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ABSTRACT: In this present study, antimicrobial activities agueous and methanolic extracts of
cyanobacteria against some of fungi and pathogéaicteria were investigated. Cyanobacteria strains
Fischerella ambigua 1SC67 andSchizothrix vaginata ISC108 were cultured in BG-11 medium. Extraction
was performed by adding the solvent to cyanobadtbiomass and then filtering and drying of the tonig.
The antimicrobial activity was evaluated by disdfutiion method and broth microdilution method was
applied to determine the minimum inhibitory coneatiobn. The results show that the aqueous and meliba
extracts ofF. ambigua has a significant antimicrobial effect while, ttested extracts db. vaginata was no
significant antibacterial and antifungal activitfighest antibacterial activity from aqueous extra€tF.
ambigua was agains8. aureus (PTCC 1112) which the average zone diameter argunds 33.33 mm. The
antibacterial effect of aqueous extracts againsinGpositive bacteria was more than Gram-negatieteba
significantly. Antifungal activity showed that metfolic extract ofF. ambigua have significant antifungal
activity. Minimum inhibitory concentration of acévextract against most tested bacterial and fuwgal 125
mg/ml. The present study has proved that the acuand methanolic extracts Bfambigua possessed strong
antibacterial and antifungal properties againstpdogenic microorganism. Therefore, cyanobactaiabe

a rich source for natural products with antimicedlactivity.

Keywords: Cyanobacteria; Antimicrobial activity; Disc diffies; Broth microdilution; Saphylococcus
aureus.

1. INTRODUCTION

Natural products play a great role in the discg\ard development of new drug. These products have
been isolated from a wide variety of natural sosreed tested for various biological activities [The
screening of extracts or isolated compounds frofferdint natural sources is a common way to discover
biological active metabolites. In such researciviiets microalgae like cyanobacteria were foundbéoa rich
source for various products of commercial, pharmatical or toxicological interest: primary metabe#t such
as proteins, fatty acids, vitamins or pigments,iotes secondary metabolites with different bioatig
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(antifungal, antiviral, antibiotic and other) oranyotoxins like the hepatotoxic microcystins anduiadns or
the neurotoxic anatoxins and saxitoxins were isoldtom cyanobacteria [2]. Cyanobacteria are thenGr
negative photosynthetic bacteria, morphologicaiywdiverse, and inhabiting a multiplicity of ernwimments
worldwide [3]. Also, cyanobacteria adapt to our changing emmental conditions, and thrive in water
sources impacted by development and climate chf¢jgelhese microorganisms are known to produce
metabolites with diverse biological activities suah antibacterial, antifungal, antiviral, anticamadgaecide
activities [5-7]. Screening of cyanobacteria fotimicrobial and other pharmacologically active campds,
has received ever-increasing interest as a poteotisce for new drud8]. Cyanobacteria from local habitats
seem to be a source of potential new active subssathat could contribute to reduction of the nunife
bacteria, fungi, viruses and other microorganifghs

The increasing clinical incidence of antibiotisistant bacteria is a major global health careei$0].
Resistance to antibiotics and drugs in pathogeniddnia has progressively become a clinical-annogian
since patients admitted to hospitals carry drugstast bacteria, which have nosocomial sprdadls This
has led to a development of natural antimicrobialsypound$12]. Cyanobacteria secondary metabolites can
be a good candidate for inhibition of many pathagdracteria. Recently, researchers at severakuitisins
have started to screen extracts of cyanobacteriaaioous biological activities and about 4000 cee of
cyanobacteria have been screened for novel bdbgictive compounds. This indicates that cyanavect
are a rich source of potentially useful naturalducts[13]. Cyanobacteria of Iran have not yet been many
studied for antimicrobial activity and little wohkas been done to screen cyanobacteria to theiuptiod of
bioactive compounds. The general objective of #iigdy was evaluation of antibacterial and antifunga
activity of agueous and methanolic extract of cymwteria against some of fungi and pathogenic hacte

2. MATERIAL AND METHODS
2.1. Cultivation of cyanobacteria

In this experimental study, the cyanobacteriairsirérischerella ambigua ISC67 andSchizothrix
vaginata 1SC108 were obtained from the algal culture coitec of research institute of applied science,
ACECR, Tehran, Iran. These microorganisms wereuredt in a 500 ml flask containing 150 ml of BG-11
medium without shaking, for 30 days. The incubatemperature was 28°C £ 2 and illumination at 3R60
with a white continuous lighg].

2.2. Extraction procedure

Extraction was carried out using Val methd]. Briefly, at the stationary phase of growth (&fys),
cultures were harvested by centrifugation at 5q@0 for 15 min. The supernatant was collected aed th
culture pellet was extracted with 30 ml of methanwlth shaking 150 rpm for 20 min. The culture
supernatants and solvent extracts were dried uretkrced pressure at 60°C and were stored at -20°C f
further studies. The aqueous and methanolic estrabtained from cyanobacteria were analyzed for the
presence of antimicrobial activity.

2.3. Preparation of bacterial and fungal strains

Five Gram-positive phatogenic bacteria includin@aphylococcus aureus (PTCC 1112),
Saphylococcus epidermidis (PTCC 1114)Bacillus cereus (PTCC 1247)Enterococcus faecalis (PTCC 1237),
Sreptococcus pyogenes (PTCC 1447) and five Gram-negative phatogenic biactecluding;Escherichia coli
(PTCC 1338)Pseudomonas aeruginosa (PTCC 1430)Proteus vulgaris (PTCC 1312) Salmonella paratyphi
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B (PTCC 1231andKlebsiella pneumonia (PTCC 1053) obtained from the Persian Type Cul@wméection,
Tehran, Iran (PTCC). The plant fungal pathogen iggeincluding;Fusarium oxysporum, Rhynchosporium
secalis, Fusarium solani and Botrytis cinerea obtained from Laboratory of Plant Pathology, Unsitr of
llam, Iran. Bacterial strains were inoculated otrieant broth and incubated at 37°C for 24 h. Thegal
strains were inoculated on potato dextrose brothiacubated at 30°C for 5 days. To antimicrobiak tell
strains of bacteria and fungal were adjusted taMt8-arland standard by optical density (OD) metho820
nm (1 x 16 cfu/ml for bacteria and 1 x f@fu/ml for fungal) [15].

2.4. Antibacterial and antifungal bioassay

The antibacterial activities of cyanobacteria a&etis was assayed by agar disc diffusion method [16]
Briefly, different concentrations of each dry extta(125, 250, 500 and 1000 mg/ml), prepared inetliryl
sulfoxide (DMSO). Bacterial and fungal suspensidghat were adjusted to 0.5 Mc-Farland standard
individually were swabbed on Muller-Hinton agar grotato dextrose agar (PDA) plates at three doasti
according to CLS[17]. Then, filter paper discs (6.0 mm) were satdawith each extracts, dried under
laminar air flow and placed on the Muller-Hintonaagplate for bacteria and potato dextrose agar (PDA
fungi. Plates were incubated at 37°C for a perib@i®to 24 h for bacteria and at 25°C for a pend@4 to
48 h for fungi. Discs treated with 50 DMSO was used as negative controls and commasey @antibiotics
was used as positive controls. The aqueous andamathb extracts containing antibacterial components
produced distinct, clear, circular zones of inhditaround the discs and the diameters of cleaezovere
determined and used as an indication of antibadtactivity.

2.5. Determination of Minimum Inhibitory Concentration (MIC)

Minimum inhibitory concentration of active crudetmacts was determined by broth microdilution
method [18]. The test was performed using polystyrééwell plates. Two fold serial dilutions of alitive
extracts were made in Cation-Adjusted Muller-Hin®noth ranging from 1000 to 125 mg/ml. Each inocalu
was prepared with 50 Muller-Hinton Broth for bacteria and potato devge broth for fungi, then 5@ of
the diluted active extracts and hDof the prepared bacterial and fungal suspensias added for the assay.
After 24 h of incubation at 37°C for bacteria ar&lhof incubation at 25°C for fungi. MIC was defiresithe
lowest concentration of the extracts at which theromorganisms showed no visible growth.

2.6. Statistical analysis

All the experiments were done in triplicate. THeSS software version 20 was used for data analysis.
The results are expressed as the mean +SD of #xperiments. The experimental data obtained were
analyzed for multiple comparisons using one-way AR@nd when the results were significant, the Dumca
test was also used.

3.RESULTS

In this study, the antibacterial and antifungativéiies of two strains of cyanobacterigjscherella
ambigua ISC67 andschizothrix vaginata ISC108, were determined by disc diffusion methidee result show
that from the tested extracts, the aqueous and amelic extracts ofF. ambigua have a significant
antimicrobial effect while, the tested extractsSivaginata has no significant antibacterial and antifungal
activity (p-value< 0.01). The results of aqueous and methanolic etstraf F. ambigua that demonstrated
antibacterial activity are shown in Table 1. Aswhoin Table 1, methanolic extract f ambigua has no
considerable effect against tested bacteria, houvéhie extract had significant effect agaiBskillus cereus
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(PTCC 1247)Proteus vulgaris (PTCC 1312) anKlebsiella pneumonia (p-value< 0.01). The results also
clearly showed that aqueous extract of this cyacbiaim strains had significant antibacterial atfiv
against most pathogenic bacteria, so that maximutibacterial activity was againStaphylococcus aureus
(PTCC 1112) which the average zone diameter argumnds 33.33 mm (Figure 1). The results indicateat t
both extract had antibacterial activity againstngrpositive and gram negative bacteria. The antivedt
effect of agueous extracts against gram-positiveena was more than gram-negative bacteria siganifly
(p-value< 0.01), however, compression of antibacterial @gtiof methanolic extract against Gram-positive
bacteria and Gram-negative bacteria was not sagmfly according to statistical analysis (p-vatu€.02).
Among the tested bacteria only two strains of thetéria,Bacillus cereus (PTCC 1247) andéProteus vulgaris
(PTCC 1312), were inhibited by both aqueous anchametlic extracts oF. ambigua. Also the result show
that extracts obtained frorR. ambigua has not considerable antibacterial activity agaBiseptococcus
pyogenes (PTCC 1447)Escherichia coli (PTCC 1338)andPseudomonas aeruginosa (PTCC 1430) Among
the commonly used antibiotics, Penicillin was thénimum effective antibiotic against tested bacteria
Results indicated that antibacterial activity ofiaqus and methanolic extractsFolimbigua against some of
bacteria was more than commonly used antibiotios.eikample, the antibacterial activity of aqueoxisaet

of F. ambigua againstS. aureus (PTCC 1112) ané. epidermidis (PTCC 1114) and also antibacterial activity
of methanolic extract of. ambigua againstP. vulgaris (PTCC 1312) were more than commonly used
antibiotics against these bacteria.

The results indicated that the MICs value of agiseand methanolic extracts against most sensitive
pathogenic bacteria was 125 mg/ml, while it was 2&@'ml againstP. vulgaris (PTCC 1312) (Table 1).
Evaluation of antifungal activity showed that metblic extract ofF. ambigua has significant antifungal
activity against most pathogenic fungal (p-vatu®.01), so that maximum antifungal activity was iaga
Rhynchosporium secalis which the average zone diameter around it was 32183 The results also indicated
that aqueous extract &f ambigua has no considerable effect against tested fumgalever, this extract had
significant effect againgtusarium oxysporum (Table 2) Minimum inhibitory concentration of aqueous and
methanolic extracts df. ambigua against pathogenic fungal has been shown that ti@s Mf active extract
against tested fungal was 125 mg/ml, whereas it28@smg/ml againgtusarium solani affected by extract
(Table 2).

Fischerella Sp Fischerella Sp

Staphilococs ureus Emerococosfecal
Figure 1. Inhibitory effects of different concentrations afjlueous extracts from. ambigua againstSaphylococcus

aureus (PTCC 1112) anénterococcus faecalis (PTCC1237).

European Journal of Biological Research 2019; 9(3): 184-192



Safari et al. Antimicrobial activities from aqueous and methanolic extracts of cyanobacteria

188

Table 1. The average diameter of inhibition zone and stahdaviation of antibiotics and aqueous and methexipact ofFischerella ambigua against pathogen bacteria (mm).

Staphylococcus ~ Staphylococcus  Enterococcus Bacillus Streptococcus  Escherichia

Pseudomonas

Proteus

; o ) . . . Salmonella Klebsiella
aureus epidermidis faecalis cereus pyogenes coli aeruginosa vulgaris aratvohi neumoniae
(PTCC1112)  (PTCC1114) (PTCC1237) (PTCC1247) (PTCC 1447) (PTCC1338) (PTCC1430) (PTCC 1312) Parabp P
Gentamycin 28.67+1.15 10.67+0.57 25.33+0.57 21.67+1.52 23.33+1.52 13+1 19.33+0.57  20.33+0.57 21.33+0.57 22+0
Streptomycin 23.33+0.57 10.33+0.57 20.67+0.57 18.33+0.57 12+0 14.67+1.15 21+1.73 10+0 150 15.68+0.57
Chloramphenicol 30.33+0.57 31.33+0.57 23.67+0.57 23.67+2.3 15.67+0.57  23.33x0.57  19.33x0.57  16.33%0.57 8.33%0.57 30.33x0.57
Nalidixic acid 15.33+0.57 R* 16.67+1.15 19.33+0.57 16.33+1.52 R 12.33+0.57  14.33+0.57 25.33+1.15 23.67+0.57
Penicillin 27.33+0.57 R 16+1 R R R R R R R
1000 6+0 6+0 6+0 20.67+1.15 6+0 6+0 6.33+0.57 27.33x0.57 6+0 23.33+0.57
Methanolic 500 6+0 6+0 6+0 19+0 6+0 6+0 6+0 23.67+0.57 6+0 21+1
_extract of 250 640 640 640 18+1 640 640 640 20.67+0.57 620 20+0
Fischerdla sp.
(mg/ml) 125 6+0 6+0 6+0 14.33+0.57 6+0 6+0 6+0 19.33+0.57 6+0 17.33+0.57
MIC** ND ND ND 125 ND ND ND 125 ND 125
1000 33.33+0.57 32.33+0.57 24+1 20.330.57 6+0 6+0 6.33+0.57 19.33+0.57 21+1 6+0
Aqueous 500 3040 27.33+0.57 21.33+0.57 19.33+0.57 6+0 6+0 6+0 16.67+0.57 16.33+0.57 6+0
extracts of 250 28.67+1.15 25+1 19.6740.57  17.33%0.57 640 620 620 13.67+1.15 12.67+0.57 620
Fischerella sp.
(mg/mi) 125 22+0 17.33+0.57 13.67+0.57 12.33+0.57 6+0 6+0 6+0 8+0 10.33+0.57 6+0
MIC 125 125 125 125 ND*** ND ND 250 125 ND

* R; Resistant
*MIC; Minimum inhibitory concentration value expssed in mg/ml

***ND; Not determinated
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Table 2. The average diameter of inhibition zone and stahdaviation of antibiotic and aqueous and methantict of

Fischerella ambigua against pathogenic fungi (mm).

Fusarium Rhynchosporium Fusarium Botrytis
oxysporum secalis solani cinerea
Nystatin 22.67+1.15 35.67+0.57 17+0 28+1
1000 15.33+0.57 32.33x0.57 14.33+0.57 201
500 14.67+1.15 25.67+0.57 12.67+0.57 18.33+0.57
Methanolic extract of 250 13.3340.57 22.67+0.57 11.67+1.15 15.67+0.57
Fischerdla sp.
( mg/ml) 125 11.33+0.57 18.67+0.57 9.33+0.57 14.33+0.57
MIC* 125 125 125 125
1000 10.67+0.57 6+0 6+0 6+0
500 9.67+0.57 6+0 6+0 6+0
Aqueous extracts of 250 8.33+0.57 6+0 6+0 6+0
Fischerella sp.
(mg/ml) 125 6+0 6+0 6+0 6+0
MIC 250 ND** ND ND

*MIC; Minimum inhibitory concentration value expressin mg/ml

**ND; Not determinated

4. DISCUSSION

In this present study, cyanobacterifimambigua shown antibacterial and antifungal activity against
pathogenic microorganism, whil® vaginata was no significant antimicrobial activity. Cyanaberia are
known to have wide variety of secondary metabolitgth antimicrobial properties. Antibacterial and
antifungal effects of curd extracts from many roy@acteria strains, such &sscherella sp., Oscillatoria
angustissima, Spirulina platensis, Synechococcus and other species have been reported [19, 2@helmesent
years, several reports have been published of antéildal compounds isolated from cyanobacteriah suc
examples as ambiguine, isonitriles, aoscomin, catm® A-E, norharmane, lyngbyazothrins, and
carbamidocyclophanes [2]. Terpenoids and phenaimpounds were thought to inhibit microorganisms by
membrane disruption [21]. Also, flavonoid activitg probably due to their ability to complex with
extracellular and soluble proteins and with baatecell wall which inhibition of the porin on theell
membrane and by alteration of the membrane pertitydbads to the cell destruction [22]. Thus, @shbeen
suggested that the antimicrobial activity of thesgracts could be attributed to the high conteritshis
natural compounds such as terpenoids, phenolafloeids, ambiguine and etc.

Susceptibility of the tested microorganisms tee thyanobacteria extracts was different. The
susceptibility varied according to strains andcgge which were also in agreement with our resuite
extract with low activity against a particular angsm gave high MIC, while the highly reactiveraxt gave
low MIC value. The MIC technique is used to evatu#tte efficiency of antimicrobial agents [18]. The
agueous extract d&. ambigua have significant antibacterial activity againstsnpathogenic bacteria, These
results was corresponded with Madhumathi et al] @81 Chauhan et al. [24], which found that some
cyanobacteria had high antibacterial activity aggi®aphylococcus aureus, Saphylococcus epidermis,
Salmonella paratyphi, Escherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa, Sreptococcus

pyogenes, Sreptococcus enteritidis, Bacillus cereus and Proteus vulgaris. According to the result, aqueous
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extracts ofF. ambigua was most effective against Gram-positive bactasacompared to Gram-negative
strains, These results was corresponded with Safaal. [19] and Madhumathi et al. [23] that shoviked
effective of extracts from cyanobacteria againangpositive bacteria was more than gram negaticeeha.

A possible explanation for these observations mayatiributed to the significant differences in thater
layers of gram- negative and positive bacteria.nGGreegative bacteria possess an outer membrane and a
unique periplasmic space not found in Gram posibeeteria. The resistance of Gram negative bacteria
towards antibacterial substances is related tdyheophilic surface of their outer membrane whighich in
lipopolysaccharide molecules, presenting a bafdethe penetration of numerous antibiotic molesuleEhe
membrane is also associated with the enzymes ipdtiplasmic space, which are capable of breakownd
the molecules introduced from outside [25]. Antifah activity of F. ambigua indicated that methanol was
best solvent for extracting antifungal compoundnrfrthis microorganism, so that methanolic extracs wa
effective against even four tested pathogenic fuidas result has corresponded with previousldgtthat
indicated methanol is best solvent for extractingfangal compound from cyanobacteria [26], but has
corresponded with Ghasemi et al. [27] investigatid@mithka et al. [28] reported that ambiguine picadl by
cyanobacteria possess antifungal activity and folytentifungal activity of~. ambigua methanolic extract in
this study due to their ability to production of laiguine. A variety of solvents (water, methanohagtol,
acetone, petroleum ether, and hexane) used faaatixtg the antibacterial agents and methanol wasthan
other solvents [29]. In contrast to the Challouélef29], in this study, methanol were not thetlsedvents for
extracting the antibacterial agents frétischerella sp. and culture supernatants (aqueous extract) theev
highest inhibition zone than other solvents thatséhresults go in harmony with Ghasemi et al. [27].
However, in present study it was found that methamas best solvent for extracting of antifungal gamuand.

5. CONCLUSION

The present study has proved that agueous andanwdith extracts of. ambigua possessed strong
antibacterial and antifungal properties againsiphitnogenic microorganism. Antibacterial activifyagueous
extract ofF. ambigua was more than methanolic extract and it can beladed that methanol were not the
best solvents for extracting the antibacterial é&gémmm cyanobacteria. According to our knowledipes is
the first study about antimicrobial activity &fscherella ambigua ISC67 andSchizothrix vaginata ISC108
and antifungal activity of these cyanobacteria.@kding to the results of this study, cyanobactex@act can
be a rich source for natural products with antiwti¢al activity to development of new drug. Improwvem
knowledge of the composition, analysis, and theperties of these cyanobacteria extract with respzct
antimicrobial compounds would encourage emphasisdarch of drug molecules. Also Further studies ar
needed to isolate the active principles and bigaaotompounds from the extract and to elucidateettat
mechanism of action of the free radical scavengfifect and antibacterial activity.
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