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Abstract

Pseudomonas aeruginosa has been mentioned as a remarkable case that contaminated animate and
inanimate surfaces. Clinically, it is considered essential in the practical therapy. In current study, the
inhibition effect of bacteriophages against biofilm of P. aeruginosa detected by ELISA method had been
assessed. 50 samples had been collected from wounds infections in General Baqubah Hospital to isolate
Pseudomonas aeruginosa and tested for 10 groups of antibiotics. Befor the treatment, Pseudophage was
isolated from sewage water of General Baqubah Hospital through pseudophage enrichment. The
biocontrol of biofilm activity of pseudophage was applied by using the ELISA method. For the 50 samples
were collected from wounds infections, and 10 isolates only were able to grow on Pseudomonas and
Cetrimide agar. P. aeruginosa isolates showed high resistance associated with Cefepime (30 pg), Fusidic
acid (10 pg) and Ampicillin (10 pg) 9(90%) while P. aeruginosa isolates showed high resistance associated
with Erythromycin 80% then Imipenem and Tetracycline 70%. All 10 P. aeruginosa isolates have the
production of biofilm. 4 P. aeruginosa bacteriophages (Pab 1, Pab 2, Pab 3, Pab 4) were isolated from
sewage water, the Pab4 had a wide range. P. aeruginosa were sensitive to pseudophage by spotting assay
were inhibited the biofilm formation. Active effect of pseudophage to inhibit Pseudomonas aeruginosa’
biofilm in vitro.

Introduction

Biofilms are the accumulation  of Bacteriophages act differently on bacteria

microorganisms which their excretion yields
can be attached to animate or inanimate
surfaces.  Biofilm-associated bacteria are
tolerant to antimicrobial agents, can evade
the host immune system, and can act as a
source for infection [1]. Pseudomonas
aeruginosa is the cause of harmful infections
that can be hardy to effective treatment with
conservative antibiotics.

However, it shows obvious development in
biofilms. Pseudomonas aeruginosa had been
proposed as a distinguished case that
contaminated animate and inanimate
surfaces where clinically, it can be considered
essential for practical therapy [2]. A number
of novel strategies have been proposed to
more effectively prevent and control device-
associated biofilms. One of these strategies is
the utilization of bacteriophages (phages) [3].
Phages have been applied for the treatment
of infectious diseases in plants [4], animals
[5], and humans [6].
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contained within biofilms than do chemical
antibiotics or other biocides. At least, there
are four mechanisms underlying this
difference (1)

¢ Bacteriophages replicate within their host
cells, resulting in localized increases in
bacteriophage numbers (amplification).
This can lead to an increase in the numbers
of infectious progeny bacteriophages into
the biofilm. By spreading through the
biofilm (1) or during the lytic replication
cycle, the infection of a bacterial host cell by
a single phage virion will result in the
production of dozens or hundreds of
progeny phage [7, 8].

e Some of the Bacteriophages have express
depolymerizing enzymes that degrade the
extracellular polymeric substance EPS
matrix of a biofilm. Phages encoding
depolymerizes can play a particular role in
forming of biofilm cultures [1, 9].
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¢ Bacteriophages can induce depolymerizing
enzymes that degrade the EPS of the host
genome. (1)

e Persisted cells can be infected by
bacteriophages; however, the bacteriophage
cannot replicate within them and destroy
inactive cells. In contrast, they can remain
within these bacteria until they reactivate
and then begin the productive infection,
which leads to destroying the cells. Thus,
phages had been choosing to control
biofilms [1, 9].

Due to the limited success of antibiotic
therapy in treating biofilms [10], many
researchers had studied the potential of
using the Dbacteriophages or deriving the
enzymes to treat the biofilms [11, 14].The
cause behind this ability is usually due to the
expression of depolymerizes capable of
dispersing the biofilm through enzymatic
digestion of  extracellular polymeric
substances, the main obstacle to antibiotic
treatment or phage therapy [15].

The ability of phages to disrupt this biofilm is
a valuable phenotype of phage therapy
candidates. The depolymerazes expressed by
phages digest these polymeric substances so
as to obtain access to cell surface receptors
[16, 17], however, it has been noted that the
depolymerase activity alone may not be
sufficient to disrupt the biofilm and the
ability of the phage to amplify in the biofilm
is crucial for biofilm treatment [18].

Phage-associated depolymerase activity can
easily be identified in phages of interest
through analysis of plaque morphology where
depolymerase-expressing phages usually
form a plaque surrounded by a large halo
indicative of its degrading activity [19]. This
phenotype has been observed for phages
infecting members of several genera
including Pseudomonas [16], Klebsiella [20],
Staphylococcus [21] and Escherichia [22],
thus representing a useful in vitro marker for
phages of interest [23].

Material and Methods

Bacterial Strain Isolation and

Identification

This study was carried out from October 2017
till May 2018. 50 samples were collected from

wounds infections in General Baqubah
Hospital;, samples were cultured on
Pseudomonas agar then subculture on

©2009-2019, JGPT. All Rights Reserved

cetrimide agar. Cultural, Microscopical and
Biochemical characterization was applied in
order to identification P. aeruginosa [24]. All
bacterial strains were cultured at 37°C in
nutrient broth or on agar medium.

Antibiotic Susceptibility Testing

The antimicrobial susceptibility assay was
performed on Mueller-Hinton agar by the
disc-diffusion method (Kirby— Bauer) [25].
Selection of antibiotics and growth inhibition
zones were interpreted according to the
Clinical Laboratory Standards Institute. The
antimicrobial disks: Gentamycin (10 pg),
Cefepime (30 pg), Amikacin (30 pg),
Imipenem (10 pg), Erythromycin (15 ng),
Amoxi/clavulanic acid (30 pg), Cefriaxone (30
ng), Fusidic acid (10 pg), Tetracycline (30 ng),
and Ampicillin (10 pg) were of commercial
grade (Mast Group, UK).

Detection of Biofilm Production

By microtiter plate and an enzyme-linked
immunosorbent assay (ELISA) [26] the plate
divided to 4 replicates were prepared for each
isolate and Wells for negative control filled
with 100uL sterile nutrient broth. The plate
was then incubated for 24 h at 37°C in the
incubator.

The liquid contents of the bacterial wells
were gently removed, followed by washing
with sterile phosphate-buffered saline (pH
7.2) to remove any remaining planktonic cells
and air-dried for 15 min to fix adherent
organisms. Staining of biofilms with crystal
violet was performed for 15 min the stained
wells were rinsed off by placing the plate
under running tap water and dried for 15
min. the optical densities (OD) of stained
adherent bacterial films were read in ELISA
reader at 490 nm. The value for each isolate

(A1) was compared with control (Ac)
depending on the following:-

Ai>2*Ac  (strong  biofilm): Ac<Ai<2*Ac
(Moderate biofilm): Ai<Ac (no biofilm)
Bacteriophage

Two containers (2 liters) of sewage sludge
were obtained from the waste water

treatment facility located in Sheishein area
at Tikrit- Salah al din Governorate.

To produce larger scale of pseudophage was
used broth media as described by Sambrook
and Russel [27] with some modifications.
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Briefly, the plaques were scraped off using a
sterile lance and were transferred to sterile
nutrient broth (100ml) containing
Pseudomonas aeruginosa and incubated for
about 24 h at 37°C. Then was centrifuged at
5000 rpm for 15min and filtered through
(0.22p) Millipore Membrane Filter. Then was
collected in sterile bottles finally chloroform
was added (1:10) and stored at 4°C until
further use [27].

Stocks of 4 P. aeruginosa bacteriophages (Pab
1, Pab 2, Pab 3, Pab 4), prior to each assay,
the stock suspension of each bacteriophage
was titrated against a selected P. aeruginosa
bacterial strain using the soft agar overlay
small drop assay, as described below. Equal
concentrations of each bacteriophage were
used.

Titration by Double Layer Assay

Phage titer was determined by using the
double-layer agar method as designated by
Adams. Briefly, 100 pl of Pseudomonas
aeruginosa overnight culture, 100 ul of
diluted Pab phage solution in SM buffer, and
3 ml of molten soft agar (pre-warmed in a
water bath at 45 °C) mixed well and directly
poured in Petri dish containing a 1.5 %
nutrient agar. Then were incubated
overnight after which plaques were counted
on each plate and multiply by inverted
dilution [28§].

Sensitivity to Bacteriophage

The ability of phage to infect isolates of
strains P. aeruginosa was determined by
spotting technique [29] in brief spotting
inoculated at the center of each plate
cultured by one isolates. Then the plates
were incubated at 37°C and examined after
24 h. A clear zone in the bacterial lawn was
recorded as host susceptible.

Inhibition Biofilm by Bacteriophage

The microtitre plate biofilm formation assay
as described by O’Toole was used to assess
the ability of 4 locally isolates of
bacteriophages to eradicate P. aeruginosa
biofilms in vitro [30]. Treatments included
each of the 4 phages in nutrient broth at
concentrations of 107 and 108 PFU/mL, as
well as equivalent volumes of phage stocks of
the 4 phages, with nutrient broth as positive
control and nutrient broth with bacteria as a
negative control.

180 pL of each treatment was plated in
duplicate and biofilms were assessed at 24 h
after treatment. The biofilm plates were
gently washed twice with sterile PBS, and
then stained with 190 pL/well of 0.5% crystal
violet for 30min. The stained plates were
rinsed off by placing the plate under running
tap water and dried for 15 min, and left to
dry. And the plate was incubated at room
temperature for 30min. Absorbance at 490

nm was measured for each well using the
ELISA reader.

Results and Discussion
Isolation Bacteria

For the 50 samples which collected from
wounds infections in General Baqubah
Hospital, 10 isolates were identified as P.
aeruginosa.

Sensitivity to Antibiotics

The result of antibiotics sensitivity test of 10
P. aeruginosa isolates showed high resistance
associated with Cefepime (30 pg), Fusidic
acid(10 pg) and Ampicillin(10 pg) 9(90%)
followed by Amoxi- Clavulanic acid 80%then
Gentamycin 60% and Amikacin and
ceftriaxone 50%. While P. aeruginosa isolates
showed high resistance associated with
Erythromycin 80% then Imipenem and
Tetracycline 70%. From this results indicated
that the 10 isolates were multidrug
resistance as in Figure (1).
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Figure 1: Sensitivity of P. aeruginosa isolates to antibiotics
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Biofilm Formation

All 10 P. aeruginosa isolates have the
production of biofilm when detection in micro
titer plate by ELISA. Biofilm-associated
bacteria are tolerant to antimicrobial agents
and populations diversify (1), it is necessary
to have monitoring programs to continually
evaluate prevalent strains of problematic
pathogens.

Isolation of Pseudophage

4 P. aeruginosa bacteriophages (Pab 1, Pab 2,
Pab 3, Pab 4) were isolated from sewage
water by enrichment method. The titer of
Pab 1, Pab 2, Pab 3, Pab 4 was 5*109
PFU/ml, 2*108 PFU/ml, 1*109 PFU/ml and
6*107 PFU/ml respectively. Then each stock
was stored 1in the refrigerator after
chloroform added (1:10) until use. Many
previous studies isolated pseudophages [2,
31] at the isolation step, in these study only
virulent phages (lystic) were selected as
candidates for phage therapy while
temperate phages (lysogenic) were excluded
as these will easily convert hosts into (phage-
resistant) lysogens, thus making them
incapable of causing immediate lysis [32].
Plaques with turbidity were avoided, typical
of temperate phages will assist in the
selection of virulent phages produced clear
plaques [33].

Host Range
The 10 biofilm isolates described above

(designated biofilm variants) that were tested
for their susceptibility to 4 environmental
phages isolated in this study by spotting
method. The results are shown in figure (2).
6/10 isolates (60%) were lysed by Pab4, 4/10
isolates (40%) were lysed by Pab3, 2/10
isolates (20%) were lysed by Pabl and Pab2
with full activity spots (clear zone) seen on
the small drop plaque assay. So the Pab4 had
wide range while Pabl and Pab2 have
narrow range. One of the reasons associated
with phage therapy is the emergence of
phage-resistant variants of pathogenic
bacteria with increased fitness.

The host range of a phage reflects its ability
to (lytically) infect strains within a given test
panel where narrow host range phages infect
a small number of strains and broad host
range phages infect a wide range of strains.
Phages may exhibit narrow or broad host
range depending on (i) the presence of anti-
phage mechanisms in the test strains and;
(1) the presence of generalized (highly
conserved) or specialized (variable, non-
conserved) host-encoded phage receptors.

While broad host range phages are generally
more acceptable due to the increased
likelihood that clinical isolates that emerge
will be infected, narrow host range phages
may be useful in certain scenarios. In
contrast to antibiotics, which are broad
spectrum antimicrobial agents, the use of
narrow host range phages presents a new
opportunity (23).
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Figure 2: Host range of phages clinical isolates

While targeted narrow host range phage
therapies may have the potential for specific
applications, it is likely that broad host range
phages will continue to be the preferred
option as they possess a more powerful
destructive potential against a wider range of
pathogenic isolates. Furthermore, even those
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phages that are classified as exhibiting a
broad host range would still be considered to
possess a narrow activity spectrum relative
to antibiotics. Antibiotics may be effective
against multiple genera of bacteria, while
phages are rarely genus-specific, but most
species-or strain-specific [34, 35].
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Phage-host interactions require both a host-
encoded receptor(s) and a phage-encoded
receptor binding protein (RBP). The receptor
presented on the cell surface may be a
carbohydrate, protein [36] all Pseudomonas
phage-host systems characterized to date
attach to saccharidic receptors. Therefore, it
is clear that there is a diverse array of
Interactions at play among these phage-host
combinations [23].

Inhibition Effect of Pseudophage on
Biofilm

Table 1: inhibition biofilm formation by pseudophage

The 10 biofilm isolates described above
(designated biofilm variants) that were tested
for inhibition biofilm formation by 4
pseudophages isolated in this study by using
a microtiter plate. The results are shown in
Table (1). All P. aeruginosa were sensitive to
pseudophage by spotting assay were
inhibited the biofilm formation. Pab4
displayed suitable anti-biofilm activity in
vitro.

Phage id Pabl Pab2 Pab3 Pab4
Bacterial id
1 N N 1 1
2 N N N N
3 I N 1 N
4 N 1 1 1
5 N N N 1
6 N N 1 1
7 N N N N
8 I 1 N 1
9 N N N N
10 N N N 1

I (inhibition biofilm); N (no inhibition biofilm)

The first experiments involving the use of
phages in fighting biofilms were published in
1995 [37] Many experiments using various
bacteriophages and various bacterial biofilms
have been conducted to date (11, 12, 13, 14),
suggesting that phages are capable of
reducing the bacterial population in this
particular form of bacterial cultivation. In
theory, biofilm should become infected faster
than planktonic cells, as the vicinity of the
cells in the biofilm structure may increase
the phage replication rate [38].

But, the structure and composition of the
biofilm, as well as the physiology of biofilm
cells, may impose some limitations in this
regard. Various 1imaging  techniques,
including con-focal microscopy with
fluorescent in situ hybridization (FISH) and
atomic force microscopy have revealed the
heterogeneity of biofilm structures with a
diverse distribution of cells, matrix, and
water-filled channels and pores.

It is worth mentioning that many biofilms
have open structures with water-filled
channels that facilitate phage access inside
the biofilm [39, 40, 41] demonstrated the
ability of Lactocococus phage c2 to penetrate
the biofilm through water channels and cell
clusters in addition the radial movement of
T4 phage molecule across the biofilm, similar
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to the process of forming clear patches in the
bacterial lawn, suggesting that biofilms may
be destroyed by single phage doses. The
studies showed that both single- and dual-
species  biofilms may be effectively
con—trolled by phages; Doolittle et al. showed
that progeny phage will propagate radially
through a biofilm. At least in theory, a single
phage dose should be capable of treating a
biofilm infection as progeny phage infect
adjacent cells and degrade the biofilm matrix
[41].

Further research on simultaneous used in
combination phages with other antimicrobial
agents also seems justified [42]. Curtin and
Donlan [43] demonstrated that a phage that
1s active against Staphylococcus epidermidis
could be incorporated into a hydrogel coating
on a catheter and significantly reduce biofilm
formation by this organism in an in vitro
model system.

The application of Listeria phage with a
quaternary ammonium compound displayed
a synergistic effect [44]. An 85% reduction in
Pseudomonas fluorescens biofilm mass was
observed after treatment with phage FS1
[45]. Fu 2010 showed that the pretreatment
of catheters with pseudophages cocktail
reduced the 48-h mean biofilm cell density by
99. 9 %, but fewer biofilm isolates were
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resistant to these phages [9]. Phage AZ1
significantly reduced both planktonic cells of
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