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nt method fo
or protein extraction
e
is
s a prerequ
uisite for the
e successfu
ul implemen
ntation of
An efficien
proteomics
s, which is being used
d as a tool in the stu
udy of the interaction between pla
ants and
phytopatho
ogens. With the
t objective
e to optimize
e a method o
of protein exttraction for p
proteomic an
nalysis of
the phytobacterium Xa
anthomonas campestris pv. viticola,, the efficien
ncy of four methodolog
gies were
compared, based on the two-dim
mensional gel
g electroph
horesis proffile (2D-PAG
GE). Trizol®, phenol,
centrifugatiion and lysis
s methods were tested an
nd through q
quantitative a
and qualitative analysis, the most
suitable me
ethod to obta
ain high-quality protein was
w selected
d. All method
dologies enabled the extrraction of
a significan
nt amount off proteins; ne
evertheless, the centrifu gation method allowed o
obtaining the
e highest
concentratiion of solub
bilized proteins. Howeve
er, the analy
ysis of the 2
2D-PAGE ge
el images re
evealed a
larger numb
ber of spots in the lysis method whe
en compared
d to the othe
ers. Taking in
nto considerration the
quality of th
he results an
nd the practical advantag
ges of the lys
sis method, this is recom
mmended as
s the best
option for total protein extraction
e
off X. campesttris pv. vitico
ola for proteo
omic studies
s.
Key words
s: Bacterial canker, Vittis vinifera, proteomics, sodium dodecyl sulfate
e polyacryla
amide gel
electrophore
esis (SDS-PA
AGE), two-dim
mensional gel electrophoressis (2D-PAGE
E).

INT
TRODUCTION
N
nthomonas ca
ampestris pv.. viticola (Xcv
v) (Nayudu) Dye
D
Xan
is tthe causal ag
gent of bacterial canker, one
o
of the mo
ost
imp
portant grap
pevine (Vitis
s vinifera L.) disease
es,
responsible for severe damage and representing a

us potential rrisk to Brazilian viticulture
e (Silva et al.,
seriou
2012)). Outside of Brazil, this disease occurss only in India
a
benal et al.., 2011) and
(Jamb
d Thailand (Buensanteai,
2004)), where, anyyway, severe losses have
e not yet been
n
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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 (Görg et al., 1995), being important for comprehensive 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, twodimensional 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 twodimensional 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 (108 CFU/ml) using a spectrophotometer (Analyser 500 M,
São 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
K2HPO4, 0.39 g/l KH2PO4, 8.8 g/l NaCl, pH 7.2) and 0.75 ml of
extraction buffer (0.7 M sucrose, 0.5 M Tris-HCl, 30 mM HCl, 50
mM EDTA, 0.1 M KCl 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 × 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 µl of
extraction buffer (0.3% SDS, 200 mM DTT, 28 mM Tris-HCl 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 × g for 10 min at 4°C, incubated
at 100°C for 5 min and then cooled on ice. Next, 24 µl of assay
buffer (24 mM Tris, 476 mM Tris-HCl, 50 mM MgCl2, 1 mg/ml
DNAse I 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 × 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.
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Table 1. Quantification of proteins of Xanthomonas campestris
pv. viticola obtained by four different methods of extraction.

Method
Centrifugation
Trizol®
Lysis
Phenol

Concentration (µg/µl)
9.1a ± 0.17
8.6b ± 0.17
7.8c ± 0.17
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).
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and iodoacetamide (Görg et al., 1995). In the second step, 2DPAGE 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
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 µg 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 µg of protein. Subsequently, the strips were balanced in
reducing solutions of disulfide bridges containing DTT (dithiothreitol)

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
quantification 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. Re
epresentation of
o SDS-PAGE gel (15%) of
proteins of Xa
anthomonas cam
mpestris pv. vitic
cola extracted
by four extrac
ction methodologies: Trizol® (T
T), Phenol (P),
Centrifugation (C) and Lysis (L); kDa marker (M).

in rrelation to the quality of the
t
sample and
a
numbers of
spo
ots obtained from
f
the four methods studied (Figure 2).
In tthe Trizol® method
m
(Figurre 2A) most of
o the rare and
a
spa
arse spots we
ere distributed
d throughout the
t pH range
e of
acid
d and were between 76 to 24 kDa. The
e phenol meth
hod
(Fig
gure 2B) did
d not allow for
f a good quality samp
ple,
making focusing
g impossible
e; several ho
orizontal strip
pes
werre observed in the gel, whose proteins were separatted
onlyy by molecula
ar weight.
A
According to
o Saravanan
n and Rose
e (2004), the
t
pre
esence of non
n-protein impu
urities can critically affect the
t
qua
ality of 2D-PA
AGE separatio
on, resulting in the formation
of sspots and/or horizontal and vertical striations, and
d a
nottable decrea
ase in the number of spots. In the
t
cen
ntrifugation and lysis metthods (Figure
e 2 C; D), the
t
spo
ots were more
e concentrate
ed in the rang
ge of 225 to 24
kDa
a. The three technical
t
replicates showed similar resu
ults
for the number of
o spots. The
e lysis method
d presented the
t
gest number of
o spots and differs
d
signific
cantly (p < 0.0
05)
larg
from
m the other extraction
e
me
ethods (Figure
e 3). Therefo
ore,
lysis method was defined as
s the best am
mong the testted

metho
ods, since it a
allowed obtaining the highest number of
o
spotss with the besst definition in 2D-PAGE ge
el.
Desspite the lysiis method did
d not provide
e the greates
st
conce
entration of proteins, as verified for centrifugation
n
(Tabl e 1), a high q
quality profile
e of proteins w
was observed
d
in terrms of resolution, numberr and intensityy of the spots
s
(Figu re 2D). This result indica
ates that protteins with low
w
dance and high molecu
abund
ular weight were clearly
y
revea
aled and de
etected in th
he 2D-PAGE
E gel by this
s
metho
od. Furtherm
more, it was o
observed that different sets
of pro
oteins were d
detected by th
he presence o
of bright spots
with good resoluttion. The lysis method sttands out no
ot
only ffor its greate
er representattiveness of spots, but also
o
for b
being a fast (about 1 h
h) and pracctical method
d,
accesssible to an
ny laboratorry. The mo
ost interfering
g
materrials (non-p
protein comp
ponents) arre effectively
y
remo ved; the protteins are prottected againsst degradation
n
by p roteases, thu
us not requiring the use
e of protease
e
inhibiitors. In addittion, reagentss used are off low cost and
d
toxici ty, when com
mpared with other method
dologies (Tan
n
et al. , 2011). Thiss method grea
atly reduces the extraction
n
time, which in turn
n, improves th
he quality of th
he sample.
A la
arge amount of proteins o
of X. campesttris pv. viticola
a
was e
extracted by the phenol m
method (Table
e 1), howeverr,
the u
unsatisfactoryy results obta
ained from th
he analysis of
o
2D-PA
AGE (Figure
e 2B) indica
ated absence
e of differen
nt
prote in concentra
ations or ine
efficiency of the staining
g
metho
od. These tw
wo aspects are cited byy Görg et al.
(2004
4) as being m
more importan
nt than the co
oncentration of
o
prote in for the success of 2D--PAGE analysis. Phenol is
s
an efffective solve
ent of protein
ns that can g
greatly reduce
e
moleccular interacctions betwe
een proteinss and othe
er
comp
pounds that inhibit electtrophoresis (Wang et al.,
2007)). This metho
od has been successfully employed fo
or
prote in extraction
n of X. citri subsp. citrii (Mehta and
d
Rosa
ato, 2003; Soares et al., 2
2010), but its effectiveness
was not proven under the e
extraction con
nditions of X.
X
camp
pestris pv. vitiicola.
Ma ny technique
es including physical metho
ods and those
e
based
d on detergents are availa
able for cell d
disruption and
d
prote in extraction
n (Grabskia, 2009). Thesse techniques
can vvary widely in
n reproducibiliity and in rep
presentation of
o
the p
proteome an
nd, thus, nee
ed to be ad
dapted to the
e
phyto
obacteria. U
Using variou
us extractio
on methods
s,
prote omic studies have been cond
ducted with
h
Xanth
p. like X. ccampestris pvv. campestris
homonas spp
(Villetth et al., 2009), X. oryzae
e pv. oryzicola
a (Zhao et al.,
2011)), X. oryzae pv. oryzae (González et al., 2012), X.
X
axono
opodis pv. p
passiflorae (Tahara et a
al., 2003), X.
X
axono
opodis pv. ccitri (Zimaro et al., 2013) and X. citrri
subsp
p. malvacearu
um (Razaghi et al., 2012).

clusion
Conc
The rresults obtained in this work were satissfactory taking
g
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Figure 2. Representation
R
of the 2D-PAGE gel of total p roteins of Xanth
homonas camp
pestris pv.
viticola, focused on strips of
o 7 cm pH 3-10
0, extracted by four methodolo
ogies: Trizol® (A
A), Phenol
ugation (C) and Lysis (D).
(B), Centrifu

Fiigure 3. Numb
ber of spots ide
entified by the Image Masterr 2D Platinum
prrogram in four different
d
protein
n extraction metthodologies of X
Xanthomonas
ca
ampestris pv. vitticola. Values are means ± sta ndard deviation
n (SD) of three
technical replica
ates. Low case
e letters a, b
b, c, d indica
ate significant
diffferences 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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