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The cyanobacteriumNostocmuscorum was isolated from Al-Hassa, Saudi Arabia.
Present study has undertaken effectiveness of Nostocmuscorumin different solvent
(Petroleum ether, Chloroform, petroleum ether, Methanol) extract against five plant
pathogenic fungi namely Alternaria alternate, Aspergillusflavus, Fusariumoxysporum,
Rhizoctoniasolani and Rhizopusstolonifer. Different organic extracts were prepared at
a concentration of 1mg/disc.The data obtained here showed that high efficiency of the
algal culture filtrates in suppressing the fungal mycelial growth. The best results were
obtained by culture filterateextract, chloroformic and methanolic extracts of the algal
cell pellet. The antifungal activity of the algal culture filtrates and extracts of algal cell
pellets may contribute to the presence of bioactive compounds. This study can provide
potential candidates for the development of biocontrol agents against these fungi.
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Microalgaedisplay adiversity of primary
and secondary metabolites, and release several of
these substances to their environment actively or
passively living or dead after decomposition and
lysis. Algal secondary metabolites have a diverse
antagonistic activity that lead to disintegration of
microbial growth. The screening of extracts or
isolated compounds from different natural sources
is a common way to discover biologically active
metabolites. Algae excrete various organic
compounds into their environment. So, some
biologically active compounds were identified
among these exo-metabolites e.g. some antibacterial
di-terpenoids in Nostoc commune'? or antifungal
peptides in Tolypothrix byssoides® and algicidal
phenolic compounds*. The antimicrobial
substances involved may target various kinds of
microorganisms, prokaryotesaswell aseukaryotes.
The properties of secondary metabolitesin nature
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are not completely understood®. Secondary
metabolites influence other organisms in the
vicinity and are thought to be of phylogenetic
importance.

Cyanobacteria or the blue green algae
possess a diverse structure and have a wide
distribution throughout the globe. They are
considered to be arich source of products having
pharmaceutical and toxicological potential, which
primarily include metabolites such asproteins, fatty
acids, antioxidants ®and vitamins and pigments’.
Cyanobacteria have the capability to produce
metabolites both intracellular and extracellular.
Secondary metabolites from cyanobacteria are
associated with toxic, hormonal, antineoplastic and
antimicrobial effects &°, Cyanobacterial strains
belonging to the genera Microcystis, Anabaena,
Nostoc, Oscillatoria, Nodularia, Aphanizo menon
and Cylindro spermum are known to produce a
number of cyclic peptide hepatotoxinsand alkaloid
neurotoxins exhibiting algicidal, fungicidal,
pesticidal, cytotoxic, immunosuppressive and
enzyme-inhibiting activity*13, Certain free fatty
acids produced by algae exert inhibitory effects
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on a variety of aquatic organisms %, The
inhibition is based on the fact that fatty acids
primarily affect the plasmamembranes®®.

Fungal pathogens cause many diseases
in plants leading to destruction of resources in
agriculture. Traditional methods to circumvent
fungal pathogens involve the application of
synthetic fungicides and growing resistant
cultivars. The fungicides are harmful to the
environment and expensive., In addition, thereis
gradual increasein resistant pathogens. Biological
control is a better choice and Cyanobacteria are
wonderful organisms with diverse range of
potentials'’. The present study focuses on the
activity of cyanobacteria-Nostocmuscorum asthe
antifungal agent.

MATERIALSAND METHODS

Isolation and Purification of Cyanobacterial
strains

Nostoc muscorum was isolated was
isolated fromAl-Hassa, Saudi Arabia. Rippkaand
Herdman'® modified medium was used for isolation
and cultivation of the cyanobacterium. Pure
cultures of living specimen was prepared using
subculture with agar plate method *°. Preserved
specimen was prepared and the living specimen
wasincubated in 500 ml conical flasks. Theflasks
were incubated at 26 °C + 1.0 under continues
illumination of (250 mmol m2s?) provided by cool
white fluorescent lamps set on 14:10 h photoperiod.
All cultures were shaken twice daily to prevent
cellsfrom clumping. Sterile technique was used at
all times. Theresulted culturewereidentified based
on morphology following taxonomic keys of
Desikachary®.
Pathogenicfungal strains

The fungal strains were isolated from
diseased plants. They were grown in thelaboratory,
identified and characterized on the basis of their
morphological properties®. Five fungal strains
were selected for these study namely Alternaria
alternate, Aspergillus flavus, Fusarium
oxysporum, Rhizoctonia solani and Rhizopus
stolonifer. Fungal strains were kept and cultured
on potato dextrose agar medium slants and plates.
Prepar ation of super natant and cell extracts of
the cyanobacterium Nostoc muscorum

Algal culturewas harvested after 25 days
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by centrifugation at 500 rpm for 15 min. Culture
supernatant was collected and the algal biomass
was air-dried and further subjected to extraction
by mixing well inthe organic solvent. LiquidHiquid
extraction technique 2> was employed for the
extraction of algal Extracellular metabolites. 0.5g
of dried algal material was extracted in 20ml of an
organic solvent (Methanol, chloroform, ethyl
acetate and petroleum ether ),kept in an orbital
shaker for overnight as described by
Sivasubramanian et al.,”. The obtained extracts
were filtered with Whatman no.1 filter paper and
the filtrate was collected. The solvents were
removed under reduced pressure at 50°C using
rotary evaporator (Buchi, B-480).
Antifungal bioassay test

As mention above five fungal species
were selected as test organisms such as,
Alternaria alter nate, Aspergillusflavus, Fusarium
oxysporum, Rhizoctonia solani and Rhizopus
stolonifer. Dried extracts and supernatants were
dissolved in 1 ml of their extraction solvents to
yield a stock solution of 50 mg/ ml and the
antimicrobial activity was determined by the disk
diffusion method ?*. Filter paper discs (6 mm) were
saturated with 20 pl of test solution (1 mg/ disc),
dried under Laminar Air Flow and placed on PDA
plate which had been inoculated with a mycelial
disk of afungus. The plates were incubated at 28
oC for 5 days. Discstreated with 20 ul solvent were
used as negative controls. The extracts and
supernatants containing antifungal components
produce distinct clear zones around filter paper
discs. Diameter of clear zoneswere determined and
used as an indication of antifungal activity 2.

RESULTS AND DISCUSSION

Nowadays, thereisalarge availability of
clinically useful antibiotics and also a continuous
search for new anti-infective agentswhich remain
indispensable. Some of the major antibiotics have
indeed considerable drawbacksintermsof limited
antimicrobial spectrum or serious side effects*

The results of antifungal activity of
Nostoc muscorum extracts against selected plant
pathogenic fungi at a concentration of 1 mg of
extract/ disc are shown in Tables 1 and Plates 1-5.
It is clear from the study that the diameter of the
inhibition zone depends mainly on type of the
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Table 1. Antifungal activity of Nostocmuscorum extracts as presented by inhibition zone diameter (in Cm)

Fungal species Extracellular Diameter of inhibition zone (cm)
filterate Solvent
Ethylacetate =~ Chloroform Methanol Petroleumether

Rhizoctoniasolani 2.5£0.1 20+£03 21+04 24+03 09+0.2
Rhizopusstol onifer 22+02 0.7+0.0 21+£02 22+03 0.7+0.0
Aspergillusflavus 11+01 1301 18+0.2 09+0.2 1.0+02
Fusariumoxysporum 1.7+0.1 12+02 16+0.3 1.7+£02 13+0.2
Alternariaalternata 2504 ND 33%£03 21+01 ND

ND= not detected

extract and solvent used in the extraction process
and the tested fungal organisms. Data reveal that
the spent media extract was most effective
compared to organic extracts of the cyanobacterium
cell pellet extract. The diametersof inhibition zones
measured showed that Nostoc muscorum was
highly potent interms of fungicidal activity (Table
1). For extracellular metabolites, the largest
inhibition zoneswere recorded agai nst Rhizoctonia
solani and Alternaria alternata (2.5 cm) whilethe

minimum was recorded for Aspergillusflavus (1.1
cm). For intracel lular metabolites extracted from the
cyanobacterium Nostoc muscorum, the data of
Table 1 reveals that the best solvent for the
extraction of endogenous metabolites was
chloroform followed by methanal, ethyl acetate and
finally petroleum ether. The maximum inhibition
zone for chloroformic extract was 3.3 cm against
alternata while the minimum 1.6 cm against
Fusarium oxysporium. Methanolic extract of the

Plate 1. Antifungal activity of Nostoc muscorum
extracts against Rhizoctonia solani at aconcentration of
1 mg of extract/ disc. (1) Extracellular extract (2) ethyl
acetate extract (3) Chloroform extract (4) Methanol
extract (5) Petroleum ether extract

Plate 2. Antifungal activity of Nostoc muscorum
extracts against Rhizopus stolonifer. at a concentration
of 1 mg of extract/ disc. (1) Extracellular extract (2)
ethyl acetate extract (3) Chloroform extract (4) Methanol
extract (5) Petroleum ether extract
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cyanobacterium cell pellet showed also potent
inhibition zones of maximum 2.4 against
Rhizoctonia solani and a minimum 0.9 against
Aspergillus flavus. Ethyl acetate and petroleum
ether extracts were the least potent against all
tested fungi and no inhibition zone was detected
for both solvents against alter nata. The maximum
inhibition zone of ethyl acetate extract was 2 cm
against Rhizoctonia solani and that for petroleum
ether was 1.3 cm against Fusarium oxysporium. It
can be concluded from Table 1 that Aspergillus
flavus was the less susceptible fungus to the
cyanobacterium extracts asit showed the smallest
inhibition zones.

A large number of microalgal extractsand
extracellular products have been found to have
antibacterial activity. The microalgae such as
Scytonema hofmannii®, Hpal osiphon fontinalis®,
Chlamydomonas sp. ( Kellam and Walker, 1989),
Anabaena sp. (Frankmolle et al.,1992),
Phormidium sp. #, Microcystis aeruginosa®,

Plate 3. Antifungal activity of Nostoc muscorum
extracts against Aspergillus flavus at a concenteration
of 1 mg of extract/ disc. (1) Extracellular extract (2)
ethyl acetate extract (3) Chloroform extract (4) Methanol
extract (5) Petroleum ether extract
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Nostoc spp. 2, Nostoc muscorum?®, Chlorella sp.,
Scenedesmus sp. *2and Euglena viridis®have been
reported as the main groups of microalgae to
produce antimicrobial agents. Screening efforts
aimed to identify antimicrobial agents in
cyanobacteriahave revealed several promising lead
compounds. Some of these substances identified
including NostocyclyneA *, Nostofungicidine®,
Kawaguchipeptin B *and Nostocin A %,

The ability to produce antimicrobial
agents may be significant not only as defensive
instrument for the algal strains but also as good
source of new bioactive compounds from a
pharmaceutical point- of- view® The recent
investigations with Cyanobacteria have
demonstrated the antimicrobial and antifungal
effects of Phormidium sp.®. These reports are in
agreement with our present study. Cyanobacteria
are known to produce antitumor® antiviral *,
antibiotic * and antifungal compounds “. These
compounds have been studied by variousresearch

Plate 4. Antifungal activity of Nostoc muscorum
extracts against Fusarium oxysporiumat aconcentration
of 1 mg of extract/ disc. (1) Extracellular extract (2)
ethyl acetate extract (3) Chloroform extract (4) Methanol
extract (5) Petroleum ether extract
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groups and have shown promising results in
declining the growth of various microbes 44
There are reports on the inhibition of growth in
plant pathogenic fungi by cyanobacteria. Kim 4
reported that cyanobacterial strains Oscillatoria,
Anabaena, Nostoc, Nodularia, and Calothrix
exhibited antifungal activity against seven
phytopathogenic fungi causing diseases in hot
pepper. Mule* reported that extract of N. commune
inhibited the growth of fungus Candida albicans.
Cano “ evaluated the antifungal activity of
terrestrial cyanobacterium N. muscorum against
the Candida albicans by 20.83.Nostoc muscorum
reduced Fusarium oxysporum and Rhizoctonia
solani. Theseresultsarein agreement with De Caire
et al.,** who found that the growth of the plant
pathogen Rhizoctonia solani was inhibited by
extracellular products of Nostoc muscorum. A
variety of solventswere used for the extraction of
microalgal active metabolitesand it had been found
that the chance of getting antimicrobial activity
was higher in culture supernatant and chloroformic
and methanolic extracts of algal cell pellets.

Plate 5. Antifungal activity of Nostoc muscorum
extracts against Alternaria alternate at a concentration
of 1 mg of extract/ disc. (1) Extracellular extract, (2)
ethyl acetate extract, (3) Chloroform extract, (4)
Methanol extract ,(5) Petroleum ether extract
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It can be concluded that the Nostoc
extracts obtained by various solvents used in this
study had antifungal activities and that these
extracts could be much more effective when
compared with contemporary antibiotics and
fungicides. This study can provide potential
candidates for the development of biocontrol
agents against these fungi. Theresults of thiswork
indicate that Nostoc muscorumdisplaysapotential
that warrants further investigation.
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