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Persistent infection with multidrug resistant Pseudomonas aeruginosa (P. aeruginosa) represents a
real problem for health care providers. Bacteriophage lytic enzymes or lysins are highly evolved
molecules that have been specifically developed by phages to quickly and efficiently allow their

Isolation of endolysin from P. aeruginosa bacteriophages, and administering them systematically in
This study was performed from March 2015 — August 2017, during which 50 bacteriological samples
of P. aeruginosa were collected, and examined for their antibiogram, then bacteriophage cocktails
were done for 5 resistant strains of them. Endolysins were extracted from their corresponding

bacteriophages and characterized. The enzymatic and antibacterial activities as well in vivo

This study showed that the extracted endolysin from these bacteriophages was effective in treating
laboratory mice from bacteremia with P. aeruginosa and saving their lives when injected

Endolysin can be extracted directly from their bacteriophages and used effectively in proper doses

Abstract
Background
progeny to be released from the host bacterium while destructing that bacterium.
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vivo lab animal and measuring their therapeutic efficacy as well as evaluation of their biosafety.
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Keywords Pseudomonas aeruginosa, bacteriophage, endolysin, MDR
Citation

Ali MR, Kadhim SR, Abdulamir AS. Extraction, purification and therapeutic use of
bacteriophage endolysin against multi-drug resistant Pseudomonas aeruginosa: An in-vitro and
in-vivo study. Iraqi JMS. 2018; 16(4): 405-412. doi: 10.22578/1JMS.16.4.8

List of abbreviations: EDTA = Ethylenediaminetetra acetic
acid, LB = Luria—Bertani broth, MDR = Multi-drug resistant, OD =
Optical density, P = Pseudomonas, PBS = Phosphate buffer saline, pP =
Phage to Pseudomonas aeruginosa

Introduction
acterial infections are responsible for
significant morbidity and mortality in
clinical settings (. Many infections that
would have been cured easily by antibiotics in
the past now are resistant, resulting in sicker
patients and longer hospitalizations. The

endolysins of the bacteriophages are highly
evolved molecules that have been specifically
developed by phages to quickly and efficiently
allow their progeny to be released from the
host bacterium. These enzymes damage the
bacterial cell wall’s integrity by hydrolyzing the
four major bonds in its peptidoglycan
component ). The endolysins that have been
characterized are amidases; usually do not
have signal sequences to translocate them
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through the cytoplasmic membrane and cleave
their substrate in the peptidoglycan. Instead,
the endolysins’ translocation is controlled by a
second phage gene products called holins @),
During the bacteriophages development in the
infected bacterium, endolysin accumulates in
the cytoplasm until bacteriophage maturation.
During a specific time genetically controlled,
holin molecules, which inserted in the
cytoplasmic membrane are activated, resulting
in the formation of pores so the preformed
endolysin in the cytoplasm can access the
peptidoglycan, there-by causing cell lysis and
the release of the new bacteriophages .
Bacteriophages are able to lyse their targeted
bacterial hosts, a fact that has been known for
almost a century, and since the late 1910s
bacteriophages have been used to prevent and
treat human and animal diseases of bacterial
origin. However, bacteriophage-encoded
enzymes have only newly begun to be used for
various applications; e.g.: reducing bacterial
contamination in dairy products and the
preparation of bacterial vaccines (>,

The current study aimed to isolate endolysin
from P. aeruginosa bacteriophages, and
evaluate their therapeutic efficacy as well as
their biosafety in lab animals.

Methods

Samples of bacteria were collected from Al-
Imamein Al-Kadhimein Medical City. A total of
50 different P. aeruginosa isolates were
collected from Bacteriology laboratory. The
specimens were collected from hospitalized
patients and outpatients suffering from severe
urinary tract infection, otitis media, skin
infection, and septicemia. The specimens were
cultured in screw universal tubes containing
nutrient broth wrapped by parafilm or by using
sterile swabs; both were put in ice bags and
were transferred at the same day to the
laboratory of Microbiology Department in the
College of Medicine, Al-Nahrain University to
be subcultured on nutrient agar or stored in
refrigerator at 4 0C for 24 h (),

Different crude samples for phage isolation
were obtained from different regions in

Baghdad including sewage (30-40 ml), waste
water (30-40 ml), feces of sheep (20 gm),
chicken litter (15-20 gm), swab from surgical
lounges during the period from January 2015
to June 2015. The samples were put in clean
test tubes wrapped by parafilm in ice bag and
transported to the laboratory in the same day.
Each sample was divided into two aliquots; one
was stored in the refrigerator at 40 °C until be
used and the other was worked at the same
day.

Stored specimens were plated on nutrient agar
by streaking method. P. aeruginosa formed
smooth round colonies with a fluorescent
greenish color on nutrient agar. Single colonies
of P. aeruginosa from a growing stock were re-
cultured by ABC streaking on nutrient agar
plates in order to isolate single discrete
colonies. Then, a battery of diagnostic
approaches was pursued for the diagnosis of
Pseudomonas bacteria including oxidase test,
Gram staining, microscopical examination and
Luria broth. This media was prepared according
to the manufacturing instructions and sterilized
by autoclaving at 121 °C for 15 min. Diagnosis
of the isolated bacteria relied first on oxidase

test. Oxidase positive isolates suggests
Pseudomonas species, microscopic
examination (rod shaped bacteria), Gram

staining (Gram-negative rods) confirm the
presence of P. aeruginosa. The bacteria were
stocked in Luria—Bertani broth containing
glycerol (30% v/v) and preserved at -20 °C.
Primary phages are those phages that were
isolated from environmental specimens when
were mixed with target bacteria. The
procedure of isolating and propagating primary
phages was done according to the
methodology conducted in a patent concerned
with phage isolation ().

Virulent phages were screened by phage
spotting test on a nutrient-agar. Phage spotting
can be used to provide a first approximation of
the ability of a phage to lyse certain bacterial
isolates. The formation of clear zones suggests
the presence of lytic phages ©).

The therapeutic effect of extracted endolysin
was evaluated by using three groups of mice (2
months' age, weighed 25+1.5 g/mice) for each
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bacterium (P. aeruginosa), each group was
composed of 5 mice.

The first two groups of mice received
intraperitoneal (IP) injections of 400 pl aliquots
of bacterial suspension at concentration 108
CFU/ml, one of these groups was treated with
0.4 ml of 20 pg/ml of Pseudomonas specific
endolysin, which was injected 3h after the
bacterial challenge in order to evaluate the
ability of administered endolysin to rescue the
tested bacteremic mice from the inevitable
fate of death by the bacterial infection (9). On
the other hand, the third group received only
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IP injection with 0.4 ml of 20 pg/ml of
Pseudomonas specific endolysin  without
bacterial infection.

After disinfecting the area of injection by 70%
alcohol, the first and second groups of mice
were injected IP with 108 CFU/ml of the
bacterial isolate. Then, every hour interval, the
mice of control, test, and endolysin only groups
were monitored for their health and physical
activities and timely health score was recorded.
According to (Biswas) 19, certain health scoring
system was used as shown in table (1).

Table 1. The health scoring system of bacteremic mice

Health signs Health level
Normal and unremarkable condition 5
Slight illness(lethargy and ruffled fur) 4
Moderate illness(severe lethargy, ruffled fur, and hunched back) 3
Sever illness (severe lethargy, ruffled fur, hunched back, and exudative 2
accumulation around partially closed eyes)
Moribund state 1
Death 0

Results

In this study, three phages active against P.
aeruginosa were isolated and purified. All of
the isolated phages formed visible plaques in
the early stage when tested on bacterial lawn

of specific MDRs P. aeruginosa. They were
isolated directly from environment by showing
lysis on bacterial lawns as shown in figure (1).
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Characteristics of these phages were
determined by the diameter, clarity/turbidity,
margin cut, and shape of their plaques. The size

of plagues ranged between 1.5-2.6 mm. The
morphological characteristics of the plaques
are shown in table (2).

Table 2. The plaque characteristics of the isolated phages to MDR Pseudomonas aeruginosa

bacteria
Bac.teriophage Plaques Size Margin cut Plaqfles Plaques
isolates (mm) clarity shape
pP1 1.5 Irregular Clear Circular
pP2 2.6 Irregular Semi-clear Oval
pP3 1.8 Irregular Semi-clear Circular

pP: phage to Pseudomonas aeruginosa

Endolysin was successfully extracted from all
the three P. aeruginosa bacteriophages using
sephadex G100 column chromatography. After
sephadex G100 chromatography, each
bacteriophage lysate gave eight aliquots of 0.5

ml eluted fluid fractions in Eppendrof tubes,
one of them showed positive result on
corresponding bacterial lawns as shown in
table (3).

Table 3. The fraction that endolysin like activity was found for each bacteriophage

Bacteriophage

Endolysin positive tube

pP1
pP2
pP3

2nd
3rd
2nd

pP: phage to Pseudomonas aeruginosa

The optical density of bacterial broth for each
bacteria was measured initially once at zero
time, just before the addition of corresponding
endolysin. After the addition of the purified
endolysin, three days after their extraction,
with the concentrations (25, 40, 20 pug/ml), the
optical density was measured every five
minutes till one hour. The optical density of the
tested bacterial broth was obviously decreasing
with time as shown in table (4 a and b).

The result of this experiment showed that the
health score of the first group (five mice

injected with bacteria alone) started to
decrease after two hours, afterwards the
health score declined progressively. They died
after eight hours. On the other hand, the
second group (five mice injected with bacteria
and endolysin) lived for more than four weeks
with full physical activity and the third group
(five mice injected with endolysin alone) also
lived for more than four weeks with full
physical activity.as shown in tables (5) and (6).
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Table 4a. Changes of optical density of bacterial broth with endolysin addition

Time (min.) OD of P1* OD of P2 OD of P3
0 1.34 1.34 1.34
5 13 1.32 1.29
10 1.25 1.27 1.24
15 1.21 1.24 1.16
20 1.12 1.19 1.09
25 1.05 1.14 1.02
30 0.96 1.07 0.94
35 0.85 0.98 0.85
40 0.76 0.92 0.74
45 0.64 0.83 0.63
50 0.56 0.74 0.5
55 0.52 0.65 0.46
60 0.49 0.56 0.43

A OD/ min 0.014 0.013 0.015

*: net OD of P1-3 after deducting OD of the broth only (0.46)
OD: optical density, P: Pseudomonas aeruginosa

Table 4b. Pace of OD change every 5 minutes

Time (min.) A OD of P1 A OD of P2 A OD of P3
5 0.04 0.02 0.05
10 0.05 0.05 0.05
15 0.04 0.03 0.08
20 0.09 0.05 0.07
25 0.07 0.05 0.07
30 0.09 0.07 0.08
35 0.11 0.09 0.09
40 0.09 0.06 0.11
45 0.12 0.09 0.11
50 0.08 0.09 0.13
55 0.04 0.09 0.04
60 0.03 0.09 0.03
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Table 5. Health score of mice injected with bacteria alone or with endolysin

Median of Health Median of health
P value
Health scores health scores of scores of test (Mann
bacteremic scores of test group 2 group 2 .
Hours . . . Whitney
group 1 bacteremic (bacteria + (bacteria +
. . test)
group 1 endolysin) endolysin)
Oh 5,5,5,5,5 5 5,5,5,5,5 5 0.920
2h 3,3,4,3,2 3 3,4,3,3,4 3 0.465
4h 3,2,3,3,1 3 5,5,4,4,5 5 0.012
6h 1,1,1,1,0 1 5,5,5,5,5 5 0.012
8h 0,0,0,0,0 0 5,5,5,5,5 5 0.012
Table 6. Health Score of mice Injected with endolysin alone or nothing

Health scores Median of health Health Median of health P value
endolysin onl scores of scores of scores of health (Mann

Hours rZu 3 4 endolysin only healthy roun 4 4 Whitney
group group 3 group 4 group test)
Oh 5,5,5,5,5 5 5,5,5,5,5 5 0.920
2h 5,5,5,5,5 5 5,5,5,4,5 5 0.674
4 h 5,5,5,5,5 5 5,5,4,4,5 5 0.347
6h 5,5,5,5,5 5 5,5,5,5,5 5 0.920
8h 5,5,5,5,5 5 5,5,5,5,5 5 0.920

Discussion a single dose of a specific endolysin was

Phage lysin therapy is a possible alternative to
antibiotics for the treatment of bacterial
infections. Indeed, it has proven to be
medically superior to antibiotic therapy (1213,
The results of the current research support this
notion, as phage lysin was shown to be highly

efficacious against infections caused by
inoculation  with  antibiotic-resistant  P.
geruginosa.

In this study, three phages for different P.
aeruginosa were isolated and characterized.
The phages demonstrated high lytic activity
underscoring its great potential to treat
infections with these bacteria. The experiments
presented here revealed that a single
intraperitoneal injection of the corresponding
lysin rescued mice from death due to P.
aeruginosa even when bacteremia was already
well established, and it was observed that
effective protection was achieved in mice when

administered two hours after inoculation of P.
aeruginosa.

The results obtained in this experiments are
encouraging, since these findings and those of
others support the development in a near
future of modified procedures to improve the
use of lysins in a more efficient way. For
example, intravenous administration of the
enzymes may confer a superior protection to
animals when used later after the challenge.
Most interestingly, a single intraperitoneal
injection of endolysin was sufficient for a
complete cure of mice. provides a rapid and
specific lytic activity, making these proteins
very promising candidates in current
antimicrobial therapies (4,

This study shows that bacteriophage lysins
from P. aeruginosa can be used to efficiently
reduce the bacterial burden of these bacteria,
which are multidrug resistant, both in vitro and
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in vivo, and this study emphasizes the potential
therapeutic role of phage lysins for treatment
of Gram-negative bacterial infections.

Animal studies have generally supported the
utility and safety of endolysin phage therapy
against bacterial pathogens, such as P.
aeruginosa (1%),

The route of endolysin phage administration
was particularly important to the efficacy of
the treatment. Intraperitoneal route provides
significant protection similar to that of
intravenous route. It was stated that endolysin
for P. aeruginosa phages administered by the
IP route are distributed, in high titers, more
rapidly and delivered for a more sustained
period of time to all of the tissues (1),

Actually using a severe model of sepsis that
leads to 100% lethality of mice in less than 24 h
is a difficult challenge for every imaginable
antibacterial agent. Two hours after bacterial
injection, health score of mice began to decline
progressively; A single injection of endolysin,
rescued 100% of MDR P. aeruginosa septicemic
mice. Thus, this study showed that endolysin
administered in a single dose 2 h post bacterial
infection resulted in 100% survival of treated
mice when compared to the control group.

This study concluded that endolysin can be
extracted directly from their bacteriophages
and used by injection of mice with bacteremia
with the proper dose of the extracted
endolysin of the corresponding bacteriophages
which was effective in all of them.
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