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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The emergence of antibiotic-resistant pathogens necessitates
alternative therapies for treating microbial infections, especially
in the oral cavity and upper respiratory tract. Our team has
developed Phage Pastilles, a controlled-release formulation
containing bacteriophages that target common pathogens,
including Streptococcus pyogenes, Streptococcus salivarius,
Staphylococcus aureus, Enterococcus faecalis, and E. coli.
These pastilles incorporate eucalyptus oil and serve as a
reservoir for gradually releasing bacteriophages, enhancing local
therapeutic impact. This study focuses on the characterization
of a novel lytic bacteriophage, vB SPY 7, specifically targeting
S. pyogenes which was incorporated into phage pastilles. Phage
vB _SPY 7, isolated from wastewater, underwent host range
analysis, plaque assays, adsorption kinetics, growth curve
studies, electron microscopy, and whole-genome sequencing.
Genomic analysis revealed that vB_SPY 7 is a member of the
unclassified Caudoviricetes, with a 35,679 bp genome and 46
predicted ORFs, including essential structural and metabolic
genes. Sequence analysis and biological characterization have
demonstrated thatvB SPY 7isa viable candidate for therapeutic
use, and it is highly active when combined in a sustained-release
format like Phage Pastilles.

Key words. Streptococcus pyogenes, bacteriophage, phage
pastilles.

Introduction.

Streptococcus pyogenes, a Gram-positive bacterium, is
responsible for a wide array of infections ranging from mild
cases of pharyngitis to severe systemic infections like necrotizing
fasciitis and toxic shock syndrome [1]. The high virulence of S.
pyogenes is attributed to its ability to produce various toxins
and enzymes that aid in immune evasion and tissue invasion,
making it a persistent and recurrent pathogen in the human
body. In particular, the upper respiratory tract, which includes
the pharynx and tonsils, is highly susceptible to S. pyogenes
colonization, leading to conditions such as strep throat [2].
These infections, while often treatable with antibiotics, can lead
to complications like rheumatic fever or glomerulonephritis if
untreated or mismanaged, underscoring the need for alternative
treatments that can both prevent recurrence and maintain local
microbiome balance [3,4].

The rise of antimicrobial resistance (AMR) among pathogenic
bacteria has led to a renewed interest in bacteriophages (phages)
as alternative or adjunct therapies to traditional antibiotics.
Bacteriophages, viruses that specifically infect bacteria, are
known for their ability to target and destroy bacterial cells
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while sparing human cells, making them a promising tool
for addressing antibiotic-resistant infections [5,6]. As AMR
continues to threaten the effectiveness of antibiotics, particularly
in managing infections in clinical settings, phage therapy is
increasingly being investigated for its unique potential to combat
infections that no longer respond to conventional antibiotics
[7]. The delivery method of antimicrobial agents is a critical
factor in treatment efficacy, especially in regions like the oral
cavity, where constant salivary flow and frequent movements
pose challenges for sustained drug retention [8]. Phage-based
treatments are particularly well-suited for such localized
infections due to their specificity, limited impact on non-target
microbes, and the natural tendency of phages to amplify in the
presence of their bacterial hosts. This approach not only allows
prolonged phage presence in the oral cavity but also reduces
the need for repeated administration, which can improve patient
compliance. Furthermore, the integration of eucalyptus oil in
these pastilles offers potential synergistic effects, as eucalyptus
is known for its antimicrobial and anti-inflammatory properties
[9,10]. A key focus of our research has been the isolation and
characterization of new bacteriophage targeting Streptococcus
pyogenes, for incorporation into our novel Phage Pastille
“Phagovita”. To ensure the efficacy and safety of vB SPY 7,
we conducted extensive testing, including electron microscopy
for morphological characterization, genome sequencing, and
bioinformatic analysis. Our analysis revealed that vB SPY 7
belongs to the unclassified Caudoviricetes, a phage family known
for their specificity and potential therapeutic applications. The phage
genome of vB_SPY 7 contains 46 open reading frames (ORFs),
with annotated functions related to structural assembly, host lysis,
and DNA/RNA metabolism. Notably, the phage lacks lysogenic
cycle genes, suggesting a strictly lytic lifestyle that enhances its
safety profile for therapeutic applications by minimizing the risk
of horizontal gene transfer. This study contributes to the growing
body of research supporting phage therapy as a viable treatment
option in the face of escalating antibiotic resistance.

Materials and Methods.

Bacterial Strains:

A total 60 bacterial strains were used from the collection
of General Microbiology laboratory of which 10 were
Streptococcus  pyogenes,10 streptococcus agalactiae, 10
Streptococcus sanguinis, 10 streptococcus sallivarius, 10
Streptococcus mutans strains, and 10 Enterococcus faecalis.
All bacterial cultures were maintained in Brain Heart Infusion
(BHI) medium (Becton Dickinson and Company, Sparks, MD,
USA) at 37°C under aerobic conditions.
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Phage Isolation and Purification:

The bacteriophage vB_SPY 7 was isolated from sewage
water collected from the Mtkvari River in Tbilisi, Georgia. The
isolation, purification, concentration, and propagation processes
followed standard protocols as previously described with small
modification [11]. Briefly, 100 mL of wastewater was combined
with 10 mL of 10X IM CaCI2 TSB broth and 1 mL of an
exponentially growing bacterial culture (OD600=1). After a
24-hour incubation at 37°C, the mixture was centrifuged, and
the supernatant was filtered using a sterile 0.22 um syringe
filter. The filtrate was stored at 4°C for further analysis. Phage
purification was carried out using the serial dilution and single
plaque isolation method. Initially, high-titer phage lysates were
diluted in SM buffer to obtain a series of dilutions. Each dilution
was mixed with its host bacteria and incorporated into soft agar
overlays, which were poured onto TS agar plates. Following
incubation at 37°C for 18-24 hours, a single plaque was picked
using a sterile pipette tip and transferred into SM buffer to elute
the phage particles. This process was repeated at least five times to
ensure the purification of the phage. The purified phage stock was
then amplified by infecting the host bacterial culture, followed by
filtration through a 0.22 pm syringe filter to remove bacterial debris.
The purified phage was stored at 4°C for further experiments.

Electron microscopy:

Phage lysate (10® pfu/mL) were spotted on carbon-coated
grid, dried, stained with 2% phosphotungstic acid, air dried, and
analyzed by Transmission electron microscopy (Model Jeol/
JEM 2100 2000X) at 200 kV to study phage morphology. The
bar represents a length of 100nm [12].

Host Range:

The host range of the phage was assessed using the spot
titer method, where high-titer phage lysates were applied to
bacterial lawns from the strain collection. Following an 18-
hour incubation at 37°C, the plates were examined for plaque
formation. Phage lytic activity was categorized as follows: CL
(confluent lysis), SCL (semi-confluent lysis), IP (individual
plaques), OL (overgrown lysis), and R (resistant) [13].

Phage Adsorption and One-Step Growth Assay:

Phage adsorption was evaluated by mixing phage and bacterial
cultures at a multiplicity of infection (MOI) of 0.1. The mixture
was incubated at 37°C, and at intervals of 0, 5, 10, and 12
minutes, 0.1 mL samples were taken and transferred into tubes
containing 9.9 mL of BHI broth with 0.4 mL chloroform.
After shaking and cooling on ice for 10 minutes, the samples
were diluted 100-fold and mixed with semi-solid 1M CaCl,
supplemented TS agar before being poured onto TS agar
plates. After a 24-hour incubation at 37°C, the percentage of
non-adsorbed phages was calculated using the formula: 100—
(PnP0x100)100 - \left(\frac{P_n}{P_0} \times 100\right)100—
(POPnx100), where PnP_nPn represents non-adsorbed phages,
and POP_OPO is the initial phage count in the control. Serial
dilutions of phages without chloroform served as controls.

For the one-step growth curve, experiments followed
established methods to determine the latent period and burst
size. Briefly, 0.1 mL of phage suspension (2 x 10® PFU/mL)
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was added to 0.9 mL of a mid-log-phase bacterial culture (5 x
108 CFU/mL, MOI = 0.4) and incubated at 37°C for 10 minutes
to allow adsorption. The mixture was then centrifuged at 6000
x g for 5 minutes, and the pellet was resuspended in 10 mL of
BHI broth. Samples (0.1 mL) were collected every 10 minutes
over 90 minutes and titrated against the host bacterium. All
experiments were performed in triplicate [13].

DNA Extraction, PFGE,
Annotation:

Sequencing, and Genome

Phage DNA was extracted using the Invitrogen Genomic DNA
Mini Kit by Thermo Fisher Scientific (Life Technologies Corp.,
5781 Van Allen Way, Carlsbad, CA, USA.). The genome was
sequenced using the [llumina Miseq Platform with paired-end
(2 x151-bp) operating mode (Illumina, San Diego, CA, USA)
at Macrogen Europe in Amsterdam, The Netherlands. Spades
v. 3.15.3 was used for fastq file quality control and SPAdes
(version 3.15.3) for de novo assembly with default settings
[14,15]. The contig sequence was obtained with a minimum
of 100-fold coverage. Open reading frames were predicted by
Genemarks v. 4.28 and the genome was annotated via Artemis
[16,17]. Function annotation was done by PHROGs v.4. A
circular genome map was constructed using Genius [18,19].
As for the genome comparison visualizer, EASYFIG v.3.4
was used. VipTree v.2.2.5. was used for a genome comparison
visualizer. For tRNA search, tRNAscan-SE v.1.3.1 software
was used [20]. The sequence has been uploaded to GenBank
with the accession number OR387861.1.

Results.

Morphological characteristics obtained by transmission
electron microscopy together with the genomic information
revealed that phage vB_SPY 7 belongs to the unclassified
Caudoviricites (Figure 1A). Phage vB_SPY 7 contains siDNA
and is 35679 bp in length. A total 460RFs were predicted,
functionally were annotated 270RFs. Genes with predicted
functions were grouped as following: head and packaging
module (7 ORFs); tail morphogenesis module (5 ORFs); host
cell lysis module (2 ORFs), DNA and RNA metabolism (4
ORFs), 40RF were annotated as Head to tail connection and
4 ORFs were identified as Auxiliary metabolic gene and host
takeover (Figure 1B).

The phage host range was tested on 10 clinical isolates of GAS,
10 clinical isolates of GBS, 10 clinical isolates of Viridans group
Streptococci, and 10 Enterococcus spp.; Phage vB_SPY 7 was
able to productively infect only Streptococcus pyogenes strains
and none of the other Streptococcus strains. The approximate
time for 89% of phage to attach to host strain was 12 min. Phage
vB_SPY 7 had a 22 min latent period and a burst size of 180 (+
25) progeny per infected host cell (Figure 2A,B).

In an attempt to classify vB_SPY 7 we compiled the database
of similar viruses. Then, we constructed proteomic tree. On the
resulting tree vB_SPY 7 failed to group with phages classified to
any known genus. However, the sequence of phage vB SPY 71is
having some similarity ~ 59,9% to the genome of Streptococcus
phage A25. Phage genome does not contain lysogeny control
genes and no tRNAs were identified.
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Discussion. progeny per infected cell suggest that vB SPY 7 can rapidly

Our research highlights the potential of bacteriophage vB
SPY 7 as a novel therapeutic agent against Streptococcus
pyogenes infections, addressing critical challenges posed by
antimicrobial resistance (AMR). The findings demonstrate the
phage's specificity for S. pyogenes, it’s strictly lytic nature,
and its promising characteristics for therapeutic applications.
The morphological and genomic analyses confirmed that vB_
SPY 7 is an unclassified member of the Caudoviricetes, with
a genome devoid of lysogeny-associated genes, minimizing
risks such as horizontal gene transfer and lysogenic conversion.
These properties establish vB_SPY 7 as a safe candidate for
therapeutic use. Its inability to infect other streptococcal or
enterococcal species underscores its host specificity, which is
crucial for preserving the microbiome balance during treatment.
The observed latent period of 22 minutes and burst size of 180
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proliferate in the presence of its bacterial host, enhancing its
therapeutic efficacy. Phage-based treatments, such as the novel
Phage Pastilles, offer distinct advantages for managing localized
infections in the oral cavity and upper respiratory tract. The
incorporation of vB_SPY 7 into this slow-release formulation,
combined with the antimicrobial properties of eucalyptus oil,
provides a synergistic approach that targets S. pyogenes while
mitigating the impact on non-target microbial communities.
This dual-action strategy addresses both the eradication of
pathogens and the prevention of microbiome dysbiosis, a
common complication of broad-spectrum antibiotics. The rise
of AMR necessitates alternative solutions, and our study adds
to the growing evidence supporting phage therapy's viability.
By combining vB_SPY 7 with innovative delivery methods like
Phage Pastilles, this research paves the way for more effective
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and patient-friendly approaches to treating S. pyogenes-related
infections.
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