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ABSTRACT

The aim of this work was to evaluate in vitro the production of microbial secondary
metabolite-like compounds in carbon sources against Colletotrichum gloeosporioides. For
this purpose, the antagonist strain Burkholderia cepacea was grown on different carbon
sources (Glycerol, Honey, Homemade) in order to optimize the production of secondary
metabolites and to evaluate in vitro its activity against C. gloeosporioides. Five replicates per
treatment were performed, the assays were incubated for 15 days to determine the inhibition
activity. The presence of inhibition zones showed positive antifungal activity of B. cepacia
against C. gloeosporioides. The highest percentages of antifungal activity against was
obtained in the secondary metabolites optimized in the medium with honey (36.32%6.65).
The analysis of the chemical composition of the metabolites was carried out by gas
chromatography coupled to mass, finding 45 compounds in the medium with glycerol, 50
compounds for the medium with honey and 17 compounds for the homemade medium, where
in the Glycerol and honey media the pyrrolo [1,2-a] pyrazine-1,4-dione, hexahydro-3-(2-
methylpropyl) compound predominated. Further studies are recommended to continue
evaluating the antifungal activity of these bacteria against C. gloeosporioides and in the
future be a biological alternative for the in situ management of this disease.
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INTRODUCTION

In world agriculture, phytopathogenic fungi cause pre- and post-harvest diseases in
vegetable, cereal and fruit crops, being responsible for substantial economic losses, the
damage they cause not only refers not only to losses in economic production, but also to
losses in biological production, i.e. the alteration in the growth and development of host
plants attacked by these microorganisms (Agrios, 2005).

The most important pathogens causing high losses of fruits and vegetables are usually
bacteria and fungi, however, more often it is fungal species that cause pathological
deterioration of fruits, leaves, stems and underground products (roots, tubers, corms, etc.).
Some sources estimate such losses to be in the order of 5-25% in developed countries and
20-50% in developing countries and 20-50% in developing countries (FHIA, 2007).

A wide range of fungi have been characterized as causing pathological deterioration in a
variety of commaodities, the most common being Alternaria, Botrytis, Diplodia, Monilinia,
Penicillium, Colletotrichum, Phomopsis, Fusarium, Rhizopus and Mucor species (FHIA,
2007).

The genus Colletotrichum sp causes diseases on virtually all agricultural crops worldwide
(WHITELAW et al., 2007). Typical symptoms of Colletotrichum sp infection are called
‘anthracnose’ which are characterized by necrotic collapse of tissue where masses of conidia
are produced within an acervulus (FREEMAN et al., 2000).

Anthracnose occurs on developing and mature plant tissues, affecting fruit during
development in the field as well as mature fruit during storage (PRUSKY et al., 2000). In the
Colombian Atlantic Coast, it is known as iron spot or scorch and affects yields up to 50%
(Bustamante, 2006). The severity of this disease leads to the excessive use of fungicides,
which is costly, ineffective and harmful to the environment (Pérez et al., 2003).

Fungicides are the main solution for fungal disease control, but their use is controversial due
to the undesirable environmental effects they cause. In recent decades. Recent research has
shown new alternatives to replace the use of agrochemicals. Endophytic bacteria are used in
order to substitute agrochemicals that are used for the control of plant pathogens causing
plant diseases.

Endophytic bacteria reside in plant tissues, mainly in the intercellular space and within
vascular tissues without harming the plant and provide benefit to other microbial residents
(Hallmann et al., 1997; Kobayashi and Palumbo, 2000; Seghers et al., 2004; Zinniel et al.,
2002). They are considered a biotechnological tool due to the production of secondary
metabolites, which have activity against different plant pathogens.
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The phylotypes within the genus of Burkholderia bacteria encompass a biotechnological
potential of importance ranging from plant growth and development to protection against
various biotic and abiotic stresses. Burkholderia spp. are known to promote plant growth by
direct and indirect mechanisms. Direct growth promotion takes place through plant
phytohormones synthesis by the bacterium (Singh et al., 2013), ACC deaminase activity (Sun
et al., 2009), phosphate solubilization (Pal et al., 2022), nutrient delivery through rhizophagy
cycle activity (White et al., 2019), nitrogen fixation (Pandey et al., 2005), etc. while indirect
growth promotion involves the inhibition of bacterial or fungal pathogens through the
synthesis of antagonistic substances such as siderophores (Pandey et al., 2005), volatile
organic compounds (VOCs) (Liu et al., 2020), antimicrobial compounds (Mendes et al.,
2007), among others.

Burkholderia cepacia is an endophytic bacterium that has shown antagonistic activity against
a wide range of plant pathogens (Jayaswal et al., 1990; Cartwright & Benson, 1995). The
bacterium is known to produce a wide range of secondary metabolites such as pyrrolnitrin,
phenazine, cepabactin and other unidentified volatile or non-volatile compounds (Roitman
et al., 1990; Cartwright et al., 1995). The aim of this study was to evaluate in vitro the
production of secondary metabolites of B. cepacea on different carbon sources and their
antagonistic activity against C. gloeosporioides.

MATERIALS AND METHODS

Endophytic bacteria. Burkholderia cepacia was isolated from varieties of hawthorn yam
(D. rotundata), and identified at the molecular level by the Agricultural Bioprospecting group
of the University of Sucre.

Phytopathogens. The phytopathogenic fungus used and identified was Colletotrichum
gloesporioides obtained from leaves of yam variety Espino (D. rotundata), in the department
of Sucre.

Antagonistic activity of Burkholderia cepacia against Colletotrichum gloeosporioides.
For the antagonistic confrontation test, the dual culture medium PDA-R2A was used. B.
cepacia was surface seeded using the single streak technique at one end of the Petri dish with
dual medium. Petri dishes were incubated at 28°C for 2 days. After this time, the medium
was seeded with mycelium of the fungus C. gloeosporioides in exponential growth phase.
The boxes were incubated at 28°C for 15 days to determine the zone of inhibition between
bacteria and fungus. The fungus in box without bacteria was used as a negative control
(Palaniyandi et al., 2011; Doncel and Pérez, 2018).

Obtaining metabolite-like compounds from Burkholderia cepacia. To optimize the
production of secondary metabolites from B. cepacia, 3 media with different carbon sources
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were evaluated. The media used were: M1 (8 g Nutrient broth; 1.20 g Na2HPO4; 0.25 ¢
KH2PO4; 1g/L Glycerol), M2 (8 g Nutrient broth; 1.20 g Na2HPO4; 0.25 g KH2PO4; 1g/L
honey), M3 (8 g Nutrient broth; 1. 20 g Bicarbonate; 0.25 g Epson's salt; 1g/L Whey), in
1000 mL of distilled water, the initial pH of the homemade medium was adjusted to 6.8 with
0.1 N sulphuric acid. The experiment was carried out in 500 mL Erlenmeyer flasks, to which
200 mL of medium was added and inoculated with 2 mL of pre-culture of each bacterium. It
was incubated at 28°c * 2°c, with 160 RPM shaking. The cultures were fermented for 7 days
(Cho et al., 2007).

Extraction and identification of microbial metabolites. The following steps were used for
the extraction process: 100mL of each fermented medium were taken and centrifuged at 7000
rpm for 45 minutes. To each filtrate 80mL of ethyl acetate was added, then the organic layer
was collected and concentrated using a rotary evaporator. The chemical composition of the
secondary metabolite-type compounds was carried out as follows: The concentrate was
analyzed using gas coupled mass chromatography (GC-MS) using an Agilent Technologies
7820a gc gas chromatograph with an agilent technologies 5977e mass spectrometer, using a
HP5-MS working column, internal diameter: 250mm, stationary phase thickness 0.25 pm,
stationary phase: 5% Phenyl, Methylpolyxiloxane and the following conditions: Initial oven
temperature 60°C for 5 min rising to 160° for 7 min at a rate of 4°C/min and finally was
raised to 240° for 7min at a rate of 15°C/min. Transfer line: 250°C. Injection port: 250°C.
lonization source 230°C. Helium mobile phase flow rate grade 5.0: 1.0 mL/min. Working
solvent: ethyl acetate. Sample volume: 1uL. Time for separation of compounds: 42,41 min.
Library: NIST (National Institute of Standards and Technology).

Antifungal activity of microbial secondary metabolites. The evaluation of the
antimicrobial activity of the secondary metabolite-type compounds was carried out as
follows: A hole was made in the surface of the PDA medium with the aid of a sterile punch
previously inoculated with the fungus. 25 uL of the concentrate of each medium was added
to the well. The boxes were incubated at 28°C for 15 days and the inhibitory activity was
expressed as the percentage inhibition of fungal growth compared to the negative control
(ethyl acetate in the well) (Islam et al., 2012). The percentage growth inhibition was
determined by the following equation:

Inhibition (%)= [(Rc - Rb)/Rc x 100]

Where Rc is the radius of the control and Rb is the radius of the fungal colony interacting
with the antagonistic bacteria (Rahman, 2007). Five replicates per treatment were used. The

presence of inhibition zones indicated positive antifungal activity of the endophytic bacteria.

Statistical analysis. Results were expressed as the mean = S.D. To establish differences, an
ANOVA was performed using a completely randomized design for the inhibitory activity of
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microbial metabolites, having previously determined the criterion of normality of the data.
Significant statistical differences for the results were evaluated using the Tukey test (p-value
<0.05). Data were analyzed in the free version of InfoStat software.

RESULTS AND DISCUSSION

Figure 1 shows the confrontation test between B. cepacea and C. gloeosporioides. against

-, Burkholderia cepacia

Colletotrichum gloeosporioides

Figure 1. Invitro inhibition activity of B. cepacea against C. gloeosporioides in dual medium
(R2A-PDA).

On analyzing the results and comparing the means obtained in the different tests in terms of
the production of antifungal agents of strain AT31 against the fungus Colletotrichum
gloeosporioides, significant differences were found between the homemade culture medium
and the medium with glycerol and honey, However, no significant differences were found
between the two latter media (Figure 2)
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Control

Metabolite obtained in glycerol Metabolite obtained in bee honey

Figure 2. Inhibitory activity in culture media of B. cepacea metabolite-like
compound against C. gloeosporioides.

The medium with honey showed the highest inhibition index with a total of 36.32%+6.65,
followed by the medium with glycerol which showed an inhibition percentage of
27.61%8.32 and finally the homemade medium with 5.50% *1.60 (Figure 3).
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Figure 3. Antifungal activity of metabolite-like compound obtained from B.
cepacea in different carbohydrate sources against C. gloeosporioides.

The chemical composition of the bacterial concentrate indicates that the most abundant
compound was pyrrolo[1,2-a] pyrazine-1,4-dione, hexahydro-3-(2-methylpropyl)-, the most
abundant of all the compounds tested, found in Honey and Glycerol media with a combined
peak area of %25.704.

Previous research has demonstrated the antifungal activity of B. cepacia against plant
pathogenic fungi (Parra et al, 2009). This property has led researchers to be interested in this
bacterium as a potential biological control agent, as well as for inhibiting the growth of
human pathogenic fungi (Li X et al, 2008).

Another study by Devi and Wahab (2012) illustrated that pyrrolo[1,2-a] pyrazine-1,4-dione,
hexahydro-3-(2-methylpropyl)- in endophytic fungi isolated from Camellia sinensis
possesses strong antimicrobial activity. Furthermore, this compound was detected as the
fraction of the extracts responsible for the high antibacterial capacity against Proteus
vulgaris, Salmonella paratyphi, Staphylococcus aureus and Bacillus cereus in Streptomyces
sp (Devi N et al, 2007).

The production of antimicrobial agents, which are often secondary metabolites, depends on
primary metabolites that are produced by the catabolism of carbon, nitrogen and other
important nutrients used by microorganisms, these primary metabolites are considered
precursors and providers of building blocks for secondary metabolism through different
pathways (Boaisha, 2012). Multiple reports have shown that antibiotic production occurs
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late in the stationary phase, as a result of exposure to extreme conditions, nutrient deficiency
or feedback phenomena, for this reason, metabolite extraction was performed on the seventh
day of culture (Martin and Demain, 1980, Roitman, et al., 1990, EI-Banna & Winkelmann,
1998).

The results obtained in this study show that B. cepacia inhibits the growth of the
phytopathogenic fungus Colletotrichum gloeosporioides by the production of antifungal
compounds, with higher antifungal activity observed when the medium with honey and
glycerol was used. Variations in the nutritional and environmental factors of the bacteria
often result in altered antibiotic production. The alteration involves changes in both the
production and composition of the compound (Parra et al, 2009).

Media with Honey and Glycerol can contain precursors for antifungal metabolic activity, as
(Ismet et al. 2004) demonstrated an increase in antifungal production when peptone is used
as a nitrogen source. This factor is of utmost importance as it can change the ionising state
of important essential molecules such as proteins and enzymes (Doncel 2018), according to
Parra et al, 2009 demonstrated that temperature is also a fundamental factor in the antifungal
activity of B. cepacia strains isolated from maize against phytopathogenic fungi.

According to (Parra et al, 2009), they reported changes in the composition and production
of secondary metabolites by varying the growth conditions of B. cepacia. The results
obtained in this study agree with those reported by these authors, where the production of
the antifungal compound was influenced by variation in the growth factors of B. cepacia
strains such as carbon source factor and pH.

B. cepacia is a nutritionally versatile bacterium due to the ability to utilize a large number
of carbon sources as well as various amino acids as nitrogen sources (Li X et al, 2008).
Nutritional factors had a great impact on the antifungal activity of B. cepacia, demonstrating,
in the present study, the ability of the bacterium to inhibit fungal growth in the presence of
a variety of carbon sources, making it a good prospect in the field of biotechnology for the
control of fungal plant diseases of considerable economic importance.

CONCLUSION

In this study, the antifungal activity of the identified strain AT31 Burkholderia cepacia
isolated from yam varieties against the fungus Colletotrichum gloeosporioides was proved,
observing a higher antagonistic activity in the culture media with honey and glycerol as
carbon sources, It is evident with these results and those based on the different literatures,
that the bacterium presents a high degree of adaptability to different conditions to produce
compounds that can be of great biotechnological interest, benefiting agriculture in the
control of fungal diseases.
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