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ABSTRACT

Bacterial spot caused by Xanthomonas arbori-
cola pv. pruni (Xap) is considered as a major
problem in peach orchards. Copper and antibi-
otics are used to control, and biocontrol should
be a new alternative with low environment im-
pact. The objective was evaluated by the antibi-
otic activity of the metabolite produced by Pseu-
domonas aeruginosa LV strain. The free cells
supernatant was fractionated with a serial orga-
nic solvent with crescent polarity and a dichlo-
romethane phase was concentrated and lyophi-
lised, and after was fractionated using vacuum
liquid chromatography. The antibiotic activity of
the F3 fraction containing an organometallic
compound was tested on Xap in vitro and in a
greenhouse conditions. Plants were sprayed
with F3 before or after Xap infection and the re-
sults showed changes in exopolysaccharides
and cell morphology. The F3 concentration of
450 pg-mL™ was more effective. The results
showed that F3 fraction could be a new alterna-
tive to control bacterial spot.

KEYWORDS

Peach Tree; Bacterial Spot; Biological Control;

Copyright © 2014 SciRes.

Leaf Lesions; Xanthomonas arboricola Pv. pruni

1. INTRODUCTION

Bacterial spot is a disease of peach trees (Prunus per-
sica L. Batsch) caused by Xanthomonas arboricola pv.
pruni [1]. It is considered an important disease, especi-
ally when environmental conditions are favourable, such
as high humidity and temperature. The symptoms of bac-
terial spot are characterised by brown or purple aqueous
spots, which dry up and fall causing perforations in lea-
ves, with a consequent weakening and premature defo-
liation of the plant, thereby causing its death [2].

Products based on copper can control bacterial spot,
such as copper hydroxide, copper oxychloride and cupr-
ous oxide [3]. Sometimes copper compounds are mixed
with antibiotics such as streptomycin or oxytetracycline
to control bacterial spot [4]. However, the use of this
method could select resistant pathogens, causing out-
breaks of disease, a reduction in beneficial microorgan-
isms and harm to humans, animals and the environment
because of the residue accumulation in soil, water and
food [5].

Biological control is an alternative to increase the sus-
tainability of agriculture and decrease the impact on non-
target organisms. The most important bacterial genera
used as biocontrol agents are Bacillus and Pseudomonas,
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which produce many bactericidal compounds [6,7], and
the application of antagonistic bacterial products can pro-
vide the effective control and management of bacterial
spot [5].

The Pseudomonas sp. has been used as a biopesticide
at the USA since the 1990 as an attractive strategy for bi-
ologically controlling plant diseases [8]. Products de-
rived from several Pseudomonas species are currently
registered with the US Environmental Protection Agency
and are commercially available to producers as biopesti-
cides [9]. Therefore, the aim of biological control is to
reduce the damage caused by the phytopathogens in the
plant, and the wide distribution of the Pseudomonas sp.
with antagonist activity might help develop specific
strategies for biological control [10].

Thus, it is important that researchers find effective
agents and demonstrate their effectiveness to show gro-
wers the benefits to gain their support and thereby ensure
that the reduction of pesticides can become reality [11].
Since research in the greenhouse can offer success in the
biological control of the phytopathogens, the knowledge
obtained from this system can assist in the transition to
the field [12].

The metabolite used as the biological control in this
study is produced by the Pseudomonas aeruginosa LV
strain. This bacteria was isolated from the lesions of cit-
rus canker where many bacteria compete for nutrients
and space, and produce antibiotic compounds against X.
axonopodis pv. citri, the phytopathogenic bacterial agent
that causes the citrus canker [13].

The Laboratory Microbial Ecology group has worked
with the Pseudomonas sp. for ten years to isolate, purify
and identify the metabolite molecule and test it against
diseases caused by different species Xanthomonas plants
such as Citrus sinensis cv. Valence, Eucalyptus sp.,
Phaseolus vulgaris. The control of bacterial spot in P.
persica cv. Maciel by F3 fraction appears as a new alter-
native to decrease the incidence of this disease and
losses by growers. Therefore, the aim of this study is to
evaluate the antibiotic activity of the metabolite pro-
duced by the P. aeruginosa. against X. arboricola pv.
pruni.

2. MATERIALS AND METHODS
2.1. Bacterial Strains

The bacteria strain used in the experiments was X. ar-
boricola pv. pruni (Xap). This was kindly provided by Dr
Bernardo Ueno (EMBRAPA Clima Temperado, Pelotas,
Brazil), whereas the Pseudomonas sp. strain LV metabo-
lite producer was from our own collection [12]. The
strains were stored in a 30% glycerol solution and kept in
liquid nitrogen. These strains have been used in many
experiments to test the disease control caused by other
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Xanthomonas species in different plants. The F3 fraction
was chosen because it showed a high inhibition halo in
antibiosis experiments against many Xanthomonas spe-
cies.

2.2. Production and Purification of
Antibiotic Substances

The method of production has been patented (Patent
#P10803350-1; www.inpi.gov.br). Metabolite production
was obtained from the culture of Pseudomonas aerugi-
nosa (108 CFU-mL™) (O.D. = 0.09, / = 590 nm) where
150 uL of this suspension was inoculated in 1.5 L of nu-
trient broth plus copper chloride (CuCly-2H,0; 150 mg.
L™) and incubated at 28°C for 15 days at 100 rpm in a
horizontal shaker. After that, the culture was centrifuged
(9000 rpm, 20 min™, 4°C) and the free cells supernatant
were treated with dichloromethane 1:1 (v:v) in a separa-
tion funnel in aliquots of 500 mL of supernatant plus
solvent. For each separation, this procedure was repeated
10 times, shaken once for 30 s and left to rest for 15 min.
The dichloromethane phase (DP), which was obtained in
the partition, was concentrated in a rota-evaporator under
reduced pressure (10 L at 45°C), frozen in liquid nitrogen
and lyophilised for 24 h. The amount obtained was
around 0.5 g of the DP per 15 L of supernatant.

2.3. Vacuum Liquid Chromatography (VLC)
of the DP

The DP was fractionated by VLC in a glass column
(20 mm @ x 350 mm high) attached to a vacuum pump
(51 kPa). The column was filled with 30 g of silica gel
60, and 2 g of the DP was mixed with 5 g of silica gel.
For the passages in the organic solvents, hexane, di-
chloromethane and ethyl acetate at 1:1 (v:v) were used in
aliquots of 40 mL with 10 repetitions for each solvent.
Three fractions were then obtained: the hexane fraction
(F1), dichloromethane fraction (F2) and ethyl acetate
fraction (F3). The fractions were concentrated in a rota-
evaporator under reduced pressure at 45°C, frozen in
liquid nitrogen and lyophilised.

2.4. Evaluation of Antibiotic Activity of the
in Vitro Tests

All the experiments were repeated three times.

2.4.1. Evaluation of the Antibiosis Effect of the
Agar Diffusion Technique on Xap

The antibiotic activity of the F3 fraction was evaluated
by the diffusion method in agar (pour plate). Aliquots of
1000 pL of Xap in log phase (10® CFU/mL) (O.D. = 0.37,
A =590 nm) were placed in Petri dishes with nutrient
agar. Afterwards, wells were made of 9 mm @ on agar.
Aliquots of 150 pL of the F3 fraction were added into the
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wells at concentrations of 1000, 100 and 50 ug-mL ", and
sterile distilled water was used as a negative control
(solvent used in the suspension of the F3 fraction). The
experiment was conducted with three concentrations of
F3 and three replicates (3 x 3, n = 9) and respective con-
trol. The plates were incubated at 28°C/48 h, and inhibi-
tion halos were evaluated (mm). The F3 fraction is semi-
purified and containg only one antimicrobial substance
against Gram negative rods, that is an organometallic
compound.

2.4.2. Determination of the Minimum Inhibitory
Concentration (MIC)

The MIC was carried out in plates of cell culture with
24 wells and six concentrations of the F3 fraction with
four replicates per concentration (100; 50; 25; 12.5; 6.25;
3.12 ug'mL ™). Wells with only nutrient broth as consid-
ered negative control and positive control as considered
cells suspension of Xap in the log phase. In each well,
there was added 1.8 mL of nutrient broth plus 100 pL
cell suspension of Xap and 100 pL of the respective
concentration of the F3 fraction. The plates were incu-
bated at 28°C/48 h, and subsequently 20 uL 2, 3, 5-
triphenyltetrazolium chloride (TTC 1%) was added and
incubated at 28°C/20 min. The results were evaluated as
sensible when the Xap showed non-growth (-no colour
change) and resistant when Xap showed growth (+col-
our change to pink).

2.4.3. Electron Microscopic Study

The evaluation of antibiotic action of the F3 fraction in
the cellular morphology of Xap was carried out with a
concentration of the F3 fraction and three different incu-
bation times (T1, T3 and T6 h). Control was with sterile
distilled water (solvent used in the suspension of the F3
fraction). The inoculum of Xap was obtained from the
liquid culture in the log phase. Aliquots of 100 pL of the
F3 fraction and distilled water control were added into
tubes containing 10 pL of nutrient broth with Xap and a
concentration (200 pg-mL ) of the F3 fraction, and in-
cubated for 1, 3 and 6 h at 28°C in a horizontal shaker at
100 rpm.

Aliquots of 20 pL of T1, T3 and T6 were transferred
onto glass slides previously coated with poly-L-lysine
and placed at 28°C for 1 h to dry. Slides were then fixed
in a solution containing 2.5% glutaraldehyde, 2% para-
formaldehyde in 0.1 M sodium cacodylate buffer (pH 7.2)
for 12 h. After being post-fixed in a solution in OsO4 1%
for 2 h, the samples were dehydrated in an ethanol gra-
dient 70, 80, 90 and 100°GL and completely dehydrated
on a critical point dryer in CO, (BALTEC CPD 030
Critical Point Dryer, UK). Afterwards, the slides were
coated with gold (SDC BALTEC 050 Sputter Coater,
UK). Finally, the samples were observed by scanning
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electron microscopy (FEI Quanta 200).

2.5. Evaluation of the Antibiotic Activity of
the F3 Fraction on the Lesion Formation
on Leaves

The experiment was repeated three times. Plants of P.
persica cv. Maciel were kept in a greenhouse (25°C) and
watered with tap water when needed. The experiment
had two application times for the F3 fraction (pre- and
post-treatment), with three concentrations (50, 150 and
450 ug-mL™), with one positive control with Xap and
one negative control with distilled water. All treatments
and the respective controls were composed with four
replicates. The F3 fraction was sprayed onto mature
leaves selected for their similar aspect, size and colour.
Before application, plants were covered for 24 h/30°C
with transparent plastic to form a moist chamber and
facilitate the opening of the stomata. In the pre-treatment,
the plants were sprayed with 10 mL of the F3 fraction per
plant at concentrations of 50, 150 and 450 pg-mL™* and
closed. After 24 h, the plants were sprayed with a sus-
pension of 10 mL of Xap (O.D. = 0.37, A = 590 nm) per
plant. After 24 h, the moist chamber was removed from
the plants. In the post-treatment, the same procedure de-
scribed above was adopted except the order of the
spraying, which was first inoculated to Xap and then
sprayed with the concentrations of the F3 fraction. Then,
10 mL of distilled water was used in the controls for the
pre- and post-treatment (solvent used to dilute the F3
fraction). The number of lesions was evaluated by
counting the lesions on each plant for treatment after, and
the data were submitted to regression (p < 0.05).

3. RESULTS

3.1. Evaluation of Antibiotic Activity Using
in Vitro Tests

3.1.1. Evaluation of the Antibiosis Effect on the
Agar Diffusion Technique on Xap and MIC
Two in vitro tests were carried out. The first one
showed that it was most effective concentration was
1000 pg-mL™* (Table 1). The second experiment was
evaluated the MIC, and showed that at 50 pg-mL™ no
cellular activity was observed after applying TTC 1%.

3.1.2. Electron Microscopic Study
Over time the cell ultrastructure changes until the total

Table 1. Evaluation of antibiosis effect of F3 fraction by agar
diffusion technique on Xanthomonas arboricola pv. Pruni.

F3 fraction concentration (ug-mL™) Halo (mm)
1000 32.33
100 19.33
50 15.0
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collapse of bacterial cell. Using scanning electron mi-
croscopy, no changes were observed in non-treated cells
after six hours (Figure 1(a)). In the cells treated after one
hour, the exopolysaccharide almost disappeared but the
cell morphology showed few changes (Figure 1(b)). Af-
ter three hours, the complete absence of the exopolysac-
charide was observed and the cell morphology was dis-
arranged (Figure 1(c)). After six hours, the cell mor-
phology was completely disarranged, showing more
length cells and a cell wall with what looked like a hol-
low (Figure 1(d)).

3.2. Evaluation of the Antibiotic Activity of
the F3 Fraction on the Lesion Formation
on Leaves

After the effect observed in the in vitro experiments
and the cell morphology under the scanning electron
microscope, the next step was to study the influence of
the F3 fraction on the lesion formation on peach leaves.
This was carried out in greenhouse conditions with no
large plants.

In plant experiments, three concentrations (50, 150
and 450 pg-mL ™) were used in two different times: pre-
treatment before the F3 fraction and after Xap suspension
and post-treatment before Xap and after the F3 fraction.
In pre-treatment, significant differences were observed
among all treatments compared with controls. Among the

Figure 1. Scanning electron microscopic image of X. arbori-
cola pv. pruni. Antibiotic activity and morphological changes in
Xap treated with the F3 fraction (200 pg-mL ™). A. Xap culture
non-treated with the F3 fraction after 3 h incubation (12,500x);
B) Xap culture after 1 h treated with the F3 fraction (10,000x);
C) Xap culture after 3 h treated with the F3 fraction (12,500x);
D) Xap culture after 6 h treated with the F3 fraction (20,000x).
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concentrations no differences were observed between
150 and 450 pg-mL " of the F3 fraction (Figure 2(A)).
The same results were observed in the post-treatment,
where all the concentrations showed significant differ-
ences with control plants and no difference was observed
between the number of lesions in the plants treated with
150 and 450 pg-mL* of the F3 fraction (Figure 2(B)).

Some phytotoxicity effects were observed in the high
concentration spray. When this effect was compared
among treatments we observed that it decreased when
the concentration of the F3 fraction decreased. No dif-
ference was observed between the pre- and post-treat-
ments (Figure 3).

4. DISCUSSION

There are few studies on the biological control of Xap
but several studies have used a Pseudomonas sp. as a
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Figure 2. Correlation between dose effect (50 pg-mL ™, 150
ug-mL " and 450 pg-mL ) and number of lesions formed by X.
arboricola pv. pruni on peach leaves after 21 days of being
sprayed. A) Pre-treatment with the F3 fraction; B) Post-treat-
ment with the F3 fraction.
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Figure 3. Inhibitory effect of the F3 fraction on the lesion for-
mation of Xap on peach trees in pre- and post-treatment (50
pg-mL ™, 150 pg-mL " and 450 pug-mLY). The bars correspond
to the standard deviation in each treatment (p < 0.05).

biological control agent to produce different antibiotic
compounds that can be used to plant pathogenic fungi
and bacteria [14]. According to [17], Gram negative bac-
teria are natural sources of compounds for biological
control. These authors isolated several Gram-negative
bacteria in rice seeds, with a predominance of Pseudo-
monas species such as P. resinovorans, P. putida B1, P.
fluorescens, P. fulva and P. viridilivida that showed an-
tagonism to fungi and bacteria. [8] suggest that the suc-
cess to control phutopathogens is related with many fac-
tors such as: the occupation the same ecological niche,
nutritional resources, the toleration of adverse conditions
and reproduce under similar environmental conditions.
The in vitro experiments on the F3 fraction showed
antibiotic effects in all tests, indicating that this fraction
might help control bacterial spot. The effect of the F3
fraction on cell viability was confirmed in the ultrastruc-
tural study, which indicated that it is fast and effective
against Xap and suggested that F3 shows a high potential
to control Xap. Cells treated with the F3 fraction de-
creased exopolysaccharide production, which is essential
for bacteria survival and colony organisation because it
protects bacteria against desiccation and facilitates bacte-
rial dispersal in host plants during infection [15].
Moreover, the in vivo experimental results showed that
the highest concentration was the best to control bacterial
spot both in the pre- and post-treatment. This means that
application time had no influence on lesion formation
control. However, the concentrations showed different
effects. [13] Found that the F3 fraction decreased the
lesion area of citrus canker leaves of C. sinensis cv. Va-
lence caused by X. axonopodis pv. citri. Different effects
were also observed. For example a smaller concentration
was more effective in X. axonopodis pv. Citri, but in Xap
we found that the effectiveness of the concentrations of
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F3 was four times higher. The same author showed that
lesion formation control is influenced by the pre- and
post-treatment in contrast to our findings. However, these
results suggest that there is a natural antagonism between
bacteria with a high degree of genetic similarity and
ecological niche, favouring the use of bacteria as a bio-
logical control agent against a phytopathogen [16].

In the field, experiments need to determine how this
compound behaves and preserves the antibiotic effect in
this condition to control Xap. In the greenhouse, all con-
ditions help Xap infection and the establishment and le-
sion formation on leaves because the temperature and
humidity were controlled.

When an effect on lesion formation by Xap is ob-
served in this experimental condition, we suggest that the
F3 fraction should be a new challenge on Xap control in
the field. The phytotoxicity effect is another problem that
needs to be solved. Finding the optimal concentration
that does not cause phytotoxicity is essential for de-
creasing injury to peach trees, as occurred in this work.
Many products used in biological control can cause phy-
totoxicity at the highest concentrations, although it de-
pends on the plant species being used. Therefore, know-
ing the chemical properties and biological activity of the
product can be a good biological control agent [18].

The present paper showed that the F3 fraction showed
an antibiosis effect against Xap and disarranged the bac-
terial cell and exopolysaccharide formation. This sug-
gests that it might be effective in the control of lesion
formation on leaves by Xap, but further studies need to
be carried out in field conditions.
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