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Phage BS46

Anastasia V. Popova,®*< Mikhail M. Shneider,* Yulia V. Mikhailova,® Andrey A. Shelenkov,® Dmitry A. Shagin,f

Mikhail V. Edelstein,> Roman S. KozlovP

aMoscow Institute of Physics and Technology (National Research University), Dolgoprudny, Moscow Region, Russia

PInstitute of Antimicrobial Chemotherapy, Smolensk State Medical University, Smolensk, Russia

cState Research Center for Applied Microbiology and Biotechnology, Obolensk, Moscow Region, Russia
dShemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia

eCentral Scientific Research Institute of Epidemiology, Moscow, Russia

fPirogov Russian National Research Medical University, Moscow, Russia

ABSTRACT Acinetobacter myovirus BS46 was isolated from sewage by J. S. Soothill
in 1991. We have sequenced the genome of BS46 and found it to be almost unique.
BS46 contains double-stranded DNA with a genome size of 94,068 bp and 176 pre-
dicted open reading frames. The gene encoding the tailspike that presumably pos-
sesses depolymerase activity toward the capsular polysaccharides of the bacterial
host was identified.

cinetobacter baumannii is characterized by an intrinsic resistance to many antibi-

otics and a high propensity to acquire secondary resistance to almost all antibiotic
classes and therefore is regarded by the World Health Organization as a “critical
priority” pathogen requiring the development of new strategies for effective ther-
apy (1).

Acinetobacter phage BS46 was isolated from sewage (Birmingham, England) by
Soothill in 1991 (2) and deposited in the Félix d'Hérelle Reference Centre for Bacterial
Viruses at Laval University (Québec, Canada), in 1993 under host index number (HER)
401. According to a study published in 1994, BS46 was assigned to the family Myoviri-
dae based on phage morphology (3). The phage has been shown to be effective in
murine models (2) and has demonstrated no cytotoxic effect on mouse fibroblast 3T3
cells (4). However, despite the fact that phage BS46 was isolated more than 25 years
ago, no data about the nucleotide sequence and organization of its genome have been
published. Therefore, we aimed to investigate the BS46 genome structure and compare
its nucleotide sequence with those of other Acinetobacter phages isolated and de-
scribed in recent years.

Phage BS46 and its bacterial host, A. baumannii AC54 (5), were received from the
Félix d'Hérelle Reference Centre for Bacterial Viruses at Laval University (Québec,
Canada). Phage DNA was isolated from concentrated and purified high-titer phage
stocks by incubation in 0.5% SDS, 20 mM EDTA, and 50 pg of proteinase K per ml at
65°C for 1 h. The DNA was extracted with phenol-chloroform and then precipitated with
ethanol (6). Genome sequencing was performed on the MiSeq platform using a Nextera
DNA library preparation kit (Illumina, San Diego, CA). In total, 195,536 200-bp single-end
reads were obtained. All reads were subjected to quality-trimming using FLEXBAR
software v. 2.5 (7) and then assembled de novo into a single contig using SPAdes v. 3.13
(8) with default parameters. The average coverage of the final contig was 185X.

Phage BS46 has a 94,068-bp linear double-stranded DNA genome with a G+C
content of 33.5%. A total of 176 open reading frames (ORFs) were predicted using RAST
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(9). The search for tRNA sequences using ARAGORN (10) revealed 3 tRNAs for Tyr, Leu,
and Arg.

Predicted proteins were searched against the NCBI nonredundant (nr) database, and
an HHpred profile-profile search was conducted (11). On the basis of homology to the
amino acid sequences of known phage proteins, putative functions were assigned for
the products of 57 predicted genes, including proteins involved in nucleotide metab-
olism, transcription regulation, DNA replication, packaging of DNA into the capsid, host
lysis, phage assembly, and structural proteins. Four ORFs encoding putative HNH
endonucleases were found throughout the phage genome. No genes encoding
toxins or factors responsible for antibiotic resistance were identified.

BLAST (12) analysis revealed that the complete genome sequence of phage BS46
appeared to be rather unique, sharing a homologous region containing tail structural
component genes only with the recently characterized A. baumannii myovirus
vB_AbM_B9 (GenBank accession number MH133207) (13). However, the gene products
predicted to determine the host specificity, tailspike proteins, or structural depoly-
merases, gp47 of phage BS46 and gp69 of phage vB_AbM_B9, were found to differ
significantly, sharing sequence similarity only in the N-terminal domains responsible for
attachment to phage particles. At the same time, the closest homolog of the BS46
tailspike protein was found to be the tailspike protein of Acinetobacter myophage AM24
(AM24_gp50; GenBank accession number APD20249), which infects strains with a K9
capsular polysaccharides structure (14). This, most likely, indicates that the tailspike of
phage BS46 can interact specifically with capsular polysaccharides of the same struc-
ture.
Data availability. The complete genome sequence of Acinetobacter phage BS46 has
been deposited in GenBank under accession number MN276049, BioProject accession
number PRINA562545, SRA accession number SRP219502, and BioSample accession
number SAMN12643920. The version described in this paper is the first version.

ACKNOWLEDGMENT

00403).

REFERENCES

1.

Volume 9

WHO. 27 February 2017. World Health Organization. Global priority list
of antibiotic-resistant bacteria to guide research, discovery, and devel-
opment of new antibiotics. WHO, Geneva, Switzerland. http://www.who
.int/medicines/publications/global-priority-list-antibiotic-resistant
-bacteria/en/.

. Soothill JS. 1992. Treatment of experimental infections of mice with

bacteriophages. J Med Microbiol 37:258-261. https://doi.org/10
.1099/00222615-37-4-258.

. Ackermann H-W, Brochu G, Emadi Konjin HP. 1994. Classification of

Acinetobacter phages. Arch Virol 135:345-354. https://doi.org/10.1007/
bf01310019.

. Henein AE, Hanlon GW, Cooper CJ, Denyer SP, Maillard J-Y. 2016. A

partially purified Acinetobacter baumannii phage preparation exhibits no
cytotoxicity in 3T3 mouse fibroblast cells. Front Microbiol 7:1198. https://
doi.org/10.3389/fmicb.2016.01198.

. Obana Y, Nishino T, Tanino T. 1985. In-vitro and in-vivo activities of

antimicrobial agents against Acinetobacter calcoaceticus. J Antimicrob
Chemother 15:441-448. https://doi.org/10.1093/jac/15.4.441.

. Sambrook J, Fritsch EF, Maniatis T. 1989. Molecular cloning: a labo-

ratory manual, 2nd ed. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY.

. Dodt M, Roehr JT, Ahmed R, Dieterich C. 2012. FLEXBAR—flexible bar-

code and adapter processing for next-generation sequencing platforms.
Biology (Basel) 1:895-905. https://doi.org/10.3390/biology1030895.

. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,

Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new

Issue 22 e00398-20

This research was supported by the Russian Science Foundation (grant 18-15-

genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455-477. https://doi.org/10.1089/cmb.2012.0021.

. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K,

Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008.
The RAST server: Rapid Annotations using Subsystems Technology. BMC
Genomics 9:75. https://doi.org/10.1186/1471-2164-9-75.

. Laslett D, Canback B. 2004. ARAGORN, a program to detect tRNA genes

and tmRNA genes in nucleotide sequences. Nucleic Acids Res 32:11-16.
https://doi.org/10.1093/nar/gkh152.

. Soding J, Biegert A, Lupas AN. 2005. The HHpred interactive server for

protein homology detection and structure prediction. Nucleic Acids Res
33:W244-W248. https://doi.org/10.1093/nar/gki408.

. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local

alignment search tool. J Mol Biol 215:403-410. https://doi.org/10.1016/
50022-2836(05)80360-2.

. Oliveira H, Costa AR, Ferreira A, Konstantinides N, Santos SB, Boon M,

Noben J-P, Lavigne R, Azeredo J. 2019. Functional analysis and antiviru-
lence properties of a new depolymerase from a myovirus that infects
Acinetobacter baumannii capsule K45. J Virol 93:e01163-18. https://doi
.org/10.1128/JV1.01163-18.

. Popova AV, Shneider MM, Myakinina VP, Bannov VA, Edelstein MV,

Rubalskii EO, Aleshkin AV, Fursova NK, Volozhantsev NV. 2019. Char-
acterization of myophage AM24 infecting Acinetobacter baumannii of
the K9 capsular type. Arch Virol 164:1493-1497. https://doi.org/10
.1007/500705-019-04208-x.

mra.asm.org 2


https://www.ncbi.nlm.nih.gov/nuccore/MH133207
https://www.ncbi.nlm.nih.gov/protein/APD20249
https://www.ncbi.nlm.nih.gov/nuccore/MN276049
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA562545
https://trace.ncbi.nlm.nih.gov/Traces/sra/?study=SRP219502
https://www.ncbi.nlm.nih.gov/biosample/SAMN12643920
http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
https://doi.org/10.1099/00222615-37-4-258
https://doi.org/10.1099/00222615-37-4-258
https://doi.org/10.1007/bf01310019
https://doi.org/10.1007/bf01310019
https://doi.org/10.3389/fmicb.2016.01198
https://doi.org/10.3389/fmicb.2016.01198
https://doi.org/10.1093/jac/15.4.441
https://doi.org/10.3390/biology1030895
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1093/nar/gkh152
https://doi.org/10.1093/nar/gki408
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1128/JVI.01163-18
https://doi.org/10.1128/JVI.01163-18
https://doi.org/10.1007/s00705-019-04208-x
https://doi.org/10.1007/s00705-019-04208-x
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENT
	REFERENCES

