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Abstract: This study included collecting (120) clinical specimen from different sources, (43) isolates 

successfully were diagnosed as P. aeruginosa, representing 35.8% of total isolates. The test for the 

antibiotics susceptibility of the bacteria to (10) types of antibiotics showed a clear variation in their 

resistance to antibiotics, as all isolates showed resistance (100%) against to cephalexin, (90 %) against to 

Gentamicin and 82% against to Ceftazidime,14 isolate out of 43 isolate had MDR. While the results of 

the phenotypic detection of pyocin production to resistance isolate (14 isolate) showed the presence of 12 

isolates (85.7%), The third screening stage molecular detection of the pyocin S5 gene, which is one of 

responsible for the production of Pyocin S5, It was shown that 6 isolates (50%) possess this gene, while 6 

isolates (50%), they did not possess this gene.  
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Introduction 

 

Pseudomonas aeruginosa part of 

normal intestinal flora and a powerful 

pathogen classified as an ESKAPE 

organism responsible for ICU-acquired 

infections in critically ill patients (1). 

That colonizes a diverse range of 

habitats water, plants, soil, on the 

epidermis of animals including and 

surgical equipment and catheters. In 

nature, it is commonly found as a 

plankton swimming through water (2, 

3). Bacteriocins are a large family of 

ribosomally synthesized functionally 

and environmentally diverse 

proteinaceous toxins produced 

by archaea, produced and bacteria for 

intra- and inter-species competition (4). 

Which are produced as a secondary 

metabolite by many bacteria and have 

the ability to oxidize and reduce other 

molecules, exhibiting killing activity or 

growth inhibition (5). Being an 

inhabitant of all environments, from 

aquatic to terrestrial, from soil to 

distilled water, from plants to humans, 

P. aeruginosa is the quintessence of 

microbial arms depot. It produces a 

wide range of secondary metabolites to 

protect its niche from other fungi and 

distantly related bacteria. In order to 

fight fellow Pseudomonads and other 

closely related bacterial species that 

may compete for common niches, all 

strains of P. aeruginosa also produce a 

broad range of bacteriocins referred to 

as pyocins. The two major groups of 

pyocins produced by P. aeruginosa are 

(i) S-type pyocins (colicin-like 

bacteriocins), (ii) Tailocins (high-

molecular weight bacteriocins that 

resemble phage tails). The structure of 

S-type pyocin is similar to that of 

colicin except that many S-type pyocins 

have three domains (6); domain I is N-

terminal that recognises the cell surface 

receptor, domain II has unknown 
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function and domain III translocate and 

penetrates pyocin, C terminal domain 

carries out the killing activity (7,8). S-

type pyocin are rather small proteins 

similar to colicin (bacteriocin produced 

by Escherichia coli), water-soluble and 

protease and heat-sensitive. These 

bacteriocins are secreted as binary 

protein complexes consisting of a 

protein with killing activity and has two 

protein components; one is a larger than 

the other (7). The larger component 

carries out the killing activity called 

effector component (9) and the smaller 

component is an immunity protein that 

is like the one in colicin, this protein 

protects the host cell from the killing 

activity of the larger component. In this 

study we detect the ability of local P. 

aeruginosa isolates to produce pyocin 

and detect the genes that coding of S5-

pyocin in these isolates.  

 

Materials and Methods  

 

Collection and Identification of 

Bacterial isolates 

 

One hundred and twenty clinical 

specimen were collected from several 

hospitals in Baghdad city 

(Children Welfare Teaching Hospital 

Educational Laboratories and Burns 

Specialist Center) belong to Medical 

City, Mohammed Baqer Al-Hakim 

Hosp‎ital during period from the January 

2020 to the July of 2020 from various 

clinical sources (urine, blood, ear and 

burin). P. aeruginosa isolates identified 

according to morphological, 

microscopic, biochemical tests 

according to (10, 11) and the VITEK® 

2 Compact system (BioMe'rieux, 

French) is dedicated to the identification 

of clinically significant bacteria. 
 

 

 

Antibiotics Susceptibility Test 
 

The susceptibilities of the isolates 

to 9 antibiotics (Himedia, India) by 

Kirby-Bauer disk diffusion method 

(12): ceftazidime 30 μg, gentamycin 10 

μg, tobramycin 10 μg, imepenem 10 μg, 

ciprofloxacin 5 μg, lomefloxacin 10 μg, 

norfloxacin  10  μg,  levofloxacin  5  μg  

and amikacin  30μg, were  determined 

on  Mueller-Hinton  agar by  the Kirby 

Bauer disk diffusion method. The zone 

of inhibition diameter was measured 

and the results were interpreted based 

on t1`1`he guidelines by the Clinical 

and Laboratory Standards’ institute 

(13).  
  

Production of crude pyocins 
 

Production of pyocin was 

augmented by manipulating a variety of 

physical and chemical parameters. 

Extracellular pyocin was obtained by 

incubated overnight single colony of 

p.aeruginosa in glutamate (G) medium 

was used for the induction of pyocin 

production (20 g sodium glutamate, 5 g 

glucose, 0.1 g MgSO4·7H2O, 5.63 g 

Na2HPO4·12H2O, 0.25 g KH2P04, 0.5 

g yeast extract, and 50 mg tryptophan 

dissolved in liter of distil water), 10 g 

(1g:100ml) KNO3was added to the 

culture (1 liter) and incubation was 

carried out at 37 °C. The culture was 

then shaken with 10 mL of chloroform 

and cold centrifuged at 8000 g for 20 

min to remove the cell debris. Control 

cultures containing no KNO3 were also 

investigated (14). 
 

Agar disk diffusion 
 

For detect strain product to pyocin 
In vitro, by inhibitory activity against 
different strains of bacteria by the agar-
disk diffusion assay (15). An aliquot of 
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20 µl of partially purified antimicrobial 
substance was applied to disks (6 mm) 
placed on agar plates previously 
inoculated with a swab submerged in an 
indicator strain A 24-h nutrient broth 
culture at 37 °C of the pyocins-sensitive 
strain suspension which corresponded to 
a 0.5 McFarland turbidity standard 
solution. 
 

Detection of PyoS5 genes 
  

Genomic DNA was isolated from 
bacterial growth according to the 
protocol of ABIOpure, while 
electrophoresis was carried out 
according to (16). The polymerase chain 
reaction was conducted in laboratory 

conditions. BAGEL 3 and 4 
(BActeriocin GEnome mining tool were 
used to identify in-silico genes encoding 
S5-type pyocins (17). Primer used in 
this study was designed by using the P. 
aeruginosa Genome Database as a 
reference. These primers were supplied 
by Macrogen Company in a lyophilized 
form. The PyoS5 gene with a Amplicon 
size of 769 bp and its genetic sequence 
(PYOF_ACTGCCATTACCAGTGCG
AA,PYOR_TTGATCAAGCGGGAAG
TGCT) which was designed for this 
study, while the interaction program for 
each gene was approved as shown in 
Table (1). 

 

Table (1): PCR Program of pyos5 gene. 

 
 

Results and Discussion 
 

Isolation of P. aeruginosa  
 

Out of 120 specimens that were 
collected from the five hospitals, 43 
isolates successfully were diagnosed as 
P. aeruginosa, representing 35.8% of 
total specimens and the highest 
percentage of P. aeruginosa was 
obtained from burn samples 21 isolates 
(%48.8) whereas the lowest percentage 
were obtained from otitis samples 3 
isolates (%6.9). P. aeruginosa is the 
third most prevalent pathogen related 
with hospital-acquired infections, 
according to (18), who found the 
greatest percentage of P. aeruginosa 
among burn infections, followed by 
wound and ear infection (19) and 
expected with high prevalence of P. 
aeruginosa in community may be 

related to the increasing numbers of the 
immune compromised patients in our 
population due to different diseases and 
contaminations of the environment in 
hospital and in special patients with 
long stay in hospital. This agrees with 
several studies conducted by (20, 21). 

 

Identification of P. aeruginosa 
 

In the laboratory, P. aeruginosa is 
able to grow on a wide variety of non-
selective agar including nutrient agar 
and broth, blood agar and MacConkey 
agar, ranging from minimal to complex. 
On MacConkey agar medium the 
colonies of P. aeruginosa isolates 
appeared 2-3 mm, flat, smooth, non-
lactose fermenting colonies these 
colonies have regular margins. Β-
haemolysis is observed on Blood Agar 
represented by the clear zone around the 
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colonies. Blood agar 
P.aeruginosa produces mucoid-type 
colonies with a typical metallic 
sheen. Cetrimide agar medium P. 
aeruginosa colonies (greenish-blue in 
color) are medium-sized and 
characterized by an irregular growth. 
The visual examination of the plates is 
performed by using ultraviolet light to 
detect the presence of fluorescein 
(22,23,24).  

Identification of P. aeruginosa by 

Vitek 2 system  
 

The final identification was 

performed with the automated Vitek2 

system using GN-ID cards which 

contained (64) biochemical tests. The 

results demonstrate that all (43) isolates 

for P. aeruginosa were confirmed with 

ID message confidence level ranging 

excellent (the probability percentage 

was 99%-95%). This approach is 

distinguished by its ability to identify 

bacteria quickly without the need of a 

large number of culture media, as well 

as its ability to decrease culture 

contamination. It is a new tool for the 

rapid identification of Gram-negative 

bacteria from human clinical specimens 

(25). 
 

First screening for resistance 

antibiotic bacteria 

Results of antibiotics susceptibility 

test were exhibited that total of the 43 

isolates obtained in this study a clear 

variation in their resistance to 

antibiotics, with highest resistance 

percentage (100%) observed against to 

cephalexin, (90 %) against to 

Gentamicin and 82% against to 

Ceftazidime. Also, results revealed a 

varying degrees of susceptibility to 

tested antibiotics, high percentage of P. 

aeruginosa isolates were sensitive to 

Aztreonam and Amikacin in the 

percentages (63.4%), (55.5%), 

respectively. Ciprofloxacin (47.5%), 

Imipenem (20.2%), Levofloxacin 

(38.4%), Tobramycin (27%) and 

Ofloxacin (18.3%) were revealed 

intermediate action against the isolates. 

Several studies have demonstrated 

a relationship between pyocin and 

multiple antibiotic resistance, as pyocin 

induces alterations in LPS. This hinders 

the permeability of the outer membrane 

to antibiotics. (26) Isolates of 

p.aeruginosa antibodies resistant that 

has the highest productivity of pyocin. 

The bacterial resistance to ciprofloxacin 

by regulating pyocin biosynthesis genes 

in P. aeruginosa (27,28). For this, the 

resistant isolates were selected to test 

pyocin productivity. 
 

Second screening phenotypic 

detection of pyocinogeny bacteria 

Exposing P. aeruginosa strains to 

stress factors was effective in increasing 

expression of bacteriocins. The 14 

resistant isolates selected to test pyocin 

productivity, Potassium Nitrate (KNO3) 

treatment was found to be effective in 

inducing pyocin S5 production. The 

turbidity of pyocinogenic cell culture 

continued to increase for about 1 h after 

the addition of the KNo3 to the culture 

at the logarithmic phase, and then rapid 

lysis ensued with the concomitant 

release of pyocin S activity twelve 

isolate (12 or 85.7%) figure (1), 

resistant P. aeruginosa exhibited pyocin 

activity against the S. aureus were 

previously isolated and reported was 

selected for further study. The 

inhibitory diameters ranged between 

(11-30 mm) (29). Such bio-active 

potential might be attributed to the 

presence of high number of bacteriocin 

adsorption receptors in the 

peptidoglycan-based cell wall of Gram-

positive bacteria (30). 
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Figure (1): Antibacterial activity of the pyocin crude on sensitive bacteria indicator. 
 

Third screening detection of PyoS5 

genes in pyocinogeny bacteria 
 

Extraction of DNA 
 

The DNA of 12 bacterial isolates of 

P.aeruginosa (obtained from growing 

on cetrimide agar medium) was 

extracted and purified by using genomic 

DNA purification kit. The results were 

detected by electrophoresis on 1% 

agarose and exposed to U.V. light in 

which the DNA appears as compact 

bands.  
 

Detection of pyocin S5 genes 
 

All the isolates which were positive 

for pyocin production were subjected to 

specific primers pyocin S5. Results 

were showed that 6/12 (50%) isolates 

were positive to pyocin S5 gene. The 

DNA of isolates were amplified by PCR 

technique to detect pyocin S5 gene. The 

results of PCR amplification were 

confirmed by electrophoresis analysis. 

By this analysis the strands of DNA 

which resulted from successful binding 

between specific pyoS5 primer and the 

extracted DNA template appear as 

single band under U.V. light using 

ethidium bromide as a specific DNA 

stain figure (2).  

The pyocin S5 gene have 

amplicons size (769 pb), were estimated 

depending on DNA marker (100 bp 

DNA ladder).  The results are differing 

with (31), they are found pyocin S5 

gene 22%. Another study search on 

other pyocin gene (1S,2S,3S), 

previously same the result of (32) 

considered as a local study where the 

study illustrated that prevalent rate of 

appearance S1S2 gene is (48%) while 

different from (33) appearance S1S2 

gene is (90%) while prevalent rate of 

appearance S3gene is (82%). 
 

 
Figure (2): Amplification results of pyocin S5 primers in P. aeruginosa samples fractionated on 

1.5% agarose gel electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes 1-12. 
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Conclusions  

 

Our study revealed the efficacy of 

Aztreonam and Amikacin in inhibiting 

P.aeruginosa, 85.7% from resistant 

isolates had ability to produce pyocin 

(R,F,S) detection by inhibition zone 

(phenotype method), pyocin S5 were 

found in 50% from resistant isolates. 
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