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ABSTRACT

Different biological control agents are used tohfigvarious pathogens or even harmful organisms iffergnt
environments. Among these agents, a wide rangaatétia belonging to the genus Pseudomonas spgapable
to produce a large number of secondary metabolités antibacterial activity. The main aim of theegent work is
the evaluation of the antagonistic activity of Beruginosa ATCC 27853 against pathogenic bacteriirss such
as E. coli ATCC 25921, P. mirabilis ATCC 12453s8hbtilis ATCC 6633 and B. cereus ATCC 11778 bysieg
agar well diffusion method and by the study of blaeterial growth in the absence and in the preseofcéhe
supernatant of Ps. aeruginosa ATCC 27853. In otderharacterize the molecules responsible forath&agonistic
activity of Ps. aeruginosa ATCC 27853, various paeters such as temperature, pH, and incubation liazebeen
investigated. The obtained results showed thattéiséed antagonistic activity of Ps. aeruginosa ATELB53
against, S. aureus, Enterobacter, S. typhi, P. andgand B. subtilus ATCC6633 has manifested arelkxd
antibacterial activity with a maximal diametersiohibition zone 32, 15, 14.14, 13 mm respectivélythermore,
the study of bacterial growth of B. subtilus ATG&38 in the absence and in the presence of the safmart of Ps.
aeruginosa ATCC 27853 indicated a considerable bssmreduction accompanied with unbalanced growter af
adding of the supernatant.
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INTRODUCTION

Bacterial resistance to antibiotics poses a sembafienge to the prospect of chemotherapy, beddesgaditional
antibiotics and its derivatives are becoming noofiemal The whole world is thus confronted with a loomuhgig
crisis which has motivated the pursuit of new dantib compounds with novel mechanisms of action [fe
bacterialproducts have served the development of new phautiaal drugs that are widely used to fight baeleri
infections [2]

Particularly, the genuBs. aeruginoséas received much attention because of their stegj@s/olvement in natural
disease suppressiveness of certain soilslf8h is essential for the growth of almost all angsms but, in many
environments [4, 5, 6, 7, 8]

The antibacterial properties &fs. aeruginosahave therefore led to the characterization ofortgiantimicrobial
substances as organics acids (lactic acid and ¢oanids), diacetyl, and hydrogen peroxide aloni @ombination
[9]. Therefore, the objective of this work were timvestigation of the antagonistic activity BE. aeruginosa
ATCC27853 against such pathogenic strdinscoli ATCC 25921,P. mirabilis ATCC 12453,B. subtilisATCC

6633 andB. cereusATCC 11778 and the characterization of their iitbity substances.
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EXPERIMENTAL SECTION

Microbial strains

The used antagonistic bacterial strain in this stigationPs. aeruginoséATCC 27853 was provided by institute of
Pasteur Algiers, whereas the used pathogenic lectnains such aB. mirabilis ATCC 12453 B. subtiliSATCC
6633, B. cereusATCC 11778,E. coli ATCC 25921 were furnished by the Microbiologicaboratory of the
veterinary institute of Tiaret (Algeria). Furtherrepthe microorganisms were maintained by routiluce on agar
slants, stored at 4°C between transfers. At leestaidditional subcultures (24 h, 30 °C) were madfedsh medium
before use in the experiment.

Detection of antagonistic activity

The antagonistic activity d®s. aeruginoséATCC 27853 towards the growth of pathogenic béetens carried out
by the using of the streak according both methadeibed by Fokkema and Adetuyi [10, 11]. For theventional

streak method 40 mm streak was made from 24 hddrgwdture of bacteria, 23 mm away from the centfe
petridish. The using of 7 mm diameter sterile cbodker, the growing edge of a 24 hours old bacteuiture was

aseptically placed at the centre of the plate diré@oculated with the tested antagonistic bacteriu

Plates were incubated at 30°C and monitored foragsdMeasurement of the percentage of inhibitiod an
intercolony distance were taken daily. For the Noimg method of Adetuyi and Cartwriglit1], bacteria were
cultured on nutrient agar plates into confluentwgfo Prepared Malt Extract Agar plates were inomdaseparately
with concentric ring culture of the organism. Thesgension of the pathogenic bacteria strains (7 mwwag
transferred aseptically into the centre of theghdteady inoculated with the test antagonistiatd?l were incubated
at 30 °C and monitored for 2 days. The measurewietite percentage of inhibition and intercolonytaice were
taken daily.

The well diffusion assay

The described well diffusion assay by Schillinged ducke[12] was used for the in-vitro test of antagonistic
activities ofPs. aeruginoséATCC 27853 against other bacteria. Plates comtgisblidified Nutrient Agar (20 ml)
were overlaid with 10 ml of soft Nutrient agar andculated with 0.05 ml of an overnight culture pEthogenic
bacteria. Four wells, three of the periphery anel afnthe centre, each 7 mm in diameter were matdeiagar using
cork borer and 0.1 ml of culture supernatant of tecterium were transferred into each well. Thatgd were
incubated for 24 h at 30°C, examined for clear bitlin zone around the well. The assay was caroedin
duplicate for all the test organisms.

Inoculum preparation

The used isolates were inoculated in nutrienttyroicubated with agitation at 150 rpm on a rotsrgker, at 30°C
for 48 h and maintained as stock cultures in stagar slants, grown at room temperature for 2 dagsstored at 4
°C for regular subculturing. The used culture mduha the following composition (in g/L): 10 g stayd0 g of

nutrient broth, 15g agar, served as inoculationianéat all the experiments. The pure culture wasculated into
sterile broth medium and incubated at 30 °C ontarycshaker at 75 rpm for 72h. The fresh over nagliture was

used as inoculum for the growth study [13,.14]

Preparation of culture supernatant

The used antagonistic straifs.aeruginosaATCC 27853 was inoculated in a nutrient broth, ubvated at
temperature 30°C on rotary shaker at 120 rpm fdn.2Phe bacterial cells were removed by centrifiogaat 6000 g
for 10 min and the supernatant was used immedi&elfurther investigation.

Antagonistic activity of the bacterial biomass

In order to explore the antagonistic activity of thacterial biomass &s. aeruginossATCC 27853, inoculated in a
nutrient broth, incubated at temperature 30°C ¢aryoshaker at 120 rpm for 24 h, the bacteriakoekre harvested
by centrifugation at 6000 g for 10 min and the sedit was washed twice with sterile distilled water. Tdeposed
disk on the agar surface was inoculated with arnaelof 5pl of the bacterial biomassR¥. aeruginos®ATCC 27853

Effect of various parameters on the antagonistic divity

Determination of the thermo-resistance of antagonti& activity

In order to explore the thermo-resistance of thdemde responsible for antagonistic activaf Ps. aeruginosa
ATCC 27853,3 sterile tubes containing a volume of 1.5 mkapernatant of broth of the inoculated antagonistic
strain,were treated at the following temperatures (31,-120°C) for 30 min. After that, a volume of 30qfleach
treated tube spotted on the disk and plamedhe surface plate agar. The antagonistic agtivis estimated by
measuring of the diameter of zone of inhibitiomfied around the disks, after incubation at 30°CL&hours [15].
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Effect of incubation time on the antagonistic actiity

In order to optimize the incubation time for antaigtic activity of Ps. aeruginosaATCC 27853, an inoculated
culture media with the tested bacterial strain weceibated at 30°C on a rotary shaker at 120 rpmefgular time
intervals (24, 48, 72h). After that, a volume of BDof each treated tube spotted on the disk aadeplon the
surface plate agar. The antagonistic activity wstsrated by measuring of the diameter of zone bfbition
formed around the disks, after incubation at 3G5IC18 hours [15].

Effect of the pH on the antagonistic activity

In order to investigate the effect of the pH-vatuethe antagonistic activity &fs. aeruginosaATCC 27853 against
the tested pathogenic bacteria, the pH-value obthpernatant of inoculated broth of the antadmngtrain, was
adjusted to the pH-value in the range (3-8) byusieg 1N HCI and 1N NaOH. The antibacterial acfivitas then
measured by the agar spot test, where the platesseeded with 0.1 ml of 18 hours inoculated boftthe tested
pathogenic bacteria (approximately 5XTFU/ml). The agar plate was dried, and thehds the supernatant on the
antibacterial substance &fs. aeruginosaATCC 27853 adjusted at different pH-value werettgabon the disks
placed on the surface plate. The antagonistic iactivas estimated by measuring of the diameter mfezof
inhibition formed around the disks, after incubatat 30°C for 18 hours [15].

RESULTS

The development of drug resistance in human patioggainst commonly used antibiotics has necesditat
search for new antimicrobial substances from ogberces including plants and microbes [16]the present study,
the antagonistic activity d?s. aeruginosaTCC 27853 against various Gram positi#e $ubtilisATCC 6633and
B. cereusATCC 11778 and Gram negative bacteria sicholi ATCC 25921 P. mirabilisATCC 12453has been
investigated. For this purpose, the bacterial ¢nowf various Gram positive and Gram negative dréatin the
absence and presenBs. aeruginosaATCC 27853 has been investigated by the usingdibk and the wells
diffusion methods.

The illustrated results in (Figure 1, 2, 3) on Hagonistic activity oPs. aeruginosaATCC27853 highlighted
against the pathogenic strains sucltasoli ATCC 25921 P. mirabilisATCC 12453 B. subtilisSATCC 6633and
B. cereusATCC 11778 showed a excellent antibacterial agtifdr all tested strains, with a clear zones iitiob at
least 7 mm. Furthermore, the obtained diameteonés inhibitions by the methods of disks and d#flLision
assay were 18, 25, 30, 22, 35, 30 mm respectively.

Figure 1: lllustration of the antagonistic activity of Ps. aeruginosa ATCC 27853 againsB. cereus ATCC 11778 by the method of disks (a)
and wells diffusion assay (b)
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Figure 2: lllustration of the antagonistic activity of Ps. aeruginosa ATCC 27853 againsP. mirabilis ATCC 12453 by the method of disks
(a) and wells diffusion assay (b)

Figure 3: lllustration of the antagonistic activity of Ps. aeruginosa ATCC27853 againstB. subtilis ATCC 6633 by the disk method (a) and
wells diffusion assay (b)

The effect of pH-value on the antagonistic activity

In order to explore the effect of the pH-value ba &ntagonistic activity of the supernatanPef aeruginoséATCC
27853 againgB. subtiliSATCC 6633,P. mirabilisATCC 12453the disk diffusion method was used, where pH-
value of the used culture media was adjusted imahge between 3-8.3he antagonistic activity was evaluated by
the measurement of the diametethd inhibition zone around discs impregnated withesnatant oPs. aeruginosa
ATCC 27853.The obtained results indicated the absesfdfe zone of inhibition in the range of pH-valuetween
3-7 and the appearance @éar zone of inhibition around the discs impregdawith the supernatant by pH-value
8.3.

Table 2: Diameters of the inhibition zones oP. mirabilis ATCC 12453 andB. subtilis ATCC 6633 in the presence of the supernatant of
Ps. aeruginosa ATCC 27853 adjusted at different pH-value

. pH-value
The tested strains 3 7 83
P. mirabilis Omm| Omm| 1,3mm
B. subtilis Omm| Omm| 1,1 mm
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B. subtilis P. mirabilis

Figure 4: The antagonistic activity of supernatanof Ps. aeruginosa ATCC 27853 againsB. subtilis ATCC 6633 andP. mirabilisATCC
12453 adjusted at pH 8, 3

Effect of the incubation time on the antagonistic etivity

Furthermore, the effect of the incubation time be antagonistic activity of the supernatantRsf aeruginosa
ATCC 27853 againsB. subtilisATCC 6633,P. mirabilis ATCC 12453 has been studiethe evaluation of the
antagonistic activity was estimated by the measargnof the diameter othe inhibition zone around discs
impregnated with supernatant B§. aeruginossgATCC 27853. The results indicated that an excekeragonistic
activity was obtained after incubation time 72 tgwrith the diameters of the zones of inhibition36f mm byP.
mirabilis ATCC12453 and 30 mm b§. subtilisATCC 6633.
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Figure 5: The diameters of the zone of inhibitiorof B.subtilis ATCC 6633,P. mirabilis ATCC 12453 in the presence of the supernatant
of Ps. aeruginosa ATCC 27853, harvested from culture medium after 2, 48, 72 hours of incubation time

Study of the pathogen bacterial growth in the presece of the supernatant of antagonistic strain

In order to explore the effect of the used compsupresent in the supernatantRd. aeruginosaATCC 27853
against tested pathogenic bacteria, the bactegalth of P. vulgarisin the absence (control) and in the presence of
the supernatant ¢fs. aeruginossdATCC 27853 has been investigated. For this pwg®svulgariswas inoculated

in seed media with initial optical density of 0.6 %78 nm according the protocol described by Abkhcamd
coworkers[17, 18] A volume of 1 ml of the recovered supernatanPef aeruginosaATCC 27853 was added 6
hours after the onset of the bacterial growth. @beined results (Figure 8howed a considerable inhibition of the
growth of P. vulgaris,after the adding a volume 1 ml of the supernatdrP®© aeruginosaATCC 27853 in the
culture ofP. vulgarisduring early exponential growth phas&he growth curve of the test strain is plotted as a
function of time. In conclusionthe molecules present in the supernatanPef aeruginosaATCC 27853 has
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induced unbalanced growth and furthermore thestafethe cell cycle oP. mirabilis ATCC 12453in comparison
with the untreated biomass (balanced growth).

10

ODs578nm

0,1

Time [h]

Figure 6: The study ofP. mirabilis ATCC 12453 growth in the absence and the presenoéthe supernatant ofPs. aeruginosa ATCC
27853

DISCUSSION

Many studies suggested the ability of members lgghonto the genuBseudomona produce a various secondary
metabolites, with antibacterial activity9].

The tested antagonistic straits. aeruginosaATCC 27853 againsB. subtilis ATCC 6633,P. mirabilis ATCC
12453 andB. cereusATCC 11778 has indicated a considerable inhibitddrbacterial growth with the following
diameters of zone inhibition (30, 35, 22 mm) respety. Haysand their co-workers [20] has reported that Pt
aeruginosamanifested a feeble antagonistic activity agagmam-negative bacteria. Whereas, Young [@idwed
thatPs. aeruginosaeduced the growth &. coli

In order to explore the molecules responsible fotibacterial activity, the selected antagonisticaists Ps.
aeruginosaATCC 27853 was inoculated in the culture mediurd Brtubated at temperature of 30°C for 24 hours
and the supernatant was harvested by using theifogation. Furthermore, the supernatant was ingattd for
antibacterial activity again®. subtilisATCC 6633,P. mirabilis ATCC 12453 and. cereusATCC 11778. The
obtained results indicated that the tested supmnhdias considerably induced the inhibition of baat growth of

P. mirabilis ATCC 12453 andB. subtiliSATCC 6633 and. cereusATCC 11778.

The optimization of several parameters implicatethe antagonistic activity has been in detailestigated. For
this purpose, the selected the antagonistic agtofits. aeruginosdATCC 27853 has been incubated at different
period time The obtained results indicated thatfdrmed inhibition zone diameter remains conshatdecreases
its transparency. this slight variation over timaymbe due to the dynamics of change in the extilae
concentrations of metabolites produced™sy aeruginosatrain.

Machan and colleagud22] has reported that the 18 hours old culturePefaeruginosaP® 3940 culture filtrate
decreased considerably the bacterial biomasSt.oaureusafter 18 h of incubation. However the 4 hours wnalt
filtrate manifested any antagonistic activity agaiStaphylococcus aureu$Vhereas,James and Guttersd@3]
reported that the constituents of the environmefiuénce widely antibiotic production.

Shanahan and their co-workers [2¥fs reported that the molecules responsible fagamistic activity, may be

antibiotics such as bacteriocins (including pyocamtibiotics phenaziniques or non-nitrogenous cmumpls such as
2.4 diacetyl phloroglucinol.
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To order to study the influence of the variatiompbf-value on the antagonistic activity, the haredstupernatant of
the pre-culture oPs. Aeruginosavas adjusted with solution tampon of phosphatke dbtained results manifested
the absence of the zones of inhibition around thprégnated discs with the acid and the neutral reapent.
Whereas, the appearance of a zone of inhibitiomnratahe impregnated discs with alkaline supernafsnB.
subtilis ATCC 6633 and®. mirabilis ATCC 12453. Avril and co-workerf@5] has reported that the production of
the pigments (pyocyanin, pyoverdin) is associatéd the alkalization of the culture medium.

To study the nature of the inhibitory agent, thpesnatant of pre-culture of strain BS. aeruginosaATCC 27853
was submitted at different heat treatments. Théemifit thermal treatments carried out showed tkhabrsdary
metabolites responsible for antagonist activityrasethermo-resistant. These results do not go thithearlier work
carried out by Jayaswal [26], they showed thatagent responsible for the antagonistic activitydoiced byPs.
spp strains appeared very resistant to heat treatnkemthermore, the study of the bacterial growthttuf P.
mirabilis ATCC 12453 has been achieved on nutrient broth) ([BXhe presence and absence of supernatant -of pre
culture of antagonistic straiRs. aeruginosaATCC 27853. The obtained results indicated that kinetics of
growth of P. mirabilis ATCC 12453 has revealed a important sensitivityaims the supernatant of pre-culture of
antagonistic straifPs. aeruginosaéATCC 27853. These substances allow inhibition #redpotentially pathogenic
micro-organisms elimination by deprivation of natri resources (carbon substrates, trace elemeanhteds
necessary for their development or by productioardibiotic or lytic enzymes [27].

CONCLUSION

From our results we could demonstrate the potemtile of antagonistic activity oPseudomonas aeruginosa
ATCC 27853against pathogenic bacterlawould be of interest to find out which functidrgroup is responsible
for the antagonistic activityand also whether any of them is a novel compourtl amtimicrobial activity which
would make it a promising candidate for the proaucof new antimicrobials.

Further studies involving the purification of th@eenical compounds of the secondary metabolite mediby
Pseudomonas aeruginog&TCC 27853 by the using a modern technique such GJPIRM, will require for
determination of this active molecules.
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