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ABSTRACT

The antibiotic sensitivity test revealed that some bacteria were multiple-
resistant to 3-8 antibiotics. The most effective drugs were amoxycillin,
ciprofloxacin and nitrofurantoin. Yeasts exhibited different levels of
sengitivity to the tested antibiotics. The addition of different stressfactors
enhanced the synthesis of pyocyanin by Pseudomonas aeruginosa.
Maximum incriment of the pigment production was attained by adding
ganoderma extract (159.7 pg milafter 6 hrs) representing 254 %. A high
antibacterial activity of pyocyanin against thetested Gram positive bacteria.
Sreptococcus pneumoniae was the most affected and it showed largest
zones at different concentrations of pyocyanin (1:1 and 1: 0.2 v/v). Gram
negative bacteriashowed lower sengitivity to pyocyaninthan Gram-positive
bacteria. Thus, E. coli and Salmonella typhi weretheonly affected isolates
by different concentrations of pyocyanin. Whereas, Klebsiella
pneumoniae, P. aeruginosa and Shigella flexneri were resistant to all
pyocyanin extracts. Candida tropicalis was susceptible to pyocyanin
extracted by chloroform at 1:0.2 (v/v) than Saccharomyces servisiaewhich
was more susceptible to pyocyanin at 1:0.5 (v/v). The antifungal effect of
pyocyanin was recorded asinhibition zones ranged from 14 to 19 mm.
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INTRODUCTION

Bacterial resistanceis spreading throughout the
world primarily dueto excessiveuseof antibiotics. Me-
thicillin-resstant Saphylococcusaureus(MRSA), van-
comycin-resistant Enterococci (VRE) and resistant
strains of Pseudomonas are examplesof multi-resis-
tant bacteriathat are becoming an alarming problem
within the hedlthcare system™. Enterococci can cause

bacteremia, wound infectionand urinary tract infection,
but seriousinfectionsof VRE usualy only occursin
patientswith s gnificantly compromised host defenses?.
Candida and Pseudomonas are other opportunistic
pathogensthat usualy only lead to seriousinfectionsin
immunocompromised individuals. Therapies for
Pseudomonas even drug-susceptible strains have con-
Siderabledefensesagaingt antibiotics, and for Candida
have been difficult because of thelimited number of an-
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tifungal agentg3.

Theability of opportuni stic human pathogensto ac-
quireresistanceto abroad range of antibioticshasmade
effectivethergpy moredifficult. Severd recent investiga
tionshavededt with the problem of antibioticresistance
in P. aeruginosa*®. Saphylococcus aureus and P.
aeruginosa strains showed different resistance pattern
to various antibacterials. The yeast Saccharomyces
cerevisgaeiswiddy usedin baking, brewing, winemak-
ing, and biotechnol ogy and previoudy regarded as sefe.
Recent evidence indicates the involvement of S.
cerevisaeinarangeof superficid and sysemicdiseases.
A number of isolates are capabl e of phenotypic switch-
ingand show partia or completeres stanceto commonly
used antifungd agents, including fluconazol €9,

Pyocyanin isawater-sol uble blue-green phenazine
pigment producedinlarge quantities by active cultures
of Pseudomonas aer uginosa. Pyocyanin (N-methyl-
1-hydroxyphenazine) hasantibiotic activity against awide
variety of microorganisms™d. Many effectsof pyocya
nin (PY O) and phenazine-1- carboxylic acid (PCA)
on adiversity of eukaryotic hostsaswell asbacteria
arethought to resultsfrom oxidative stressresponsg,
Pyocyanin was the mgor antifungal agent of P.
aeruginosa; 1-hydroxy-phenazine a so possessed ac-
tivity. Pyocyanin MICsfor Candida albicansand As-
pergillusfumigatuswere> 64 pg mlI¥, Theantifun-
gd activity of pyocyanin produced by P. aeruginosa
werestudied. Pyocyanin wasproduced inKing’s B me-
diuminpH 7+0.2 after 96 hours at 37°C and extracted
by chloroform. Theminimum inhibitory concentration
of thiscompound against C. albicans was 40.69 ug
m|-1[12].

Theobjectiveof the present study wasto eva uate
theantibiotic res stance of somebacteriaand fungi iso-
lated fromclinical specimens. Theimprovement of pyo-
cyanin production by P. aeruginosa using some addi-
tivesto the growth culture was studied. Theinvitro
antibiotic action of pyocyanin against different multi-
drug resistant bacteriaand fungi wasinvestigated.

MATERIALSAND METHODS
Thetested Gram positive bacteriawere Saphylo-

coccus aureus 1, Saphylococcus aureus 2, Srepto-
coccus viridians, Sreptococcus pneumoniae, Lac-

tobacillus acidophilus and Dephtheroides. Gram
negative bacteriaincluded Escherichiacoli, Klebsidla
pneumoniae, Salmonella typhi, Shigella flexneri,
Pseudomonas aeruginosa and Proteusmirabilis. The
fungi; Candida albicans, Candidatropicalis, Saccha-
romyces servisiae and Aspergillus niger were also
used for antimicrobial testing. All stock bacteria cul-
tures were maintained on nutrient agar slants at 4°C
with monthly transfers. Whereas, fungi weremaintained
on Sabouroud’s agar slants.

Peptonewater medium

Themedium composed of (g 1%); peptone 10, so-
dium chloride5and digtilled water 1 litre. Themedium
was adjusted at pH 7.0- 7.413,

Antibiotics

Theantibiotics, anoxycillin (30 pug), ampicillin (10
ng), norfloxacin (5 pg), cefoxitin (30 pg), cefaclor (30
ng), oxolinic acid (2 pg), nitrofurantoin (300 pg), tetra-

cycline (30 pug) and nystatin (30 ug) were used to de-
terminethesensitivity of theisolated microbes.

Antibiotic sensitivity test

Disc diffusion method was performed by themodi-
fied Kirby-Bauer single-disc technique described by
Robert et al.™ on Miiller Hinton agar with the tested
antibiotics
Extraction of pyocyanin

Pyocyaninwas extracted from P. aeruginosa iso-
lates by seria chloroform extractionsfollowed by se-
quential extractionswith acid and neutral water. Pyo-
cyanin expressed as micrograms per ml of culture su-
pernatant. Pyocyanin ca cul ated using an extinctionco-
efficient at 520 nm of 17.072(*,

Effect of stressfactorson pyocyanin production

Pseudomonas aeruginosa 4 wasgrown in peptone
water medium by inoculating 50 pl of the bacterial sus-
pension (1x10°cfuml?) into5 ml brothintest tubesand
incubainga 37°C. The different dressfactors, ganoderma
extract (200 mgml-1), cinnamon ail, cloveextract (100
mg mlt), Sarcodiotheca furcata dga extract (300 mg
ml*) and H,O, were added to the growing cultures as
50 pul after 2, 6, 18 and 24 hrs. The cultures were incu-
bated for 5 days and then centrifuged at 3000 rpm for
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15 min. Thesupernatant wastreated by 0.2 N HCI til|
the appearance of red color and the absorbance was
measured spectrophotometricaly at 520 nm.

Satistical analysis

Oneway analysisof variance (ANOVA) isused ac-
cording to SPSS'. Inthe present work, each value pre-
sented inthetablesisthemean of threereadings= the
standard deviation (SD). Theleast Sgnificant difference
isabbreviated asL SD and measured at P<0.05.

RESULTS

Resultsin TABLE 1 show the effect of tested an-
tibioticson some Gram -ve bacteria. Shigella flexneri

and Pseudomonasaer uginosa were highly mulit-drug
resistantsand were only affected by nitrofurantoinand
ciprofloxacin.

TABLE 2revededthedisk sengtivity test for some
different clinica isolatesof Gram positive bacteriaand
yeasts. Thethreebacteid strainstested weremultiple-
resistant to at least to 4 up to 8 antibiotics. Thus
amoxycillin wasthemost effective against Saphylo-
coccus aureus. Whereas, ciprofloxacin wasfound to
bethe maost potent antibi otic against the tested strepto-
cocci. Concerning yeast senditivity, Candidaalbicans
wasresistant to 5 drugs. Candida tropicaliswasre-
sistant to 3 drugs. Moreover, Sacchromyces Servisiae
wasonly affected by 3 antibiotics; nystatin, nitrofuran-
toinand ciprofloxacin.

TABLE 1: Invitroactivity of antibioticsagainst someclinical isolatesof Gram negative bacteria grown on Miiller-Hinton

agar

Tested antibiotics

Inhibition zone (mm)

E. coli K.pneumoniae S.typhi S.flexneri P.aeruginosa P.mirabilis
Amoxycillin (30 pg) R R 1 R R 10
Ampicillin (10 pg) R R 13 R R 11
Cefaclor (30 ng) R R R R R R
Cefoxitin (30 pg) R R R R R R
Norfloxacin (5 ng) 15 20 28 R R 28
Tetracycline (30 pg) R R R R R R
Nitrofurantoin (300 pg) 19 17 R 19 9 11
Ciprofloxacin (5 ug) 25 25 36 R 20 36
Oxolinic acid (2 pg) 15 18 20 R R 22

R: resistant

TABLE 2: Invitroactivity of antibioticsagainst someclinical isolatesof Gram positivebacteria and fungi grown on Miiller-

Hinton agar

I nhibition zone (mm)

Tested antibiotics Gram positive bacteria Y easts
Saureus Strwiridans  Str.pneumoniae C.albicans  C.tropicalis  S.servidae
Amoxycillin (30 pg) 38 R 11 R 14 R
Ampicillin (10 pg) R R 13 8 16 R
Cefaclor (30 pg) R R R R R R
Cefoxitin (30 pg) R R R R R R
Norfloxacin (5 pg) R 26 28 R 11 R
Tetracycline (30 pg) R R R 18 15 R
(300 pg) Nitrofurantoin R R R 25 23 22
Ciprofloxacin (5 pg) R 40 36 11 21 13
Oxoalinic acid (2 pg) R 20 20 R R R
Nystatin (30 pg) ND ND ND 20 23 23

R: resistant, ND: not detected
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Theoptimization of pyocyanin production by using
different natural substancesasstressing factorsduring
the growth of Pseudomonas aer uginosa was under-
taken. Intheseexperiments, thedifferent stressfactors;
pyocyanin, ganodermaextract, cinnamonoil, cloveex-
tract, Sarcodiotheca fircata extract and H,O, were

added as 50 pl to the growing cultures (5 ml) of
Pseudomonas aeruginosa No. 4 after 2, 6, 18 and
24 hrs. The cultures were incubated for 5 days and
pyocyanin valueswere calculated. The obtained data
areshowninTABLE 3. Thedifferent stressfactorsthat
increased the production of pyocyanin by Pseudomo-

TABLE 3: Effect of some stressing additiveson the production of pyocyanin by Pseudomonasaeruginosa No. 4grown in

peptonewater broth for 5days.

Yield of pyocyanin (ug ml™)

cultulrneiu;éle(()jn(ﬁi)urs) Pyocyanin Cinnamon oil Clove extract S.furcataextract Ganoder ma extract H,0,
pg/ml (%) pg/ml (%) pg/ml (%) pg/ml (%)  pg/ml (%) pg/ml (%)
Contral 72.4 100.0 628 100 628 100 62.8 100 62.8 100 62.8 100
2 68.9 952 1293 205 859 137 67.3 107 76.9 122 769 120
6 76.7 1059 1525 240 874 139 64.9 103 159.7 254 68.2 109
18 72.4 100 1404 220 76 121 57.3 91 146.0 232 772 123
24 704 97 1485 236 687 109 7.7 123 91.8 146 735 117

nasaeruginosa were ganodermaextract (159.7 pg ml°
lafter 6 hrs), cinnamonoil (152.5 ug ml*after 6 hrs),
clove extract (87.4 pg ml? after 6 hrs),
Sarcodiotheca furcata extract (77.7 pg ml* after 24
hrs) and H,O, (77.2 ng ml™ after 18 hrs), respectively.
Therecorded percentages of improving the pyocyanin
production by adding ganoderma, cinnamon ail, clove,
Sarcodiotheca furcata extract and H,O, were 254,
240, 139, 123 and 123 %, respectively. On the other
hand, thelow changesin the pigment biosynthesisby
adding pyocyanin asastressing agent to the growing
culture of P. aeruginosa can be neglected.
Theresultsin TABLE 4 revealed arelatively high
antibacterial activity of pyocyanin against thetested
Gram positive bacteria Sreptococcus pneumoniaewas
themost susceptibleto pyocyanin extracted by chloro-
form (1: 0.2 and 1:1 v/v). Gram negative bacteria
showed lower sengitivity to pyocyaninthan Gram-posi-
tive bacteria. Thus, E. coli and Salmonella typhi were
the only affected i solates by different chloroform ex-
tractsof pyocyanin. Whereas, Klebsidlla pneumoniae,
P. aeruginosa and Shigella flexneri wereresistant to
all extractsof pyocyanin. The datashowed that only
two speciesof fungi were susceptibleto pyocyanin ex-
tracts. Candida tropicaliswas susceptibleto pyocya-
nin extracted by chloroformat 1: 0.2 (v/v) than Sac-
charomyces servisiae which was more susceptibleto
pyocyanin extracted at 1: 0.5 (v/v). Theantifungal ef-
fect of pyocyanin wasrecorded asan inhibition zones

TABLE 4: Antimicrobial activity of Pssudomonasaeruginosa
No. 4 pyocyanin extracted by differ ent volumesof chloroform
againgt somemulti-drugresistant bacteriaand fungi grown
on Miiller-Hinton agar

Pyocyanin extraction
Culturesupernatant : chloroform (v v)

1:0.2 105 11

Tested microorganisms

Inhibition zone (mm)

Gram postive bacteria

Staphylococcusaureus1 1542 2243 0+0
Staphylococcusaureus?2 24+3 2243 30+3
Streptococcus viridians 22+3 18+2 17+2
Streptococcus pneumoniae 3244 122 394
Lactobacillusacidophilus 29+3 2943 2943
Corynebacteriumsp. 2143 172 13£2
Gram negative bacter ia
Escherichiacoli 2943 2943 2943
Kl ebsiel la pneurmoniae 0£0 0£0 0+0
Salmonella typhi 27+3 29+3 0+0
Shigella flexneri 0+0 00 0+0
Pseudomonasaeruginosa 0+0 00 0+0
Proteusmirabilis 7+1 71 7+1
Fungi
Candidaalbicans 0+0 0+0 0+0
Candidatropicalis 17+2 182 0+0
Sacchar omycesservis ae 14+2 1902 0+0
Agergillusniger 0£0 0£0 0+0
LSD 6.48x10™  6.8%10™  197x10%®

Each value is the mean of three readings + standard deviation;
ND: not detected.

s LBioTechnology

An Tudian Yourual



502

Antimicrobial efficacy of pyocyanin produced by Pseudomonas aeruginosa

BTAIJ, 9(12) 2014

FULL PAPER o

ranged from 14 to 19 mm.
DISCUSSION

Inthelast two decades, there hasbeen anincreased
interest in the natural antimicrobia substancesdueto
the spread of antibiotic resistance. Dueto excessive
and often unnecessary use of antibioticsin humansand
animals, bacterial resistance has now been reported
against every currently availableantibiotic*?. There-
sultsof disk sengtivity testing for theisol ated microor-
ganismsreved ed that some bacteriawere multiple-re-
sstant to 3-8 antibiotics. Themost effectivedrugswere
amoxycillin, ciprofloxacin and nitrofurantoin.
Livermore® reported that P. aeruginosaisinherently
res stant to awide variety of thecommonly used antibi-
oticsdueto the synergy between multi-drug efflux sys-
tems or atype 1 AmpC B-lactamase and low outer
membrane permeability. Diab et al . indicated apar-
alleled correl ation between bacterial plasmids, outer
membrane proteins with antibiotic resistance. The
multidrug resistance wasreported for Gram positive
and Gram negative bacteria. Theincreasein resistance
to antibioticsa ong with the adverse side effects asso-
ciated with the conventional treatments, led research-
erstoinvestigateother optionsintresatingthemulti-drug
resistant infectiong®. Phenazine compounds, such as
pyocyanin produced by P. aeruginosa, areantibiotics
intheir ownright that can function ascompetitiveagents
inmicrobia communities. Theincreasedpyocyaninpro-
ductionwould help P. aeruginosa to competewiththe
other microbes®,

P. aeruginosaNo. 4 wasinoculated into peptone
water liquid medium and grown for 5 days at 37°C.
Chloroform extraction was used to obtain pyocyanin
pigment. Theresults showed that the pyocyanin syn-
thesisrequired at | east 3 days and the maximum pro-
duction of the pigment (62.8 - 72.4 ug ml?*) was at-
tained after 5 daysof incubation. Theaddition of differ-
ent stressfactorsto the growing culturessignificantly
increased the production of pyocyanin by P. aeruginosa
No. 4. The best inducersthat enhanced the pigment
biosynthesiswere ganodermaextract (159.7 pg ml*
after 6 hrs) and cinnamon oil (152.5 ug ml* after 6 hrs),
respectively. Under culture conditionsof limited phos-
phate, both pyocyanin production and catal ase activity

BioTechnology — o

from P. aeruginosa were enhanced”. Ra’oof and
L atif(*9 observed that all P. aeruginosa isolates pro-
duced pyocyanin pigment on King’s A medium in dif-
ferent amounts, whereas some of them produced dif-
ferent typesof other pigmentslike (pyoverdine-ydlow,
pyorubin-red, and pyomel anin-black).

The obtained resultsreved ed that Gram +ve bac-
teriawere more susceptibleto the antibiotic action of
pyocyaninthan Gram-vebacteria Thus, theGramnega
tive bacteria; E. coli and Salmonella typhi were the
only affected isolates by the origind extract of pyocya
nin (1:0.5v/v). Wheresas, Klebsiella pneumoniae, P.
aeruginosa and Shigella flexneri wereresistant to all
pyocyanin extracts. Our finding agreed with that ob-
tained by Baron and Rowe?! who reported that the
Gram positive bacteria (Micrococcusluteus, Saphy-
lococcus aureus, Bacillus licheniformis, Bacillus
subtilis, Paracoccus denitrificans) were more sus-
ceptibletotheantibiotic action of pyocyaninthanwere
the Gram negative bacteria (Escherichiacoli, Proteus
vulgaris, Enterobacter aerogenes and P.
aeruginosa). Norman et al.® reported that pyocyanin
has been detected in an oil-degrading culture contain-
ing P. aeruginosa and is a redox-active compound
capableof inhibiting the growth of pyocyanin-sengtive
membersof themicrobia community. Price-Whedan et
al ¥ gtated that the antagonistic effectsof amost all of
phenazinederivativesareusudly attributed to onegen-
erd characteristicredox activity.

Our results concerning the resistance of P.
aeruginosa No. 4toitsown produced pyocyanin pig-
ment were coincided with those obtained by who
stated that if P. aeruginosa uses pyocyanin production
toitsadvantagein competing with other bacteriainthe
sameecologicd habitat, it must thereforehaveamecha
nismtoinsureitsown protection or immunity against
thebactericida agent it produces. Thisimmunity could
be viahigher concentrations of SOD and catal ase or
by lack of permesbility. Similarly, Baron and Rowe?!
showed that al apyocyanogenic pseudomonadstested
(a reddish-brown strain of P. aeruginosa, P.
denitrificans, P. fluorescensand P. perfectomarinus)
weretotally resistant to the pyocyanin pigment, sug-
gesting that resi stance may be acharacteristic of the
genus. P. aeruginosa, the producer organismwasa so
essentially unaffected by high concentrations of pyo-
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cyanin. Itisaso possiblethat other genera antibiotic
resistance mechanismsplay aroleinpyocyaninresis-
tance. Miiller et al.?? also found that pyocyanin did
not affect theintracellular killing of P. aeruginosain
human neutrophils.

It wasassumed that differential expressionof cata
laseand SOD activitiesisthe principa meansof pyo-
cyaninresistance®. The herein obtained datashowed
that only two speciesof fungi were susceptibleto pyo-
cyanin at two concentrations. Candidatropicaliswas
susceptibleto pyocyanin extracted by chloroform at
1:0.2 (v/v) than Saccharomyces servisiaewhichwas
more susceptibleto pyocyanin extracted at 1: 0.5 (v/
V). Theantifungal effect of pyocyaninwasrecorded as
aninhibition zonesranged from 14to 19 mm. Anjaiah
et al.[? stated that production of phenazineantibiotics,
mainly phenazine-1-carboxylic acid (PCA) and minor
amounts of oxychloraphine (OCP), contributed to the
capacity of P. aeruginosa PNA1 to suppress Fusarium
wilt of chickpea, caused by Fusarium oxysporumf.
sp. cicerisand Pythiumdamping-off of bean, caused
by Pythium splendens. Pyocyaninisbactericida for
many specieswhich can exist either inoxidized or re-
duced form, the latter being an unstable freeradical
which reactsrapidly with molecular oxygen. Thisau-
toxidationleadsto theformation of superoxide(O,) or
hydrogen peroxide (H,0,). Thiskillingisobserved on
agar platesasclear zoneson lawnsof sensitive bacte-
ria?,

It can be concluded that pyocyanin, asanew mem-
ber of antimicrobid pigment, demonstratesastrong an-
timicrobia activity, including themultidrug Gram-pos-
tiveand Gram-negativebacteriaaswell asyessts. Itis
anew templatefor anti-infectivedrug design. There-
fore, webelieve pyocyanin showspromiseinthearea
of dinicd application asoneof thedternativestotradi-
tional antibiotics. Morestudiesin vivo are needed to
further exploretheantimicrobia activity of pyocyanin
asapromising candidatefor thetreatment of infectious
diseases.
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