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Abstract

As one of the most important agricultural products, wheat needs care and protection from various pests
and diseases. The use of chemical pesticides has led to environmental problems, so the use of biological
pesticides has been considered. Therefore, the aim of this study is to observe the antifungal effect of
bioactive cyanobacterial compounds from Alborzia kermanshahica on pathogenic fungi of wheat plant.
The amount of biomass produced by A. kermanshahica after 30 days of cultivation was measured to be
15.2 mg/ml. The amount of phenolic and alkaloid compounds in the extract of this cyanobacterium was
97.7 and 9.24 mg/g, respectively. The results showed that the fungus Phytophthora nicotianae var
showed the highest sensitivity to the cyanobacterial extract (20 mg/ml) of A. kermanshahica (p<0.05),
so that its sensitivity was 1.14 times higher than that of Aspergillus terreus. The cyanobacterial extract
was able to significantly reduce fungal activity and malondialdehyde production against P. nicotianae
var by 1.15 times more than A. terreus and control hydrogen peroxide production by 1.65 times more.
The reduction in infection intensity of the stems of plants infected with P. nicotianae var using the
cyanobacterial extract was 2.66 times higher than that of plants infected with A. terreus. Also, the
reduction in pathogenicity intensity in plants infected with P. nicotianae var was 1.23 times higher
compared to A. terreus with cyanobacterial extract. The activities of the enzymes superoxide dismutase
(SOD) and glutathione peroxidase were also observed to be 1.06 and 1.33 times higher in plants
infected with P. nicotianae var than in plants infected with A. terreus. The antioxidant activity of the
cyanobacterial extract against P. nicotianae var was also reported to be 1.1 times higher than that of
Aspergillus terreus. These results show that A. kermanshahica extract can be used as an effective
antifungal agent to protect wheat and other agricultural products.
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Exopolysaccharides, Pathogenic fungi.

! Corresponding Author

3060-7647/ © 2025 The Authors @IOKEIS)

BY NG ND

This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
Nowruzi, B., Alibabaei, M. Studying the bioactive activity of single cell cyanobacterial exopolysaccharides Alborzia
kermanshahica against wheat pathogenic fungi Phytophthora nicotianae var and Aspergillus terreus. Journal of Microbial Biology.
2025; 14(53): 1-30. doi: 10.22108/bjm.2024.142854.1613



https://bjm.ui.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/2322-5173
https://orcid.org/0000-0001-6656-777X
mailto:bahareh.nowruzi@srbiau.ac.ir
file:///C:/Users/res/Downloads/mahshid74babaie@gmail.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
doi:%2010.22108/bjm.2024.142854.1613

2 Journal of Microbial Biology, 14™ Year, VVol. 14, No. 53, 2025

1. Introduction

Wheat (Triticum aestivum) is vital to global food security, but is threatened by soil-borne fungi such as
Phytophthora nicotianae var and Aspergillus terreus, which can damage crops and pose health risks.
Chemical pesticides, although widely used, lead to pathogen resistance and environmental problems. This
study explores the cyanobacterial strain Alborzia kermanshahica as a sustainable biological alternative
and investigates the antifungal activity of its bioactive compounds against these pathogens in wheat. The
research aims to evaluate the ability of A. kermanshahica to reduce fungal activity, enhance plant defense
enzymes and provide a safe alternative to chemical pesticides for sustainable agriculture.

2. Materials & Methods

2.1.1. Cultivation of the Cyanaobacterial Strain

The A. kermanshabhica strain isolated from Kermanshah farms was obtained from the Alborz Herbarium
and grown in Z8 liquid medium at 28°C under continuous light for 30 days, resulting in maximum
biomass and effective antifungal compounds.

2.1.2. Measurement of Dry Weight, Phenolic, and Alkaloid Compounds

The dry weight of the biomass was measured by filtration and drying at 100°C. For phenolic compounds,
filtered cultures were treated with sodium carbonate and Folin-Ciocalteu reagent, the absorbance read at
127 nm and concentrations determined using a gallic acid calibration curve. Alkaloids were extracted
with ethanol and glacial acetic acid, quantified by difference in weight after precipitation with ammonium
hydroxide and analyzed by GC-MS using an RP-C18 column and a formic acid-acetonitrile gradient.

2.1.3. Isolation of Exopolysaccharides

Exopolysaccharides were extracted after 30 days of cyanobacterial culture. The cells were separated by
centrifugation at 20,0009 and 10°C. The supernatant was mixed with 700 ml of 80% acetone and stored
overnight at 4°C for precipitation. Samples were then dissolved in deionized water, dialyzed for 18 h and
the biomass dried at 105°C.

2.1.4. Evaluation of the Antifungal Activity of Extracted Exopolysaccharides

The fungi P. nicotianae var and A. terreus were cultured on potato dextrose agar at 25°C for 7 days.
Antifungal activity was assessed using exopolysaccharides at concentrations of 1, 5, 10 and 20 mg/ml.
Radial growth was measured from day one to day five and percentage inhibition was calculated.

2.1.5. Wheat Seed Cultivation

Wheat seeds were sterilized with 0.1% mercuric chloride for 10 minutes and incubated at 28°C for 48
hours. The germinated seeds were planted in pots of Hoagland's solution at 23°C and 70-75% humidity,
with three seeds per pot and watering every two days. Mercuric chloride ensured seed sterility by
eliminating harmful microorganisms.

2.1.6. Fungal Contamination
Prior to sowing, the growth medium was contaminated with a spore suspension of the fungus. The spores
were isolated from a one week old culture grown on PDA medium and the concentration of the
suspension was adjusted to 10° spores per ml. Then 50 ml of this suspension was added to each 15 cm pot
and mixed with the substrate.

2.2. Cyanobacterial Exopolysaccharide Inoculation Experiments

At the V3 stage (second week of growth), wheat plants were sprayed with a 1 ml solution of A.
kermanshahica exopolysaccharide at a concentration of 20 mg/ml and divided into eight groups: Group
(A) was the control (no contamination and exopolysaccharide); Group (B) had exopolysaccharide without
fungi; Group (C) was inoculated with the fungus A. terreus without exopolysaccharide; Group (D) had
both A. terreus and exopolysaccharide; Group (E) repeated Group (A); Group (F) repeated Group (B);
Group (G) was inoculated with the fungus P. nicotianae var without exopolysaccharide; and Group (H)
had both P. nicotianae var and exopolysaccharide.

2.2.1. Measurement of Malondialdehyde Concentration Against the Wheat Pathogens Fungi P. nicotianae
var and A. terreus

0.3 g of wheat plant tissue was ground with 5 ml of 0.1% trichloroacetic acid and centrifuged at 4000 rpm
for 10 min. The supernatant was mixed with 1 ml of 5% thiobarbituric acid and heated in a water bath at
90°C for 30 min. After cooling, the absorbance was measured at 530 nm to detect the red-orange complex
(MDA-TBA).
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2.2.2. Measurement of Hydrogen Peroxide (H,O,) Concentration Against the Wheat Pathogens Fungi P.
nicotianae var and A. terreus

The concentration of hydrogen peroxide (H,0O,) was measured in four groups. A 0.3 g leaf sample was
ground in liquid nitrogen, mixed with 2 ml of phosphate buffer and centrifuged. After adding 1 ml of
trichloroacetic acid, the mixture was centrifuged again. To the supernatant, 5/0 ml phosphate buffer and 1
ml potassium iodide were added. Standard H,O, solutions (2-10 mM) were prepared for the standard
curve and the absorbance measured at 390 nm using a spectrophotometer.

2.2.3. Severity of Stem Disease in Wheat Plants Infected by A. terreus and P. nicotianae var

The severity of stem disease in wheat was assessed by calculating the average percentage of infected area
on days 0, 15 and 30 using a scale of 0 to 4: 0 (no infection), 1 (1-25% infected), 2 (26-50%), 3 (51-75%)
and 4 (76-100%).

2.2.4. Measurement of Superoxide Dismutase (SOD) Activity Against the Wheat Pathogens Fungi A.
terreus and P. nicotianae var

SOD enzyme activity was measured spectrophotometrically by assessing its ability to inhibit the
photochemical reduction of NBT over 30 days at 5-day intervals. The reaction mixture contained
phosphate buffer (pH 7.8), methionine, NBT, EDTA, enzyme extract and riboflavin and was exposed to
light for 15 minutes. One unit of SOD activity was defined as the amount of enzyme required to inhibit
70% of NBT reduction.

2.2.5. Measurement of Glutathione Peroxidase (GPx) Activity Against the Wheat Pathogens Fungi A.
terreus and P. nicotianae var

GPx activity was assessed using a 5.0 ml reaction mixture containing sodium phosphate buffer, sodium
azide, reduced glutathione, hydrogen peroxide and enzyme extract. After incubation (0, 30, 60 and 90
seconds), the reaction was stopped with trichloroacetic acid, centrifuged and the supernatant mixed with
phosphate buffer and DTNB. The absorbance was measured at 412 nm.

2.2.6. Measurement of Antioxidant Activity Using DPPH Method Against A. terreus and P. nicotianae
var

Antioxidant activity was measured by mixing cyanobacterial exopolysaccharide at concentrations of 0.2,
0.4 and 0.8 g/l with 0.002% DPPH in methanol. After incubation for 30 min in the dark, the absorbance
was read at 517 nm. Ascorbic acid was used as a positive control and results were reported in pug/ml for
days 15 and 30.

3. Discussion of Results & Conclusions

While previous studies have investigated the antifungal effects of biocontrol agents, our research
specifically investigated the exopolysaccharide from A. kermanshahica against plant pathogens. We
found that A. terreus showed greater resistance, whereas P. nicotianae var was more sensitive. These
findings are consistent with Ismail et al. (2021), who reported that antifungal activity varies between
species, such as the greater efficacy of Nostoc entophytum compared to Nostoc muscorum. Our study
highlights the importance of the bioactive compounds in the exopolysaccharide of A. kermanshahica for
pathogen control.

3.1.1.Cultivation of the Cyanobacterial Strain A. Kermanshahica
Cultivation was carried out in a growth chamber for thirty days , resulting in the production of dried
biomass.

3.1.2. Results of Measurement of Dry Biomass Weight, Estimation of Total Phenolic Compounds, and
Alkaloid Compounds of Cyanobacterial Extract

The biomass of A. Kermanshahica was 15.2 + 0.015 mg/ml after 30 days. Total phenolic compounds
were 97.7 £ 0.021 mg, with coumaric acid (19.50 mg), quercetin (14.27 mg) and rutin (16.51 mg) as the
highest and caffeic acid (9.13 mg) as the lowest. Alkaloids were reported at 9.24 + 0.01 mg, with
ephedrine (165.25 mg) having the highest concentration and buphedrone racephedrine (31.15 mg) the
lowest.

3.2. Results of the Antifungal Activity of the Exopolysaccharide from A. kermanshahica Against the
Wheat Pathogens P. nicotianae var and A. terreus
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The antifungal activity results showed that different concentrations of the cyanobacterial
exopolysaccharide significantly influenced the efficacy. The lowest inhibition zones for A. terreus and P.
nicotianae var were at 1 mg/ml, while higher concentrations increased sensitivity. Maximum inhibition
occurred for A. terreus at 20 mg/ml (p<0.05) and for P. nicotianae var at 15 and 20 mg/ml (p<0.05).
Notably, P. nicotianae var showed approximately 1.14 times greater sensitivity to the exopolysaccharide
at 20 mg/ml compared to A. terreus.

3.2.1. Results of Malondialdehyde Measurement in Four Treatment Groups Against Wheat Pathogens P.
nicotianae var and A. terreus

The exopolysaccharide from A. kermanshahica significantly reduced the malondialdehyde levels caused
by A. terreus and P. nicotianae var (p<0.05). The lowest levels were found in the control group, while the
highest levels were in infected plants. Application of the exopolysaccharide resulted in a 1.15-fold greater
reduction in P. nicotianae var compared to A. terreus (p<0.05).

3.2.2. Results of Hydrogen Peroxide Measurement in Four Treatment Groups Against the Wheat
Pathogens P. nicotianae var and A. terreus

The exopolysaccharide from A. kermanshahica significantly reduced the hydrogen peroxide levels
induced by A. terreus and P. nicotianae var (p<0.05). The lowest hydrogen peroxide levels were found in
the control group, while the highest levels were found in infected plants. Treatment with the
exopolysaccharide reduced hydrogen peroxide production 1.65 times more against P. nicotianae var than
against A. terreus (p<0.05).

3.2.3. Results of Stem Infection Severity in Wheat Plants Infected with A. terreus and P. nicotianae var
Infection severity in wheat stems infected with A. terreus and P. nicotianae var peaked on day 30, with
the highest severity being 75.55 = 3.14 (P<0.05) for A. terreus. Treatment with the exopolysaccharide
from A. kermanshahica significantly reduced the severity of infection (P<0.05), with a reduction of 13.33
+ 1.36 against P. nicotianae var Severity in stems infected with P. nicotianae var was reduced 2.66 times
more than in A. terreus when treated with the exopolysaccharide.

3.2.4. Results of Pathogenicity Reduction in Wheat Stems by Cyanobacterial Exopolysaccharides Against
A. terreus and P. nicotianae var

Treatment with exopolysaccharides from A. kermanshahica significantly reduced the pathogenicity of
wheat stems infected with A. terreus and P. nicotianae var (P<0.05). Over time, the increase in
pathogenicity against A. terreus was more pronounced, while the greatest reduction was observed for P.
nicotianae var, with a 1.23-fold reduction compared to A. terreus.

3.2.5. Results of the Measuring Superoxide Dismutase Enzyme Activity in Four Treatment Groups
Against the Wheat Pathogens Fungi A. terreus and P. nicotianae var

Evaluation of superoxide dismutase (SOD) activity in wheat plants infected with A. terreus and P.
nicotianae var revealed that the exopolysaccharide from A. kermanshahica significantly increased SOD
activity (p<0.05), especially in plants infected with P. nicotianae var. SOD activity increased until the
10th day after inoculation with A. terreus and then decreased, while in P. nicotianae var, SOD activity
was 1.06 times higher than in A. terreus-infected plants.

3.2.6. Results of Glutathione Peroxidase Enzyme Activity Against the Wheat Pathogens Fungi A. terreus
and P. nicotianae var

Exopolysaccharide from A. kermanshahica significantly increased glutathione peroxidase (GPx) activity
in wheat (p<0.05). For A. terreus treatment, increases were observed up to the thirtieth day. For P.
nicotianae var, GPx activity peaked on day fifteen and then decreased. GPx activity was 1.33 times
higher against P. nicotianae var than against A. terreus.

3.2.7. Evaluation of Antioxidant Activity Using the DPPH Method for A. terreus and P. nicotianae var
Statistical analysis (p<0.05) showed that the highest antioxidant activity occurred in the control treatment
with exopolysaccharide from A. kermanshahica on days 15 and 30. The highest activity against P.
nicotianae var was observed on day 30, while the highest activity against A. terreus was observed on day
15. The antioxidant activity against P. nicotianae var was 1.18 times higher than that against A. terreus.
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Conclusion:

This study demonstrated that the exopolysaccharide from the cyanobacterium A. kermanshahica is an
effective bioactive agent for the conrol of fungal diseases in wheat. After 30 days of cultivation, the
biomass was 15.2 mg/ml, with phenolic and alkaloid compounds measured at 97.7 and 9.24 mg,
respectively. P. nicotianae var was 1.14 times more sensitive to the exopolysaccharide than A. terreus.
The exopolysaccharide showed a 1.15-fold reduction in fungal activity and malondialdehyde production
and a 1.65-fold reduction in hydrogen peroxide production. Furthermore, the severity of infection in
plants infected with P. nicotianae var was reduced by 2.66-fold, and antioxidant enzyme activity was
increased by 1.06-fold and 1.33-fold in P. nicotianae var compared to A. terreus. Overall, this research
highlights the potential of A. kermanshahica exopolysaccharide as a biological antifungal agent in
modern agriculture.
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Figure 1: Images of wheat plants under different treatments: (a) cultivation of wheat plants, (b) inoculation with
cyanobacterial extract, (c) inoculation with fungi, (d) fungal-infected wheat plants treated with cyanobacterial extract
(no fungal symptoms observed), (e) A. terreus-infected plant without cyanobacterial extract, and (f) P. nicotianae var-

infected plant without cyanobacterial extract.
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Figure 2: Cultivation of the unicellular strain A. kermanshahica for 30 days in the growth chamber for 30 days (a) and
the preparation of dry biomass (b)
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Table 1: Results of measurements for dry biomass weight, total phenolic compounds, and alkaloid compounds in
cyanobacterial extract after 30 days.
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Table 2: Mean results of growth inhibition zone diameter (in mm) of A. kermanshahica cyanobacterial
exopolysaccharide against pathogenic fungi A. terreus and P. nicotianae var. Different lowercase letters indicate
significant differences in the row (p<0.05).
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Figure 3: Mean results of malondialdehyde levels in four treatment groups against wheat pathogenic fungi A. terreus
and P. nicotianae var. (in unit/mg protein) with A. kermanshahica cyanobacterial exopolysaccharide. Different

lowercase letters indicate significant differences in the row (p<0.05).
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Figure 4: Mean results of hydrogen peroxide levels (in unit/mg protein) with A. kermanshahica cyanobacterial
exopolysaccharide against wheat pathogenic fungi A. terreus and P. nicotianae var. Different lowercase letters

indicate significant differences in the row (p<0.05).
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Table 3: Mean infection severity of wheat stems by fungi A. terreus and P. nicotianae var. on days 0, 15, and 30
across four treatments. Uppercase and lowercase letters indicate significant differences in rows and columns,
respectively (P<0.05).
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Table 4: Mean results of disease severity reduction (percentage) in wheat stems treated with A.
kermanshahicacyanobacterial exopolysaccharide on days 0, 15, and 30 across four different treatments for fungi A.
terreus and P. nicotianae var. Uppercase and lowercase letters indicate significant differences in rows and columns,
respectively (P<0.05).
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Table 5: Mean results of superoxide dismutase enzyme activity (in Unit/g protein) in four treatment groups against
pathogenic fungi A. terreus and P. nicotianae var. over 30 days at five-day intervals. Uppercase and lowercase letters

indicate significant differences in columns and rows, respectively (P<0.05).
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Table 6: Mean results of glutathione peroxidase enzyme activity (in Unit/g protein) in four treatment groups against
pathogenic fungi A. terreus and P. nicotianae var. over 30 days at five-day intervals. Uppercase and lowercase letters

indicate significant differences in columns and rows, respectively (P<0.05).
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Table 7: Results of antioxidant activity measured by the DPPH method on days 15 and 30 across four different
treatments for fungi A. terreus and P. nicotianae var. Uppercase and lowercase letters indicate significant differences

in rows and columns, respectively (P<0.05).
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