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Abstract

Gram negative hospital acquired infection are a major problem since last two decades
Acinetobacter baumanii has emerged as a highly trouble pathogen for many institutions globally.
As a consequence of its immense ability to acquired antibiotic drug resistance determinant .1t has
justifiably been propelled to the fore front of scientific attention. Rapid spread of multidrug
resistant isolate causing infection. Acinetobacter baumannii clinical strains, were selected from a
new phage library for further characterization. The complete genomes of the two phages were
analyzed. Both phages are characterized by broad host range and essential features of potential
therapeutic phages, such as short latent period (27 and 21 min, respectively), high burst size (125
and 145, respectively), stability of activity in liquid culture and low frequency of occurrence of
phage-resistant mutant bacterial cells. Genomic analysis showed that while bacteriophage with
resemblance to some unclassified Pseudomonas aeruginosa phages, The newly isolated phages
can serve as control A. baumannii infections.
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Introduction:-

The gene Acinetobacter is defined as gram negative ,cocco bacilli often difficult to destain
strictly ,aerobic ,non motile ,catalase positive, and oxidase negative. some strain are micro
capsulated and rarely reduce nitrate growth occur even on simple medium between 20°C to 30°C
without any growth factor.Multidrug-resistant (MDR) Acinetobacter baumannii is a relatively
newly emerged pathogen, notorious for its role in nosocomial wound infections [1]-[3]. The
ability to form biofilms and extended survival on environmental surfaces along with broad
resistance to antibiotics puts A. baumannii on the list of the medically most important pathogens
[4]. The known risk factors for A. baumannii colonization or infection include prolonged
hospitalization, intensive care unit (ICU) admission, recent surgical procedures, parenteral

nutrition, invasive procedures, nursing home residence, and previous broad-spectrum antibiotic
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use [5]-[9].In comparison to other clinically relevant bacteria, Acinetobacter spp. can develop
antibiotic resistance extremely rapidly due to long-term evolutionary exposure to soil organisms
that produce antibiotics [10]. Many A. baumannii strains are characterized by an impressive
number of acquired mechanisms of resistance to antibiotics, including enzymatic inactivation,
modification of target sites, active efflux and decreased influx of drugs [11]. In addition, A.
baumannii has a naturally occurring carbapenem-hydrolyzing class D -lactamase (CHDL) gene,
intrinsic to this species, although phenotypic resistance is not associated only with the presence
of this gene and normally depends on other genetic determinants as well [12].Treatment of MDR
strains of A. baumannii is a challenging issue for modern medicine. Carbapenems are the
antibiotics of the first choice against multidrug resistant A. baumannii infections. However,
carbapenem-resistant A. baumanniii are being increasingly reported worldwide [6], [13]. Other
therapeutic options include sulbactam, aminoglycosides, polymyxins and tigecycline. Recently,
high resistance rates to tigecycline and polymyxins were also reported [14]-[16].Bacteriophages
active against MDR strains of A. baumannii could be considered as a potential solution to meet
the challenges posed by this pathogen. Indeed, a number of new phages carrying potential to
combat infections caused by A. baumannii strains have been recently reported [17]-[24].In our
study, we isolated and characterized two highly lytic bacteriophages, named in accordance with
the proposed nomenclature for bacteriophages by Kropinski et al. [25]. The phages were
characterized, according to criteria considered as essential for potential therapeutic phages and

both phages proved to meet all of them.
Materials and Methods:-
Bacterial strains

In total, 34 strains of Acinetobacter spp. were used in the study.Initial identification and
antibiotic susceptibility profile detection of the strains were performed . For the precise
identification, partial sequencing of the rpoB gene was performed [26]. All strains were typed by
rep-PCR using the kit . A cluster of closely related isolates was defined as isolates sharing >95%
similarity [27]. All strains were screened for the presence of two genes like carbapenemases

encoding genes in their genomes by Multiplex-PCR (M-PCR) [28].
Phage isolation, purification and propagation:-

K.M.hospital waste water samples were used for isolation of active phages by culture-enrichment
method described in Merabishvili et al. [29], with slight modifications. Briefly 15ml of 10x
concentrated LB broth was mixed with 135 ml sample water and 1 ml (108 cfu/ml) of

one/different combinations of test strains in a 200 ml bottle. The mixture was incubated at 32°C
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overnight. Subsequently, 3 ml of chloroform was added and the bottle was further incubated at
4°C for 2 h. The parallel streaks and agar-overlay methods [29] were used to check the lysates
for the presence of phages and subsequent isolation of pure phage particles. Plaques with
different morphology were touched with a sterile pipette tip, inoculated into 2 ml of sterile LB
broth and incubated at 37°C for 2 h. Each phage separation procedure was repeated 10 times to
ensure single phage suspensions.High titer bacteriophage stocks were prepared by the agar
overlay method [29]. The A. baumannii strain .Host strain for the propagation of the
bacteriophages. Further phage particles in the obtained lysates were precipitated using PEG 8000
(8%, wt/vol) + 1 M NaCl [30]. Phages for proteomic analysis were purified by centrifugation in
CsCl gradients at 140,000xg for 3 h [30].

Host range analysis and determination of Efficiency of Plating (EOP):-

The parallel streaks method [29] was used to detect the susceptibility of the 34 bacterial strains
for the two phages. All susceptible strains revealed by the parallel streaks method were titered
against the phages to detect the EOP and the ability of the phage to propagate in the strain. EOP
was calculated as the ratio of titer on the test strain to the titer on the host strain.

Phage adsorption and one-step growth parameters :-

Exponentially grown A. baumannii cells were mixed with each phage at a MOI of 0.001 and
incubated at 37°C. Aliquots of 50 pl were removed after 3, 5, 8, 10, 15 and 20 min and diluted
100 times in 4.45 ml LB broth and 0.5 ml chloroform. The tubes were incubated for 30 min at
room temperature and subsequently titrated to detect the number of non-adsorbed phages. The
rate of adsorption was determined according to Adams [32]. The adsorption curves were
constructed based on the ratio of non-adsorbed phage at different time intervals over the initial
phage number.In the one-step growth experiment, A. baumannii (108 cfu/ml) was infected with
each phage at a MOI of 0.001. The adsorption process was allowed to occur during 8 min at
37°C. The mixture was centrifuged (13,000%g, 1 min), and the pellet resuspended in 10 ml of
fresh LB broth and incubated for 1.5 h at 37°C. The samples were taken at intervals of 3 minutes
and titrated. The latent period was defined as the interval between adsorption of the phages to the
bacterial cells and the release of phage progeny. The burst size of the phage was determined as
the ratio of the final number of free phage particles to the number of infected bacterial cells

during the latent period.
Frequency of occurrence of phage-resistant mutant bacterial cells

The frequency of occurrence of phage-resistant mutant bacterial cells was detected by the

method described in Adams [32]. Briefly, 1 ml of bacterial culture at the concentration of 108
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cfu/ml was mixed with the appropriate volume of phage lysate at a MOI of 100. After 10 min of
incubation at 37°C, 100 pl of the mixture was spread on LB plates and phage-resistant colonies
were enumerated after overnight incubation at 32°C. The emerged colonies were isolated twice
to assure phage-free bacterial cultures. Further the isolated bacterial cultures were tested against
phages by parallel streaks method to confirm their true resistance. The experiments were

performed in triplicate and mean values calculated.
Results and Discussion :-

A. baumannii has been listed by the Infectious Diseases Society as one of the six top-priority
dangerous microorganisms. The increased occurrence of A. baumannii MDR strains and
in health care settings worldwide in general [9], [16] prompted us to search for alternative
solutions to the problem, such as bacteriophages. A. baumannii phage collection and
characterization of bacterial strains.The host range of the newly isolated phages was
studied on a collection of strains including the 28 clinical A. baumannii strains and other
representatives of the genus Acinetobacter,. All bacterial strains used in the study were
characterized according their susceptibility profiles towards four classes of antibiotics,
i.e. aminoglycosides, quinolones, carbapenems and polymyxins MDR A. Most of the
studied A. baumannii strains were also characterized by resistance to aminoglycosides
and quinolones and all of them revealed susceptibility to colistin A. baumannii strains (15
out of 28), each phage was able either to adsorb and/or propagate on 11 strains but 2
strains showed complete resistance to both phages. A. baumannii strains and to

propagate.
Phenotypic characterization of phages :-

The frequency of appearance of phage-resistant mutants in phage-sensitive strains is one of the
characteristics of major importance for therapeutic bacteriophages. the mutation frequency
parameters in the host strain A. baumannii These figures indicate a low ability of the strain to

obtain phage-resistance mutants.

The single-step growth experiments were performed for determination of latent periods and burst
sizes of phages, as important characteristics of phage infection process. characterized with a
shorter latent period of 21 min and a bigger burst size of 145 phage particles per infected host
cell. The obtained physiological parameters of the newly isolated phages characterize them as
phages with high activity against the susceptible strains.Stable activity of phages in broth
cultures represents their ability to overcome the growth of phage-resistant mutants and gives an

indication on effective titer of therapeutic preparations to be used in future.Study of phage
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activity after 24 hour. Study of phage activity after 48 hours. Control: non-infected bacterial

culture of A. baumannii strain .
Conclusions:-

The newly isolated A. baumannii phages Acibel004 and Acibel007 are characterized by a broad
host range, a relatively low frequency of occurrence of phage-resistant mutant bacterial cells and
infection parameters required by therapeutic phages in general. Close genetic relatedness of the
studied phages to well-known groups of lytic phages together with the absence of the genes
associated with lysogeny indicates a true virulent nature of these phages. In conclusion,
Acibel004 and Acibel007, based on thorough characteristic of their physiology, genome and
proteome, can be regarded as phages with a high potential to be applied for bacteriophage-based
therapy against infections caused by A. baumannii strains. Further in vivo safety and efficacy of
these phages produced as a therapeutic preparation need to be evaluated in clinical trials.
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