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Abstract:

The Pyocyanin was extracted from clinical isolate of Pseudomonas aeruginosa
that 1solated from patient suffering from cystic fibrosis ; and the Klebsiella
preumoniae and  Klebsiella oxytoca isolates werecollectedfrom Catheter
Associated Infections (CAI) and Urinary tract infection (UTI) patients with 25
(20.49%) and 3 (2.54%)of total 122 urine specimens respectively; represented
the degree of the biofilm thickness among 25 isolates of K. preumoniae, 3(12%)
1solates (K21, K42 and K129) were considered as good producers of biofilm
after incubation for 24 h at 37°C and evaluated by using crystal violet staining
solution technique and their optical density (O.D) was determined at 540 nm.
The susceptibility pattern ofantibiotics against K. pneumoniae 1solates (K21 and
K42) were showed resistant to Ceftriaxon, Cefotaxime, Piperacillin,
Metronindazole, Cephalothin and Ceftazidime whereas sensitive to Imipenem,
Gentamicin, Tobramycin, Amikacinand Ciprofloxacin, However, K129 was
shown different behavior against same antibiotics. The biofilm of K21, K42 and
K129 were reduced significant differences (P<0.05) after treatment with
(2048ug/ml) of the pyocyanin solution comparatively with differences MIC
values of sensitive antibiotics for these 1solates after incubated for 24 h at 37 °C;
the wviablecells count of these isolates were shown insignificant differences
(P<0.05). The pyocyanin solution has an mhibitory effect on planktonic 1solates
K21, K42 and K129 were shown increased diameter of inhibition zones with
increased concentration after incubated for 24 h at 37 °C.

Kevwords: Inhibitory effect, catheter, Pseudomonas aeruginosa, pyocyanin, K.
preumoniae and biofilm.
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Introduction

Klebsiella pneumoniae 1s an opportunistic pathogen which frequently
causes hospital-acquired urinary and respiratory tract infections (1). The urinary
tract consider isthe most regular area for this bacterium colonization, it cause
from 2 -15% of cystitis cases. Moreover, the incidence of K. preumoniae
increases in the nosocomial infections (2). The microbial biofilms defined as
adherent microorganisms to a surface within a polymeric matrix, comprising
exopolysaccharide of microbial and host origin that develops into a complex
community; 1t 1s share about 80% of the microbial infections in the body (3).
Bacteria in biofilms are mnnately more resistant to antimicrobial agents by one or
more mechanisms compared with cultures grown 1n suspension (planktonic) in
conventional liquid media, with up to 1000-fold decreases in susceptibility (4),
and easily to evade the immune defense (5). Biofilm-associated K. pneumoniae
have been shown to be associated with several human diseases (6), and to
colonize a wide variety of medical devices (7). P.aeruginosa 1s theonly known
organism of the pseudomonads and other glucose—nonfermenting gram-negative
bacilli capable of producing the wvery distinctive water-soluble pigment
pyocyanin (8). It 1s considered as a product of secondary metabolites, pyocyanin
has phenazine nucleus that means it belongs to the phenazine family
(9).Pyocyanin 1s a blue-green, phenazine pigment, 1t 15 a redox compound
(electron acceptor), which stimulates redox cycling in bacteria, and human
epithelial and liver cells (10).Pyocyanin has a variety of pharmacological effects
on eukaryotic and prokaryotic cells and has bactericidal activity against many
bacteria such as Escherichia coli, Staphvlococcus aureus and Mvcobacterium
smegmatis, which may allow P. aeruginosa an advantage over competing
bacteria occupying the same niche (11).

Hence, the present work aimed to investigate the inhibitory role of the
pyocyanin pigment solution on the biofilms formation and viability cells of K.
preumoniae that i1solated from human with catheter associated infections and
urinary tract infections.

Materials and Methods

Bacterial strains

P. aeruginosa was obtained from postgraduate students Laboratories of
Biology Department / College of Science/ University of Baghdad. That
previously i1solated from patient suffering from Cystic Fibrosis. APl 20 NE
system was employed for the 1dentification of P. aeruginosa.

A total of 122 urine specimens were collected in the period between of
mid of July until to the mid of September of 2010 from Al-Kadhmiya Teaching
Hospital in Baghdad City. Specimens were collected from out-patients in sterile
screw cupped containers. Regarding inpatients, catheter was withdrawn and cut
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into pieces of 1 cm in length, rinsed in phosphate buffered saline (PBS) and
transported to 5 ml of Brain Heart Infusion broth (BHIB) and incubated at 37°C
for 24 h.

The urine specimenswere streaked directly on blood agar and incubated
for 24 h at37°C; the non hemolytic grayish-white colonies were sub-cultured on
MacConkey agar and incubated for 24h at37°C. Pink mucoid colonies and
biochemical tests were carried out depending on (12, 13).

Extraction and purification of pyocyanin

P. aerugiosa 1solate was produced dark blue color on King A medium
were cultured on glycerol-alanine minimal media (6gm of L-alanine,10ml
glycerol, 2gm MgSO, ,0.1gm K,HPO,, 0.01gm FeSO, and 20gm agar in 1Liter
distilled water). The pH was adjusted to 7.2 and sterilized for 15 min by
autoclave (14). All plates were exposed incubation over night at 37 °C and then
to light source at 25 °C for 24h after (15). Extraction of pyocyanin was followed
of Ingledew and Campbell procedure (16) with some modifications of Al-Azawi
procedure (17) it 1s briefly: 2 volume of chloroform was added on 1 volume of
bacterial culture on glycerol-alanine minimal medium that pyocyanin production
and left for 2 hr at 25 °C in order to pyocyanin dissolving. The blue chloroform
was washed with acidified water (0.1M HCL) that lead to convert the pigment to
red color with continuous mixing repeated 2-3 times, the acidified layer (red
layer) was collected by pipette aspiration and the pH was neutralized to 7 by 1M
trisbase (hydroxymethyl amino methane, pH=11.0). Then re-extraction of
pyocyanin was accomplished by chloroform 4-5 times to extract the most
pyocyanin from the mixture. The acidifiedwater layer was discarded and
pyocyanin was removed from chloroform by adding 0.05M HCL. pH was
adjusted to 7.5 by 0.1M of NaOH, Needlelike crystals were formed in the chilled
solution trapped on a 0.45-um filter, washed with water, dried and weighed
(18).

Screening of Biofilm production (Microtitration platc Method)
The method described by Maldonado et al (2) was followed to achieve biofilm
formation, bacterial 1solates was cultured in (BHI) broth incubated at 37°C for
18 h diluted by same medium to obtained 1x10° cell/ml and adjusted by
depending on comparison to MacFarland tube 0.5. 200pul of bacterial culture
were transposed to sterilized 96-well polystyrene microtiter plates and incubated
for 24 h at 37°C. Then, all wells were washed with (PBS) for the elimination of
unattached cells. Afterward, 200ul of 1% crystal violet solution was added to
wells with shaking for three times to help the colorant to get the bottom of the
well and left for 10 minutes at 25 °C , each well was washed with 200 pl sterile
(PBS) to remove the planktonic cells and stained not adhered cells to the well.
Above process were repeated three times. The adhered bacteria that formed
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biofilm were remained on the surface of the well. The crystal violet that
bounded to the biofilm was extracted with 200ul of ethyl alcohol, and the degree
of biofilm formation was determined at 540 nm in an ELISA reader (Beckman
coulter, Austria) Controls were performed with crystal violet solution binding to
the wells that exposed to the BHIB medium .
The biofilm degree was calculated as follows
OD at 540 nm — OD sample — OD control

To determine the wviability of bacterial cells within the biofilm was
performing according the procedure that described by(12).
Antibiotic susceptibility

The antibiogrm of the highest biofilm producing of K. pneumoniae was
determine by single disk method against: Ciprofloxacin (CIP) 5 pg,
Metronindazole (MET) 5 ug, Tobramycin (TOB) 10 pg, Imipenem (IMP) 10 ug,
Amikacin (AK) 10 ng, Ceftriaxon (COR) 30 ng, Cefotaxime (CTX) 30 nug,
Gentamicin (CN) 30 pg, Ceftazidime (CAZ) 30 ng, Cephalothin (KF) 30 ug and
Piperacillin (PRL) 100 pg, The diameter of inhibition zone for identified
antibiotics were measured 1n millimeters and values were interpreted as resistant
and sensitive categories according to NCCLS (19, 20).

A standard E. coli strain (E. coli ATCC 25922) was used as the quality
control strain.

Minimum Inhibitory Concentration (MIC) of pyocyanin

This test was performed according to the method of (21) as follows:
Double dilutions of pyocyanin, IMP, CIP, TOB, AK and CN were freshly
prepared using Mueller-Hinton broth as a diluents 1ml was distributed in sterile
test tubes, Pure isolated colonies of the highest biofilm producing of XK.
preumoniae 1solates were grown on MacConkey agar then suspended in 5
millilitres of normal saline (NS), mixed well and balanced with Mactarland 0.5
turbidity standard. The standardized inoculum was diluted in Muller Hinton
Broth (1:100). 1ml of the adjusted inoculums was added to each tube containing
the given pyocyanin and antimicrobial agent. The final concentration in tube
will contain 5 x 10° cfu/ml (13). For each batch of MIC determinations, a
negative control tube was performed by mixing 2 ml of Mueller Hinton broth to
a sterile empty tube. In addition, a positive control was also prepared by adding
1 ml of test isolate broth tol ml of Mueller Hinton broth; all tubes were
incubated at 37°C for 24 h and the growth was determined visually among the
different tubes of the serial dilution by comparing with the positive and negative
control. The lowest concentration of antibiotic or pyocyanin pigment that
inhibited the growth of bacteria was termed the MIC.

Inhibitory effect of pyocvanin and antibiotics on biofilm

formation and cells viability
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For the inhibition of biofilm assay, the highest biofilm producing isolates of K
preumoniae 1solateswere elected to be assayed. Subsequently, same protocol
previously described was followed to produce a biofilm. Then, just before the
staining step, two hundred microliters of BHIB containing a pyocyanin or
antibiotic at a final concentration equals to MIC were added to K. preumoniae
biofilm wells. All plates were incubated for 24 h at 37°C.

The bacterial biofilm was evaluated using crystal violet solution. The OD
reading designated as ODlof K. preumoniae biofilmwas included as a positive
control 1; 1ts OD represented the reading before treatment and OD2 of K.
prneumoniae biofilmwas included as a positive control 2; its O.D represented the
reading after treatment K. preumoniae biofilm with pyocyanin solution and
antibiotics. Negative controls were performed with crystal violet solution
binding to the wells that exposed to the BHIB medium. All the assays were
performed in triplicates. The biofilm degree was calculated as follows:

ODl1 at 540 nm — oD before treatment (positive control) — ODc¢ negative control
0D2 at 540 nm — oD after treatment (positive controly — ODc¢ negative control
At the same time viable count depending on the procedure described earlier by

(15) was perfor- med to determine the viability of bacterial cells within the
biofilm.

Statistical analysis

Data was presented as mean + standard deviation. ANOVA and LSDy g5
were employed for data analysis using Statistical Analysis System- SAS
(2004)(22).

Results and discussion:

P. aeruginosa was i1solated from cystic fibrosis patient; it was produce
pyocyanin on king A agar and liquid media kept production in large
amounts. The glycerol-alanine minimal medium was used to pyocyanin
production, it was large amount than king B agar, this may atiributed to
stimulate the responsible gene of pyocyanin and suppress production of
fluorescein (pyoverdin) by K* and Mg™ salts that essential ingredient of
medium, while phosphate that found in king B agar contains that  inhibit
pyocyanin expression (11). This results agreement with report that observed P.
aeruginosa were isolated from organs associated with air completely and the
aerobic conditions are the essential factor required to produce pyocyanin, and
this may attributed to O, role that induces genes responsible for encoding
pyocyanin or aerobically metabolism that needs O, for growth and different
activities especially pyocyanin production (23). The pyocyanin was extracted by
chlorofom was shown as needle like cluster (Fig. 1).
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Figure 1: Needlelike crystalé of pyocvanin produced by F.aeruginosa
The clinical 1solates of Klebseilla were isolated from 122 urine specimens of
out-patients and mpatients with catheter, the results were shown 28 (28.95%)
1solated belong to Klebsiella, 25 (20.49%) of than belong to K. pneumoniae and
3 (2.54%) were identified as K. oxytoca (lable 1).

Table 1: Phenotypic identification and origin of Klebseila strain isolated from clinical sources

Clinical source Phenotypic identification

K. pneumoniae (21)
K. oxytoca (2)
K. preumoniae (4)
K. oxytoca (1)

Total 28(28.95%)

Catheter

Mid-stream urine

Our results were incompatible with other study 1t was shown 41% of total
1solates belong to K. pneumoniae were obtained from urine (25). Many studies
were referred to Klebsiella spp. were consider biggest and important ratio
among many clinically 1solated pathogens that prevailing in hospitals
(Nosocomial pathogens) that causes UTI (26). Implanted foreign polymer bodies
became a common practice of modern medical care and used of foreign material
may led to many complications due to the insertion or implantation of medical
devices that related with microbial infections, The morbidity and mortality of
device-associated infections may increased problem of nosocomial infections,
these results may indicate that the most of the strains that isolated from patients
with urethral catheterization belong to K. prneumoniae due to role of type 1 and
type 3 pili in mediating K. pneumoniae colonization (27).

The degree of the biofilm thickness of K. pmneumoniae isolates were
showed 3 (12 %) isolates were considered as good producers, while 9 (36%)
were moderate and 13(48%) of the 1solates were weak producers. The strains
K21, K129and K42 belong toK. pnumoniae were gives thickest biofilm that O.D
was 6.112, 4.872 and 4.102, respectively at 540 nm (table 2). K. pneumoniae
1solated from CAI showed a remarkable high capability to form biofilm than
1solated of UTL
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Table 2: Determination of biofilm production from K. pneumoniae at 540 nmby microtiter
plate assay and statistical analysis.

Strain no. | Mean O.D + SD
K21 6.112+0.112
K129 4.872 £ 0.436
K42 4.102 + 0.102
K25 3.252£0.232
K24 2.541 £ 0.389
K59 2.235£0.651
K25 1.574 + 0.301
K27 1.462 +0.352
K14 1.444 £0.112
K1 1.412 +0.294
K19 1.199 £ 0.460
K28 1.139 + 0.268
K24 0.707 £ 0.132
K2 0.555 +0.506
K5 0.518 £0.106
K15 0.484 +0.129
K16 0.397 + 0.058
K17 0.336 £ 0.074
K11 0.327 + 0.053

et | et | et |t [ ot | et | et | et | et | et
NI I N N I S N P R e T A A B e L

20 K20 0.302 +£0.032
21 K6 0.278 + 0.073
22 K22 0.267+0.075
23 K9 0.260 + 0.051
24 K23 0.238 + (0.038

oclojlolojlo|lojlo|lo|lo|lo|lo|lo|lo|o|c|o|lc|c|olc|o|lc|e |o |

25 K65 0.217+0.038
Each datum is a mean of triplicate. SD= standard deviation. LSD= 0.44. P= 5.41E-35 a=
Good biofilm producer (O.D 6-4), b= Moderate biofilm producer (O.D 3.9-1) and c= Weak
biofilm producer (O.D lower than 0.9)

The variant in biofilm thickness may attributed to many reasons belong
to 1solates capacity, the primary number of cells, ability to cells adherence or
quality and quantity of autoinducers (quorum sensing signaling molecules) that
produced from isolates that play an important role. (28). One of the more
important variables influencing biofilm susceptibility 1s the age of the biofilm
(29).

The susceptibility testing of K21 and K42 isolates to antibiotics were
determinate by antibiogram and shown resistant to (CRO), (CTX), (PRL),
(MET), (KF) and (CAZ)whereas (IMP), (CN), (TOB), (AK)and (CIP), were
sensitive. While K129 was shown resistance to (CRO), (CTX), (PRL), (MET),
(KF), (CAZ),(CN) and (TOB) whereas sensitive to (IMP), (AK)and (CIP).
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Among many problems associated with infection that related with medical
devices 1s the low sensitivity of the bacteria to the antibiotics by different
mechanism such as resistance genes by horizontal gene transfer (HGT) and [3-
lactmase (30). Three hundred clinical 1solates of K. pneumoniae were collected
from urine; blood and sputum in Nigeria were appeared resistant to cefotaxime
(74%), ceftriaxone (79.6%) and ceftazidime (69%) (31). The hospital-acquired
strains were significantly more resistant to all tested antimicrobial agents than
the community-acquired organisms However, plasmid-mediated resistance to
these cephalosporins has been reported in many countries in the last few years
and several nosocomial outbreaks have occurred due to these strains, recently
study described the capacity of ceftazidime-resistant K. prneumoniae 10 become
established and cause serious infections within the hospital under the selective
pressure of ceftazidime use despite an active antibiotic control program (32).
MICs are a minimal concentration of antibiotic in this paper MIC of
pyocyanin pigment was detected that 1s necessary for inhibition of visible
bacterial growth after incubation period at 37°C for 18-24 hour. The lowest MIC
was shown CIP (Zug/ml) and highest MIC was AK (32 pg/ml) for K21 and
K42respectively; while (4pg/ml) of IMP was the lowest MIC and CN (2048
ug/ml) was highest MIC for K129, MIC of pyocyanin pigment was (2048
ug/ml) for all 1solates. Result of MICs shown in (table 3). In other study they
reported that MIC of CIP was (0.125ug/ml) while MIC of AK was (16pg/ml)

for K. pneumoniae (33).
Table 3: Values of MICs of elected antibiotics for K2, K42 and K129isolates

Antibiotic and pyocyanin concentration png/ml
IMP CN TOB AK CIP pyocyanin
No. of
Isolates
K21 16 8 8 32 2 2048
K42 8 8 8 32 2 2048
K129 4 - - 256 8 2048

The effect of pyocyanin on biofilm and wiable cells count of XK.
pneumoniae comparatively with different antibiotics shown in (table 4), the
biofilm of K21, K42 and K129 were reduced significant differences (P<0.05)
after treatment with pyocyanin solution for 24 h at 37°C, while the viablecells
count of these i1solates were shown insignificant differences (P<0.05).
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Table 4: O.D. and viability count (cfu/ml) for K. preumoniae biofilm after treatment
with IMP, CIP, AK, CN, TOB and pyocyanin and statistical analysis.

No. of Befor After treatment LSD
isolates Parameter treatment IMP CIP AK CN TOB PYO value
0.0 0.449+0.02 0.316 £ 0.02 0278+ 0.01 0.331 + 0.03 0.299 £ 0.01 0.308 £ 0.02 0.249+0.01
P-value 0.002 0.001 0.045 0.003 0.006 0.0008 0.0545*
K2 LSD value 0.056* 0.056* 0.113* 0.065* 0.076* 0.059*
V.Ch 17.76+5.78 1591+ 1.62 14.61+1.73 14.91+1.76 1331+ 1.14 12.99+1.72 6.48+1.93
Povalue 0.773 0.629 0.661 0.492 0.473 0.138 5.159 %
LSD value 16.69 INS* 16.77 INS 16.80 INS 16.38 INS 16.77 INS 16.94 INS
0.D. 0.446+0.006 0.359+0.001 0.348+0.009 0.294+0.007 0.299+0.029 0.316+0.026 0.253£0.013
F-value 0.0002 0.0009 0.0001 0.008 0.008 0.0002 0.054 *
K42 LSD value 0.017# 0.031* 0.026* 0.084* 0.074* 0.042#
v.C 15.06 = 4.67 17.05 + 2.39 11.12+0.54 1553+ 1.61 13.53+2.17 1095+ 2.16 6.78 £2.02
Povalue 0.724 0.448 0.929 0.781 0.469 0.179 5923 *
LSD value 14.59 INS 13.07 INS 13.73 INS 1432 INS 14.31 INS 14.14 INS
0.D 0.428+0.002 0.262+0.006 0.363+0.020 0.270+0.012 0.328+0.012 0.265+0.013 0.248+0.009
P value 0.0001 0.022 0.0001 0.001 0.0001 0.0001 0.034 *
K129 LSD value 0.018* 0.049* 0.033* 0.033* 0.027# 0.032#
v.C 7.705 £ 7.33 12.41+£2.71 832 +3.12 14,99+ 227 16.01 + 1.61 12.33 + 1.64 3.51£1.85
P-value 0.580 0.942 0.396 0.331 0.572 0.572 7.009 *
LSD value 21,71 INS 22.14 INS 21.33 INS 20.86 INS 20.88 INS 21.02INS

O.D. = optical density, “VC= viable count, "LSD= least significant difference. Each
datum is the mean of triplicate, INS= mnsignificant differences in the same raw, *=this
sign in the same raw refer to significant ditferences.

Dependently, these finding strongly suggest that most efficient pyocyanin
and antibiotics lead to destroy exopolysaccharide layers of biofilm and decrease
the viability cells of K. pneumoniae while failed to effectively kill all bacterial
cells within able to establish a new biofilm. This result agreement with other
studies that shown the pyocyanin extraction from agar medium by using
chloroform; it has high titers of antibacterial activity, that refer to pyocyanin has
a variety of pharmacological effects on eukaryotic and prokaryotic cells (23,
34).

In other study P. aeruginosa was isolated from cystic {ibrosis patient was
showed inhibitory effect to the biofilm formation of environmental strains of the
Burkholderia cepacia when both isolates mixed together, authors suggested
pyocyanin as the active compound of the soluble mhibitor (35).The biofilm
formation proceeds in two stages; a rapid attachment of the bacteria to the
polymeric surface is followed by a more prolonged accumulation phase that
imnvolves cell proliferation and intercellular adhesion (36). The biofilm 1s formed
at the interphase between the inert support of the microplate and the liquid
media (37). Our results agreed with many reports that refer to the bacterial
biofilm were significantly less responsive to antibiotics and antimicrobial
stressors than viable cells  of the same species (38). The failure may attribute to
ability of antibiotics to penetrate a biofilm (39).

The pyocyanin solution developed an inhibitory effect on planktonic K.
pneumoniae 1solates K21, K42 and K129 were investigated on Muller Hinton
Agar and distilled water was employed as control, the diameter of inhibition
zones around pyocyanin solution containing wells were measured n millimeter
and compare with control. The best results were show for K129, it showed
increased of inhibition zones  with increased concentration of pyocyanin
solution, such as: 10, 12, 16 and 24 mm at 6.25, 12.5, 25 and 50 mg/ml,
respectively (Figure 2).
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Figure 2: Inhibitory effect of pyocyanin on planktonicagainst K21, K42 and K129

The direct mechanism of pyocyanin toxicity remains unclear, the wide range of
biological activity is thought to be due to its ability to catalyze the formation of
toxic radicals such as superoxide (O”) and hydrogen peroxide (H,O,) (40). Our
results were compatible with other study it was shown that pyocyanin has
antibiotic activity against other bacteria and fungi, it is bactericidal for such
bacteria: FEscherichia coli, Staphylococcus aureus and Mycobacterium
smegmatis, this killing is observed on agar plates as clear zones on lawns of
sensitive bacteria (23).The present work can conclude that although K.
prneumoniae biolim 1s hardly to be eradicated by bacterial antibiotics, the
pyocyanin extracted from a P. aeruginosa has reduction K. pneumoniae biofilm
and decrease wviability cells, results showed the pyocyanin developed an
inhibitory effect on planktonic cells, also it can be used as a therapeutic agent
after adequate in vivo experimentation or as a disinfectant agent on the a biotics
surfaces.
Acknowledgements:

Author would like to thank the Department of Biology, College of
Science, University of Baghdad, Baghdad-Iraq, for supporting this work

References:

1. Johnson, I. G.; Murphy, C. N; Sippy, J.; Johnson, T. J. and Clegg, S. (2011). Type 3 fimbriae
and biofilm formation are re%fulated by the transcriptional regulators Mr in Klebsiella
K/}[/zeumoniae. J. Bacteriol. 193(14):3453-3460.

aldonado, N.C., Silva de Ruiz, C., Cecilia, M. and Nader-Macias, M.E. (2007). A simple
technique to detect Klebsiella biofilm-forming-strains. Inhibitory potential of Lactobacillus
fermentum CRL 1058 whole cells and products. Communicating Current Research and
]glgucational Topics and Trends in Applied Microbiology A. Méndez-Vilas (Ed.). Formatex. 52-
3. Rogers, A. H. (2008). Molecular Oral Microbiology. Caister Academic Press. pp. 65-108.

http://www.horizonpress.com/oral2.

4, 15% 61rna, M. and Yadav, S. (2008). Biofilms: microbes and discase. Braz. I. Infect. Dis. 12: 526-

5. Fux CA, Costerton JW, Stewart PS & Stoodley P (2005) Survival strategies of infectious
biofilms. Trends Microbiol 13: 34-40.Gardner A (2007) Is bacterial persistence a social trait.
PLoS ONE 2: ¢752.

6. LiwP.; Li, P.; Hlang, X.; Bi, D.; Xie, Y., Tai, C.; Deng, 7.; Rajakumar, K. and Oua, H.
(2012).Complete genome sequence of Klebsiella pneumoniae subsp.pneumoniae HS11286, a
multidrug-resistant strain isolated from human sputum.J. Bacteriol. 2012, 194(7):1841-1842.

7. Schroll, C., Barken, K., Krogtelt, K.et al. (2810). Role of type 1 and type 3 fimbriae in
Klebsiella pneumoniae biofilm formation. BMC Microbiol. 10: ?{'?9

8. Daly,J.A;; R.Boshard; and JM.Matsen.(1984). Differential Primary Plating Medium for
Enhancement of Pigment Production by  Pseudomonas  aeruginosa  Jour,
clinical.microbial742-743.

9. Ohfuji, K.; Sato,N.; Hamada-Sato,N. ; Kobayashi,T. ; Imada, C.; Okuma, H.; Watanabe,E.
(2004). Construction of a glucose sensor based on a screen-printed clectrode and a novel
Ilnze?fl_'i’atolrzﬁﬁocyanin from FPseudomonas aeruginosa. Biosensors and Bioelectronics 19:

158 Ol 5 cpalil) a3l ¢ 19 Maall ¢ Lpaabad) Ly il 408 L




The

Inhibitory effect of pyocyanin pigment produced byPseudomnas

aeruginosa on biofilm formation of Klebseila pneumoniae ... Amer Saeed Ali

10.
11

12.
13.
14.

15.

16.
17.

18.
19.
20.

21.

22,

23.
24,

23.

26.

27.
28.

29.
30.
31

32.

33.

34.

Da Silva, G.A., and E.A de Almeida. (2006). Production of Yellow-Green Fluorescent Pigment
byFseudomonas fluorescens. Braz. Arch. Biol. Technol49: 411-419.

Saha, S.., Thavas, R., Jayalakshmi, S. (2008).Phenazine Pigments from Pseudomonas
aeruginosa and their application as antibacterial agent and food colourants. Research journal
of microbiology.3(3):122-128.

Harley, J. and Prescott, H. (2002). Laboratory Exercises in Microbiology, 5" Edition .The
McGraw—Hill Companies.

Forbes, B.A., Sham, D.F. & Weissfeld, A. S. (2007). Bailey & Scott's diagnostic microbiology
(12" ed.). St. Louis: Mosby.

Leidal K.G.; Munson,K.I..; and Denning,G.M. (2001). Small molecular weight secreto
facters from Pseudomonas aeruginosa have opposite effects on IL-8 and RANTEI%
expression by human airway epithelial cells. AM.JRespir.cellMol.Biol.25(2): 186-195.
Ulmer, A.J.: JPryjma; Z. Tamok; M.Emst; and FLFlad. (1990). Inhibitory and stimulatory
effects of Pseudomonas aeruginosa pyocyanine on human T and B lymphocytes and human
monocytes./'w/ectfo« and Immunity. 808-815.

Ingledew, W. M. and J. R. Ca%ell. %1969). A new resus§)ension medium for pyocyanine
production. Canadian Journal of Microbiology. 15, 595-598.

Al-Azawi, SH. S. (2006). Cytotoxic effect of pyocyanin extracted from Pseudomonas
aeruginosa on some human and animal cancer an(f normal cell lines. MSc. Thesis. College of

Science. University of Baghdad. (In Arabic).

Cox, CD. (1985). Role of pyocyanin in the acquisition of iron from transferring. Infect.
Immun. 52;: 263-270.

Bauer A, Kirby W, Sherris J. et al. Antibiotic susceptibility testing by astandardized single disk
method. Am J Clin Pathol 1966; 36: 493-496.

Vandepitte, J., Verhaegen, J., Engbaek, K., Rohner, P., Piot P. and Heuck, C. C. (2003). Basic
laboratory procedures in clinica% bacteriology. World Health Organization Geneva. Second
editions. pp. 103 -120.

Vercauteren, E.; Descheemaeker, P.; Leven, M.; Sanders, C.C. and Goossens, H. (1997).
Comparision of screening methods for detection of extended spectrum - lactamase and their
Erevalence amonf/[blood 1solation of Iischerichia coli and Klebsiella spp. In a Belgian teaching

ospital. J. Clin. Microbiol. 35: 2191-2197.

SAS. (2004). Statistical Analysis System, User's Guide. Statistical. Version 7" ed. SAS. Inst.
Inc. Cary. N.C. USA.

Stephen, H.G., Hawkey, M.P. (20006). Principles and Practice of Clinical Bacteriology. 2ed.
John Wiley and SonsJLtd.p.427-443.

Mavrodi, D. V., Bonsall,lg. F.; Delaney, S. M.; Soule, M. J.; Philips, G. and Thomashaw, L. S.
(2001). Functional analysis of genes for biosynthesis of Pyocyanin and Phenazine-1-
carboxamide from Pseudomonas aeruginosa. PAOL J. Bacteriol. 6454-6465.

Pages, I.; Lavigne, I.; Leflon-Guibout, V.; Marcon, E.; Bert, F.; Noussair, L. and Nicolas-

Chanoine, M. (2009) Efflux pump, the masked Side of B-lactam resistance in Klebsieila

preumoniae clinical isolates. PLoS one. 4: ¢4817.

Paterson, 1. L.; Ko W.C. and Gottberg, A. V. (2004). Antibiotic therap?r for Klehsiella

ﬂ:’zeumoniae bacteremia: implications of production of extended-spectrum betalactamases. Clin.
fect. Dis.39:31-37.

Suescun, A. V.; Cubillos, J. R. and Zambrano, M. M. (2006). Gene involved in fimbrial
biogenese affect biofilm formation in Klebsiella pneumoniae. Biomedica 26, 528-537.
Beenken, K. E.; Mrak, L. N. ; Griffin, L. M.; Zielinska, A. K. ; Shaw, L. N. ;Rice, K. C. ;
Horswill, A. R. ; Bayles, K. W. and Smeltzer, M. S. (2010). Epistatic relationships between
sarA and agr in Staphyiococcus aureus biofilm formation. PLoS One. 2010, 5(5%: e10790.
Donlan, R. M. (200%). Biofilms on central venous ctheters: Is eradication possible in: bacterial
biofilms (Romeo,T. ed.).Springer-Verlag Berlin Heidelberg Bacterial. 322: 133-163.

Martinez, J.L. (2009). The role of natural environments in the evolution of resistance traits in
Eathogenic bacteria. The R(gfal Societg. Proc. Biol. Sci. 276: 2521-2530.

omanus, 1; Egwu, O. and Ngozi, A. (2009). Extended spectrum beta — lactamase (ESBL)
mediated resistance to antibiotics among Klebsiella preumoniae i Enugu Metropolis.
Macedonian J. Med. Sci. 15(2):196-199.

Meyer, K. S.; Urban, C.; Eagan, J. A.; Berger, B. 1. and Rahal, J. J. (1993) Nosocomial
(ﬁt9 gesa:)}{ 8of Klebsiella infection resistant to late-generation cephalosporins. Ann. Intern. Med.

Syed, H. C. and Ravaocarinoro, M. (2012).LiF Reduces MICs of antibiotics against clinical
isolates of gram-positive and gram-negative bacteria. International Journal of Microbiology.
2012, 1-5.

Ra'oof, WM.; and LARXatif. (2010). In vitro study of the swarming phenomena and
antimicrobial activity of pyocyamin produced by Pseudomonas aeruginosa isolated from
different human infections. %uropean Journal afyScientific Research. 47 (3):405-421.

159

Gl 5 el dmal ¢ 19 Mlaall ¢ Dpabad d al LK g



The Inhibitory effect of pyocyanin pigment produced byPseudomnas
aeruginosa on biofilm formation of Klebseila pneumoniae ... Amer Saeed Ali

35. Tomlin, L. K.; Coll, O. P. and Ceri, H. (2001). Intrspecies biofilm of Pseudomonas aeruginosa
and Burkholderia cepacia. Can, I. Microbiol. 47: 949-954.

36. Herrmann, M.; Hartleib,J.; Kehrel, B.; Montgomery, R. R.; Sixma,]J. J. and Peter,G. (1997).
Interaction of von Willebrand factor with Siaphviococcus aureus. J. Infect. Dis.176:984-991.

37. OToole, G. A. and Kolter, R. (1998). The mitiation of biofilm formation in Pseudomonas
fluorescens WCS365 proceeds via multiple, convergent signaling pathways: a genetic analysis.
Mol. Microbiol. 28 :44p9—46 1.

38. Bryers, G. (2008). Medical Biofilms. Biotechnol Bioeng.100: 1-18.

39. Anderl, J. N.; Zahller, 1.; Roe, F. and Stewart, P.S. (2003). Role of nutrient limitation and
stationary-phase existence in Klebsiella prnewmoniae biofilm resistance to ampicillin and
ciprofloxacin. Antimicrob. Agents. Chemother. 47:1251-1256

40. Hassan,H.M.,and LFridovich.(1980). Mechanism of the Antibiotic Action of Pyocyanine.
I.bacteriol. 156-163.

LS5 o Aaiial) Copibgen sl i Jagit)

LS Abadl eldad) on <8 JePseudomnas aeruginosa
Klebsiella pneumoniae
e Y le

sty desls o slll RS filial e o
s duaDA

Pseudomonas aeruginosa Lyl dah 4550 Aie e Oubue el drua Cualand
Klebsiella pneumoniae S e s ¢l @l oy Glias (e 0o A indls
Cledls cpbiad _casall g dd ol 5 lawll ranatioddl oa gl ams (wKlebsiella oxytoca s
Do e 122 8 same e M5 Ae(%2.54) 35 (%20.49) 25 Jie Ay A ol el
Y Gl G pedal g Jlad cliall A KL preumoniae LSy e Aje 25 AL o e
5 aay Slall cLiad Gebua daalid < Y el (e (%2.54) 3485 K129 5 K42 5 K21
s g (5 bl il Jslaay poneaill @ Jlarinls 380 2 37 5 ) ja da jus 4eln 24 Guaa
Mm doslic K42 5 K21 ¥ el & jelad . 5 il 540 ase Joba e 4 sumll 60N 48
Abn s ol Ul g A Mline s Jg g el s Gadad sl s SO gl 5 guaSL el
Cehale K129 A jall Labe b€ sl 5 sl 5 Gl Saa¥) 5 Ganlal s 5 il e—‘-‘-‘-‘-‘ﬂ-‘m
s,8 K42 5 K129 s K21 ¥ 5all bl cliall jedal - labiad) oda aia ) pbee 1S5k
i laally ol sl Arsa Jslae 00 e fal e 5580k 2048 s Lililas ny (P<0.05) 4 5320
dajns el 24 Guan b 8 ey OV Gl o3g] duluall aliadll W) dafiadl 38 Al ded ase
slae selal s (P<0.05)Agine yue 85 8 jedah s Y 32l Al ol soall L ¢ % 37 3 ) 5a
ki aab s K129 K42 3 K21 &V all ddled WAl e Uada §,a0 b ol dua

2378 0 a dasmsdeln 24 (uma 5 )8 ey 38 A Bl Loyl

160 Ol 5 cpalil) a3l ¢ 19 Maall ¢ Lpaabad) Ly il 408 L




The Inhibitory effect of pyocyanin pigment produced byPseudomnas
aeruginosa on biofilm formation of Klebseila pneumoniae ... Amer Saeed Ali

161 Ol 5 cpalil) a3l ¢ 19 Maall ¢ Lpaabad) Ly il 408 L




