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ABSTRACT

Background and Objective: Because of their versatility across various industrial sectors,
cyanobacteria are attracting a lot of attention and are a rich source of secondary metabolites. Some of
these compounds have an established history for avoiding the growth of fungi. The antifungal activities
of the cyanobacterium Anabaena sphaerica. This study evaluates the antifungal potential of the
cyanobacterium Anabaena sphaerica as a biological control agent against phytopathogenic fungi.
Materials and Methods: Phytochemicals of Anabaena sphaerica were extracted with water, methanol,
ethanol, acetone, and petroleum ether. Antifungal activity was performed against four pathogenic fungi
(Fusarium oxysporum, Alternaria alternata, Aspergillus flavus and Rhizopus stolonifera) following the disk
diffusion method. Results: The presence of phytochemicals flavonoids, terpenoids, phytosterol, alkaloids,
amino acids, glycosides, diterpenes, saponins, and sugars were the that were identified in the tested
extracts. Based on the measured inhibitory zone widths, the investigated extracts of cyanobacteria
Anabaena sphaerica demonstrated a high level of fungicide ability. The findings indicated that Anabaena
sphaerica extracts exhibited notable antifungal activity. Conclusion: The cyanobacterium Anabaena
sphaerica may be recognized as a possible source of bioactive substances that requires more investigation.
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INTRODUCTION

It has been demonstrated in recent years that chemicals made by Cyanobacteria may be effective
substitutes for antibiotics in the fight against different medications’. Gram-negative cyanobacteria are
thought to be 3.5 billion years old*® and the earliest creatures on Earth to perform oxygenic
photosynthesis. These organisms are also more productive than other natural creatures because of their
quick growth and adaptability to different environmental circumstances. Compounds generated from
microalgae and cyanobacteria are preferable to other natural antimicrobial sources because of these
qualities, as well as their high efficacy and low toxicity*®. According to Pointcheval et al.’, Cyanobacteria
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have been found to produce bioactive secondary metabolites, and these organisms have demonstrated
promise in the drug discovery process. Bioactive compounds derived from cyanobacteria have been
shown to have antibacterial, antifungal, antiviral, anticoagulant, anti-inflammatory, antimalarial,
antiprotozoal, antituberculosis, and antitumor properties’”.

Therise in antibiotic-resistant microorganism infection rates raises concerns about the need to investigate
natural sources of antimicrobial compounds™. Recently, the hunt for cyanobacteria with antimicrobial
activity has become more significant because of their abundance of naturally occurring compounds with
pharmacological and medical applications®. Thus, it is beneficial to generate natural antimicrobial
compounds from cyanobacterial metabolites. Cyanobacteria are widely distributed in Egyptian habitats,
including the soil of paddy fields, which satisfies this need. Because these species are so common,
physiologists, biochemists, ecologists, molecular biologists, and pharmacists find them to be good subjects
for study. This study focuses on the significance of cyanobacteria as a novel source of antimicrobials,
taking into account their applicability in a variety of bio applications.

MATERIALS AND METHODS
Study area and duration: Samples of soil were taken from Minia City’s agricultural areas in Egypt’s Minia
Governorate. In March, 2024, the samples were only collected once.

Isolating and identifying the strain of cyanobacteria: A soil sample from Minia, Egypt, was used to
isolate the Anabaena sphaerica Born. et Flah. To cultivate and isolate the cyanobacterium, Allen’s culture™
was employed. Using the agar plate method for subculture, isolated cultures of living specimens were
created’. The resultant culture had been identified using Desikachary’s taxonomic keys'? and morphology.

Conditions for cyanobacterium growth: For 28 days, the purified cyanobacterial species was cultivated
in a 250 mL flask with 100 mL of BG-11 media without being shaken. The incubating temperature was
maintained at 26+20°C, and white fluorescent light was used for 12 hrs of light and 12 hrs of
darkness (2-3 lux). To calculate the production of biomass, dry weight was evaluated™.

Fungal strains: Fusarium oxysporum, Alternaria alternate, Aspergillus flavus, and Rhizopus stolonifer, are
the four fungal strains chosen for this investigation. The strains were obtained from Minia University's
Microbiological Lab, Part of the Department of Botany and Microbiology at the Faculty of Science in Minia,

Egypt.

Preparing cell extracts: After 18 days, the algal culture was taken away by centrifugation for 15 min at
500 rpm. After gathering the culture supernatant, the biomass of cyanobacterium cells was allowed to air
dry before being thoroughly mixed in an organic solvent (methanol, ethanol, acetone, and petroleum
ether) in order to undergo extraction. Algal extracellular metabolites were extracted using a liquid-liquid
extraction method™.

Antimicrobial bioassay test: The disk diffusion method was used to measure the antifungal activity after
dried extracts and supernatants were diluted in 1 mL of respective extraction solvents to create a stock
solution containing 50 mg/mL. After being soaked with 20 pL of the test solution (1 mg/disc), filter paper
discs (6 mm) were dried using laminar air flow and put on a PDA plate that had been infected with a
fungal mycelial disk. For five days, the plates were incubated at 28°C. Negative controls were discs that
had been exposed to 20 pL of solvent. Clear zones are created around filter paper discs by extracts and
supernatants that contain antifungal ingredients. Clear zone diameter has been evaluated and utilized as
an indicator of antifungal effectiveness™.
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Qualitative analysis of natural products in algal extracts: As pointed out by Savithramma et al.'® a
standard method was used for the main natural chemical groups, including phenols, flavonoids, alkaloids,
terpenoids, saponins, glycosides, amino acids, carbohydrates, diterpenes, and phytosterols. The presence
or absence of these chemicals in the investigated algal extracts was determined by general reactions in
these studies.

RESULTS AND DISCUSSION

The rise in the prevalence of infections caused by microbes resistant to medicines raises concerns about
the need to investigate natural sources of antimicrobial chemicals'. Due to their abundance of naturally
occurring compounds with pharmacological and medical applications, the hunt for cyanobacteria with
antimicrobial activity has become more significant in recent years'®. The cyanobacteria-derived bioactive
compounds have been reported to exhibit antifungal activities' .

Figure 1 shows the Anabaena sphaerica growth curve (measured in dry weight) following a 24 day culture
period. According to the data, the strain reached the end of the stationary phase after 18 days of growth
period, indicating that the exponential growth phase lasted from day 6 to 18. Preliminary phytochemical
screening of ten different chemical compounds (phenols, flavonoids, alkaloids, terpenoids, saponins,
glycosides, amino acids, carbohydrates, diterpenes, and phytosterols) was conducted in four tested
extracts. In the present research, methanol, ethanol 70%, petroleum ether, water, and acetone extract of
Anabaena sphaerica were employed for qualitative phytochemical screening. It has been reported that
these substances possess antimicrobial activity®'. Table 1 shows that Phenolic chemicals were found to be
missing from all extracts. It had been found that all extracts except 70% ethanol lacking flavonoids. Other
than petroleum ether, the results also showed that alkaloids, terpenoids, saponins, and carbohydrates
were found in all studied extracts, whereas they varied in other extracts. The levels of glycosides, amino
acids, diterpenes, phytosterol, and terpenoids, however, varied but did not follow a consistent pattern. The
phytochemicals found there have also been demonstrated to have medicinal advantages and have been
extensively used in the pharmaceutical and medical industries®. Glycosides are essential in medicine
because they have antihelmentic, antiulcer, and cardiotonic properties. Flavonoids are essential for a
plant's survival in its surroundings because they control plant development, suppress or eliminate
a variety of bacterial strains, block critical viral enzymes, and eliminate some harmful protozoa®.
Triterpenes, sesquiterpenes, and diterpenes are examples of terpenoids that are used in the
pharmaceutical industry as antibiotics, insecticidal, anthelmintics, and antiseptics®. While saponins
are employed in nutritional products and as an anti-inflammatory, alkaloids are used for their
antibacterial, anti-parasitic, and cardio-tonic properties. These results coincide with Abd El-Karim®
findings on the lack of phenolic chemicals in all cyanobacterial extracts examined. The indigenous
communities traditional medical usage of these species is justified by the presence of these
phytochemicals. Natural saponins and alkaloids have been shown in numerous studies to be very effective
against a variety of pathogens®?'.
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Fig. 1: Anabaena sphaerica growth curve
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Fig. 2: Inhibitory zone diameter (in centimeters) indicates the antifungal activity of Anabaena sphaerica

extracts
Each value is the average of three replicates and n = 3+SE

Table 1: Screening Anabaena sphaerica extracts phytochemically with various solvents

Extracts

Parameter Methanol Petroleum ether Ethanol 70% Acetone Dist. Water
Phenols - - - -

Flavonoids - - * - -
Alkaloid * - * * *
Terpenoids * - * * *
Saponin * - * * *
Glycosides - - - - *
Amino acids - - * - *
Carbohydrates * - * * *
Diterpenes - - - - *

*Presence and -: Absence

Cyanobacteria are receiving a lot of attention because of their suitability across several industrial sectors
and their abundance of secondary metabolites. Some of these compounds are well-known for their
remarkable capacity to prevent the growth of fungi. These metabolites exhibit a great deal of biological

and chemical diversity”'"'%2",

The antifungal activity of extracts from Anabaena sphaerica against four specific plant pathogenic fungi
(Fusarium oxysporum, Alternaria alternata, Aspergillus flavus, and Rhizopus stolonifer) at a concentration
of 1 mg of extract/disc is displayed in Fig. 2-6, respectively. According to the study, the type of extract and
solvent employed in the extraction procedure, as well as the fungal organisms that were examined, are
the main influences of the inhibitory zone's diameter. In comparison to organic extracts of the
cyanobacterium cell pellet extract, the wasted media extract proved to be the most effective, according
to the study’s results. In general, Fig. 3 indicates that the cyanobacteria Anabaena sphaerica under
investigation exhibited a high level of fungicide potential based on the measured inhibitory zone widths
(Fig. 2). In terms of extracellular metabolites, Fig. 2 demonstrated that Aspergillus flavus had the smallest
inhibitory zones (1.6 cm), while Alternaria alternata and Rhizopus stolonifer had the greatest (2.5 cm).
According to Table 1, choloform was the most effective solvent for the extraction of endogenous
metabolites from intracellular metabolites extracted from the cyanobacterium Anabaena sphaerica.
Methanol, ethyl acetate, and petroleum ether were the next best solvents. In terms of extracellular
metabolites, Aspergillus flavus had the smallest inhibition zones (1.6 cm), while Rhizopus stolonifer and
Alternaria alternata had the largest (2.5 cm). Chloroformic extract exhibited a maximum inhibition zone
of 3.5 cm against Alternata and a minimum of 1.8 cm against Fusarium oxysporium. Additionally, the
methanolic extract of the cyanobacterium cell pellet demonstrated strong inhibition zones of 2.3 cm
against Rhizopus stolonifer and 1.0 cm against Aspergillus flavus.
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Fig. 4: One milligram of extract per disc demonstrates the antifungal activity of Anabaena sphaerica
extracts against Aspergillus flavus

Conversely, petroleum ether and ethyl acetate extracts showed no inhibitory zone against
Alternaria alternata and were the least effective against all tested fungi (Fig. 3). When it came to
Aspergillus flavus, the ethyl acetate extract’s maximal inhibitory zone was 1.4 cm (Fig. 4), whereas for
Rhizopus stolonifera, it was at least 0.6 cm (Fig. 6). Regarding extracellular metabolites, Rhizopus stolonifer
had the largest inhibition zone (Fig. 6). Figure 5 showed that the chloroformic extract exhibited a
maximum inhibition zone against Fusarium oxysporium. According to the findings of this investigation,
the best solvent for extracting endogenous metabolites from intracellular metabolites retrieved from the
cyanobacterium Anabaena sphaerica was chloroform, which was followed by methanol, ethyl acetate, and
petroleum ether. Given that it had the lowest inhibitory zones, the data collected indicated that the
pathogenic fungus Aspergillus flavus under investigation was the one that was less vulnerable to the
cyanobacterium Anabaena sphaerica extracts (Fig. 4). Overall, these findings showed that the solvent type
and the tested pathogen all had a significant impact on the extracts antifungal effectiveness.
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Fig. 5: One milligram of extract per disc demonstrates the antifungal activity of Anabaena sphaerica
extracts against Fusarium oxysporium
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Fig. 6: One milligram of extract per disc demonstrates the antifungal activity of Anabaena sphaerica
extracts against Rhizopus stolonifer

Cyanobacteria are known to live in a variety of environments and, in response to changing growth
conditions, generate a variety of primary and secondary metabolites that they can adapt to and use as a
defence mechanism to help them survive'’?%?, Antimicrobial activity was supported by a number of
metabolites, including pigments, carbohydrates, polyphenols, fatty acids, lipids, hydrocarbons, and other
cellular compounds'’?"?¢ There are reports of cyanobacteria preventing the growth of plant-pathogenic
fungi. The antifungal activity of cyanobacterial strains Oscillatoria, Anabaena, Nostoc, Nodularia, and
Calothrix against seven phytopathogenic fungi that cause illnesses in hot peppers was documented by
Kim?°. On the other hand, the presence of bioactive substances may be facilitated by the antifungal activity
of algal culture filtrates and extracts of algal cell pellets, according to Al-Sheikh™, These reports are in
agreement with our present study.
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CONCLUSION

The present study highlights Anabaena sphaerica as a promising source of bioactive compounds with
significant antifungal activity. Its extracts demonstrated strong inhibition against phytopathogenic fungi,
suggesting its potential as a natural biocontrol agent. Additionally, cyanobacteria like A. sphaerica may
contribute to soil fertility and plant growth promotion. Further research is warranted to explore and isolate
specific antifungal compounds from this strain for potential agricultural and pharmaceutical applications.

SIGNIFICANCE STATEMENT

In sustainable agriculture, cyanobacteria are a useful source of natural antifungal agents. These
microorganisms synthesize a range of bioactive substances with antifungal characteristics, such as
peptides and other secondary metabolites. The current investigation demonstrated that the
cyanobacterium Anabaena sphaerica is a potential donor of bioactive compounds with antifungal
activities. This research contributes to environmental sustainability, which can aid in the management of
plant diseases and lessen the need for artificial fungicides.
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