ISSN: 1343-4292
Volume 140, Issue 03, June, 2022
Isolation and molecular detection of Salmonella
Bacteriophage from Chicken feces and sewage

Reem Zuhair shaker™, Atheer Abdulrazzaq abdulazeez Aldoori?, Rugaya Mustafa Ali®, Hiba Saad Rashid*

Department of Micro Biology /College of veterinary medicine / University of Baghdad — Iraq*?
Centeral veterinary Lab / Ministry of Agriculture — Irag®*

Corresponding author: 1* @

ABSTRACT— A total of 170 samples of (chicken poo and sewage) were grown on selective medium for
Salmonella isolate identification and bacteriophage isolation (salmonella bacteriophage). Out of 170
samples results gave us the existence of 20 bacteriophage. Salmonella Bacteriophages were found in 11.7%
of the samples analyzed and tested against the most commonly isolated of Salmonella isolates.
Bacteriophage demonstrated potent Iytic activity against Salmonella isolates (enteritidis, typhimurium) by
forming a clear and transparent zone in the spot and double layer agar assays, implying that bacterial
challenge assays were used to assess the relative ability of Bacteriophage to lyse Salmonella in vitro,
producing plaques 3-6 mm in diameter surrounded by halos on a Salmonella lawn. Also using Transmission
Electron Microscope to note the shape of the bacteriophage and then diagnosed to which family it belongs,
which turned out to be back to the Myoviridae family, revealed the existence of an icosahedral head, 140.20
nm, and a contractile tail, 115.25 nm. Salmonella bacteriophage might encode genes inv-A, sit-C, inv-F
from our Salmonella isolates, according to our findings.

KEYWORDS: Salmonella bacteriophage, lytic profile of Salmonella bacteriophage, coding of virulence
factor of Salmonella

1. INTRODUCTION
Bacteriophages are bacterial viruses that, unlike antibiotics, precisely and efficiently attack their intended
host bacteria. Furthermore, the methods by which antibiotics and bacteriophages Kkill bacteria are
fundamentally different, as are the mechanisms by which bacteria gain resistance to antibiotics or
bacteriophages, [1], [2].

Bacteriophages are characterized according to their morphology (three-dimensional, pleomorphic,
polyhedral, icosahedral, filamentous, head-tail, or thread-like shaped), nucleic acid (sSRNA, dsRNA,
ssDNA, dsDNA), bacterial target, and location. Almost 5000 bacteriophages were studied using electron
microscopy, and the vast majority of them (96 percent) possessed tails. Bacteriophages are classified into 15
families and many orders.

The tailed bacteriophages are divided into three families: Siphoviridae (61%), Myoviridae (25%), and
Podoviridae (5%). (14 percent). According [3], the vast majority of bacteriophages belong to the
Caudovirales group and have isometric heads ranging from 20 to 200 nm, making them 1000 times smaller
than the average bacteria 0.5-20 m.

Genetic screens that identified bacterial genes essential for bacteriophage growth as well as host genes
associated with delayed or increased host cell death after infection. The identification of new bacterial
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genes involved in this process contributes to a better understanding of the molecular processes by which
bacteriophages successfully grow in and destroy their host cells. Furthermore, according to [4], [5] we
uncovered a novel gene that is essential for bacteriophage infection, and we show that it creates a protein
required for the successful transfer of DNA from the virion into the cell.

Bacteriophage virions with double-stranded DNA tails adsorb to certain features on the surface of target
cells and then release their genomes into the cytoplasm via a process known as ‘injection’ or 'ejection.' The
host's surface proteins or polysaccharides aid initial adsorption or adhesion, and more host proteins may be
required for successful DNA injection [6], [4], [54- 74].

Our objective is to confirm the presence of Salmonella Bacteriophage using a spot test, a. double layer agar
assay, and a transmission electron microscope (TEM).

2. Materials and Methods

2.1 Samples collection

The samples were separated into two parts: a) 95 fecal sample from broilers chicken was collected by taking
5 grams of feces in a clean container with disinfectant residue. b) 75 sewage samples of 10 ml were
collected from the same sites as (). The fecal samples were sent to the laboratory to make all the biological
and biochemical investigation, therefore the total number of samples was 170, and these samples were
collected in various regions of Baghdad between January and September 2021, as shown in table (1).

Table (1): Showed the areas for collecting of samples in this study for isolation of Salmonella
Bacteriophage

No. Name of Places Type of Samples No. of Samples

1 Abu Ghraib (5) gm of feces 40 |
2 Shisha (5) gm of feces 55 |
6 Abu Ghraib (10 ml) sewage 20 | |
7 shisha (10 ml) Sewage 25
8 7" of April District/ Amriya (10 ml) sewage 20
9 Organization Street / Amriya (10 ml) sewage 10 - -

Total 95+ 75 =170

2.2 Isolation and Identification of Salmonella Bacteriophage

It was done by taking 5 gm of chicken feces, forming a suspension (1 gram feces: 9 ml physiological saline,
pH 7.4), then taking 1.5 ml, putting it in an eppendorf tube, and centrifuged it (14 g for 10 minutes at 4°C).
Supernatants were filtered through a 0.22um-pore-size filter (CHM CA, Spain), and 0.1 ml (100 uL) of
these supernatants was combined with 10 ml of nutritional broth (Himedia, indi) After incubation, bacteria
were removed by centrifugation (14 g for 10 minutes at 4°C), supernatants were filtered through a 0.22pm-
pore-size filter, and Salmonella bacteriophage was isolated from these supernatants using two methods:

(a) Spot assay

We used this assay to ensure the presence of lytic bacteriophages by prepared enriched bacteriophage and
filtrates by putting 100 pL of Salmonella bacteriophage supernatant on two plates of nutrient agar
(Himedia, india) which contains sodium chloride (NaCL = 5.8/liter) cultured with Salmonella (enteritidis,
typhimurium) (300 uL), and (500 pL) 10° colony-forming units/mL).

(b) Double Layer agar (DLA) assay
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The double Layer agar allows for localized bacteriophage -bacteria interaction on plates with two levels of
agar placed on top of each other (LOT, China, 2020). Bacterial growth medium is created for the bottom
layer (for Salmonella, using 1.5 percent agar). The top layer contains the same medium but with a lower
concentration of agar (0.5 percent) (Oxoid, UK), considered soft agar, and it is mixed with Salmonella and

poured onto the bottom layer, resulting in a so-called lawn, begin: by combining 100 pL of supernatant for

Salmonella Bacteriophage (we nominated above) with 300 pL of fresh Salmonella (enteritidis,
typhimurium) culture (108 colony forming /ml) in a tube, 5 ml of semi-soft nutritional agar was added. The
tube suspensions were combined and sprayed over 30 mL of nutritional agar. The plates were then allowed
to firm up at room temperature for 10 minutes before being inverted and incubated at 37 degrees Celsius for
24 hours. Plaques were counted and the number of bacteriophages was calculated as plaque forming unit
(per ml) (pfu) in accordance with [7- 13], the (a & b) assays considered a vitro assay for detection of
Salmonella bacteriophage.

The concentrated bacteriophage stock was deposited in Eppendorf tubes (Labnet, USA) at a concentration
of 108 pfu/ml and stored at 4°C Freeze-dried preparations were stored at -20 C..

2.3 Diagnosis of Salmonella Bacteriophage by Transmission Electron Microscope (TEM)
Transmission electron microscopy(TEM) was used to investigate the morphology of the Salmonella

bacteriophage. In summary, 10 pL of concentrated bacteriophages (1010-1011 PFU/mL) were spotted on a
200 mesh carbon-coated copper grid and incubated for 1 minute with a 2 percent uranyl-acetate solution
(Sigma, Aldrich, UK). Grids were allowed to dry before TEM (Tescan, France) on 120 kV [14], [5], [15].
We also used TEM to capture the Salmonella bacteriophage that was attacking the Salmonella.

2.4 Salmonella bacteriophage encoded virulence genes
The SaMag Kit was used to extract DNA from bacteriophage (Sacace, Biotechnologies, Italy). Table (2),
[16], [4], [17], [15].

Table (2) PCR Primer formula to investigate Salmonella bacteriophage encoded virulence genes of
Salmonella isolates

. . . Product

Primers Sequences ( 5"-------------- 3) size (bp) Ref.

Inv-A "F:5-CTGGCGGTGGGTTTTGTTGTCTTCTCTATT-3 284 (52)
R:5- AGTTTCTCCCCCTCTTCATGCGTTACCC- 3

sitC F:5- CAGTATATGCTCAACGCGATGTGGGTCTCC - 3 768 (53)

R: 5-CGGGGCGAAAATAAAGGCTGTGATGAAC - 3

inVE F:5- AAGGGATCCATGTCATTTTCTGAAAGCGACAC- 3 918 (52)

R:5- GTTGTAGGGAAAGCTTCTCCAGTAATG- 3

Inv-A (invasion factor A). ***
Sit-C (Sal. Iron Transporter C). ***
Inv-F (invasion factor F). ***

3. Results

3.1 Detection of Salmonella bacteriophage in vitro
Between January and September 2021, we collected 95 fecal samples from chickens and 75 sewage samples
from different places in Baghdad. In a total of 11.7 percent positive, 9 bacteriophages were isolated using
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Salmonella typhimurium as the host bacterium by percentage 1.05 % and 11 bacteriophages were identified
using Salmonella enteritidis as the host bacteria by percentage 1.29 %. This was accomplished by
employing two approaches for bacteriophage identification. The first, a spot test, established the presence of
individual lytic bacteriophages by the formation of clearing zones (lytic spots) in plates coated with
corresponding Salmonella isolates.

Bacterial challenge experiments were utilized to evaluate the relative capacity of Salmonella bacteriophage
to lyse Salmonella in vitro, producing plaques 3-6 mm in diameter surrounded by halos on a Salmonella
lawn. Figures (1 and 2).

N

Figure (2) Showed the lytic profil of Bacteriophage to Salmonella isolates

In this study, the bacteriophage showed a high variability, distinguishing some different lysis profiles,
forming clear, flat surfaces of varying size with well-defined edges, as shown in Figures (3, 4 and 5), which
were defined according to the absence or presence of lysis on Salmonella (enteritidis, typhimurium) as host
bacteria.

Figure (3) Showed the lytic profile of Bacteriophage to Salmonella isolates
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Figure (5) Showed the lytic profile of Bacteriophage to Salmonella isolates

Furthermore, in both diagnostic processes, the majority of the bacteriophages (N=20) displayed a broad
lysis profile (spot assay & double layer agar assay).

The (20) isolated bacteriophages in our study showed considerable differences in plague size and turbidity
morphologies.

3.2 Detection of Salmonella Bacteriophages by using Transmission electron microscopy (TEM)
Transmission electron microscopy revealed the existence of an icosahedral head, 140.20 nm, and a
contractile tail, 115.25 nm, indicating that it is a member of the Myoviridae family, with scale bars of 100
nm. Figure (6).
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Figure (6) An image showing Salmonella bacteriophage by TEM with scale bars of 100 nm

An image was also captured of the instant when the Salmonella bacteriophage invaded, which was analyzed
and photographed using a transmission electron microscope, as shown in Figure (7).

Figure (7) An image showing the moment Salmonella bacteriophage invaded Salmonella by TEM

3.3 Salmonella bacteriophage encoding for virulence genes of Salmonella isolates
According to our results, bacteriophages are capable of encoding Salmonella genes (inv-A, sit-C, inv-F).
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768bp

Figure (8) On 1.5 percent agarose gel, the 284 bp amplicon of the inv-A gene was visible, as was the 768
bp amplicon of the Sit-C gene.

918bp

Figure (9) A 1.5 percent agarose gel revealed a 918 bp amplicon of the inv-F gene.

4. Discussion

Bacteriophages (phages) are naturally occurring bacterial population controllers. Bacteriophage proteins are
responsible for bacteriophage specificity and pathogenicity. These proteins include: i) adhesins, which
recognize specific receptors on the bacterial surface; ii) enzymes, which degrade bacterial cell wall
components or bacterial slime; and iii) structural proteins, which comprise the bacteriophage capsid.

Bacteriophage enzymes hydrolyze carbohydrate and protein components, destroying the bacterial cell wall
from the inside and the outside. All of these proteins protect bacteriophage genetic material, stimulate
bacteriophage proliferation, and assure bacteriophage nucleic acid injection into the bacterial cell [18], [19].

When these bacteriophages were tested using a spot assay and a double layer agar assay, 11.7 percent of the
isolated bacteriophages (20 out of 170) produced distinct plagues 3-6 mm in diameter surrounded by halos
on a Salmonella lawn and were capable of lysing 17 isolates, according to [20], in the instance of isolation
of Staphyloccus aureus bacteriophage from milk in cases of mastitis [21- 23], [5].

Bacteriophage virus must be able to locate and bind to a specific host cell before triggering a mechanism
that injects the viral genome (its nucleic acid) into the host cell. The viral nucleic acid is encased in a
protein coat known as the capsid, and the majority of bacteriophages have a tail on the capsid via which the
viral nucleic acid may be injected into the host cell to infect it [24].

In this investigation, we used lysis profiling to look at the different bacteriophages that infect Salmonella
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isolates. The higher efficiency may be attributed to the enrichment isolation procedure, which may have
influenced the specific selection of Salmonella and thus of the specific bacteriophages infecting these
bacterial isolates; these findings are consistent with [25- 27], [5].

Furthermore, our research demonstrated that diffusion in the two layer agar experiment allows bacteria to
completely occupy the grass and bacteriophages to cling to the bacterium [23], [13], [15].

Bacteriophages are self-replicating and self-limiting bacterial viruses that multiply solely at the host's site
and are finally k colleagues illed in the absence of host bacteria [28], [1]. Using a lysis efficacy test [29],
demonstrated that the bacteriophage may inhibit bacterial growth in the planktonic environment.

Burst size and latency duration have previously been found to be important in defining a bacteriophage's
Iytic capabilities; moreover, a bacteriophage specific to this large isolate may give a possible precision tool

[13], [5].

Double layer agar assay (Plaque assay) One of the most established assays for bacteriophage efficacy
determination, is the plaque assay, figures (3, 4, 5). In this method, bacteriophage suspensions are spotted
onto bacterial lawns by the double-layer agar assay, and the growth inhibition areas, or plaques, are
evaluated. This assay might be well suited for routine and simultaneous testing of multiple candidate
bacteriophages and bacterial isolates as it requires only a simple procedure of bacteriophage spotting.
Several parameters should be considered when selecting bacteriophages for treatment with the plaque assay.
Bacteriophages producing the clearest and largest areas should be favored. Furthermore, expanding plagques
can indicate the ability of the bacteriophage to lyse non-dividing cells. However, bacteria colonies within
the plaques can indicate pre-existing resistance, and turbid plagues can suggest lysogenic or efficient
defence mechanisms of the target bacteria. Final results (ie, plaque-forming units) are usually established
within 24 hours or according to the growth rate of the target host. Nevertheless, changes can occur in the
plate after evaluation, with the appearance of new plaques or bacterial regrowth [11], [1], [15], [30].

[15] proved, it can only be concluded the bacteriophage has the relatively strict host specificity. The high
specificity of bacteriophages is its greatest advantage, and it is also one of the obstacles that limit its
practical application. Precise targeting is an important consideration for any prevention and treatment
method. The high specificity of bacteriophages is the guarantee of accurate targeting. However, when many
different species and interspecies variants need treatment, just like the treatment of typical bacterial
infection, the system needs flexibility to target a large part of these variants. Therefore, appropriately
broadening and changing the host range of bacteriophage is an important step to realize the application.
Although it has been reported that the host spectrum of bacteriophages is changed by engineering methods,
but it is limited to several bacteriophages that clarify the mechanism of receptor binding protein adsorption
on the host, which is still a long way from practical application.

Generation bacteriophage therapy involves the use of bacteriophage-derived products, such as lytic
enzymes. Bacteriophages use lytic enzymes to hydrolyze the cell wall of their host bacteria, allowing for the
release of viral progenies. The enzymes, including holins and endolysins, are possible bacteriophage -based
pharmaceuticals in the future. In particular, these proteins are seen as potential antimicrobials because of
their low-dosage potency and high target specificity similar to bacteriophages. Mass production of lytic
enzymes is also easier using traditional recombinant techniques [31]. In recent years, engineered lytic
enzymes have been explored to induce highly specific or broad-spectrum cell wall cleavage [30].
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Bacteriophage adsorption onto host cells. Understanding the processes involved and the variables
influencing them is thus critical for studying host-bacteriophage interactions. This information gives an
overview of the bacteriophage, host receptors involved in identification and adsorption, as well as their
interactions during attachment. Understanding the entire infection process, beginning with adsorption, can
help and speed up our understanding of bacteriophage ecology. To aid with this endeavor, (32), an open
access resource that serves as a repository for information on known and newly found bacteriophage
receptors [1].

Salmonella bacteriophage morphology was evaluated using TEM, which revealed the presence of an
icosahedral head, 140.20 nm, and a contractile tail, 115.25 nm, indicating that it is a member of the
Myoviridae family, with scale bars of 100 nm, (figure 6) [14], [5].

Salmonella isolates employ virulence genes to invade cells and begin pathogenicity. Because it comprises
sequences that are unique to the genus Salmonella, invasion A (inv A) is one of the most researched
virulence factors that is also employed as a biomarker for Salmonella isolate identification. Invasion A is a
factor in the outer membrane of Salmonella isolates that is responsible for infection by invading host
epithelial cells in the intestines [33].

Were shown to be capable of accurately identifying all Salmonella isolates tested. Salmonella invA gene
sequence has been found to be an excellent PCR target with diagnostic potential, and it is fast, sensitive, and
accurate for Salmonella identification across a wide spectrum of medical specimens. These results were in
line with the conclusions of this investigation. Only pathogenic Salmonella has the virulence invA gene
[34]; moreover, [35] said that the invA gene contains unique sequences for the Salmonella genus and has
demonstrated to be a viable target for PCR diagnostic purposes.

Salmonella just needs a little amount of nutrients from the host environment to survive and reproduce. Iron
is required when Salmonella proliferate rapidly in the body [36]. In vivo, sitC appears to be a major iron
transporter [37], along with other iron-containing genes, was thought to have a role in Salmonella
pathogenesis by [39], and the sitC gene was found in all isolates [39].

Bacteriophages employed for environmental, industrial, or medicinal objectives should only go through the
Iytic life cycle to prevent the risk of horizontal virulence gene transmission [29].

It is now possible to evaluate the relevance of integrated viral sequences in bacterial genome diversity.
Temperate bacteriophages may, in fact, use site-specific recombination to integrate their host's DNA and
transmit vertically to host siblings.

They discovered that an array of factors work synergistically to maintain the microorganism's growth within
the host and assist the microorganism in expressing its virulence, which included the sitC gene, which was
successfully amplified using PCR in all isolates and plays a role in iron acquisition, in a study on
Salmonella enteritidis and Salmonella typhimurium from chicken meat in Egypt.

The findings of this study are similar with prior studies, indicating that these virulence genes are broadly
dispersed among Salmonella. The fact that the Salmonella isolates were non-pathogenic may explain this
conclusion. This discovery might suggest that sitC was found on virulence plasmids, which are not always
present, and that virulence plasmids are serovar-specific, with not all plasmid-bearing serovars including
virulence plasmids [40].
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Salmonella iron transporter gene (sitC), one of the genes encoding iron acquisition, and other virulence
genes [38]. Salmonella isolates that are not virulent have a function in metabolism in the host gut. Stress,
environmental changes, and mutation can all cause Salmonella to become virulent, transforming a non-
virulent strain into a pathogenic one [41].

A unique Salmonella spp. gene that is essential for the effective entrance of these organisms into cultivated
epithelial cells. It is found immediately upstream of the previously described gene invE. Salmonella relies
heavily on this gene in non-polar mutations. Salmonella typhimurium relies heavily on this protein to
penetrate cultivated epithelial cells. A molecular and functional investigation of the Salmonella
typhimurium genetic locus inv,F, which was essential for these organisms to enter cultured mammalian
cells, was performed.

This area encodes proteins with strong sequence similarity to proteins from a range of mammalian and plant
diseases, all of which can perfectly interact with eukaryotic host cells [42]. According to nuclectide
sequence research, invF is the first gene required for Salmonella entrance into cultured epithelial cells.
Furthermore, invF regulates the expression of other inv locus members; invF is required for the expression
of genus members encoding components of the type secretion apparatus and transcription activators [43].

Furthermore, the positive relationship revealed in this study between resistance and virulence genes shows
that antimicrobials may produce selective pressure for co-selection of resistance and virulence determinants
[44].

Additionally, the positive association between resistance and virulence genes observed in this study
suggests that antimicrobial, may create selective pressure for co-selection of resistance and virulence
determinants [44].

Bacteriophages are the most prevalent creatures in the biosphere and a common characteristic of
prokaryotic life. Bacteriophages have piqued the interest of scientists as fundamental molecular biology
tools, vectors of horizontal gene transfer and drivers of bacterial evolution, suppliers of diagnostic and
genetic tools, and potential therapeutic agents. Understanding microbial systems and their exploitation
requires.

Lysogenic conversion has long been recognized as contributing additional functionality to the host genome,
particularly in bacterial pathogen genomes where prophages are critical for virulence. Despite the fact that
bacteriophages are known to play a key role in bacterial fitness and pathogenicity [45], [15].

Several genes encoding components important for DNA replication and nucleotide metabolism are likely
implicated in the bacteriophage's ability to infect a wide range of hosts [46], [47].

Transduction efficiencies were examined to rule out whether this bacteriophage could transduce resistance
genes to a substantial level, which would have been a major barrier to its employment as a biocontrol agent
[13].

In the aim of self-preservation, Bacteriophage has fine-tuned the timing of excision to balance propagation
and lateral transduction, promoting host growth through gene transfer and creating infectious bacteriophage
particles that are ejected following bacterial cell rupture. When bacterial DNA is wrapped into
bacteriophage heads, transducing particles are created as well. This results in a manner of transduction that
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provides normal bacteriophage titers while also transferring bacterial chromosomal DNA at significantly
higher frequencies than previously recorded for known host gene transfer mechanisms. These discoveries
have the potential to radically change our knowledge of the roles bacteriophages play in bacterial evolution,
including the development of antibiotic resistance and virulence in clinical strains [48], [5].

Bacteriophages have sparked the interest of scientists as fundamental molecular biology tools, vectors of
horizontal gene transfer and drivers of bacterial evolution, providers of diagnostic and genetic tools, and
possible therapeutic agents.

Understanding and exploiting microbial systems necessitates studying the biology of bacteriophages and
their interactions with their hosts. A different relationship exists between hosts and bacteriophages, in
which bacteriophages have a temperate life cycle and contribute to the success of their host. bacterium by
encoding useful genes [49- 51].

5. Conclusions

This study indicated the detection of Salmonella bacteriophage from feces of Broiler chickens and sewage
were showed the prevalence of Salmonella bacteriophage at (20) out 170 samples of feces from chickens
suffering from diarrhea in Baghdad city and sewage by percentage 11.7 % divided to (9) (1.05%)
Salmonella typhimurium, (11) (1.29%) Salmonella enteritidis, also Salmonella bacteriophage were tested
against the most commonly isolated Salmonella strains. Bacteriophage demonstrated potent lytic activity
against Salmonella isolates (enteritidis, typhimurium) by forming a clear and transparent zone in the spot
and double layer agar assays, implying that bacterial challenge assays were used to assess the relative
ability of Bacteriophage to lyse Salmonella in vitro, producing plaques 3-6 mm in diameter surrounded by
halos on a Salmonella lawn.

Using transmission electron microscopy to diagnose salmonella, revealed the existence of an icosahedral
head, 140.20 nm, and a contractile tail, 115.25 nm, indicating that it is a member of the Myoviridae family.
Salmonella bacteriophage encode genes (inv-A, sit-C, inv-F) of our Salmonella isolates by using PCR
assay.
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