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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 that vB_SPY_7 is a 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 

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 1M CaCl2 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 μm 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 µm syringe filter to remove bacterial debris. 
The purified phage was stored at 4°C for further experiments.
Electron microscopy:

Phage lysate (108 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 CaCl2 
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−
(PnP0×100)100 - \left(\frac{P_n}{P_0} \times 100\right)100−
(P0Pn×100), where PnP_nPn represents non-adsorbed phages, 
and P0P_0P0 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 × 10⁸ PFU/mL) 

was added to 0.9 mL of a mid-log-phase bacterial culture (5 × 
10⁸ CFU/mL, MOI = 0.4) and incubated at 37°C for 10 minutes 
to allow adsorption. The mixture was then centrifuged at 6000 
× 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, Sequencing, and Genome 
Annotation:

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 Illumina Miseq Platform with paired-end 
(2 ×151-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 sdDNA 
and is 35679 bp in length. A total 46ORFs were predicted, 
functionally were annotated 27ORFs. 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), 4ORF 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_7 is 
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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Figure 1A, B. Transmission electron micrograph and Genome map of phage vB_SPY_7.

Figure 2A, B. Phage vB_SPY_7 Adsorption and one step growth curve.

Discussion.
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 

progeny per infected cell suggest that vB_SPY_7 can rapidly 
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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