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ABSTRACT

Cyanobacteria are rich source of primary and se@wydmetabolites which are important in biotechnglcand
pharmaceutical industries. The Cyanobacteria playgortant role for forming the earth's oxygen atpioare and
their contribution to many other attributes impantao human life. Due the importance of this groopsacteria,

the main aim of the present study was the screesmugthe identification of the bacterial strainsldrgging to the
cyanobacteria, isolated from water of lake of Sittihamed Benali located in the region of Sidi BebédWest of
(Algeria)and the evaluation of their antagonistictigity against pathogenic bacteria responsible famrsocomial
infection. The antagonistic activity of the isothtselected cyanobacteria against pathogenic bactrains such

as Escherichia coli ATCC 25922, Salmonella typhiomr ATCC 6538, Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 43300, Enterobacter geeres ATCC 35029, Proteus vulgaris ATCC 6896,
Klebsiella pneumonia ATCC 10031 was evaluated byusing agar well diffusion method and the studyhef
bacterial growth in the in the absence and in thespnce of the supernatant of Ps. aeruginosa ATCC
27853.Furthermore, the obtained antagonistic attivf the selected cyanobacteria, extracted by ubieg of
different organic solvents such as ethanol, acetatiethyl ether and methanol was compared. The inbta
results showed that the diethyl ether extract afgbya. sp, the methanol extract of Oscillatoriaasyl the diethyl
ether extract of Phormidium.sp, indicated an impaottantagonistic activity against Aspergilus nigerd Candida
albicans. Where, the methanol and the acetone estiaf Oscillatoria sp have manifested the higlaesagonistic
activity against S. aureus, K. pneumonia respelgtiveurthermore, the investigated methanol and #oetone
extracts of Oscillatoria sp yielded the highestamanistic activity against S.aureus, K. pneumonjaniethanol
extract and against E. aerogenese, Acetone extfalehormidium sp showed a high antagonistic agtigigainst S.
aureus, P. vulgaris, K. pneumonia.

Keywords: Antagonistic activityOscillatoria sp, Phormidium s.aerogeneseathogenic bacteria.

INTRODUCTION

Cyanobacteria, the blue green algae are morphalbgidiverse group of Gram-negative eubacteria.yThee

characterized by their capacity to perform biolagjioitrogen fixation, oxygenic photosynthesis arskbdi as
important food for other organisms [1]. Cyanobdetare a very old group of organisms and represgics of the

oldest photoautotrophic vegetation in the worldt thecur in soil, fresh and marine waters and theyexcellent
source of vitamins and proteins [2-3]. Their suaViis affected by many factors including incubattemperature,
PH, kind of medium, incubation period, medium cowsifion and light intensity [4].Cyanobacteria haven

much attention as prospective and rich sourcesotddically active constituents [5] and have beearfd as one of
the most promising groups of organisms to be ablpraducing primary and secondary metabolites wlitrerse

biological activities such as antibacterial[6], iurtgal [7], antiviral [8], anticancer[9], antiplamdial [10] and
immune suppressive activities[11].
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Generally, the isolation of bioactive compoundsrfroyanobacteria has been achieved for two mairctiges. One
is to discover new compounds for pharmaceuticaicalgural or bio control application. The secongjective was
the understanding of the interactions of individoeganisms within their natural communities. Focleaf these
purposes, it was necessary to screen new orgafi@hs

The screening of cyanobacteria for antibiotics prtidn and other pharmacologically active compourfuss
received ever-increasing interest as a potentiaicgofor new drugs [13, 14].

The achieved research for the identification ofdh&microbial compounds produced by microalgaersgduman
pathogens as well as other pathogens, has recemubived considerable attention as a new sourcaowél
antimicrobial substances [15].

Recently, literature has reported ttgpirulina subsalsa, Phormidium terii6], Chrococcus minor, Microcystis
aerouginosfl7], andCalothrix parietina, Oscillatoria angustissirfis8] have been selected for their capability to
produce antimicrobial agents. Ethyl acetate extod&pirulina platensisonsisted of heptadecane and tetradecane,
which can inhibit some Gram positive and negatigetéria andCandida albicang19].Furthermore, the purified
Lipopeptidases from\nabaena spg@0]and the fatty acids, tetraamine, spermine pcedubyOscillatoria spp[21]
have manifested an antimicrobial activity.

Therefore, the main objective of this work wereif@ation of bacterial strains belonging to the fyldacteria from
fresh water of lake of Sidi Mohamed Benali and $dotated in the region of SidiBel Abbes West ofggkia)and
the investigation of their antagonistic activity

Against such pathogenic bacteria responsible f@ooomial infection, where the study was limited same
filamentous cyanobacteria.

MATERIALSAND METHODS

The fresh water samples were collected in the sunpmeod between Juin-August 2014, from varioussslakeof
Sarnoand Sidi Mohamed Benali, located in the regib®idiBel Abbes(Algeria).The samples were culi@hin
BG11 culture medium agar and isolated by the usirggmethods, such as the filtration method, emplolyg the
using of membrane filters of nitrate de cellulogéhva diameter of 0.45um and the streak plant nef2a).

The isolated cyanobacteria were transferred dfigr dn the same above described culture mediunthéranore,
the uni-algal cultures were prepared by the usingubculturing methods [23]. The isolat€yanobacteriunwas
inoculated in volume of 150 ml of BG-11 culture med, containing 500 ml flask, incubated at tempa@at25°C
without shaking, for a period of 30 days, in thegance of illumination at 2000 lux with aphotopdrif 12/12
Light/dark.

Preparation of cyanobacterial extracts

In order to prepare the cyanobacterial extractsctiitivated isolated cultures for a period of 3gsiwere harvested
by centrifugation at 5000 rpm for 15 min. The aquesupernatant was collected and the algal peldstweighted.
0.2 g dry powder was extracted for tree times wittolume of 15 ml of organic solvent such as aastethanol,
methanol or diethyl ether. The obtained solventaets were dried under reduced pressure at tenuperat 40°C
for methanolic extract, at 78°C for ethanolic estraat 56.5°C for acetone extract and 34.6°C fathgil ether
extract respectively and kept at 4°C until theie @ further investigation.

Microbial indicatorsand growth conditions

The used microorganisms in this work were Gram-tiegidacterial strains such &s coliATCC 25922Salmonella
typhimurium ATCC 6538, Ps. aeruginosaATCC 27853,Proteus vulgarisATCC 6896, Klebsiella pneumonia
ATCC 10031 and Gram-positive strains suchSaaphylococcus aureu&TCC 43300,Enterobacter aerogenes
ATCC 35029 The used yeast waSandida albicansATCC 20408 and the investigated filamentous fungiere
Aspergilus nigeATCC 6275 Aspergilus flavusATCC 10124.Bacterial strains and yeast were kiltyided from
institute of Pasteur of Algeria, the filamentousiduwere obtained from INRAA of SidiBel Abbes(Alge).All
bacterial strains were inoculated into nutrienttibhrancubated at temperature of 37°C for 24hours.yéast and
fungal strains were inoculated into glucose peptmo¢h, incubated at 25°C for period of 5 days.

Antibacterial and Antifungal assay
The antagonistic activities of cyanobacterial extsawere investigated against some nosocomial gatie of
Gram-positive and Gram-negative strains, yeasffitlamdentous fungi. The antimicrobial activity waarded out by
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the using of agar-well diffusion method. Where, ititeoduced Petridishes with a volume of 20 ml afllr-Hinton
were inoculated with a volume of 1Q0 of the 24 hours old culture broth of the inveati&d bacteria, adjusted at
10° UFC/ml and spread on the solid BG-11culture medianplates respectively with the help of sterileespter.
The inoculated plates were allowed to dry andlstedrk borer of diameter 8.0 mm was used to balsvin center
of inoculated agar plates.A volume of 20ml of thegared Sabouroud culture medium agar was inocllaith a
volume of 100ul of 5 days old culture on glucose peptone brottuce adjusted tofOUFC/mI of tested fungi and
yeast. The indicated antagonistic microorganismeevgpread on agar plates with sterile diffusion.l8VEmm)
were made and filled with a volume of 86f each extract. The Petridishes were placed Farugs at 4°Ctill the
diffusion of the released metabolites into the maad[24], incubated at temperature 37°C for 24hdordacteria,
at 30°C for 3 days for fungi and yeast. The lectfrthe obtained results was recorded by the maasof diameter
of the inhibition zone in mm and antimicrobial &y of cyanobacteria was compared with standartibamntic
(penicilline) and fungicide (nistatine).

RESULTS

The development of drug resistance in human patioggainst commonly used antibiotics has necesditat
search for new antimicrobial substances from asberces including cyanobacteria [16]. Due the irtgpare of this
groups of bacteria, the main aim of the preserdystvas the screening and the identification ofrgdabacterial
strains belonging to the cyanobacteria, isolatethfvater of lake of Sidi Mohamed Benali locatedthe West
region of SidiBel Abbes(Algeria)and the evaluat@fitheir antagonistic activity against pathogerécteria, which
were responsible for nosocomial infection and thelys was limited on some filamentous cyanobacteo&athis
purpose, the antagonistic activity of four isolatselected Cyanobacteria against pathogenic badtsins such as
E. coli ATCC 25922,S.typhimuriumATCC 6538, Ps. aeruginosaATCC 27853,Sta.aureusATCC 43300,E.
aerogenesATCC 35029,P. vulgarisATCC 6896,K.pneumoniaATCC 10031 has been investigated by the using
agar well diffusion method.

The used external morphology such as the microscopservation according to the described methods by
Anagnostidis Komarek and Sant’Anna [25-26-27] for tdentification of the four isolated Cyanobactestrains,
indicated their membership to the family of Cyantibaaceae, Oscillatoriaceae, Nostocaceae resphctivable 1,
Figure 1).

Table 1:Theidentification of theisolated Cyanobacteria strains from fresh water samples of lake of Sarnoand Sidi Mohamed Benali by
the use of the external mor phology micr oscopic observation

Strains Family Sites of collection
Oscillatoriasp Oscillatoriaceael  Water of lake of Sidi Mohamed Biena
Anabeanaspherica Nostocaceae Sarno dam.

Lyngbyasp Oscillatoriaceael  Sidi Mohamed Benali lake
Phormidiumsp Oscillatoriaceag  Sidi Mohamed Benali lake

175
Scholar Research Library



S. Mezouari et al Der Pharmacia Lettre, 2016, 8 (8):173-179

Figure:Theidentification of the four isolated Cyanobacteria from fresh water of Lake Sidi M ohamed BenaliGx1000, A-
Anabeanaspherica, B-Phormidiumsp, C-Oscillatoriasp, D-Lyngbyaspby the use of the microscopic obser vation

Antibacterial activity

In the present study, the antagonistic activityhef extracted crude of cyanobacteria (methandli@relic, aceton,
diethyl ether) against pathogenic bacteria stransh ask. coli ATCC 025922,S.typhimuriumATCC 6538,
Ps.aeruginosaATCC 27853,Sta.aureusATCC 43300,E. aerogeneATCC 35029,P.vulgaris ATCC 6896,K.

pneumoniaATCC 10031 has been investigated by the usingyaf-aell diffusion method, based on the measure of
the formed diameter of the zone inhibition.

From the study, it's clear that the diameter of itht@bition zone depends mainly on the type of dfgal species,
type of the used solvent and the tested bactarthtlze fungal organisms.

The obtained results (table 2) indicated clearlgt tmethanol and acetone extractsQscillatoriaspyielded the
highest antagonistic activity againStaureus(35mm) andk.pneumonié@3mm) by methanol extract and against
E.aerogenesg29mm) by acetone extract. Whereas the ethanaghexshowed moderate activity against all
bacterial species except vulgaris E.aerogenesandE.coli, with highest value in case Kfpneumonig9 mm) and
S.typhimuriurty mm).At the same time, the results of ethanol amhanol extract okyngbyasprevealed their
antibacterial effect against all the investigatadtbria excepiE.coli with the highest value in case kafpneumonia
(16 mm) by methanol extract. Methanol extractAmiabeana spherichad antibacterial effect towai.coli (10
mm), S.aureug15 mm) andE.aerogene09 mm),at the same time acetone extract had ewad a feeble effect
toward P.aeroginosa (5mm) andS.typhimurium(4mm). Furthermore, acetone extracpbbrmidium sphowed a
has indicated a high antibacterial activity again§.aureus (26mm), P.vulgarig25mm) and
K.pneumoni@0mm).Where, the investigated of the diethyl etkatract of cyanobacteria was recorded any
antagonistic activity with except the crude extraicPhormidiumspagainstS. typhimurium(15mm),K. pneumonia
(9 mm) with a maximal diameter of inhibition zonl®, 9 mm respectively.

Table 2: Illustration of the antagonistic activity of the extracted crude of cyanobacteria (methanolic, ethanolic, aceton, diethyl ether)
against pathogen bacterialby the produced zoneinhibition (mm)

Strains Used solvent | E.coli .S' . P.S' S. E. P. . K. .
typhimurium | aeroginosa | aureus | aerogenes | wvulgaris | pneumonia
Methanol R 2 2 35 3 3 33
Oscillatoriasp Ethanol R 7 9 8 R R 9
Aceton R 2 2 3 29 2 2
Diethylether R R R R R R R
Methanol 2 6 4 4 5 6 16
Lyngbyasp Ethanol 2 5 8 7 7 4 4
Aceton R 4 4 3 R R R
Diethylether R 2 2 3 R 2 R
Methanol R 4 4 R R R 6
Phormidiumsp Ethanol R 2 6 R 5 4 R
Acetone R 2 3 26 R 25 20
Diethylether R 15 2 3 R R 9
Methanol 10 6 7 15 9 7 3
Anabeanasphericg Ethanol 2 4 4 7 8 8 7
Acetone 2 4 5 R 4 R R
Diethylether R R R R R R R
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Antifungal activity

In order to explore the effect of the produced rooles by Cyanobacteria, the study of the antifuagélity of the
extracted crude (methanolic, ethanolic, acetonthgliesther)of Cyanobacteria againstpathogenic feungli asA.
niger, A. flavus and C. albicarfsas been investigated by the using of agar-wetusiin method. The obtained
results (table 3) indicated that the extracts (iedfic, ethanolic, aceton, diethyl ether) of Cyaaxibria has
manifested an excellent antifungal activity agapethogenic fungi followed by diethyl ether and haatol with the
highest value of the produced inhibition zone @andida albicang45mm). The tested antifungal activity of the
diethyl ether extract olLyngbya.sp, Phormidium.spgainst Aspergilus nige indicated the diameter of zone
inhibition of 40, 40 mm respectively, whereas tlsed methanol extract @scillatoria.sp manifested a value of
18mm.FurthermoreA.flavus and C.albicantias manifested an important resistance againspitbsence of the
acetone extract of the cyanobacteria with the ei@ephat the presence of the acetone extra®hafrmidium.sp
indicated a feeble antifungal activity agairStalbicang6mm). Where, the investigated methanol extract of
cyanobacteria showed any antagonistic activityresjdhe tested fungal strains.

Table 3: Antifungal activitiesof different cyanobacteria extracts.

Used solvent| A.niger | A.flavus| C.albicans
Methanol 18mm R 4mm
. . Ethanol R R R
Oscillatoria sp Acelone R mm R
Diethylether 5mm R 3mm
Methanol 3mm R R
Lyngbya sp Ethanol R R R
Aceton R 2mm 4mm
Diethylether R R 45mm
Methanol 3mm R R
Phormidium sp Ethanol R R R
Acetone R 2mm 6mm
Diethylether R R 40mm
Methanol 3mm R R
A.spherica Ethanol R R R
Aceton R 3mm R
Diethylether R 5mm R
DISCUSSION

A few studies have reported on the ability of meralgelonging to the genus Cyanobacteria toprodueariaus
secondary metabolites, with important potentiguatagonistic activity against pathogenic bacteria.

In the present study,the antagonistic activityhs extracted crude of cyanobacteria (methanoligretlic, aceton,
diethyl ether) against pathogenic bacteria such.ali ATCC 25922 ,S.typhimuriumATCC 6538,Ps.aeruginosa
ATCC 27853,St.aureusATCC 43300,E.aerogeneATCC 35029,P.vulgaris ATCC 6896,K. pneumoniaATCC
10031 has been investigated by the using of agHreiffeision method. The obtained results (tablar@f)icated that
the bacterial growth ofS.aureus, k.pneumonia, E.aerogenese, P.vulgarfgptimurium, P. aeruginosavas
considerably inhibited in the presence methanol acetone extracts dscillatoriasp,with a high value of the
produced diameter of zone inhibition of (35, 39, 25, 15, 9 mm) respectively. Furthermore, thabstaf the
antifungal activity of the extracted crude of cyhacteria (methanolic, ethanolic, aceton, diethigeEt against such
pathogenic fungi such &albicansandA. nigerhas drastically reduced the fungal growth, withigh value of the
produced diameter of zone inhibition of (45, 18 mmespectively. Whereas, the bacterial and furggaivth of
E.coliandA.flavuswas manifested an important resistance againsxinacted crude of cyanobacteria (methanolic,
ethanolic, aceton, diethyl ether).The presencextieted crude of\.sphericaby the cultureE.coli and A.flavus
induced the formation of the diameter of zone iittub of (10, 5 mm) respectively. The highest vabfénhibition
zone (45mm) was obtained in the presence of thaetrd crude of diethyl ether bfngbia.spagainstC.albicans
and the minimum inhibition zone (2mm)in the presenof the acetone extract oA.spherica against
S.typhimuriurin conclusion and based on the obtained reshksinthibition of the bacterial and fungal growthswa
depended on the following parameters such as tresfigated genus of the Cyanobacteria and the ogthic
solvent and the tested pathogenic bacteria andi.flmgthermore, the four isolated from water ofdatf Sidi
Mohamed Benali located in the West region of SitliBbbes(Algeria) were investigated for their antaigtic
activity against pathogenic bacteria, which wespomsible for nosocomial infection.

Regarding the effect of the extracted crude of opawteria, the results showed further that methandlacetone
are the best used solvents for extraction of tredyweed molecules, responsible for the antagonastiwity of
Oscillatoria, A similar results has been reported by Madhurfifhi where the acetone extract Ofcillatoria
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latevirensmanifested a high antagonistic activity agaf@stureusand Str.mutang28]. Furthermore, the methanol
extract of Oscillatoriasp induced highest antagonistic activity agaistoli, K.pneumoniaand S.mutans The
obtained results indicated further that the methaxtract induced the largest inhibition zone $yaureusand
K.pneumoniaand the acetone extractBhormidiumsp has considerably inhibited the bacterial grooft8.aureus
K.pneumoniaP.vulgaris with a larger inhibition zone. Where, the baietiegrowth ofE.aerogenese, P. aeruginosa
manifested only a feeble diameter of zone inhihitio

researchers have reported tR&tormidium tenuehas manifested an excellent antagonistic actibityst. aureus,
S.typhiandE. coli[16], where the acetone was the best used orgahierg for extracting antibacterial molecules
produced byPhormidium coriunf17], and the methanol extract frddthnormidium sgnduced the inhibition of both
Gram positive and Gram negative bacteria [24].mhfer studies, researchers have reported that #tbamol and
acetone extracts ofyngbya spindicated a maximum zone inhibition agairsicoli, S.mutans, S.aurewnd
K.pneumonif28]. Furthermore, the investigated methanol areta® extracts frorhyngbya Aestuarishowed an
important antagonistic activity againSt.aureus, S.typl#9], Whereas, the methanol and acetone extraots fr
Spirulina platensisindicated more similarity inhibition zone agairStaureusand S.typhimuriurf80].The used
acetone was the best organic solvents for the aidra of the antibacterial molecules frofnyngbyam
artensiangl7]. The methanol extract afyngbya.spshowed a maximum inhibition zone agaiRsbteus vulgaris
Ps. aeruginosaand St. aureus Furthermore, théAnabeana sghas manifested important antibacterial properties
againstSt.aureus, E. coli, Ps.aeruginosa, Kl. pneumamdsS.typhj31]. The used acetone and methanol extracts of
Anabeana sphericandicated an excellent antagonistic activity agatcoli, Enterococcus facium, St.aurearsd
S.senftenbefg3]. Furthermore, the methanol extract Afiabeana sphericahowed antagonistic activity against
E.coli, S.aureus, P.vulgarisith the highest obtained value Byaureug32]. For antifungal activityCyanobacteria
are known to produce antifungal compounds, whickehaeen studied by various research groups andaitedi
promissing results by the inhibition of the pathmigefungal growth, which wereesponsible fomosocomial
infection. Tiwari and their co-workers have repdribout the wide assay for the exploitation of @jeatteria as
agents to prevent the pathogenic bacterial andaluggowth[34].The acetone extract Bhormidium corium
methanol extract ofyngbyamartensianand diethyl ether extract dicrocystis aeruginosaanifested the largest
inhibition zone by fungal pathogenic [17]. Where tnethanol extract ddscillatoria salinaandPhormidiumtenue
showed an important antifungal activity agaifstisarium solani, Rhizoctonia sol§h6, 35].Furthermore,
Sakthivel[16] has reported that cyanobacterialirstr@®scillatoria, Anabaena, Nostoc, Nodularia, and Ghtix
manifested antifungal activity againstseven pathagéungi causing disease#/here, the diethyl ether extract of
Lyngbya.sp,methanol extract oOscillatoria sp, the diethyl ether extract &hormidium.sp showed maximum
inhibition zone byAspergilus nigeandCandida albicans.

CONCLUSION

From our results, it was concluded that the extradtsome cyanobacterial showed antagonistic agtagainst
pathogenic bacterial and fungal growth, which wesponsible for the nosocomial infection. It woblel of interest
to find out which functional group is responsibtg the antagonistic activityand also whether any of them is a
novel compound with antimicrobial activity which uld make it a promising candidate for the productdd new
antimicrobials.

Therefore, it is suggested a further studies inmghthe characterization of the natural producpoesible for the
antibacterial activities, where the basic knowledggy useful in various applications such as phaeutées and
agricultures, and for farther investigation.
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