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Abstract

Background: Methicillin-resistant Staphylococcus aureus (MRSA) not only is a notorious pathogen in clinical settings but also is an
environmental issue that its presence in environmental wastewater is highlighted by several reports. Due to the negative impacts
of antibiotics, alternatives like bacteriophages, as biocontrol, are considered safe. However, not all bacteriophages are safe. Thus,
the characterization of bacteriophages is necessary.
Objectives: This study aimed to, firstly isolate MRSA from wastewater and, secondly to perform bacteriophage isolation from the
water samples to investigate its physical and genomic characteristics.
Methods: Water samples were collected from seven locations across Nagpur city, India, bacteria were isolated on the S. aureus spe-
cific agar. For detecting MRSA, we followed the disc diffusion method. Isolation of bacteriophage against MRSA was performed by a
modified enrichment method. We investigated its physical characteristics by the one-step growth rate, adsorption rate, host range,
survivability, electron microscopy, and genomic sequencing for bioinformatics analysis.
Results: Four MRSA were isolated from wastewater samples. We got a bacteriophage against an MRSA from the river Ganga. The
bacteriophage belongs to the Podoviridae family, subfamily Autographivirinae. It was stable till 40°C and could survive at a highly
alkaline pH. It is specific to its host. The bacteriophage DNA encodes 52 ORF, and all predicted genes are on the same strand; it also
encodes a phage RNA polymerase.
Conclusions: It is the first report of an S. aureus bacteriophage that belongs to the sub-family Autographivirinae. Our study and
literature survey conclude that S. aureus bacteriophages of the Podoviridae family are safe for various downstream applications.
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1. Background

Staphylococcus aureus is one of the most successful
pathogens due to its vast arsenal of virulence factors, in-
cluding anchor proteins, secreted toxins and enzymes,
polysaccharides, and immune system modulators (1). Me-
thicillin, a semi-synthetic β-lactam antibiotic, was first ap-
plied to treat S. aureus infections, but the bacterium soon
developed resistance and became known as methicillin-
resistant Staphylococcus aureus (MRSA) (1), which not only
is a notorious pathogen in clinical settings and the food in-
dustry but also is an environmental issue. Several reports
have confirmed the presence of MRSA in wastewater and
reported it as a serious environmental issue (2-5). Wastew-
ater treatment plants (WWTPs) are considered hotspots of
multi-drug resistant (MDR) bacteria (5). Irrational use of
antibiotics is not only harmful to our health but also to the

environment. There is a broad spectrum of antibiotics that
can negatively affect commensal bacteria too. Moreover,
antibiotic residues in the wastewater cause selective pres-
sure, which in turn results in the propagation of drug re-
sistance genes and MDR bacteria (5).

In 2015, the World Health Organization (WHO) intro-
duced an action plan against antimicrobial resistance,
wherein one of its critical focal points is the development
of novel antimicrobial products to combat multidrug-
resistant strains (1). Bacteriophages / phages (viruses of
bacteria) are good candidates for controlling pathogenic
bacteria because they kill specific host bacteria and do
not disturb commensal bacteria. Phages are of two types,
namely virulent and lysogenic, based on the lifecycle
(1). Virulent phages are obligatory lytic phages. How-
ever, lysogenic phage, also called temperate phage, inte-
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grates its genome in the bacterial chromosome and forms
prophage; on the onset of unfavorable conditions, they
disintegrate from the bacterial host genome. Lysogenic
phages are involved in the propagation of harmful genes
by the process of transduction. Thus, for a phage to be con-
sidered as biocontrol, only a lytic phage must be chosen.

Phages are present in all conceivable environments.
Isolating phage against S. aureus is a daunting task, which
its difficulty is highlighted by researchers (6, 7). Even on
getting Staphylococcus phage, their plaque size is extremely
small or turbid, making the process of isolation and purifi-
cation of phage difficult (8). The reason can be the presence
of predominant Enteric group phages in wastewater (8, 9).
All S. aureus phages belong to the order Caudovirales (1); The
phages of S. aureus have linear double-stranded DNA, and
based on tail morphology, they are grouped into three fam-
ilies: Myoviridae, which has long contractile double sheath
tail; Siphoviridae, which has long non-contractile tail and,
Podoviridae, that has a small contractile tail (10).

Temperate phages of S. aureus belong to the Siphoviri-
dae family and are not considered for their application.
Phages of S. aureus that belong to the Myoviridae and
Podoviridae families are mostly lytic. These are important
for downstream applications because a highly potent lytic
phage is desirable as it can subvert the essential metabolic
pathways of the host (11). An updated and comprehensive
study on the diversity of staphylococcal phages has been
done by Oliveira et al.; they grouped the staphylococcal
phages into four major clusters of A to D and several sub-
clusters (12). For application as an antimicrobial, genome
analysis is essential. A phage must not have resistance, vir-
ulence genes, and integrase genes.

2. Objectives

In this study, we isolated MRSA from wastewater sam-
ples and screened the wastewater samples for the presence
of phages against the isolates. Upon difficulty in obtain-
ing phage from the wastewater samples, we chose river wa-
ter. Hence, we got the phage from the river sample; it was
named vb_Sau_ARW1 (or ARW1) as per the guidelines of the
International Committee on Taxonomy of Viruses (ICTV).
Afterward, we investigated its physical and genomic char-
acteristics. A flow diagram, Figure 1, is given to get an idea
about this study.

3. Methods

All water samples were collected through sterile prac-
tices. The experiments were done in triplicate. In graph-

ical representations, the average value was taken. All cul-
ture media, chemicals, and ATCC bacterial strains were
purchased from Himedia Labs Pvt. Ltd., Mumbai, India.

3.1. Isolation of Staphylococcus aureus

Wastewater and lake water samples were taken from
seven locations across Nagpur city, India, to isolate S. au-
reus. Initially, 100µL of a two-fold diluted sample was taken
and spread plated on mannitol salt agar (MSA) and Vogel-
Johnson agar (VJA). Yellow colour colonies on MSA plates
and black-coloured colonies on VJA plates indicated puta-
tive S. aureus. Gram stain was used for identification, bio-
chemical tests through the HiStaph identification kit. The
kit consists of twelve wells with the reagent and agar; we
added 50 µL of actively growing culture and kept the kits
for overnight incubation. Then, we referred to the chart
provided with the kit to identify the species of Staphylococ-
cus by observing the colour change. We also did a multi-
plex PCR, MRSA semi-Q PCR kit (multiplex) (Himedia Labs
Pvt. Ltd., Mumbai, India). Escherichia coli was also isolated
through membrane filtration technique on MEC agar.

3.2. Resistance Profiling or the Antibiotic Susceptibility Test

Antibiotic susceptibility test (AST) of the confirmed S.
aureus (that is, isolates W1-W4) with a standard strain S. au-
reus ATCC 25923 as control was done by Kirby Bauer disk dif-
fusion method, as per the guidelines of Clinical Laboratory
Standard Institute (CLSI) with the following antibiotics
having concentrations in µg/disk: vancomycin (VA30), ce-
fepime (CPM30), cefuroxime (CXM30), cefprozil (CPR30),
gentamicin (GEN10), tobramycin (TOB30), erythromycin
(E15), clindamycin (CD2), ciprofloxacin (CIP5), ceftriaxone /
tazobactam (CIT30/10), tetracycline (TE30), chlorampheni-
col (C30), oxacillin (OX5), and ampicillin (AMP10) (Himedia
Labs Pvt. Ltd., Mumbai, India).

3.3. 16S rRNA Sequencing was Done for the Isolate W1

The 6S rRNA gene was amplified by 27F and 1492R
primers. A single discrete PCR amplicon band of 1500 bp
was observed. Forward and reverse DNA sequencing reac-
tion of PCR amplicon was carried out with forward primer
and reverse primers using BDT v3.1 cycle sequencing kit on
ABI 3730xl genetic analyzer (Eurofins Genomics, Bangalore,
India).

3.4. Phage Isolation

We did the screening for phages in the water sample
against the S. aureus isolates compared to Escherichia coli.
The method proposed by Jensen et al. and the Enrichment
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Figure 1. A flow diagram depicting the work-plan of this research.

method were slightly modified and followed (13, 14). Firstly,
we filtered each sample through a sterile membrane filter
of porosity 0.45 µm (Merck Millipore). In a 50 mL flask, we
added 15 mL of the membrane filtered water sample, 7.5 mL
of actively growing host culture (optical density 0.4 OD at
wavelength 600 λ), and 7.5 mL of double-strength tryptic
soy broth (TSB). It was kept overnight in a rotator incuba-
tor at 37°C and 60 rpm/min, followed by centrifugation at
6000 rpm at 4°C for 15 min. The suspension was filtered
through a sterile 0.22 µm membrane filter. Then, 100 µL
of this filtrate was mixed with 100 µL of the bacterial host
and kept in a rotator incubator at 37°C before adding over
the top agar of the tryptic soy agar (TSA) plate; this phage
enumeration method (plaque assay) is called double agar
overlay method (12, 15).

3.5. Host Range of the Phage ARW1

Host range is the ability of the phage to infect other
bacterial hosts. For this, the following environmental S. au-
reus isolates were taken: W1, W2, W3, W4, E. coli ATCC 23848,
S. aureus ATCC 25923, and a lab strain of Enterobacter. After-
ward, 8 µL of 0.22 µm membrane filtered ARW1 lysate was
added to the host culture plates. A clear zone on the cul-
ture plate might indicate a phage active against that host.
Agar overlay was done to exclude the doubt of lysis due to
lysozyme in the lysate. For this, ARW1 lysate was incubated
with isolates mentioned above and kept for overnight in-
cubation at 37°C in a rotator incubator, and agar overlay

was done the next day. In case of ambiguity, such as a faint
or turbid plaque, further analysis by picking the plaque
and re-incubating it with the host, followed by enumera-
tion by double agar overlay.

3.6. Partial Purification of ARW1

Phage purification is done by picking a single plaque
and re-enriching with the host three consecutive times and
precipitating by PEG-NaCl for downstream applications.
For partial purification and concentration of phages (16),
ten plates (agar overlay plating method) with dense plaque
count were used. In each plate, 4 mL Phage buffer (P buffer)
(10 Mm Tris-Cl, 10 mM MgSO4, 68 mM NaCl, 1 mM CaCl2 con-
stituted in molecular grade water and made up the vol-
ume to 1 L) was added and kept overnight at 4°C. The lysate
was centrifuged at 6000 × g for 15 min at 4°C and was fil-
tered through a 0.22 µm membrane filter. In the filtrate,
RNase A (20 mg/mL) and DNase (1 mg/mL) were added such
that the final concentration was 4 µL/mL. The filtrate was
kept at 37°C for 30 minutes and then was maintained at
room temperature for an additional one hour. Further, for
phage precipitation, an ice-cold solution of 40% PEG-NaCl
was added (PEG-6000 and 3M NaCl) such that its volume
was one-fourth of the total volume of the filtered lysate.
This was kept at 4°C on ice for an hour, followed by centrifu-
gation at 6000 × g for 40 min at 4°C. The precipitate was
reconstituted in 0.1 mL of P buffer. This partially purified
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phage was kept at -80°C for the next phase of analysis as
described below.

3.7. Transmission Electron Microscopy

We did transmission electron microscopy analysis at
the Indian Institute of Technology, Roorkee, India. Sample
prepared briefly as -10 µL (1x108 PFUs/mL) of the PEG pre-
cipitated phage and purified crude lysate was loaded on
a copper grid, allowed it to air-dry and stained with 10 µL
of uranyl acetate (17). Imaging was performed at magnifi-
cation 35000X for crude lysate and at 15000X for PEG pre-
cipitated samples, at an operating voltage of 120kV (TEM
model: Tecnai G2 20).

3.8. ARW1 Genomic DNA Isolation and Sequencing

The genomic DNA was extracted through phenol-
chloroform extraction and ethanol precipitation method
(16). The precipitate was reconstituted in molecular-grade
water and stored at -20°C. The quality of the genomic DNA
was evaluated on 0.8% agarose gel (loaded threeµL) for the
single intact band. The gel was run at 110 V for 30 min.
Phage genomic sequencing and analysis of high-quality
data (HQ) was done at the Xcelris Labs Pvt. Ltd., India. It was
sequenced on the Illumina platform with a read length 2X
150 PE and coverage of more than 10000. For de novo as-
sembly of the phage, SPAdes version–3.1.0 was used. Sim-
ilarity search through BLASTn and BLASTx (version 2.2.28)
was done. Genes were predicted through Prodigal version
2.6.3 (18). The phage lifecycle was predicted through a web-
based tool, PHACTS (19). The presence / absence of tRNA
genes was ascertained through a web-based tool called
tRNAscan-SE (17, 20). A web-based tool was used to identify
antimicrobial resistance genes Resistance Gene Identifier
(RGI) (21).

3.9. Adsorption Rate

To determine adsorption rate (8, 22), 9 mL of exponen-
tially growing S. aureus (W1) culture of optical density at
600 nm (OD600) 0.2 OD (108 CFUs/mL) was taken in a 100 mL
flask, to this 1 mL of pre-warmed phage suspension of titre 1
× 105 PFUs/mL was added. At time zero, 100 µL aliquot was
withdrawn and added to 900 µL fresh broth (kept in 2 mL
Eppendorf tube), thereafter at regular intervals of 1.5 min,
this process was repeated till 10 min. These aliquots were
centrifuged at 16000 × g rpm for 10 min. The supernatant
was carefully withdrawn and mixed with fresh host broth
culture for phage enumeration. The amount of phage ad-
sorbed to the host cell was determined as a decrease in the
titre of free phage. Refer to Appendix 1 in Supplementary

File. Adsorption rate (ka) was calculated with the mathe-
matical formula of

ka =
2.3

Bt
× log(Po/P )

Which B is host concentration, t is the time for de-
creased plaque counts from initial, Po to the final plaque
count, P.

3.10. One-step Growth

For one-step growth analysis (23, 24), 1 mL of phage at
an MOI of 0.1 was added in 9 mL of exponentially growing
S. aureus culture (similar to adsorption rate method) and
allowed to adsorb completely on S. aureus for 8 min; fol-
lowed by centrifugation at 6000× g for 10 min. This pellet
was suspended in 10 mL broth. After every 5 minutes, 100
µL of the aliquot was taken and added in 900µL broth and
plated by agar overlay method. An average value of five in-
dependent experiments was taken.

3.11. Phage Viability

The one-year viability of ARW1 was evaluated. Filtered
phage stocks were kept in the P buffer. Their viability was
tested at temperatures ranging from -20°C, 4°C, 25°C, 40°C,
and 60°C. Survivability of phage was studied at different
pH: in the 9 mL of P buffer of different pH was prepared,
that is, pH of 2, 4, 6, 8, 10, and 12, to this 1 mL of filtered
phage lysate was added and kept at 37°C for overnight in-
cubation. Post incubation, 100 µL of the suspension was
taken from each tube and mixed with 100 µL of actively
growing host culture, and agar-overlay was done for phage
enumeration.

4. Results

4.1. Isolation of Staphylococcus aureus and Its Phage from Wa-
ter Samples

For the geographical coordinates of sampling sites,
bacterial host identification, and AST, refer to Appendix
2 in Supplementary File, were performed. The results
of biochemical and PCR tests are given in Appendices 3
and 4 in Supplementary File. We confirmed four S. au-
reus isolates through biochemical tests, and for one iso-
late (against which we got a phage), 16S rRNA sequenc-
ing was performed, and the sequence was deposited at
the GenBank (submission ID- MN078268). These four iso-
lates were found to be resistant to oxacillin; If an isolate is
resistant to oxacillin means, it is resistant to methicillin.
Thus, through AST, we ascertained them to be methicillin-
resistant.
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We compared the screening of phages from the water
samples for S. aureus isolates to E. coli (with eleven E. coli
isolates). No lytic phage against S. aureus was found in the
screening process, but a few lytic phages were obtained
against E. coli (from the city water samples). The results
of the phage screening from the water samples are sum-
marised in Supplementary File (Appendices 5 and 6). How-
ever, from the River Ganga, we got phage against S. aureus
(W1 isolate) with plaque count 38PFU/mL, and the density
of phage against E. coli ATCC 23848 was too numerous to
count (TNTC). In Figure 2, representative plates are given
to show the difference in isolating the phages of S. aureus
(W1 isolate) and E. coli.

4.2. Host Range

We observed clear plaques for the entire duration of
this study against the S. aureus (W1 isolate), but faint
plaques were observed with the other three S. aureus iso-
lates as well as S. aureus ATCC 25923. But no plaques were
observed against E. coli ATCC 23848 and Enterobacter. It was
neither infective against any of the 11 E. coli isolates. Upon
subsequent plating, the plaques with faint morphology
yielded no plaque. The phage could only infect the W1 iso-
late.

4.3. Identification Through TEM

The TEM images of the phage, at different scales and
magnifications, are shown in Figure 3, which shows that
the phage belongs to the order Caudovirales and Podoviri-
dae family. It has a typical icosahedral geometry and a
short stubby tail.

4.4. Identification of ARW1

Through de novo assembly, we got the largest Scaf-
fold of 44323 bp (51.43% G + C content). We did BLAST to
search for similarity, which revealed a strong resemblance
to a group of recently identified phages belonging to the
Podoviridae family, Autographivirinae sub-family. The Phage
ARW1 genomic DNA sequencing data is deposited at the
GenBank, SRA submission ID: PRJNA637459.

4.5. Gene Predictions / ORFs

Through the Prodigal tool, we predicted that 52 ORFs
can be grouped into-phage structural module, lysis sys-
tem, replication-transcription module, as well as several
hypothetical genes. Of note, all ORFs are presented on one
strand, which is (–) strand; it also encodes an RNA poly-
merase. The phage genome does not have any tRNA gene.

Also, AMR genes were absent. All predicted genes were plot-
ted using the DNA plotter (25), refer to Figure 4. The phage
lifecycle prediction tool PHACTS non-confidently classified
it as a lytic phage.

4.6. Physical Parameters

From the adsorption assay, the adsorption rate was 6.72
× 10-9 mL/min. As shown in Figure 5A, it can be estimated
that in 7 minutes, 99% of phage was adsorbed; Thus, we
gave 7 minutes for the phage and the host to adsorb be-
fore the one-step growth curve, growth curve followed the
usual sigmoidal trend. The latency period was found to
be 12 minutes, with an average burst size of 200 PFU/mL
(Figure 5B). Phage survival was accessed at different con-
ditions. Phage was viable in the deep freeze for the entire
duration of this study for three years when kept at -20°C
or -80°C and remained active for one month when held at
4°C. Its titre was unchanged for one month at 4°C. Activity
reduced when it was kept at 60°C for 10 min. It was esti-
mated that a decrease of 70.9% occurred compared to the
average phage titre taken at room temperature. Phage sur-
vival at different pH (ie, 2, 4, 6, 8, 10, and 12) was done and
is active at alkaline pH (Figure 6A), a representative plate
of a decrease in the plaque morphology at an acidic pH is
shown in Figure 6B.

5. Discussion

Our findings corroborate the earlier research that re-
ported challenges regarding finding a phage against S. au-
reus; It is an exciting phenomenon to delve deeper into. We
may hypothesize that isolating phage against the already
low concentrated host is a daunting task, as we know that
the phage exists where its host exists. In this case, although
MRSA has been isolated from environmental wastewater, it
was in a low concentration and challenging to grow. On
the other hand, many S. aureus strains often have many
prophages in their genomes, which makes the entry of
new phages difficult. The River Ganga holds a special po-
sition in the history of phages (26). Our lab has isolated
phage against Escherichia spp. from the ‘Gomukh’-the ori-
gin point of the River Ganga- (the melting Himalayan Per-
mafrost), so it is considered the most critical reservoir of
phage (26). Therefore, the River Ganga water sample was
selected for phage isolation.

As seen in Figure 2, phages against E. coli are abundant,
but phages against S. aureus are faint and scanty; purify-
ing the ARW1 phage was also a difficult task. Also, sev-
eral morphological types of plaques are present in both
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Figure 2. The presence of clear spots (plaque) over the lawn of bacteria confirms the phage. The image on the left is a representative plate of phage got from the River Ganga
against the MRSA (arrow showed at the zone of clearing is a plaque); The plaques against MRSA are small and faint. The image on the right is a representative plate of phage
got from the River Ganga against E. Coli ATCC 23848; The plaques against this bacterium are numerous and have clear morphology.

Figure 3. Image at the left panel of the phage ARW1 from PEG precipitated crude lysate at a magnification 15000X; Orange arrow indicates the phage particle devoid of its
genome as the inside is hollow. The image on the right panel is of crude lysate at a magnification of 35000X shows the phage with a stubby tail and icosahedral head (arrow
shows phage particle).
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Figure 4. A linear map of vb_Sau_ARW1 genome. Genes were predicted through Prodigal (Plotted on the software DNA Plotter).
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plates, indicating that various phages may be presented
against the same host. This difference in finding phage can
also be attributed to the organismal composition of man-
made sewage systems and a natural river system. The for-

mer is richer in enteric groups (27), whereas a natural river
system is richer in species compositions. Both genomic
and TEM data are in accordance, ie, ARW1 has characteris-
tics of order Caudovirales, family Podoviridae. Like a typical

8 Jundishapur J Microbiol. 2021; 14(9):e119291.



Rai A and Khairnar K

phage, it has a modular genome organization (Figure 4).
The genes are present in a particular order in which their
transcription and replication are necessary, except for one
putative holin gene. Usually, holin is present before en-
dolysin; but it appears to be after endolysin; which is an
exceptional feature. Additionally, this phage has an ORF for
endopeptidase.

ARW1 genome has an RNA polymerase, which is an es-
sential feature of the sub-family Autographivirinae. All pre-
dicted genes are encoded on the minus strand; This is a typ-
ical feature of the sub-family Autographivirinae. A few other
phages of this sub-family are T7 and SP6 (28), a few phages
belong to this group. Until now, no known phage of S. au-
reus belonging to this group has been recognized. More-
over, very few S. aureus phages of the family Podoviridae
are known; Only 7% of Podoviridae phages of Staphylococ-
cus (including other species of this genus) are known (29).
S. aureusPodoviridae phages are an asset as they have small
genomes that are amenable to genetic manipulations. Un-
til now, no Podoviridae phages of S. aureus have any viru-
lence or toxin genes, and they are strictly lytic, a desirable
feature for downstream application (29). This phage forms
a different branch on phylogenetic analysis of the phage
capsid gene (phylogenetic tree based on BLASTn search and
with default parameters). It is separate from the remain-
ing phage groups. Thus, this seems to have diverged early
in evolution, refer to Figure 7.

All phages belonging to Autographivirinae sub-family
are of Gram-negative bacteria. All phages of Gram-negative
bacteria have an additional lytic enzyme in their genomes
called spanin; This is the first enzyme that acts upon the
outer membrane of the Gram-negative bacterium (30).
Interestingly, our phage genome does not have ORF for
spanin (as the Gram-positive bacteria do not have an outer
membrane). Recently, a Jumbo phage (their genomes are
more than 200kb) has been isolated against S. aureus; it
has multi-domain RNA polymerase. Jumbo phages have
multi-domain RNA polymerase. Many Gram-negative bac-
teria phages belong to this group; however, only a few
Bacillus subtilis phages and two Staphylococcal phages have
been identified (31). Regarding its physical robustness, the
phage survival was assessed by placing it in different tem-
peratures and pH. The most optimum condition for its ac-
tivity is the room temperature and pH within a range of 7 -
8. Like most phages, ARW1 was stable at alkaline conditions
but was inactivated in acidic conditions. However, the size
of the plaque (zone of lysis) decreased in highly alkaline
pH. The phage was stable at various temperatures (-20°C,
4°C, 25°C, and 37°C), but above 40°C, phage titre dropped

sharply. The phage remained viable at -20°C for the entire
period of this study (for three years). The phage was also
active for a month at 4°C; Its titre did not diminish signifi-
cantly.

We found that this phage has a fast adsorption rate,
high burst size, and short latency period; which indicate
its appropriateness as a candidate for biocontrol, as it can
quickly adsorb and kill the host. Some examples of S. au-
reus phages with a short latency period are phage SPW (a
Myoviridae phage) and phage SLPW (a Podoviridae phage)
(32, 33). Regarding the host range, we tested it against envi-
ronmental isolates of Gram-negative bacteria and S. aureus
isolates, and it only produced clear plaques with isolate W1.
This phage is specific and can be useful for MRSA detection
in the environment. Our study was limited to environmen-
tal isolates. But its infectivity against various clinical and
agricultural MRSA and S. aureus isolates can be tested; It
may have a broad host range.

5.1. Conclusions

In general, isolating a phage against S. aureus is diffi-
cult. We got a phage against MRSA from the River Ganga. It
is a Podoviridae phage; Podophages of S. aureus are rare and
most desirable owing to their lytic lifecycle and lack of vir-
ulence as well as resistance genes. We present the first re-
port of an S. aureus phage from the family Podoviridae that
encodes its RNA polymerase.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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Figure 7. Phylogenetic tree constructed with the default parameters after BLASTn of the capsid protein gene. The phage as represented as scaffold_1 (highlighted), forms a
distinct branch.
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