in a solution of 7.5% methanol and 5%
glacial acetic acid until complete visualization of bands.

Two-dimensional gel (2D-PAGE)

The two-dimensional electrophoresis was performed in two stages
according to the 2-D electrophoresis instructions of GE
Healthcare®. In the first step, isoelectric focusing (IEF) was done, in
which proteins were resuspended in rehydration buffer (7 M urea, 2
M thiourea, 2% CHAPS (w/v), 2 mM DTT, 1% IPG buffer (w/v) and
0.2% bromophenol blue).

The IEF was conducted using Ettan IPGphor 3 (GE Healthcare®)
in 7 cm strips of immobilized pH gradient (IPG) ranging from 3 to 10
(Amersham Bioscience AB, Uppsala, Sweden) which were loaded
with 150 pg of protein. Subsequently, the strips were balanced in
reducing solutions of disulfide bridges containing DTT (dithiothreitol)

Guerra et al. 3533

and iodoacetamide (Gérg et al., 1995). In the second step, 2D-
PAGE electrophoresis was performed using a 15% polyacrylamide
gel in an initial run of 15 mA for 20 min per gel, increasing to 45 mA
per gel for about 3 h. The gels were stained as in the SDS-PAGE
until complete visualization of spots.

Image analysis of gels

After staining, the gels were scanned using Image Scanner
software (Amersham Biosciences) in transparency mode with a
resolution of 300 dpi (dots per inch). The images of 2D-PAGE gels
were analyzed using Image Master 2D-Platinum software, version
7.0 (Amersham Biosciences). The program provided the number of
protein spots from each of the gels which was validated by visual
inspection. For each biological replicate three technical replicates
were made to confirm the reproducibility of the results.

The efficiency of the methodologies used in this study was
evaluated by the qualitative parameters (resolution and intensity of
bands) for SDS-PAGE and for both quantitative (amount of proteins
and number of spots) and qualitative (resolution and intensity of
spots, and reproducibility) parameters for 2D-PAGE.

Statistical analysis

Statistical analysis was made using the Statistix® software (version
9.0, Analytical Software, Tallahassee, USA). Data were analyzed by
one way analysis of variance (ANOVA) followed by Tukey's test. In
all statistical analyses, p < 0.05 was taken as the level of
significance.

RESULTS AND DISCUSSION

For both SDS-PAGE and 2D-PAGE, which are
techniques commonly used in proteomics, thorough and
careful sample preparation is very important for the
guantification and high resolution of proteins. Due to the
different physical and chemical properties of proteins, an
appropriate and standardized bioassay of a given
sample, including protein extraction with different
methods, favors their identification (Mehmeti et al., 2011).

In this study, four different extraction methods (Trizol®,
phenol, centrifugation and lysis) were compared to
determine which of them increase the solubilization of
proteins of the X. campestris pv. viticola. All
methodologies tested proved to be efficient in detecting a
large and different (p < 0.05) amount of proteins (Table
1). According to Shi et al. (2013), complete solubilization
of samples is the best way to achieve the goal of
standardizing the recovery of proteins. The highest
protein yield was obtained by the centrifugation method.
The potential reasons for that may be the use of SDS in
the centrifugation solution and the high temperature
heating of 100°C, both recognized as critical in protein
extraction (Shi et al., 2006). In the SDS-PAGE gel image
analysis, the protein bands were sharp, well defined and
without presenting characteristics of degradation (Figure
1).

The results of the two-dimensional gels were different
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Figure 1. Representation of SDS-PAGE gel (15%) of
proteins of Xanthomonas campestris pv. viticola extracted
by four extraction methodologies: Trizol® (T), Phenol (P),
Centrifugation (C) and Lysis (L); kDa marker (M).

in relation to the quality of the sample and numbers of
spots obtained from the four methods studied (Figure 2).
In the Trizol® method (Figure 2A) most of the rare and
sparse spots were distributed throughout the pH range of
acid and were between 76 to 24 kDa. The phenol method
(Figure 2B) did not allow for a good quality sample,
making focusing impossible; several horizontal stripes
were observed in the gel, whose proteins were separated
only by molecular weight.

According to Saravanan and Rose (2004), the
presence of non-protein impurities can critically affect the
quality of 2D-PAGE separation, resulting in the formation
of spots and/or horizontal and vertical striations, and a
notable decrease in the number of spots. In the
centrifugation and lysis methods (Figure 2 C; D), the
spots were more concentrated in the range of 225 to 24
kDa. The three technical replicates showed similar results
for the number of spots. The lysis method presented the
largest number of spots and differs significantly (p < 0.05)
from the other extraction methods (Figure 3). Therefore,
lysis method was defined as the best among the tested

methods, since it allowed obtaining the highest number of
spots with the best definition in 2D-PAGE gel.

Despite the lysis method did not provide the greatest
concentration of proteins, as verified for centrifugation
(Table 1), a high quality profile of proteins was observed
in terms of resolution, number and intensity of the spots
(Figure 2D). This result indicates that proteins with low
abundance and high molecular weight were clearly
revealed and detected in the 2D-PAGE gel by this
method. Furthermore, it was observed that different sets
of proteins were detected by the presence of bright spots
with good resolution. The lysis method stands out not
only for its greater representativeness of spots, but also
for being a fast (about 1 h) and practical method,
accessible to any laboratory. The most interfering
materials (non-protein components) are effectively
removed; the proteins are protected against degradation
by proteases, thus not requiring the use of protease
inhibitors. In addition, reagents used are of low cost and
toxicity, when compared with other methodologies (Tan
et al., 2011). This method greatly reduces the extraction
time, which in turn, improves the quality of the sample.

A large amount of proteins of X. campestris pv. viticola
was extracted by the phenol method (Table 1), however,
the unsatisfactory results obtained from the analysis of
2D-PAGE (Figure 2B) indicated absence of different
protein concentrations or inefficiency of the staining
method. These two aspects are cited by Gorg et al.
(2004) as being more important than the concentration of
protein for the success of 2D-PAGE analysis. Phenol is
an effective solvent of proteins that can greatly reduce
molecular interactions between proteins and other
compounds that inhibit electrophoresis (Wang et al.,
2007). This method has been successfully employed for
protein extraction of X. citri subsp. citri (Mehta and
Rosato, 2003; Soares et al., 2010), but its effectiveness
was not proven under the extraction conditions of X.
campestris pv. viticola.

Many techniques including physical methods and those
based on detergents are available for cell disruption and
protein extraction (Grabskia, 2009). These techniques
can vary widely in reproducibility and in representation of
the proteome and, thus, need to be adapted to the
phytobacteria. Using various extraction methods,
proteomic studies have been conducted with
Xanthomonas spp. like X. campestris pv. campestris
(Villeth et al., 2009), X. oryzae pv. oryzicola (Zhao et al.,
2011), X. oryzae pv. oryzae (Gonzalez et al., 2012), X.
axonopodis pv. passiflorae (Tahara et al., 2003), X.
axonopodis pv. citri (Zimaro et al., 2013) and X. citri
subsp. malvacearum (Razaghi et al., 2012).

Conclusion

The results obtained in this work were satisfactory taking
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Figure 2. Representation of the 2D-PAGE gel of total proteins of Xanthomonas campestris pv.
viticola, focused on strips of 7 cm pH 3-10, extracted by four methodologies: Ttizol® (A), Phenol
(B), Centrifugation (C) and Lysis (D).
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Figure 3. Number of spots identified by the Image Master 2D Platinum
program in four different protein extraction methodologies of Xanthomonas
campestris pv. viticola. Values are means + standard deviation (SD) of three
technical replicates. Low case letters a, b, ¢, d indicate significant
differences using Tukey's test (p < 0.05).
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into consideration that, in the literature consulted, no
results were found of a single or a combination of
methods developed for protein extraction of X.
campestris pv. viticola, making this study probably the
first. Therefore, considering the excellent profile of
proteins obtained in 2D-PAGE analysis by the lysis
method, this is recommended as the best option for total
protein extraction of X. campestris pv. viticola. This
extraction method can be used in proteomic research
with this phytobacterium in order to study population
diversity based on protein profile, detection of
pathogenesis-related proteins, and biofilm formation,
among others. This is an excellent opportunity to make
great progresses in the understanding of plant-pathogen
interaction, aiming at establishing efficient management
measures of bacterial canker of grapevine.
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