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Abstract: Five different isolates of Pseudomonas aeruginosa were obtained from surgical specimens and
minced meat. The isolates were tested for the production of the blue pigment; pyocyanin. Considerable
amounts of blue pigment were produced by P. aeruginosa isolates when grown on the four tested media.
Miiller-Hinton agar was further used for growth, pigment production and sensitivity tests. Pigment production
began during the first 24 hrs of growth and maximal pigment production was achieved after 48 hrs by isolates
No. 1, 2 and 3. At this time, isolate No. 5 produced only moderate level of pyocyanin. While isolate No. 4
reached the highest yield after 72 hrs. Pyocyanin pigments obtained from culture supernatants of the tested
P.aeruginosa isolates “grown in peptone water liquid medium” by serial chloroform extractions reached about
62.8ug/ml. The growth of all Gram-positive bacteria and Candida species was completely inhibited when
cultivated on the agar plates containing the blue pigment. Whereas, Gram negative bacteria;
Klebsiella pneumoniae and P. aeruginosa were resistant to pyocyanin. Salmonella typhi and
Proteus mirabilis were intermediately affected. Thus, the five tested P. aeruginosa isolates were resistant to
their own produced pyocyanin pigments. In a Conclusion, the Gram-positive bacteria were more susceptible
as a group to the antibiotic action of pyocyanin than were the Gram negative bacteria. The antibacterial and

antifungal nature of the pigment is attractive for the topical treatment of wound infections.
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INTRODUCTION

Phenazines are heterocyclic compounds that are
produced naturally and substituted at different
points around their rings by different bacterial
species [1]. Pyocyanin is a water-soluble blue-green
phenazine pigment produced in large quantities by
active cultures of Pseudomonas aeruginosa. Pyocyanin
(N-methyl-1-hydroxyphenazine) has antibiotic activity
against a wide variety of microorganisms [2-6].

The nature of bacterial inhibition by the phenazine
is neither well understood nor well documented and
no information is available concerning the effect of
pyocyanin on the producer organism P. aeruginosa.
The inhibitory action of pyocyanin is the result of its
unique redox potential. It was also proposed
that, during respiration, pyocyanin becomes reduced
and univalently reduces oxygen to the toxic superoxide
radical. The resistance of various bacteria to pyocyanin

would therefore be dependent upon the levels of
superoxide dismutase and catalase possessed by the
organism and on the presence of oxygen [7].
Pyocyanin is a redox-active phenazine compound that
kills mammalian and bacterial cells through the generation
of reactive oxygen intermediates. P. aeruginosa resists
pyocyanin because of the limited redox cycling of this
compound and that under conditions favoring pyocyanin
production; catalase and superoxide dismutase activities
are increased [8].

The antagonistic effects of almost all of phenazine
derivatives are usually attributed to one general
characteristic redox activity. The 2-hydroxy- phenazine-1-
carboxylic acid (2-OHPCA) produced by Pseudomonas
aureofaciens is thought to kill off competing fungi
through the production of reactive oxygen species [9].
Many effects of pyocyanin and phenazine-1-carboxylic
acid (PCA) on a diversity of eukaryotic hosts as well as
bacteria are thought to result from oxidative stress
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response [6, 10, 11]. A derivative of phenazine PCN zag2
(pyocyanin) produced by P. aeruginosa zag2 possess
antagonistic activities against certain fungi. The
antifungal activity of this compound was remarkable at
100°C for 20 minutes [12].

The ability of opportunistic human pathogen;
P. aeruginosa to acquire resistance to a broad range of
antibiotics has made effective therapy more difficult.
Several recent investigations have dealt with the problem
of antibiotic resistance in P. aeruginosa [13, 14].
A multidrug resistant P. aeruginosa strain has caused an
outbreak in a neurosurgery ward [15]. Furthermore,
P. aeruginosa and Acinetobacter baumannil infections

were recorded in  healthcare settings [16].
Staphylococcus aureus and P. aeruginosa strains
showed different resistance  patterns to various

antibacterial agents. Strains of Klebsiella pneumoniae,
baumannil, Citrobacter  freundii,
Enterococcus fecalis, Proteus mirabilis, P. vulgaris,

Acinetobacter

Streptococcus agalactiae and Vibrio cholerae were
resistant to 4-9 antibiotics [17].

The increase in bacterial strains resistance, both to
antibiotics and other disinfectants and germicides,
led researchers to investigate other options, in treating
both antibiotic-resistant and susceptible infections.
In this concern, phenazines have been of great interest to
pharmaceutical and clinical research groups for the last 50
years [6, 18, 19].

This work was undertaken to explore the growth
conditions required for the production of a phenazine
antibiotic pigment (pyocyanin) by P. aeruginosa isolated
from clinical especially after surgical
operations of some patients attending El-Olafey Hospital,
Hodeidah Governorate, Republic of Yemen. The antibiotic

action of pyocyanin pigment against different bacteria
and yeast was investigated.

specimens;

MATERIALS AND METHODS

Microorganisms: The selected four P. aeruginosa were
isolated using swabs from surgical wounds of patients
attending El-Olafey Hospital, Hodeidah Governorate,
Republic of Yemen. One isolate of P. aeruginosa was
obtained from minced meat. Thus, the five multi-drug
resistant isolates; previously tested for antibiotic
susceptibility test [20] were subjected to standard
microbiological and biochemical techniques for
identification in the Diagnostic Microbiology Laboratory,
Faculty of Medical Sciences, Hodeidah University,
Yemen.

Test microorganisms shown in table (3) were isolated
from clinical specimens and identified at the Diagnostic
Microbiol. Lab., Fac. Med. Sci., Hodeidah Uni.,
Yemen. The tested Gram positive and Gram negative
bacteria were Staphylococcus aureus, Staphylococcus
epidermidis, Staphylococcus saprophyticus,
Streptococcus mutans, Micrococcus sp. and Clostridium
botiulinum and Escherichia coli, Klebsiella pneumoniae,
Proteus typhi,
paratyphi and Vibrio parahaemolyticus. P. aeruginosa
isolates were tested for production of pyocyanin [20].
The yeasts, Candida albicans and Candida tropicalis
were also used for antimicrobial testing. All stock cultures
were maintained on nutrient agar slants at 4°C with
monthly transfer.

mirabilis, Salmonella Salmonella

Media: Nutrient agar, blood agar, Mac Conkey agar and
Miiller Hinton agar were used for the growth of
P. aeruginosa and detection of pyocyanin. In addition,
peptone water liquid medium was used for the production
of pyocyanin pigment.

Production of Pyocyanin: P. aeruginosa was inoculated
into peptone water liquid medium and grown for 72 hrs at
37°C. Bacteria were then removed by centrifugation
(10,000 g x 30 min) and filtration of the supernatant
through 0.45-pm filters [8].

Purification of Pyocyanin: Pyocyanin was extracted from
the culture supernatants of P.aeruginosa isolates by
serial chloroform extractions followed by sequential
extractions with acid and neutral water [21].
Concentrations expressed as micrograms of pyocyanin
produced per ml of culture supernatant were calculated
using an extinctioncoefficient at 520 nm of 17.072 [22, 23].
Pseudomonas proteins were removed during purification
by chloroform extraction of the pyocyanin. After the
completion of five separation sequences, the pH of the
isolated acidified water layer was adjusted to 7.5 with a
minimum volume of 0.1 M NaOH. Needlelike crystals were
formed in the chilled solution over the following 2 hrs.
These were trapped on a 0.45 um (pore size) filter and
washed with water. Finally, the pyocyanin was
crystallized, dried under vacuum and weighed. It was
re-suspended in water and stored at 4°C untilused.

Antimicrobial Activity of Pyocyanin: Five isolates of
P. aeruginosa were grown on Miiller-Hinton agar for
pigment production. After 48 hrs of incubation,
bacterial cells were scraped and the plates were exposed
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to chloroform to kill the remaining cells. Thereafter,
some test bacterial and yeast strains were inoculated on
the surface of chloroform-treated agar plates.
The inhibition of the microbial growth indicates the
antimicrobial activity of pyocyanin [24].

The paper-disc agar diffusion method, with circular
discs of filter paper (5 mm in diameter), was also used to
demonstrate the antimicrobial activity of the extracted
pigment. The discs were impregnated with 10 to 20 pg of
the purified pigment dissolved in chloroform. The solvent
was evaporated and the discs were placed on Miiller
Hinton agar plates seeded with 100 ul of the test culture
corresponding to 10°of cells. Plates were incubated for 24
hrs at 37°C and pigment sensitivity was interpreted by
diameter of inhibition zones around the discs [25].

RESULTS AND DISCUSSION

Phenazine compounds have been shown to be
important virulence factors in P.aeruginosa. In addition,
they act as cell-cell signaling molecules and have
inhibitory  activity = against other bacteria [19].
Phenazine compounds, such as pyocyanin produced by
P. aeruginosa, are antibiotics in their own right that can
function as competitive agents in microbial communities.
The antibiotics secreted by other microorganisms in
microbial communities could serve as a signal to alert
P. aeruginosa to the existence or aggression of other
bacteria and the subsequent increased pyocyanin
production would help P. aeruginosa to compete with the
other microbes [6].

Production of Pyocyanin on Different Media: Cultures of
P. aeruginosa strains elicited a blue green pigment,
reminiscent of pyocyanin, during growth on the four
tested media; nutrient agar, blood agar, Mac Conkey agar
and Miiller Hinton agar (Table 1). Several nutritional
media can be utilized by P. aeruginosa for the
biosynthesis of pyocyanin. In previous investigations,

P. aeruginosa was grown in low- and high-phosphate
succinate media. Under culture conditions of limited
phosphate, both pyocyanin production and catalase
activity were enhanced [8]. Five clinical isolates (CIs) of
P. aeruginosa were examined for the production of
pyocyanin. Glycerol alanine minimal (GA) medium was
utilized to determine the production of pyocyanin by the
quorum sensing-deficient clinical isolates. Analysis of the
QS-deficient CIs revealed that similar to P. aeruginosa
PDO100, CI-4 produced no pyocyanin, whereas CI-1, CI-2
and CI-3 produced negligible levels of pyocyanin in
comparison with P. aeruginosa PAOI1. In contrast, the
level of pyocyanin produced by CI-5 was comparable to
that produced by PAOI1 [26]. Glycerol-Luria broth was
also used for pyocyanin production [27].

Effect of Incubation Period: Considerable amounts of the
blue pigment were produced by P. aeruginosa isolates
when grown on Miiller-Hinton agar (Table 2).
Pigment production began during the first 24 hrs of
growth and maximal pigment production was achieved
after 48 hrs by isolates No. 1, 2 and 3. At this time, isolate
No. 5 produced only moderate level of pyocyanin.
While, the isolate No. 4 reached the highest yield after 72
hrs. In previous studies, ninety-seven percent of a total
of 135 clinical P. aeruginosa isolates elaborated
detectable pigments on the modified Mac Conkey agar
(MMA) within 24 hrs. Several strains of P. aeruginosa
(83%) produced pigment on MacConkey agar and sheep
blood agar as well, but most required 48 hrs of incubation
[28]. An wunusual phenotype of P. aeruginosa,
characterized by early-and over-production of quorum
sensing-regulated virulence factors such as the
exoproducts pyocyanin and LasA protease, is widespread
amongst cystic fibrosis isolates. In a simple glycerol-Luria
broth test for pyocyanin production, whereby cultures
were incubated overnight in 5 ml cultures,
the levels of pyocyanin were lower than those
measured during exponential growth in 50 ml cultures.

Table 1: Production of pyocyanin pigment by the selected Pseudomonas aeruginosa isolates grown on different media

Pyocyanin production

Bacterial isolates Nutrient agar Blood agar Mac-Conkey agar Miiller Hinton agar
P. aeruginosa 1 ++ ++ + .t

P. aeruginosa 2 ++ ++ 4 -

P. aeruginosa 3 ++ ++ 4 -

P. aeruginosa 4 ++ ++ + -

P. aeruginosa 5 + + _ n

Visual assessment of pyocyanin amount (blue pigment): + low, ++ moderate, +++ high.
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Table 2: Production of pyocyanin pigment by Pseudomonas aeruginosa isolates grown on Miiller-Hinton agar for different incubation periods

Pyocyanin production

Bacterial isolates 24 hrs 48 hrs 72 hrs
P. aeruginosa 1 ++ 4+ -
P. aeruginosa 2 ++ +++ +++

P. aeruginosa 3 ++ +++ +++

P. aeruginosa 4 ++ ++ 4+

P. aeruginosa 5 + ++ ++
Visual assessment of pyocyanin amount (blue pigment): + low, ++ moderate, +++ high

It is likely that this was either due to some breakdown of Gram positive bacteria; Micrococcus luteus,
pyocyanin or because of greater aeration during growth Staphylococcus ~ aureus,  Bacillus  licheniformis,

of the 50 ml cultures in 250 ml flasks [27]. Pyocyanin was
produced by P. aeruginosa in King's B medium in pH
7+0.2 after 96 hours at 37°C [12].

Sensitivity of the Test Microorganisms to Pyocyanin:
The data presented in table 3 revealed that the growth of
all Gram-positive bacteria and Candida species was
completely inhibited when cultivated on the agar plates
containing the blue pigment. Whereas, Gram negative
bacteria; Klebsiella pneumoniae and P. aeruginosa
were resistant to pyocyanin and Salmonella typhi
and Proteus mirabilis were intermediately affected.

Bacillus subtilis, Paracoccus denitrificans were more
susceptible to the antibiotic action of pyocyanin than
were Gram negative bacteria; Escherichia coli, Proteus
vulgaris, Enterobacter aerogenes and P. aeruginosa [2].
Pyocyanin has been detected in an oil-degrading culture
containing P. aeruginosa and is a redox-active compound
capable of inhibiting the growth of pyocyanin-sensitive
members of the microbial community [5]. The antagonistic
effects of almost all of phenazine derivatives are usually
attributed to one general characteristic redox activity [1].
Pyocyanin, a phenazine produced by P. aeruginosa,
suppresses wheat blotch caused by Septoria tritici [3].

Table 3: Sensitivity of the test microorganisms to pyocyanin produced by the selected Pseudomonas aeruginosa isolates grown on Miiller-Hinton agar

Pyocyanin of P. aeruginosa isolates (1-5)

Test microorganisms Pal Pa2 Pa3 Pa4 Pas
Gram positive bacteria

Staphylococcus aureus 1 S S S S S
Staphylococcus aureus 2 S S S S S
Staphylococcus epidermidis S S S S S
Staphylococcus saprophyticus S S S S S
Streptococcus mutans S S S S S
Micrococcus sp. S S S S S
Clostridium botiulinum S S S S S
Gram negative bacteria

Escherichia coli S S S S S
Klebsiella pneumoniae R R R R R
Proteus mirabilis 1 1 1 1 I
Pseudomonas aeruginosa 1 R R R R R
Pseudomonas aeruginosa 2 R R R R R
Pseudomonas aeruginosa 3 R R R R R
Pseudomonas aeruginosa 4 R R R R R
Pseudomonas aeruginosa 5 R R R R R
Salmonella typhi 1 I 1 1 1
Salmonella paratyphi S S S S S
Vibrio parahaemolyticus S S S S S
Yeasts

Candida albicans S S S

Candida tropicalis S S S S S

Pa: P. aeruginosa,

S: sensitive (Inhibition zone: 15-32 mm),
I: intermediate (Inhibition zone: 7-14 mm), R: resistant (no inhibition of growth).
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Production of phenazine antibiotics, 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 oxysporum f. sp. ciceris
and Pythium damping-off of bean, caused by
Pythium splendens. When grown in cultures, PNAI also
inhibited the mycelial growth of certain other
phytopathogenic fungi [4]. The major antifungal agent of
P.  aeruginosa was found to be pyocyanin;
1-hydroxy-phenazine  also possesses  activity.
Pyocyanin MICs for  Candida  albicans  and
Aspergillus fumigatus were > 64 pg/ml. These phenazines
were active against nine other yeast species pathogenic
for man. Preliminary experiments also suggested possible
inhibition of yeast mycelial transformation in C. albicans
by pyocyanin. There may be a role for pyocyanin and
1-hydroxyphenazine in the prevention of pulmonary
candidiasis in patients colonized by P. aeruginosa [29].
Some metabolites produced by P. aeruginosa zag2 had
antagonistic activities against certain fungi. The minimum
inhibitory concentration of pyocyanin against C. albicans
was 40.69ig/ml. The antifungal activity of this compound
was remarkable at 100°C for 20 mins [12].

Action of Pyocyanin on the Producer Organisms:
Five isolates of P. aeruginosa were inoculated on the
surface of chloroform-treated agar plates containing the
blue pigment. Table 3 showed the sensitivity of the
P. aeruginosa isolates to the tested pigments. The five
tested isolates were resistant to their own produced
pigments. Previous studies revealed that if P. aeruginosa
uses pyocyanin production to its advantage in competing
with other bacteria in the same ecological habitat, it must
therefore have a mechanism to insure its own protection
or immunity against the bactericidal agent it produces.
This immunity could be via higher concentrations of
superoxide dismutase (SOD) and catalase or by lack of
permeability [7]. Similarly, all apyocyanogenic
pseudomonads  tested (reddish-brown strains of
P. aeruginosa, P. denitrificans, P. fluorescens and
P. perfectomarinus) were totally resistant to the
pyocyanin pigment, suggesting that resistance may be a
characteristic of the genus. P. aeruginosa, the producer
organism was also essentially unaffected by high
concentrations of the pigment [2]. Pyocyanin did not
affect the intracellular killing of P. aeruginosa in human
neutrophils [30]. Our results were coincided with those
above mentioned studies because of the recorded
pyocyanin resistance of the producing P. aeruginosa
isolates.

Various levels of susceptibility to pyocyanin have
been reported for individual microorganisms and
susceptibility to pyocyanin is thought to depend on the
rate of pyocyanin uptake and the level of antioxidant
enzyme (SOD and catalase) activity [8]. It is currently
assumed that differential expression of catalase and SOD
activities is the principal mean of pyocyanin resistance
[5]. Tt is also possible that other general antibiotic
resistance mechanisms play a role in pyocyanin resistance

[2].

Antimicrobial Activity of the Purified Pyocyanin:
The purified pyocyanin extracted was 62.8ug/ml.
The pyocyanin-resistant bacteria and fungi were
completely resistant. It was also noticed that the Gram
positive bacteria were more susceptible to the antibiotic
action of pyocyanin (inhibition zones = 15 mm in diameter)
than the Gram negative bacteria (inhibition zones = 14 mm
in diameter) as shown in table 3.

P.aeruginosa antibacterial substance inhibited the
growth of 177 out of 189 strains including nine
staphylococcal species, all of 16 methicillin-resistant
S. aureus and 27 of 39 strains of six other Gram positive
genera. The antibacterial activity was heat stable and
could be extracted into chloroform [31]. The sensitivity of
Gram positive bacteria and resistance of some Gram
negative bacteria as well as the heat stability of the
produced pyocyanin preparations recorded in our study
support its agreement with the above mentioned finding.

It can be concluded that pyocyanin possesses
antimicrobial activity against several multidrug resistant
pathogens and may be used topically in susceptible
cases. Future studies are required to advocate its
systemic use in infectious diseases.

ACKNOWLEDGMENTS

The technical assistance of Mr. Morad El-Ahdal,
Med. Lab. Dept., Fac. Med. Sci., Hodeidah Uni., Yemen is
gratefully acknowledged. Thanks to El-Olafey Hospital for
permission to collect swabs from some operated patients.

REFERENCES

1. Price-Whelan, A., L.E.P. Dietrich and D.K. Newman,
2006.  Rethinking  ‘secondary’  metabolism:
physiological roles for phenazine antibiotics.
Nature Chemical Biology, 2: 71-78.

2. Baron, S.S. and J.J. Rowe, 1981. Antibiotic action of
pyocyanin. Antimicrobial Agents and Chemotherapy,
20: 814-820.



10.

11.

12.

13.

Intl. J. Pharm. Med. Sci., 1 (1): 01-07, 2011

Flaishman, M., Z. Eyal, C. Voisard and D. Haas, 1990.
Suppression of Septoria tritici by phenazine-or
siderophore-deficient mutants
Curr. Microbiol., 20: 121-124.
Anjaiah V., N. Koedam et al., 1998. Involvement of
phenazines and anthranilate in the antagonism of
PNAl and TnS5
Derivatives toward Fusarium spp. and Pythium spp.
Molecular Plant-Microbe Interactions, 11: 847-854.
Norman, R.S., P. Moellar, T.J. McDonald and
P.J. Morris, 2004. Effect of pyocyanin on a crude-oil
degrading microbial community. Appl. Environ.
Microbiol., 70: 4004-4011.

Liang, H., L. Li, Z. Dong, M.G. Surette and K. Duan,
2008. The yebc family protein pa0964 negatively
regulates the Pseudomonas aeruginosa quinolone
signal system and pyocyanin production.
J. Bacteriol., 190: 6217-6227.

Hassan, H.M. and 1. Fridovich, 1980. Mechanism of
the antibiotic action of pyocyanine. J. Bacteriol.,
141: 156-163.

of Pseudomonas.

Pseudomonas  aeruginosa

Hassett, D.J.L., L. Charniga, K. Bean,
D.E. Ohman and M.S. Cohen, 1992. Response of
Pseudomonas aeruginosa to pyocyanin:

mechanisms of resistance, antioxidant defenses and
demonstration of a manganese-cofactored superoxide
dismutase. Infect. Immun., 60: 328-336.
Chin-A-Woeng, T.F.C,, G.V. Bloemberg and
B.J.J. Lugtenberg, 2003. Phenazines and their role in
biocontrol by Pseudomonas bacteria. New Phytol.,
157: 503-523.

O’Malley, Y.Q. et al., 2003.
The Pseudomonas secretory product pyocyanin
inhibits catalase activity in human lung epithelial
cells. Am. J. Physiol. Lung Cell. Mol. Physiol.,
285: L1077-L1086.

Lau, G.W., D.J. Hassett, H. Ran and F. Kong, 2004.
The role of pyocyanin in Pseudomonas aeruginosa
infection. Trends Mol. Med., 10: 599-606.
Hassanein, W.A., N.M. Awny, A.A. El-Mougith and
S.H. Salah El-Dien, 2009. The Antagonistic
of Some Metabolites Produced by
Pseudomonas aeruginosa Sha8. J. Appl. Sci. Res.,
5:404-414.

Diab, A.M., S.A. Selim, S.M. El-Alfay and
A.A. Abd elrahman, 2004. Plasmids and outer
proteins (OMPS) with
antibiotic resistance in bacterial eye infection.
N. Egypt. J. Microbiol., 9: 152-160.

Activities

membrane correlation

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

El-Shouny, W.A., 2006. Efficacy of some essential
oils and honey types against antibiotic-resistant
bacteria and fungi. El-Minia Science Bulletin,
17: 77-107.

Sekigucki, J., T. Asagi, T. Miyoshi-Akiyama et al.,
2005. Multidrug resistant Pseudomonas aeruginosa
strain that caused an outbreak in a neurosurgery
ward and its aac(6)-lac gene cassette encoding a
novel aminoglycoside acetyltransferase.
Antimicrob. Agents Chemother., 49: 3734-3742.
Navon-Venezia, S., R. Ben-Aml and Y. Camell, 2005.
Update and
Acinetobacter the
healthcare setting. Current Option in Infectious
Diseases, 18: 306-313.

Salman, M.T., R.A. Khan and 1. Shukla, 2008.
Antimicrobial activity of Nigella sativa Linn. Seed oil
against multi-drug resistant bacteria from clinical
isolates. Natural Product Radiance, 7: 10-14.
Laursen, J.B. and J. Nielsen, 2004. Phenazine natural

on  Pseudomonas  aeruginosa

baumannil  infections in

products: Biosynthesis, synthetic analogues and
biological activity. Chem. Rev., 104: 1663-1686.
Dietrich, L.E., A. Price-Whelan, A. Petersen,
M. Whiteley D.K. 2006.
The phenazine pyocyanin is a terminal signalling
the sensing network of
Pseudomonas Mol.  Microbiol.,
61: 1308-1321.

El-Shouny, W.A. and S. Magaam,
Sensitivity of multi-drug
Pseudomonas aeruginosa isolated from surgical
wound-infections to essential oils and plant extracts.
World J. Med. Sci., 4(2): 104-111.

Cox, C.D., 1986. Role of pyocyanin in the acquisition
of iron from transferrin. Infect. Immun., 52: 263-270.
Kurachi, M., 1958. Studies on the biosynthesis of
pyocyanine. Isolation and determination of
pyocyanine. Bull. Inst. Chem. Res. Kyoto Univ.,
36: 163-173.

Essar, D.W., L. Eberly, A. Hadero and I.P. Crawford,
1990. Identification and characterization of genes
for a synthase in
Pseudomonas aeruginosa: interchangeability of the
two anthranilate synthases and evolutionary
implications. J. Bacteriol., 172: 884-900.

Expert, D. and A. Toussaint, 1985. Bacteriocin
resistant
Possible involvement of iron acquisition in
phytopathogenicity. J. Bacterial., 163: 221-227.

and Newman,

factor in quorum

aeruginosa.

2009.
resistant

second anthranilate

mutants of Erwinia chrysanthemi:



25.

26.

217.

28.

Intl. J. Pharm. Med. Sci., 1 (1): 01-07, 2011

Collins, C.H., P.M. Lyne and J.M. Grange, 1998.
Microbiological ~ methods. 7" edition,
Butterworth Heinemann, pp: 178-205.

Schaber, J.A., N.L. Carty, N.A. McDonald, et al,
2004. Analysis of quorum sensing-deficient clinical
isolates of Pseudomonas aeruginosa. J. Med.
Microbiol., 53: 841-853.

Fothergill, J.L., S. Panagea, C.A. Hart, M.J. Walshaw,
T.L. Pitt and C. 2007.
Widespread pyocyanin over-production among
isolates of a cystic fibrosis epidemic strain.
BMC. Microbiology, 7: 7-45.

Daly, J.A., R. Boshard and J.M. Matsen, 1984.
Differential primary plating medium for enhancement

Winstanley,

of pigment production by P. aeruginosa. J. Clin.
Microbiol., 19: 742-743.

29.

30.

31.

Kerr, J.R.,, G.W. Taylor, A. Rutman, N. Heiby,
P.J. Cole and R. Wilson, 1999.
Pseudomonas aeruginosa pyocyanin  and

1-hydroxyphenazine inhibit fungal growth. J. Clin.
Pathol., 52(5): 385-387.

Miiller, P.K., K. Krohn and P.F. Miihlradt, 1989.
Effect of pyocyanine, a phenazine dye from
Pseudomonas aeruginosa, on oxidative brust and
bacterial killing in human neutrophils. Infect. Immun.,
57:2591-2596.

Machan, Z.A., T.L. Pitt, W. White, et al., 1991.
Interaction between Pseudomonas aeruginosa and

Staphylococcus  aureus:  description of an
antistaphylococcal ~ substance. J.  Microbiol.,
34:213-217.



