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Ralstonia solanacearum, a causal agent of bacterial wilt, a disease with significant
negative impacts on world agriculture, presents considerable difficulties in handling
due to its resistance to the common forms of control. Based on this context, the

objective was to investigate alternative substances for biofilm control and planktonic
growth of this phytopathogen. Four organic extracts in the eluotropic series
(cyclohexane, chloroform, ethyl acetate, and methanol) of Myroxylon peruiferum
collected in the Caatinga were evaluated for antibiofilm and antibacterial activity
using the crystal violet method and antibacterial activity in microplates, considering
positive values greater than 50% inhibition. The organic extracts were evaluated
qualitatively by thin layer chromatography. Results obtained showed that antibiofilm
activity was detected in the cyclohexanic extract, whereas ethyl acetate extract
showed antibiotic activity, both in the minimum inhibitory concentration of 3
mg.mL-!. The evaluation presented in this study provides a database for the
development of new natural phytopathogen control agents.
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Introduction

Ralstonia  solanacearum is a gram-
negative quickly and fatal phytopathogen that
colonizes the vascular system of various crops that
could cause relevant economic damage (Meng,
2013; Yuliar et al., 2015). The bacterium beginning
infection cycle start in the roots and, when reaching
the vessels of xylem, colonizes, and produces large
amounts of exopolysaccharides (EPS) (Mansfield
et al., 2012). It was well known that the biofilm
formation in the vessels walls, by EPS deposit,
interfere in the plant water flow, causing wilt
symptoms and, consequently, plant death (Ramey
et al., 2004; Mansfield et al., 2012). For being an
endophyte pathogen, able to infect weeds, the
traditional control methods applied seems

ineffective for this phytopathogen (Yuliar et al.,
2019).

In recent years, the biofilm production was
appointed as one of the most relevant virulence
factors of many phytopathogens, including R.
solanacearum (Ramey et al., 2004; Joe et al., 2015;
Guerra et al., 2018). The biofilm production is
possibly related to microorganism mechanisms that
conferee physiological advantages as: tolerance to
unfavorable environmental conditions, to an
abiotic conditions (such as water and nutrient
shortages), to a drastic and sudden alterations of
pH, to biotic as interspecific competition resistance
to host-produced defenses (such as the production
of antimicrobials) (Dow et al., 2003; Muranaka et
al., 2012). The biofilm matrix structure is
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composed mainly of exopolysaccharides, proteins
and extracellular DNA, and this is responsible for
conferring resistance to microorganisms (Stoodley
et al., 2002; Trentin & Macedo, 2013; Malafaia et
al., 2017).

The relevance of secondary metabolites,
natural molecules biosynthesized by plants, has
been exhaustively exploited on several biological
applications. Plants produce these compounds in
response to environmental conditions such as high
temperatures, high incidence of UV light, high
concentrations of salts in the soil and restricted
water availability (Essawi & Srour, 2000) and or as
a response to interactions with pathogenic or non-
pathogenic microorganisms (Trentin & Macedo,
2013). Thus, compounds derived from plants have
been highlighted in studies seeking forms of
pathogens alternative control, in the intent of
replacing the use of synthetic molecules harmful to
health and the environment (Essawi & Srour, 2000;
Venturoso et al., 2011).

However, most of the researches with plant
bioactives try to investigate the effects of these
compounds against planktonic bacteria. Little has
been verified about the biofilms life form that could
have antimicrobials compounds resistance and,
therefore, are more difficult to control and
eradicate (Sandasi et al., 2010). Finding new
antibacterial compounds, with  alternative
mechanisms of action, such as acting on the
formation of the bacterial biofilm, constitute a
promising alternative to pathogenic
microorganisms control (Silva et al., 2015).
According to some research, the Caatinga
ecosystem presents some environmental conditions
that could be favorable for investigating a wide
range of bioactive compounds that can be used for
this purpose.

In a matter of fact, a significant variety of
plant-derived compounds have been increasingly
identified by being effective in controlling various
human pathogens (Kawsud et al., 2014; Nikoli¢ et
al., 2014), however little is known of its efficacy
against phytopathogenic agents. As so, the
objective of this study was to investigate the effects
of four organic extracts of Myroxylon peruiferum,
collected in the Caatinga ecosystem, on bacterial
growth and biofilm formation of R. solanacearum.

Material and Methods
Plant material

The plant material was collected at the
Catimbau National Park, Pernambuco, Brazil, in
November 2014. The species were identified in the
Instituto Agrondmico de Pernambuco (IPA)
herbarium under voucher number 84.110.

The samples preparation for organic
extraction of M. peruiferum leaves were initiated
with dried tissue samples at 40°C for 3 to 4 days.
Subsequently, the material was pulverized in a
blender.

Organic extracts

One hundred (100) grams of dried and
crushed leaves of M. peruiferum were subjected to
organic extraction using eluotropic series solvents
(cyclohexane, chloroform, ethyl acetate, and
methanol) sequentially under the same mass of
leaves in Soxhlet (45 to 80°C) refluxed to
saturation. The extracts were then filtered and
further concentrated until the solvent was removed
in a rotary evaporator at 45°C under reduced
pressure. The extracts were then analyzed for
phytochemistry and antimicrobial activity.

Phytochemical screening

The organic extracts obtained were
evaluated for the presence of secondary
metabolites. The of alkaloids classes identification,
triterpenes, flavonoids, and tannins were
performed by thin layer chromatography (TLC)
using silica gel plate (Merck), according to Wagner
& Bladt (Wagner & Bladt, 2009) and the presence
of saponins was evaluated according to Silva et al.
(2010).

Bacterial isolate and culture conditions

Ralstonia solanacearum isolate CGH8 was
used as strong biofilm formers microorganism.
This isolate was obtained from Phytobacteriology
Laboratory Culture Collection (Agronomy
Department of the Universidade Federal Rural de
Pernambuco-UFRPE, Brazil), where they were
initially isolated, identified and biochemically
characterized.

The CGHS isolate was grown in nutrient
yeast dextrose agar NYDA (5 g.L'! yeast extract, 3
gL' meat extract, 5 gL' peptones, 10 g.L'
dextroses, and 18 g.LL"! Agar) during 24h, at 28°C,
and a bacterial suspension in 0.9% NaCl,
corresponding to 1 McFarland scale commercial (3
x 108 CFU.mL™"), was used in the assays.

Antibiofilm and antibacterial assays

The evaluation of antibiofilm activity was
according to Malafaia et al. (2017), employing the
technique by staining with violet crystal in
microbiological tests carried out in microtitler
plates sterile 96-well polystyrene flat-bottom
(Costar 3599) purchased from Corning Inc. (USA)
was used. Forty microliters of the bacterial
suspension, 20 ul of the organic extract
(concentration of 0.5 mg.mL"! to 4 mg.mL") and
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140 pl of medium broth nutrient yeast dextrose
(NYD) were added at well microtiter plates and
posteriorly incubated at 28°C for 24h. The content
of the wells was removed, and the wells were
washed three times with sterile saline. The
remaining attached bacteria were heat-fixed at
60°C for one hour. The adherent biofilm layer
formed was stained with 0.4% crystal violet for 15
min at room temperature. The stain bound to the
cells was solubilized with 99.5% ethanol, and after
30 min, the absorbance was measured at 570 nm
(Spectramax M2e Multimode Microplate Reader,
Molecular Devices, USA). The biofilm formation
control was considered to represent 100% of
biofilm formation, and the extracts were replaced
by 20 ul of water in 96-well microtiter plates.
Values higher than 100% represent a stimulation of
biofilm formation in comparison to the control.
The planktonic bacterial growth was
evaluated by the difference between the OD600
absorbance measured at the end and at the
beginning of the incubation time in polystyrene 96-
well microtiter plates. As a control for bacterial
growth, the extracts were replaced by 20 ul of
water, with this being considered to represent
100% of planktonic bacterial growth. Values
higher than 100% represent a stimulation of
bacterial growth in comparison to the control.
Rifampicin (32 uM) was used as antibiotic control.

Statistical Analysis

Microbiological tests were performed at
least in biological quadruplicate and experimental
triplicate. The chemical tests were performed in
triplicate. The results were expressed as a
percentage of mean =+ standard deviation.
Differences between groups were evaluated by
Student's T-test, and the values were considered
statistically significant if compared to the
significance level of p < 0.05.

Results

The use of methanol was less efficient to
obtain alkaloids, coumarins, and triterpenes. On the
other hand, this was the only solvent to extract
saponins and tannins from the plant samples. It was
also observed that the solvents cyclohexane,
chloroform, and ethyl acetate had similar behavior,
isolating the same group of substances (coumarins,
flavonoids, and triterpenes). This result indicates a
similarity of efficiency among these extractive
compounds.

However, as the effect of the extracts
presented the difference between them, during the
analysis of biofilm formation and cellular growth,
the results indicate that all concentrations tested
with the cyclohexane extract stimulated cell growth
(multiplication). On the other hand, only the higher
concentration (4.0 mg.mL™") of the extract, tested
with ethyl acetate, presented a stimulating effect on
cell multiplication. This increase, observed with
extracts obtained with methanol, is related to the
level of the organic extract used. The lowest dose
tested (0.5 mg.mL™") of the organic extract obtained
with methanol do not affect biofilm or cell
multiplication.

Although the organic extract obtained with
cyclohexane has stimulated cell multiplication,
somehow biofilm formation was inhibited. It was
expected that with increasing cell multiplication,
there would be an increase in biofilm formation.
However, this correlation (increase in cell
multiplication and increase in biofilm formation)
was observed only at the concentration of 4.0
mg.mL"' of the organic extract obtained with
methanol.

Figure 1 shows the screening of the
antimicrobial and anti-biofilm activities of the
organic extracts of leaves of M. peruiferum against
a strong biofilm former CGHS8 isolate of R.
solanacearum (Malafaia et al., 2018). The results
show that ethyl acetate extract at 3 mg.mL"' was
able to inhibit bacterial growth in 53.5%. However,
3 mg.mL"' concentration did not affect biofilm
formation and had no significant difference when
compared to the control.

The antibiofilm activity was observed in the
extract of cyclohexane that inhibited the formation
of biofilm (reduction biofilm formation over 50%
compared to control), without a statistical
difference between 3 mg.mL' (54.1%) and 4
mg.mL"' (63.7%), determining a minimum
inhibitory concentration of 3 mgmL"' for a
mechanism that does not involve bacterial death. In
this concentration (3 mg.mL"') was observed a
stimulus to cell growth (an increase of up to 115%).

The preliminary qualitative phytochemical
screening of these extracts can be observed in
Table 1, which indicates the presence of
flavonoids, coumarins, and triterpenes in all
extracts. However, only in the methanolic extract
showed the presence of saponins and tannins.
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Figure 1. Pure culture biofilm formation assay in nutrient yeast dextrose (NYD) in the presence of

organic extracts of Myroxylon peruiferum isolate CGHS. ® Biofilm formation,

bacterial growth of

Ralstonia solanacearum. The bars represent the mean values (n = 12). Lowercase letters and capital
letters indicate significant differences (p < 0.05) in planktonic growth and biofilm formation,

respectively.
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Table 1. Phytochemical analysis of organic extracts of leaves of Myroxylon peruiferum.

Class of ... [Extracts
ass of compounds i CE EA M
Alkaloids - - - -
Coumarins + + + -
Flavonoids + + ++ 4+
Saponins - - - +
Tannins - - - +
Triterpenes ++  +++ ++ -

(-) Absence, (+) weak, (++) average, (+++) Strong. CH: Cyclohexane, CF: Chloroform, EA = Ethyl

Acetate, M = Methanol

Discussion

The use of synthetic molecules in
agriculture has been less and less recommended by
environmentalists and the World Health
Organization (WHO) due to its high toxicity to man
and the environment (Minz, 2012). Besides, an
increase in the resistance of plant pathogenic
microorganisms has been verified, provoking an
increase in the use of such toxic substances. Many
studies report the antibacterial activity of plant
extracts against human pathogens and their
pharmaceutical application (Gibbons, 2004), but
little is known about this activity against
phytopathogens. A new alternative in the control of
bacterial diseases is through the inhibition of
biofilm formation since this is shown as a strategy
of resistance and permanence in the environment
(Rasko & Sperandio, 2010; Silva et al., 2015). The
result obtained in this study indicates that M.
peruiferum organic extract probable have some
compounds that affect this bacterium development.
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New molecules with described biological
activities, including antimicrobials, have been
obtained from various plant species (Mutalib et al.,
2015). M. peruiferum is used medicinally as an
anti-inflammatory and expectorant pectoral, used
in cases of asthma, bronchitis asthma, cystitis, lung
disease, headache, external wound, weakness, sore
throat, cough and airway symptoms (Lorenzi &
Mattos, 2008). Hydroalcoholic extracts of M.
peruiferum have also been reported to have a
higher amplitude of antibacterial activity against
Streptococcus pyogenes, Shigella sonnei and
Staphylococcus aureus (Gongalves et al., 2005)
and aqueous extracts have already demonstrated
positive activity against the biofilm formation of R.
solanacearum (Malafaia et al., 2017), however, a
potential antimicrobial activity has not yet been
described against this phytopathogen. The results
obtained showed that organic extracts could
present different effects on R. solanacearum
development.
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According to the extraction procedure, the
organic extract could reduce cell multiplication or
stimulate it, the latter being mainly observed in the
extract of cyclohexane. These results indicate that
not only the sources of compounds are relevant to
the identification of new substances against biofilm
and cell multiplication, but the process of
extracting could be a critical factor to consider.

The bacterial biofilm undergoes five stages
of development according to Sauer (2003):
Reversible cell adhesion; Irreversible cell
adhesion; Biofilm maturation begins; Fully mature
biofilm with complex architecture; Biofilm
disruption, and cell dispersion. Several processes
are involved in the formation of biofilm, starting
with surface adhesion. It is crucial for the
establishment of the biofilm, so any molecule, or
set of these, that will interfere negatively in this
process, is considered antibiofilm. Thus, the
extracts that showed activity possibly interfere in
the adhesion of the bacterium to the surface.

Generally, the organic fractions present
higher biological activity than those observed in
the aqueous fraction in the biofilm inhibition of
bacteria species (Mutalib et al., 2015). However,
when the results obtained in this study are
compared with those obtained by Malafaia et al.
(2017) this did not happen, suggesting that the
separation of compounds caused by the
fractionation of the eluotropic series may have
separated components that increase the antibiofilm
activity when in synergism.

Preliminary phytochemical screening of
the active extract of M. peruiferum leaves revealed
the presence of coumarins, flavonoids and
triterpenoids, secondary metabolites produced by
plants that, among other functions, are used in
defense against phytopathogens (Cowan, 1999).
Flavonoids and coumarins are the largest groups of
substances extracted from plants with reported
antimicrobial activity (Cowan, 1999). These
chemical classes of secondary metabolites have
already been described as active for antibiofilm as
verified by Riihinen et al. (2014). In this case,
flavonoids isolated from Vaccinium vitis-idaea
were active against the biofilm formation of S.
mutans and Fusobacterium nucleatum. Awolola et
al. (2014) described that flavonoids and purified
triterpenes of Ficus sansibarica presented
antibacterial activity and antibiofilm against S.
aureus and Escherichia coli. According to the
results, it is possible that despite the same group of
compounds is present in each extract; subfractions
of the same compound family could be obtained by
the extracting processes used. However, the
validation of this result will depend on finer
analyzes.

Conclusion

Most of the plants have antimicrobial
properties, and this fact makes them essential in the
researches to develop new bioactive compounds
safe for man and the environment, presenting
effectiveness in the protection of economically
important species. M. peruiferum, plant used for
medicinal purposes, contain phytochemicals
effective in inhibiting the formation of biofilm also
for phytopathogens. The antibiofilm action of the
extracts of this plant against R. solanacearum
probably is associated with the inhibition of the
cellular adhesion process. The in vitro screening is
important to guide the development of new
products in addition to overseeing bioactive
compound prospecting studies.
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