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[ Abstract ] Objective  To isolate and purify a bacteriophage against methicillin-resistant
Staphylococcus aureus (MRSA), and to analyze its genomic information and biological characteristics.
Methods The experimental research methods were adopted. MRSA (hereinafter referred to as host
bacteria) solution was collected from the wound of a 63-year-old female patient with the median sternum
incision infection admitted to the Second Affiliated Hospital of Army Medical University (the Third Military
Medical University). The bacteriophage, named bacteriophage SAP23 was isolated and purified from the
sewage of the Hospital by sewage co-culture method and double-layer agar plate method, and the plaque
morphology was observed. The morphology of bacteriophage SAP23 was observed by transmission electron
microscope after phosphotungstic acid negative staining. The whole genome of bacteriophage SAP23 was
sequenced with NovaSeq PE15 platform after its DNA was prepared by sodium dodecyl sulfonate/protease
cleavage scheme, and genomic analysis including sequence assembly, annotation, and phylogenetic tree were
completed. The bacteriophage SAP23 solution was co-incubated with the host bacterial solution for 4 h at the
multiplicity of infection (MOT) of 10.000 0, 1.000 0, 0.100 0, 0.010 0, 0.001 0, and 0.000 I, respectively,
and then the bacteriophage titer was measured by the drip plate method to select the optimal MOI, with here
and the following sample numbers of 3. The bacteriophage SAP23 solution was co-incubated with the host
bacterial solution at the optimal MOI for 5, 10, and 15 min, respectively, and the bacteriophage titer was
measured by the same method as mentioned above to select the optimal adsorption time. After the
bacteriophage SAP23 solution was co-incubated with the host bacterial solution at the optimal MOI for the
optimal adsorption time, the bacteriophage titers were measured by the same method as mentioned above at 0
(immediately), 5, 10, 15, 20, 30, 40, 50, 60, 80, 100, and 120 min after culture, respectively, and a one-step
growth curve was drawn. The bacteriophage SAP23 solution was incubated at 4, 37, 50, 60, 70, and 80 C
and pH 2, 3,4,5,6,7,8,9, 10, 11, and 12 for 1 h, respectively, to determine its stability. A total of 41
MRSA strains stored in the Department of Microbiology of Army Medical University (the Third Military
Medical University) were used to determine the host spectrum of bacteriophage SAP23. Results The
bacteriophage SAP23 could form a transparent plaque on the host bacteria double-layer agar plate. The
bacteriophage SAP23 has a polyhedral head with (88+4) nm in diameter and a tail with (279+21) nm in
length and (22.6+2.6) nm in width. The bacteriophage SAP23 has a linear, double-stranded DNA with a full
length of 151 618 bp and 11 681 bp long terminal repeats sequence in the sequence ends. There were 220
open reading frames predicted and the bacteriophage could encode 4 transfer RNAs, while no resistance
genes or virulence factors were found. The annotation function of bacteriophage SAP23 genes could be
divided into 5 groups. The GenBank accession number was MZ427930. According to the genomic
collinearity analysis, there were 5 local collinear blocks in the whole genome between the bacteriophage
SAP23 and the chosen 6 Staphylococcus bacteriophages, while within or outside the local collinear region,
there were still some differences. The bacteriophage SAP23 belonged to the Herelleviridae family,
Twortvirinae subfamily, and Kayvirus genus. The optimal MOI of bacteriophage SAP23 was 0.010 0, and the
optimal adsorption time was 10 min. The bacteriophage SAP23 had a latent period of 20 min, and a growth
phase of 80 min. The bacteriophage SAP23 was able to remain stable at the temperature between 4 and 37 °C
and at the pH values between 4 and 9. The bacteriophage SAP23 could lyse 3 of the 41 tested MRSA
strains. Conclusions The bacteriophage SAP23 is a member of the Herelleviridae family, Twortvirinae
subfamily, and Kayvirus genus. The bacteriophage SAP23 has a good tolerance for temperature and
acid-base and a short latent period, and can lyse MRSA effectively. The bacteriophage SAP23 is a new type
of potent narrow-spectrum bacteriophage without virulence factors and resistance genes.

[ Key words ] Methicillin-resistant  Staphylococcus —aureus; Bacteriophages; Genomics;
Wound infection; Biological characteristics
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