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Abstract

Many plant pathogenic bacteria are responsible for important diseases of economically
important crops, which produce enzymes that degrade the cell wall. The use of fungal
metabolites as biological control is an environment friendly way of replacing the
conventional bactericide. Thus, the present study investigated the antibacterial activity
of metabolites of Aspergillus flavus on three plant pathogenic bacteria namely
Xanthomonas campestris, Pseudomonas syringae, Serratia rubidaea in laboratory
conditions. Well and disc diffusion assays were used to measure the antibacterial
activity. Growth of all three bacterial species was strongly inhibited by all levels of the
fungal metabolites. The 100% metabolite concentration showed the most effective
antibacterial activity followed by the 50%. The disc diffusion method was found to have
comparatively more inhibition while both the methods proved to demonstrate the
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antibacterial potential of the fungal metabolites. The above results indicate that
metabolites of the fungus A. flavus have excellent antibacterial activity and could be used
for the control of bacterial plant diseases.
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Introduction

Filamentous fungi are well known for their secondary metabolite, featuring an array of
infamous structures and fascinating bioactivities. Aspergillus flavus is an obnoxious
member of this group contaminating a variety of food material, also produces carcinogenic
compounds (Uka et al., 2020). A. flavus is the second most common cause of aspergillosis
after A. fumigatus. It is well known as an abundant saprophyte and opportunistic pathogen
and is ubiquitous in warm environments (Yang et al., 2020). Aspergillus species are
exploited as biocontrol agents against a wide variety of plant pathogens and also promotes
growth of many crops. Competition with pathogens, parasitism and the release of
compounds with antifungal properties being the most important in biocontrol mechanism
(Karthick et al., 2019). Bacterial pathogens are one of the major threats to biosafety and
environmental health, and an advanced assessment is a prerequisite for combating
bacterial pathogens (Yang et al., 2023). Almost around 100 species of bacteria are able to
cause diseases in plants. In order to cause disease in plants bacteria have specific
pathogenicity  factors like cell wall degrading enzymes, phytohormones,
exopolysaccharides, effectors protein and the toxins. Pseudomonas syringae is one of the
phytopathogenic bacteria associated with several plant species. It is an opportunistic
pathogen of a variety of injured woody plants (Arnold & Preston, 2019). Bacteria of
this group produces plant diseases like cankers, leaf spot and blight and also soft and
brown rots with varying symptoms (Basavand et al., 2020). Xanthomonas spp., a large
genus of Gram-negative plant pathogenic bacteria that causes disease to a large number of
plants/crops and exploits various virulence factors for pathogenicity (Timilsina et al.,
2020) and fitness in host. Pathogenic species exhibit host specificity limiting themselves
to vascular or mesophyll tissues of the host plant. Early infections transplantation may lead
to complete loss of crops. X. campestris is the cause of bacterial blight, irregular yellow-
necrotic areas, Black rot, citrus canker. Bacteria like Serratia spp. occur in a variety of
habitats, are gram-negative in nature with the ability to infect vertebrates and humans
(Grimont & Grimont, 2006). It has been isolated from fruits and vegetables (Soenens &
Imperial, 2020). Plant pathogens are of great concern for crop production throughout the
world and demands for an active control mechanism of crop diseases for the provision of
food to ever growing population of the world (Ayaz et al., 2021). At present plant diseases
are being controlled by growing resistant varieties and applying pesticides with promising
results. However, the use of chemicals as pesticides has posed serious threat to the
environment thus limiting their scope in agriculture (Gao et al., 2016). Therefore, now a
day’s scientists are exploiting the beneficial microorganisms as an alternate to the
chemical pesticide for management of crop diseases and a variety of bacteria and fungi
have successfully been used for this purpose with promising results against important
pathogens of economic crops. Recent researches on the use of fungal strains for controlling
plant diseases has attracted the scientists worldwide. The antagonistic potential of such
fungi make them potential bio-pesticides against a wide range of soil and airborne plant
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pathogens both in greenhouse experiments and during field trials (Zubair et al., 2021).
Biocontrol agents interact with the plant pathogens in a variety of ways by exploiting one
or a combination of processes directly or indirectly to reduce plant disease (Ayaz et al.,
2021). The present study was designed to exploit the secondary metabolites of A. flavus
against devastating bacterial pathogens of economic importance.

Materials and Methods
Procurement of Test Species

Aspergillus flavus (FCBP-PTF-0051) and different species of
bacteria viz. Pseudomonas syringae (FCBP-NO. 0009), Serratia rubidaea
(FCBP-NO.045) and Xanthomonas campestris (FCBP-NO. 003), were
obtained from Fungal Culture Bank Pakistan, Department of Plant
Pathology, University of the Punjab, Lahore, Pakistan.

Preparation of Fungal Metabolites

Malt extract agar (2% MEA) was employed for sub culturing of A.
flavus and Luria—Bertani agar (LBA) media was used for the evaluation of
antibacterial activity of fungal metabolites, respectively.

Fungal metabolites were prepared in 2% ME media inoculated with
5 mm disc of the A. flavus. These flasks were incubated at 27 + 2 °C for 27
days. Double filtration was carried out first with sterilized Whatsman filter
paper followed by Millipore (0.5cm) filter paper to obtain the fungal
metabolites. Different test concentrations of fungal metabolitesi.e 0, 50 and
100% were prepared.

Assessment of Antibacterial Activity of Fungal Metabolites

Antibacterial activity of fungal metabolite’s was performed on LBA
media plates using well diffusion and disc diffusion methods. For well
diffusion method, bacterial suspension was spread over LBA media Plates.
Wells were made in center of plates and 50ul of each test concentration of
fungal metabolite was loaded to each well, and streptomycin (10 mg/ml)
was loaded in control plate well. Plates were incubated at 37 °C for 24
hours.

In disc diffusion method, filter paper discs were soaked in different
concentrations of fungal metabolites for 20-25 minutes, and then placed
discs on each plate. These Petri plates were then incubated at 37 °C for 24
hours. After incubation period the zone of inhibition for three target species
of bacteria was measured.

Fourier Transform Infrared Spectroscopy

The fungal metabolites were subjected to FTIR to identify the

functional groups responsible for their antibacterial activity.
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Statistical analysis

The collected data was subjected to Analysis of variance (ANOVA)
to evaluate the significance of the differences (Steel & Torrie, 1980).
Results and Discussion

The ever-increasing resistance of bacteria against antimicrobial
agents being employed presently has posed serious threats in the field of
agriculture worldwide. This situation necessitates to address the issue
seriously and demands for a suitable substitute approach for bacterial
control leading to new sources of compounds with antibacterial properties.
Fungi contain a wide variety of such compounds being employed to
promote plant growth and as antibiotics in the field of agriculture and
medicine (Synytsya et al., 2017). Keeping in view these properties of fungi
and its scope of being used as antibacterial agent, the present study was
therefore designed to investigate the potential of secondary metabolites of
A. flavus against X. campestris, P. syringae and S. rubideae through by well
and disc methods. For this purpose, different concentrations of fungal
metabolites i.e. 0, 50, and 100% were employed.

The metabolites of the fungus A. flavus were found to be very
effective in inhibiting bacterial growth in well and disc diffusion assays
(Fig. 1-3). The antibacterial activity can be attributed to the production of
bioactive secondary metabolites such as phenolic compounds, organic
acids, peptides and other antimicrobial compounds which disrupt the
integrity of microbial cells and essential metabolic pathways of the bacteria
(Maliehe et al., 2022; Hussein et al., 2022). The highest inhibition was
obtained by streptomycin which was used as a positive control. The two
levels of fungal metabolites were significantly inhibitory to bacteria, with
the higher level showing more antibacterial activity, and inhibition similar
to streptomycin. The same results were obtained by Mohammed et al.
(2016) and Al-Magtoofi et al. (2019).
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Figure 1. The well method shows inhibition of three bacterial species by
metabolites of A. flavus. Error bar represents standard error (n = 3). Non-
identical letters specify significant differences among the treatments at p <
0.05
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Figure 2. The disc and well methods show inhibition of three bacterial
species by metabolites of A. flavus. Error bar represents standard error (n =
3). Non-identical letters specify significant differences among the
treatments at p < 0.05
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Well-Method

Serratiarubidaea

Figure 3. Growth response of Xanthomonas campestris, Pseudomonas
syringae, and Serratia rubidaea to metabolites of Aspergillus flavus by
well- and disc methods. (A) 0% concentration (B) 50% concentration (C)
100% concentration (D), and Streptomycin.
Fourier transform infrared spectrometer of fungal metabolies

Infrared spectral analysis of secondary metabolites of Aspergillus
flavus revealed presence of functional group (OH) broad stretching at 3281
-3300cm™ Likewise appearance of peak around 1638-1640cm- indicate
presence of an amide 1 group in protein in fungal metabolites. These active
groups in this region could be responsible for antimicrobial activity against
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three target species of bacteria. Similar peaks corresponding to the same
groups have been reported previously (Kosa et al., 2017).
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Figure 4. Fourier transform infrared spectrum of Aspergillus flavus fungal
metabolites.
Conclusion

The present study, conclude that the secondary metabolites of
Aspergillus flavus has the potential to be used as antibacterial agents against

selected plant pathogenic bacteria.
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