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Abstract
The novel Escherichia phage vB_EcoM-RPN242 was isolated using a strain of Escherichia coli host
originated from a diarrheal piglet. The phage was able to form plaques on the E. coli lawn at 15−45ºC.
Moreover, it was stable over a wide pH (4−10) and temperature (4−70ºC) range. The vB_EcoM-RPN242
genome was found to be a linear, double-stranded DNA consisting of 154,840 base pairs. There were 195
protein-encoding genes and 2 tRNAs detected in the genome, however no unfavorable gene was found.
According to the overall nucleotide sequence comparison, the vB_EcoM-RPN242 possibly represents a
new phage species in the genus Agtrevirus.

Main Text
A well-known gram-negative bacterium, Escherichia coli, is one of the most serious problems for the
swine industry. Depending on the pathotype, it can cause severe diseases such as edema disease and
neonatal diarrhea. Furthermore, antibiotic resistance has become the major concern for therapeutic
approaches [1]. This bacterial infection problem has a direct detrimental impact on ranchers, such as
product loss, increased expenses, and health concerns. As a result, medical solutions for both prevention
and therapy must be developed in order to address the issue.

Bacteriophages (phages) are naturally ubiquitous and are widely acknowledged to be the most diverse
natural materials in the biosphere [2]. Generally, they are classi�ed according to their life cycles which are
chronic, lytic and lysogenic [3]. These useful viruses have been employed in various �elds such as food
safety, therapeutic applications, and biological studies. Focusing on therapeutic purposes, lytic phages
are preferable because they strictly cause bacterial death directly. In contrast, lysogenic phages integrate
their genetic elements into the host genome and, in some cases, do not immediately kill bacteria [4-6]

In this study, a novel virulent phage, vB_EcoM-RPN242, was isolated using E. coli M242, which originated
from the intestine of a diarrheal piglet as a host. The phage was puri�ed and propagated to investigate
its morphology, e�ciency of plating (EOP), thermal and pH stabilities, adsorption rate, single-step growth,
and genome characteristics.

To observe phage morphology, the puri�ed phage suspension was deposited on a formvar coated copper
grid and stained with 2% uranyl acetate. The object was examined using a Hitachi HT7700 transmission
electron microscope. The micrograph of the vB_EcoM-RPN242 particles revealed icosahedral heads with
approximately 87±5 nm in diameter and long-contractile tails with 133±6 nm in length (Fig. 1).

To obtain information about phage characteristics, the aforementioned experiments were conducted. The
EOP test was performed using the agar overlay technique. The plates were incubated at different
temperatures following the method described by Seeley and Primrose [7]. The result indicated that the
vB_EcoM-RPN242 was able to produce clear plaques against E. coli M242 at 15−45ºC. The optimal
temperature for plating was 20ºC (supplementary Fig. S1). This suggests the phage is a mid-temperature
phage [7]. For thermal stability, the phage was tested at 4, 28, 37, 50, 60 and 70°C for 1 h in SM buffer.



Page 3/9

The phage was also subjected for pH stability trial. The experiment was performed in varied pH levels
(2−11) of tryptic soy broth (TSB) at 37°C. The results illustrated that this phage was stable at 4−70°C and
at a wide pH range (4−10) (supplementary Fig. S2a and S2b). It was unable to survive in the medium
below pH 4 and above pH 10. The adsorption test was carried out following the procedure of Merabishvili
and colleagues with some modi�cation [8]. An aliquot (400 µL) of the phage-host mixture in the TSB at
MOI 0.001 was taken every 3 min for 30 min. On the other hand, the control sample was collected from
the phage-TSB mixture at the last minute (30 min) of the test. All samples were treated with chloroform
and used for phage count. The single-step growth experiment was conducted in accordance with the
protocol described by Imklin and Nasanit [9]. The results demonstrated that approximately 97% of phage
particles adsorbed to host cells within 3 min. At 15 min, 99% of them attached to the cells and began
lysing during 21−24 min (supplementary Fig. S3). The latent and burst periods were about 25 and 50 min,
respectively. The burst size was 1074±27 PFU/infected cell (supplementary Fig. S4). These biological
characteristics implied that this phage was able to lyse its host at a wide range of temperatures and
survive in environmental conditions, which are favorable for therapeutic purposes [10]. Thus, vB_EcoM-
RPN242 is a promising candidate for veterinary medicine application.

For the phage genome study, the phage genomic DNA was extracted by the phenol-chloroform procedure
as previously described [9]. Quality control was performed on the genomic DNA before the DNA library
construction. The sequencing was conducted with the Illumina HiSeq 2500 sequencing system
(Macrogen, Korea). Downstream processes were carried out to validate the obtained raw reads. The reads
underwent FastQC (v0.11.5) (http://www.bioinformatics.babraham. ac.uk/projects/fastqc) and
Trimmomatic (v0.36) [11] to receive the quali�ed reads. Continuously, the �ltered reads were subjected to
the SPAdes algorithm [12] for de novo assembly to achieve a single contig of vB_EcoM-RPN242 phage
genome. These processes were conducted by the Macrogen bioinformatics team.

The genome analyses began with the contig end veri�cation using the PCR technique. The PCR reactions
were performed using speci�cally designed primers, RPN242-F 5’-GGTGATGTTTGATGACCGACG-3’ and
RPN242-R 5’-GGTAGATGCACAACAACCTGCT-3’. Open reading frames (ORFs) were predicted by Glimmer 3
[13] and GeneMarkS [14]. The translational sequences were compared to online bioinformation on
BLASTp [15] conserved domain database [16] and HHpred [17] to predict their functions. tRNA genes in
the phage genome were scanned using Aragorn (v1.2.41) [18]. Phylogenetic trees based on amino acid
sequence alignments were constructed by MEGA 7 using the neighbor-joining (NJ) method with 1000
bootstrap replicates [19]. The whole genome sequence of the vB_EcoM-RPN242 phage was applied to
PAirwise Sequence Comparison (PASC) analysis [20] to identify overall nucleotide similarity compared to
its relatives. The genetically closest phage identi�ed by PASC was selected to perform a linear
comparison against the vB_EcoM-RPN242 genome and generate a genome visual representation using
Easy�g [21].

The vB_EcoM-RPN242 phage has a linear, double-stranded DNA with a length of 154,840 bp and 48.8%
GC content. In the genome, 195 ORFs and 2 tRNA genes were discovered. Most of them (129 ORFs) were
annotated on the same strand. In contrast, the other 66 ORFs and tRNAs were located on the opposite
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strand (Fig. 2). Among all ORFs, 130 genes were predicted to be hypothetical proteins, whilst 65 genes
encoded functional gene products. The 65 ORFs were assigned to �ve modules based on their biological
product properties provided by bioinformatics analysis. The group of DNA replication, recombination,
repair, and packaging associated genes contained 30 ORFs, which were HNH endonuclease, DNA
topoisomerase, DNA helicase, DNA ligase, RecA-like recombination protein, ssDNA binding protein,
crossover junction endodeoxyribonuclease, DNA primase, endonuclease subunit, RNase H, clamp loader,
sliding clamp, nuclease, DNA repair/recombination protein UvsY, homing endonuclease, terminase large
subunit, terminase small subunit, and DNA polymerase. Other 14 genes encoding proteins associated
with transcription, translation, and nucleotide metabolism were predicted. They were deoxycytidylate
deaminase, 2-Deoxyuridine 5-triphosphate nucleotidohydrolase, thymidylate synthase, phage late-
transcription coactivator, glutaredoxin, ribonucleoside-diphosphate reductase, PhoH-like protein, RNA
polymerase sigma factor, nucleoside triphosphate pyrophosphohydrolase, translation repressor protein,
5'(3')-deoxyribonucleotidase, P-loop nucleotide kinase 2, and alpha-glutamyl/putrescinyl thymine
pyrophosphorylase clade 2. Twelve structural coding genes of this phage were baseplate wedge subunits,
tail �ber proteins, tail spike protein, neck proteins, tail sheath protein, tail tube protein, major capsid
protein, and baseplate protein. There were 6 morphogenesis-related genes presented in the vB_EcoM-
RPN242 genome, which were tail sheath stabilizer, portal vertex protein, prohead core scaffolding protein
and protease, prohead core protein, tail completion and sheath stabilizer protein, and head completion
protein. In addition, N-acetylmuramidase was mentioned as a lysozyme [22]. The baseplate hub subunit
and tail lysozyme gene function as structural protein and lysozyme activity [23]. The DNA end protector
protein, gp2, was identi�ed as a protein involving host-virus interaction as its role was to prevent DNA
degradation by exonuclease V [24]. Therefore, these 3 genes were ordered as genes associated with
phage-host interaction and lysis activity. The BLAST search results of these proteins are presented in
supplementary Table. S1. Noticeably, phages carrying virulence, antimicrobial resistance, and toxin genes
are unsatisfactory for therapeutic purposes [25]. Thus, vB_EcoM-RPN242 was able to employ for
veterinary work because neither the aforementioned genes nor lysogenic associated genes were captured
throughout its genome.

To investigate the evolutional relationship between vB_EcoM-RPN242 and other phages, phylogenetic
trees were constructed based on the alignment of amino acid sequences of the terminase large subunit
(TerL) and major capsid protein (MCP). The other phage TerL and MCP sequences were retrieved from
BLASTp homology search results. Both TerL and MCP trees obviously displayed the closest neighbor of
vB_EcoM-RPN242, which was the Escherichia phage vB_EcoM-ZQ1 (supplementary Fig. S5a and S5b).
Moreover, the PASC analysis acknowledged the vB_EcoM-ZQ1 phage to show the greatest similarity, with
approximately 87% overall nucleotide identity, while the other 9 relatives were in a range of 79−73%
similarity (supplementary Table. S2). The visualization of BLASTn-based genome comparison
demonstrated the reciprocally genealogical relationship between vB_EcoM-RPN242 and vB_EcoM-ZQ1
phages with 65-100% nucleotide homology (Fig. 3). According to the National Center for Biotechnology
Information (NCBI) database, the vB_EcoM-ZQ1 was unassigned to any genus as it was an unclassi�ed
Aglimvirinae virus. This probably implied that vB_EcoM-RPN242 could not be ranked at the genus level.
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Considering the cut-off criteria for genera agreed by the International Committee on Taxonomy of Viruses
(ICTV) Bacterial and Archaeal Viruses Subcommittee, phages are recognized as belonging to the same
genus if their whole genome sequences share more than 70% nucleotide identity [26]. Eventually,
vB_EcoM-RPN242 was classi�ed as a member of the genus Agtrevirus as well as those mentioned
phages in PASC result. Nevertheless, it was unassigned to any species in genus Agtrevirus recognized by
ICTV since they are less than 95% identical. This suggests the discovery of a new virulent phage.

To evaluate whether phages are suitable for therapeutic purposes and food safety, they must be
genetically characterized [27]. In addition, biological properties provide information that can be used to
determine the e�cacy of phages. In conclusion, vB_EcoM-RPN242 had the ability to infect E. coli
associated with diarrheal piglets. It remained stable under detrimental conditions and lacked any
undesirable genes. Thus, the vB_EcoM-RPN242 phage was quali�ed to be used as a biotherapeutic agent.

Nucleotide sequence accession number

The complete genome sequence of Escherichia phage vB_EcoM-RPN242 is available from GenBank
under accession number OL656110.
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Figure 1

Morphology of vB_EcoM-RPN242

Figure 2
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The annotated genome map of vB_EcoM-RPN242. The arrows indicate the transcriptional direction. The
numbers represent the nucleotide positions. Each ORF is colored based on its predicted protein function.
The illustration was created using Geneious Prime® version 2022.0.1.

Figure 3

Comparative genome between vB_EcoM-RPN242 and Escherichia phage vB_EcoM-ZQ1 (MW650886).
The dark-light gray and green-yellow gradient showed similarity of nucleotide sequences in the same and
reverse matches, respectively. The colored arrows indicate categories of protein coding regions depending
on their putative functions.
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