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Antimicrobial resistance has led to growing interest in bacteriophages as an adjunct to antibiotics therapy. The
impact of cultivation conditions on phage reproduction remains insufficiently studied. This study evaluates the effect
of glucose and calcium ions (Ca?*) on the ability of bacteriophages to lyse bacterial cultures.

Bacteriophages used in the study were isolated from urban wastewater in Kyiv and belonged to the morphotypes
Siphoviridae, Podoviridae, and Myoviridae. The effect of glucose (1%) and calcium ions (Ca?*, 50 mM) on plaque
formation was studied by incorporating these factors into nutrient agar for microbial cultivation. The results were
assessed by comparing plaque numbers on media with and without the added factors.

The experiment demonstrated that glucose and Ca?* ions had different effects on plaque formation in various
bacteriophages. Glucose often inhibited phage activity, whereas Ca?* ions generally enhanced plaque formation (ei-
ther by increasing plaque number or size). In some cases, glucose also promoted phage reproduction.

The influence of different factors on phage reproduction should be considered when isolating and characterizing
bacteriophages, as well as in the development of phage therapy preparations.
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Connection of the publication with planned re-
search works.

The presented work is a fragment of scientific re-
search within the framework of the initiative research
work “The use of bacteriophages to counteract antibi-
otic-resistant variants of Klebsiella pneumoniae”, state
registration number 0123U100951.

Introduction.

In modern medicine, the problem of antibiotic re-
sistance is becoming increasingly critical. According to
the World Health Organization (WHO), the rising resis-
tance of pathogenic bacteria to antibiotics threatens to
nullify decades of progress in the treatment of infec-
tious diseases. In this context, bacteriophages — virus-
es capable of selectively infecting and lysing bacteria
— emerge as a promising complement to traditional an-
timicrobial therapy.

Bacteriophages can effectively eliminate antibiot-
ic-resistant bacterial strains, making them a valuable
tool in combating infections caused by multidrug-resis-
tant microorganisms [1, 2, 3]. The use of bacteriophag-
es also opens up opportunities for combination thera-
py, where the simultaneous application of phages and
antibiotics can help overcome bacterial resistance or
enhance treatment efficacy [4, 5]. Interest in bacterio-
phages in medicine is also growing due to advances in
biotechnology, which enable the development of per-
sonalized phage preparations for treating specific infec-
tions in particular patient groups. In some countries,
commercially available phage preparations are already
in use, and scientific research in this field is rapidly ex-
panding [6].

Unfortunately, despite the development of com-
mercial phage-based preparations, there is still an in-
sufficient understanding of the mechanisms of bacte-
riophage interactions with bacterial cells, which poses
certain limitations on their medical application.

When bacteriophages are introduced together with
susceptible bacterial hosts into a semi-solid nutrient
agar medium, they form lysis zones, or plaques, which
vary in morphology, size, and appearance. It is gener-

ally believed that each plaque represents the replica-
tion zone of a single viral particle. The nature of phage
plagues has been the subject of research by many sci-
entists, who have developed numerous mathematical
models based on their findings [7, 8]. The formation
of bacteriophage plaques occurs in several phases: pri-
mary adsorption, when the phage attaches to the bac-
terial host cell wall; the initial cycles of viral replication;
the plague expansion phase, during which neighboring
cells become infected; and the final phase, when phage
replication ceases due to the bacterial lawn transition-
ing to the stationary phase.

Phage growth characteristics, including adsorption
rate, latent period, burst size, initial lawn density, bac-
terial division rate, and the maturation of the lawn to
the stationary phase, significantly influence plaque size.
This is because the primary development of plaques
occurs during the log phase of bacterial culture growth
[8, 9]. The density of the nutrient medium also plays
an important role in phage plaque formation. In liquid
media, increased bacterial infection is observed due
to the enhanced mobility of phages, which facilitates
their interaction with bacteria. In semi-solid agar-based
media, phage mobility is restricted after a certain peri-
od, ultimately halting the host lysis process [10].

However, in addition to phage characteristics and
nutrient medium density, the size and morphology of
phage plaques can also vary depending on the phage
cultivation method, experimental conditions, as well
as the composition and origin of the nutrient medium.
The ideal medium is one that ensures maximum bac-
terial growth while maintaining optimal phage activity.

Some factors that promote bacterial growth may in-
hibit phage activity, while others that stimulate phage
activity may limit the growth of bacterial hosts. Howev-
er, a balance can be achieved where both activities are
maintained at high levels [11].

Calcium and magnesium ions also play an import-
ant role in the infection process of bacteriophages. It
has been experimentally confirmed that infection of E.
coli with phages T4, P1, or A caused a temporary reduc-
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tion in intracellular levels of potassium, magnesium,
and polyamines. During the reduction of intracellu-
lar magnesium concentration from 100 to 50 mM by
adding the antibiotic polymyxin B to infected cells, T4
phage infection, unlike T3 or T7, was significantly af-
fected [12]. Studies show that high concentrations of
Ca?* are required for the effective penetration of phage
DNA into the host cell [13]. Calcium ions can also pre-
vent phage inactivation under certain conditions. For
example, in a study with the bacteriophage ¢u-4, it
was shown that the addition of Ca?* reduces the inac-
tivation of phage particles caused by chelating agents
such as citrate [14]. Some phages require the presence
of Ca?* for successful replication and assembly of new
virions. For example, calcium ions are absolutely es-
sential for the replication of mycobacteriophage I3 in a
synthetic medium [15].

The significance of carbohydrates in the nutrient
medium for phage reproduction has also been noted.
During a study of the lysis of sensitive strains of E.co-
li K 12 with the mutant [C 57] of bacteriophage A, it
was observed that cells grown in a synthetic medium
containing 1% glucose as a carbon source did not un-
dergo lysis. However, corresponding experiments using
1% glycerol as the carbon source showed the expected
lysis [16]. Glucose can influence the structure of the
bacterial cell wall, particularly the glycosylation of te-
ichoic acids, which in turn determines the susceptibility
of bacteria to phage infection [17].

The aim of the study.

To assess the impact of specific factors on bacterio-
phage replication by determining the size, morphology,
and number of plaques of nine different phages active
against nine clinically significant bacterial pathogens.

Object and research methods.

The study used 9 museum (reference) strains of
microorganisms obtained from the collections of ATCC
(American Type Culture Collection) and DSMZ (Leibniz
Institute DSMZ-German Collection of Microorganisms
and Cell Cultures GmbH): Enterococcus faecalis DSM
2570, Escherichia coliDSM 1103, Proteus mirabilis DSM
6674, Pseudomonas aeruginosa DSM 50071, Staphy-
lococcus aureus DSM 346, Enterobacter cloacae DSM
6234, Enterococcus faecium DSM 2146, Acinetobacter
baumannii DSM 30007, Klebsiella pneumoniae ATCC
700603.

Cultivation of bacterial pathogens and all phage-re-
lated experiments were performed using Nutrient agar
(HiMedia; 5.0 g/L peptic digest of animal tissue, 1.5
g/L meat extract, 1.5 g/L yeast extract, 5.0 g/L sodium
chloride, 15.0 g/L agar-agar). Separate batches of me-

dium were prepared by adding 1% glucose and 50 mM
Ca?* to investigate their effects on phage reproduction.

Nine different bacteriophages active against nine
types of microorganisms were used in the study. Bac-
teriophages were isolated from wastewater in Kyiv
through their accumulation. The wastewater samples
were initially centrifuged to remove solid particles. To
100 mL of the prepared wastewater, 1 mL of the corre-
sponding bacterial culture in the early log phase and 3
g of tryptic soy agar (Merck) were added to promote
bacterial growth. The mixture was incubated at 37°C
for 24 hours. After incubation, the mixture was centri-
fuged at 4,000 x g for 20 minutes at 4°C. The presence
of bacteriophages in the supernatant was checked
using the single-layer method. Isolated plaques were
selected for a second round of amplification. The puri-
fication procedures were repeated at least three times
to obtain pure phage lines. Phage suspensions were
further purified and concentrated by polyethylene gly-
col precipitation [18]. Phage suspensions were stored
at 4°C.

The size and morphology of the phages were exam-
ined using transmission electron microscopy (TEM). All
work was carried out at the Electron Microscopy Lab-
oratory of the Department of Microbiology and Parasi-
tology with Fundamentals of Immunology at the Bogo-
molets National Medical University, Ministry of Health
of Ukraine, as well as at the Collective Use Center of
Electron Microscopes of the NAS of Ukraine. Phage
suspensions were prepared in SM buffer with a phage
concentration of at least 10° PFU/mL. Contrast staining
was performed using a 2% solution of phosphotung-
stic acid (pH 6.8). The exposure time in the contrasting
solution was 1-2 minutes.

Experiments were performed in triplicate, and sta-
tistical analysis was conducted using the mean value
and standard deviation (SD). One-way analysis of vari-
ance (ANOVA) was used to compare the average num-
ber of plaques in the media and determine the effect
of factors on phage reproduction. A p-value of less than
0.05 was considered statistically significant.

Research results.

All the phages used in the study were isolated from
urban wastewater samples from Kyiv. Their specific
activity was confirmed through the Spot test and the
single-layer method (modification of the Gracia meth-
od). Transmission electron microscopy (TEM) analysis
showed that the isolated bacteriophages belong to dif-
ferent morphological groups (fig. 1).

Accordingly, the study used phages representing
three main morphotypes: Siphoviridae (phages Enb2f,

Figure 1 — Morphological characteristics of the bacteriophages used in the experiment: A — bacteriophage Enfs 14f active against
Enterococcus faecalis; B — bacteriophage St 12f active against Staphylococcus aureus; C — bacteriophage E44f active against Escherichia coli.
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both their size (0.53+0.09 and 0.4740.06,
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03 (P-value=0.05) (fig. 2 and fig. 3a).

In bacteriophage Pr48f, specific to
Proteus mirabilis, the addition of glucose
01 caused significant inhibition of plaque
formation: the number of plaques de-
creased by 29% (P-value<0.05), and their
size also significantly decreased (control
1.84+0.45 and 1.17+0.15 in the experi-
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Figure 2 — The effect of different factors on the reproduction of bacteriophage Enfs 14f.

Enfs 14f, Enfm 1f, KI178f, Pr48f, P1Sf), Podoviridae
(phages Ac28f, St12f), and Myoviridae (phage E44f).

To determine the impact of specific factors, particu-
larly glucose and Ca?* ions, nutrient agar from HiMedia
was used for culturing microorganisms. At the prelimi-
nary stage of the study, this medium demonstrated the
best results in supporting plaque formation for differ-
ent types of bacteriophages.

It was experimentally confirmed that the addition
of glucose (1%) and Ca?* ions (50 mM) had different
effects on plaque formation (size and number) in vari-
ous phages. The addition of glucose and Ca?* ions did
not affect the number or size of plaques formed by the
Ac28f bacteriophage, active against Acinetobacter bau-
mannii. For the E44f phage, specific to Escherichia coli,
the addition of glucose reduced the number of plaques
from 250 to 0 (P-value<0.05), while Ca%* ions increased
the number by 115% (P-value<0.05), with no effect on
the plaque size (control 0.4+0.05 and 0.44+0.05 in the
experiment, P-value>0.05). For the Enb2f phage, spe-
cific to Enterobacter cloacae, the addition of glucose
caused a 164% increase in the number of plaques
(P-value<0.05) with a slight increase in their diameter
(control 2.2740.66 and 2.67+0.39, P-value<0.05), while
the addition of Ca?* ions had no effect on the number,
but slightly decreased their size (control 2.27+0.66 and
2.07+0.11, P-value=0.05).

a b
Figure 3 —

Influence of different factors on bacteriophage growth: a — Enterococcus
faecalis DSM 2570, b — Proteus mirabilis DSM 6674. Designations: A — Nutrient agar for
microorganism cultivation (HiMedia), B — Nutrient agar for microorganism cultivation
(HiMedia) with the addition of glucose (1%), C — Nutrient agar for microorganism
cultivation (HiMedia) with the addition of glucose (1%) and CaCl, (50 mM), D — Nutrient
agar for microorganism cultivation (HiMedia) with the addition of CaCl, (50 mM).

ment, P-value<0.05). The addition of Ca?*
ions did not affect the size of the plaques
but reduced their number by 16% (P-value=0.05), ac-
companied by the appearance of turbidity (fig. 4 and
fig. 3b).

In the case of bacteriophage Enfm 1f, specific to En-
terococcus faecium, glucose caused a 56% decrease in
the number of plaques (P-value<0.05) and their diame-
ter (control 2.08+0.37 and 0.66+0.05 in the experiment,
P-value<0.05). Addition of Ca%* ions increased the num-
ber of plaques by 108% (P-value>0.05), without affect-
ing their size (control 2.08+0.37 and 2.095+0.37 in the
experiment, P-value>0.05). Bacteriophage KI178f, spe-
cific to Klebsiella pneumoniae, showed no effect of glu-
cose on the number of plaques, with a slight increase
in their size (control 1.91+0.2 and 2.11+0.07 in the ex-
periment, P-value<0.05). The addition of Ca?* ions led
to a slight increase in the number of plaques (by 112%,
P-value=0.05), without affecting their diameter (con-
trol 1.9140.2 and 1.96%0.05 in the experiment).

Bacteriophage P1Sf, specific to Pseudomonas aeru-
ginosa, showed an increase in the number of plaques
by 111% (P-value>0.05) and their size (control 2.17+0.3
and 2.15+0.35 in the experiment, P-value<0.05) upon
the addition of glucose, which was accompanied by in-
tense blue-green pigment formation. Ca?* ions had no
effect on the number of plaques but slightly increased
their size (control 2.17+0.3 and 2.39+0.45 in the exper-
iment, P-value>0.05).

Finally, in bacteriophage St12f, specific to Staphy-
lococcus aureus, glucose caused a signifi-
cantdecrease inthe number of plaques by
60% (P-value<0.05) and their size (control
1.2740.06 and 0.88+0.07 in the experi-
ment, P-value<0.05). Ca* ions contribut-
ed to a minimal increase in the number of
plagues by 104% (P-value>0.05) and their
size (control 1.27+0.06 and 1.31+0.06 in
the experiment, P-value=0.05).

Discussion of research results.

The results obtained demonstrate
the specific influence of glucose and Ca?*
ions on the plaque formation processes
of different bacteriophages, depending
on their morphotype and host bacteria.
This confirms the importance of an in-
dividualized approach to optimizing the
cultivation conditions of phages during
their isolation and accumulation for fur-
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ther use in both research and phage ther- 250
apy of infectious diseases.

It was established that glucose has
a significant inhibitory effect on plaque
formation in phages E44f, Enfm 1f, Pr48f,
and St12f, which are specific to Esche- 150
richia coli, Enterococcus faecium, Prote-
us mirabilis, and Staphylococcus aureus,
respectively. In particular, for phage E44f,
the number of plaques decreased to zero
(P-value<0.05), indicating a strong nega- 50
tive impact of glucose on the phage in-
fection process. A similar trend was ob-
served for phages Pr48f and St12f, where
the reduction in the number of plaques
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was accompanied by a significant de-
crease in their size. This may be linked to
changes in the metabolic activity of host
bacteria and structural modifications in the bacterial
cell wall under the influence of glucose, which reduces
the efficiency of phage adsorption and replication [19,
20]. This pattern has been confirmed by experimen-
tal studies conducted by other researchers using the
phage A [C57] [16]. When culturing T4 phages in LB me-
dium with glucose, a decrease in phage titers was also
observed compared to LB without glucose [11]. Some
studies, however, indicate that the addition of glucose
to the growth medium supports phage replication. For
instance, Jessica Silva et al. demonstrated that an effec-
tive method for culturing phage T7 was using a minimal
medium containing glucose — M9/glucose [21].

It should be noted that Calcium ions (Ca?*), pre-
dominantly promoted an increase in the number of
plaques or their size in most of the phages studied.
For example, for phage E44f, the number of plaques
increased by 115% (P-value<0.05), indicating a stimu-
latory effect of Ca®* ions on phage adsorption process-
es and their penetration into bacteria. Similar results
were obtained for phages Enfs 14f and Enfm 1f, specific
to Enterococcus faecalis and Enterococcus faecium, re-
spectively. In these cases, the increase in the number
or size of plaques suggests an improvement in the ef-
ficiency of the phage infection cycle due to enhanced
stability of the capsid or better interaction between
the phage and the bacterial cell surface. This pattern
has been confirmed by a number of experimental stud-
ies. Research on the morphological changes of phage
$X174 under the influence of Ca?* ions showed chang-
es in the epitopes of phages responsible for binding to
lipopolysaccharides on the bacterial cell wall during the
early stages of infection in Escherichia coli [22]. Exper-
iments involving the infection of phages with radioac-
tively labeled DNA showed that at high concentrations
of Ca?*, the label remained associated with the host
cells until the onset of lysis. However, at low concen-
trations, dissociation between the phage DNA and the
host was observed, although adsorption occurred at a
normal rate. Therefore, a high concentration of Ca* is
required for the penetration of phage DNA into certain
bacterial hosts [13].

The results for the phage P1Sf, active against Pseu-
domonas aeruginosa, are particularly interesting. The
addition of glucose slightly increased the number of
plaques by 111% (P-value=0.05) and promoted the for-
mation of a blue-green pigment. This may be a result

Figure 4 — The effect of different factors on the reproduction of bacteriophage Pr48f.

of the activation of metabolic pathways in P. aerugi-
nosa that enhance phage replication. In this case, Ca%*
ions did not affect the number of plaques but slightly
increased their size, indicating a specific influence of
these factors.

Equally important are the data on the effect of
glucose on the phage Enb2f, specific to Enterobacter
cloacae. Here, the addition of glucose caused a 164%
increase in the number of plaques (P-value<0.05) with
a slight increase in their size. This may be related to
the stimulation of the host bacterial replication, which
in turn provides more substrate for phage replication.

The differences in the effects of glucose and Ca?*
ions on plaque formation may be explained by various
mechanisms of interaction between phages and host
bacteria. Glucose may alter the metabolic state of bac-
teria, affecting the synthesis of receptors for phage ad-
sorption, while Ca* ions can stabilize phage structures
and facilitate the penetration of phage DNA into the
host cell. Moreover, certain differences between phage
morphotypes (Siphoviridae, Podoviridae, Myoviridae)
may influence their sensitivity to these factors.

Conclusions.

Plaque formation is one of the key characteristics
of bacteriophages that is actively studied within the
scientific community. Understanding the mechanisms
behind this process is crucial for improving phage ther-
apy and optimizing the cultivation of bacteriophages
in laboratory conditions. Our results demonstrate that
phage infectivity depends on the presence of specific
components in the growth medium, highlighting the
importance of additional laboratory research before
their practical application in medical practice.

Prospects for further research.

Studying the impact of other chemical components,
including different classes of carbohydrates in the com-
position of growth media, may help identify addition-
al factors influencing phage replication. Investigating
the mechanisms through which glucose and Ca?* ions
affect the adsorption, penetration, and replication of
bacteriophages in bacteria will provide a better under-
standing of the molecular basis of these processes.

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meanuunn — 2025 — Bun. 1(176) / Bulletin of problems in biology and medicine — 2025 - Issue 1(176)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

393



MIKPOBIONOTIA / MICROBIOLOGY

DOI 10.29254/2077-4214-2025-1-176-390-399
YOK 578.232:579.24
MoHamoecwKuii B. A., LLlupobokoe B. I1., bobup B. B.

BMNAUB PISBHUX KOMIMOHEHTIB NOXMUBHUX BAKTEPIOZTIONYHUX CEPEAOBULLL
HA B/IALLKOYTBOPEHHA BAKTEPIO®ATIB

HauioHanbHUii meguuHuii yHiBepcutet imeHi 0.0. boromonbusa (M. Kuis, YKpaiHa)
v.poniatovskyi@gmail.com

AHMUMIKPOBHAG pe3ucmeHmHicms CrpuvyuHAE 3pocmaroyuli iHmepec 0o 6akmepiogazie AK 00MOMIHHO20
iHcmpymeHmy 0o aHmubiomuckis. Brisius ymos Kynbmugy8aHHA HA pernpooyKuito ¢hazie Ha cb0200HIWHIlG 0eHb
30/UWAEMbCS HeAOCMAMHbLO BUBYEHUM. Y UbOMy 00CAIOIEHHI OUIHEHO 8MAUS 2/110KO3U mMa ioHie Kanbuito (Ca®*)
Ha 30amHicme 6akmepioghazis nizysamu 6akmepiansHi Kyasmypu.

Jna 0ocnioreHHA sukopucmaHo 6bakmepiogazu, sudineHi 3 MicbKux cmiyHUx 800 M. Kuesa, wjo Hasexams 00
mopgomunie Siphoviridae, Podoviridae ma Myoviridae. [locnidmeHHsa snausy 2awko3u (1%) ma ioHie Ca®* (50 mM)
Ha 613WKOYyMB0peHHA hazie nposoounu Waaxom 000a8aHHSA iX 00 CKAAOY MOXUBHO20 a2apy 0418 KysAbmusy8aHHA
MiKpoopaaHi3mie. OUiHKYy pe3ysnemamis nposoousnu WAAXOM MOPIBHAHHA KinbKocmi 6AAWOK Ha cepedosuwax 3
000a8aHHAM pPi3HUX hakmopis i 6e3 Hux.

EKcriepumeHmasnbHo 8CMAHOB/EHO, WO 210Ko3a ma ioHu Ca* no-pisHomMy nausaroms Ha hopmyeaHHs 6AAUIOK
y pisHux 6akmepiogpazie. [noKko3a yacmiwe npuzHiyysana ¢pazosy akmusHicms, modi aKk ioHu Ca®* y binbwocmi
8unaoKie crnpusanu MocusneHHIo bAAWKOYMBOPEHHIO (3MiHA KilbKocmi Yyu po3mipy 6AaWoK). B okpemux sunaoxkax

crocmepizanoca nocuneHHa penpodykyili bakmepiogazie nio dieto ear0Ko3U.
Brninus pisHux gpakmopis Ha ¢hazosy pernpodyKuii cnid spaxosysamu npu sudineHHi ma xapakmepucmuuyi ¢azis
a MAKox« npu po3pobui pacomepanesmuyHuUX npenapamis.

Knrouosi cnoea: 6bakmepiogaau, 69UKOYyMBOPEHHS, 20K03d.

38’A30K ny6niKauii 3 n1aHOBMMMU HayKOBO-J0CNIg-
HUMU poboTamu.

MpeactaBneHa pobota € ¢parmeHTOM HayKoOBO-
ro AOCNigXKEeHHA B paMKaX iHiLiaTMBHOI HAyKOBO-40-
cnigHoi pobotn «BuKopucTaHHA 6GaKTepiodaris ana
60pOoTbON 3 AHTUBIOTUKOPE3UCTEHTHUMMK BapiaHTaMu
Klebsiella pneumoniae», Homep Aep*kaBHOI peecTpaLii
0123U100951.

Bcryn.

Y cy4yacHii meauuumHi npobnema aHTUbiIOTUKOpE-
3UCTEHTHOCTI CTa€e Bce Binbll KPUTUYHOM. 33 AaHUMMU
BcecBiTHbOI opraHisauii oxopoHu 3aopos’a (BOO3),
3POCTaHHA PIBHA PE3UCTEHTHOCTI MATOreHHUX BakTepii
[0 aHTMBIOTUKIB 3arporKye 3BeAeHHAM HaHiBelb Hara-
TOPIYHMX [OCATHEHb Yy NiKyBaHHI iHPeKUilnHMX 3axBo-
ptoBaHb. Y Uili cuTyauii 6akTepiodarn — Bipycu, 34aTHi
BMOipKOBO iHOiIKyBaTK Ta nisyBaTh HaKTepii — nocTawoTb
AK NepcrnekTUBHE LOMNOBHEHHA A0 TPAAULUIAHOI aHTUMI-
KpobHoi Tepanii.

BakTepiodarn 3paTHi ePeKTUBHO 3HULLYBATU aH-
TUBIOTUKOPE3UCTEHTHI WTamM HaKTepil, Wo pobuTb ix
BaXK/IMBUM iHCTPYMEHTOM Yy 60poTbbi 3 iHdpeKuiamu, Wwo
CMPUYMHEHI MIKPOOPraHiamamm 3 MHOMMHHOM NiKap-
CbKoO CcTiviKicTio [1, 2, 3]. BukopuctaHHA HakTepiodaris
TaKOX BiAKPMBAE MOMKIMBOCTI ANA KOMbBiHOBaHOI Tepa-
nii, KoM ogHOYacHe 3acTocyBaHHA ¢ariB i aHTUBIOTHKKIB
[,03BONAE NogoNaTh HaKTepiaNbHy pPe3nCcTeHTHICTb abo
niasMwmnTN edeKTUBHICTb NliKkyBaHHA [4, 5]. IHTepec Oo
bakTepiodaris y MeanUMHI 3pOCTaE i Yepes pPO3BUTOK
6ioTexHoONOriN, AKi 403BONAIOTL CTBOPHOBATU MEpPCOHa-
ni3oBaHi ¢arosi Nnpenapatv Aaa NiKyBaHHA KOHKPETHUX
iHpeKUi y neBHiN KaTeropii nauieHTiB. Y AeAKUx Kpai-
Hax B¥e 3aCTOCOBYHTbHCA KOMepPLiNHO A0CTYnHi darosi
npenapaTu, a HAyKOBi AOCNIAKEHHA Y LilA rany3i CTpiMKo
po3BuBatoTbCs [6].

Ha »anb, HaBiTb i3 PO3BUTKOM KOMeEpLiiHMX Npena-
paTiB Ha ocHoBi daris, Bce We bpakye AOCTaTHLOrO pPo-
3yMiHHA MexaHi3miB B3aemogii baktepiodaris i3 HakTe-

piaNibHOIO KNITUHOM, WO CTBOPIOE MEBHI OBMENKEHHS Y
BMKOPUCTaHHI dariB y meguumHi.

bakTtepiodaru, npu cninbHOMy BHECEHHi iX 3 4yT-
NMBUMM BaKTepiaMu-rocnofapsamu y HanisTeepae no-
YKMBHE arapoBe cepefoBuLle, YTBOPHOKOTb 30HM Ni3KUCy,
abo 6nAawkn, pisHoi mopdonorii, po3mipy Ta BUrNAay.
BBarKa€eTbCA, WO KOXKHA BAALLKA 3a3BMYAl NPEeACTaBAAE
30HY penpoayKuii ogHiei BipycHoi YyacTku. Mpupoaa da-
rosux 6aawok byna npegmeTom gocniaxkeHHA 6aratbox
HAYKOBL,iB, AKi HA OCHOBI OTPUMAHMX Pe3yNbTaTiB PO3PO-
61U YncneHHi matemaTuyHi mogeni [7, 8]. PopmyBaH-
HA GaKTepiodaroBux 6aALWOK BifOYBAETLCA Y AEKiNbKa
da3: nepBMHHa agcopbuisa, Konu dar NPUESHYETbCA 40
KNITUHHOI CTiHKM baKTepii-xa3siHa; nepLui KifibKa LMKAIB
BIPYCHOTO PO3MHOMKeHHA; ¢da3a 36inblieHHA 6aALKK
32 paxyHOK iHQIKYBAHHA CyCigHIX KNiTWUH; Ta 3aKAO4Ha
da3a, nia yac AKOI PO3IMHONKEHHsA dariB NPUNUHAETLCA
Yyepes nepexif 6akTepiaIbHOro ra3oHy A0 CTaLioHAPHOI
daszu.

XapaKTepuUCTMKKM pocTy daris, 30Kpema LIBUAKICTb
afacopbuji, nateHTHWU nepioa, po3mip BMbYXy, modat-
KOBa LWiNbHICTb rasoHy, WBWAKICTb noainy b6aktepin
Ta A03piBaHHA ra3oHy A0 CTauioHapHOI ¢asu, 3HaAYHO
BMN/IMBAOTb Ha PO3Mip BNALLKK, OCKIZIbKM OCHOBHUI PO3-
BUTOK BAsiLIOK BigbyBaeTbea nig vac log ¢pasm pocty bak-
TepianbHOI KynbTypu [8, 9]. JoaaTKoBy posb Mpu yTBO-
peHHi daroBux BAALWOK Bigirpae WiNbHICTb NOXKMBHOIO
cepepoBua. Y piaKomy cepefoBMLL CNOCTepiraeTbca
36inblueHe iHpiKyBaHHA GaKTepiit 3aBAAKMN MiABULLEHIN
mobinbHocTi daris, WO cnpuAe ix B3aemodii 3 6bakTepia-
MU. Y HINiBLLINbHMX arapn3oBaHMX CepeaoBULLAX PYXIU-
BicTb dariB 0bMeKyeTbCs Yepes NeBHUM iHTepBan Yvacy,
LLLO 3YNMHSAE Npouec nisuncy rocnogapa [10].

OpHaK, OKpiM XapaKTepuUcTMK ¢ara Ta WinbHOCTI no-
KMBHOTO cepefoBulLa, po3mip i mopdonoria darosux
61ALWOK MOXKYTb TAKOXK 3MiHIOBATUCA 3a/1€XKHO BiJ MeTo-
Ay KynbTuBYBaHHA BakTepiodaris, yMOB eKCNepUMEHTY,
a TaKOXK CKNaAy i MOXOAKEeHHA NOXUBHOIO cepefoBMLLa.
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laeanbHUM cepefloBULLEM € Te, AKe 3abe3neyye MaKcu-
Ma/IbHWUI PicT BaKTepill i ONTUMabHY aKTUBHICTb daris.

[esaki dakTopu, WO cnpuATb PocTy GakTepii, mo-
KYTb MPUrHiYYBaTU aKTUBHICTb ¢ariB, Toai AK iHWi daK-
TOPW, LLO CTUMYIOIOTb aKTUBHICTL daris, MOXKyTb 06-
MeXKyBaTK picT BakTepili-rocnogapis. MpoTe MOKAMBUIA
KOMMPOMiIC, 32 AKOTro 061ABi aKTUBHOCTI NiATPUMYIOTbCA
Ha BUCOKoMmy piBHi [11].

BaxknuBy ponb B iHdeKuUiiHOMy npoueci 6akTepio-
daris BigrpatoTb TaKOXK IOHM KanbLiito Ta marHito. Ekcne-
pUMeHTanbHO Byno NiaTBEPAXKEHO, WO iHPiIKyBaHHSA E.
coli paramu T4, P1 abo A CNpUUYMHANO TUMYACOBE 3HU-
KEHHA BHYTPIWHbOKAITUHHUX PiBHIB Kanito, MarHito Ta
noniaminie. Mig 4ac 3HMMKEHHA BHYTPILHbOKAITUHHOI
KOHLeHTpaLii marHito 3i 100 go 50 MM wnaxom gopa-
BaHHA aHTMBIOTUKA NoNiMiKcMHY B 0o iHbiKOBaHUX KAi-
TUH, iHpeKLia darom T4, Ha BiaMiHy Big T3 un T7, 3a3Ha-
Na 3HayHoro Bnauey [12]. JocnigKeHHs NoKasyoTb, WO
BMCOKi KoHUeHTpauii Ca?* HeobxiaHi ana epeKTUBHOro
npoHuKHeHHA ¢darosoi AHK y knituHy-rocnogapa [13].
TaKoXK iOHM Ka/bLito MOXKyTb 3anobirati iHaKTuBay,i
¢dariB y neBHMX ymoBax. Hanpuknag, y AOCNigXKeHHI 3
baktepioparom ¢u-4 6yno nokasaHo, WO AOLABAHHA
Ca®* 3MeHLUye iHaKTMBaLitO GaroBMXx 4acTOK, CrpUYU-
HEHY XenaTylUMMM areHTaMu, TakuMu Ak umutpaT [14].
[Oeski darm notpebytotb npucyTHocTi Ca%* ana ycniwHoi
pennikauii Ta 36upaHHA HOBWX BipioHiB. Hanpwuknag,
Ana MmikobakTepiodara I3 ioHM Kanbujto € abcontoTHO
HeobXiAHMMM 1A MOro PO3MHOMKEHHA B CUHTETUYHOMY
cepeaosuLLi [15].

Takox byno Big3HAYEHO 3HAYEHHA BYI/IEBOAIB Y CKN1a-
Ai MOXMBHOIO cepefoBMLLa AnA penpoaykuii daris. Mig,
Yyac AOCNiAMKeHHs nisncy YyTamemx wrtamis E. coli K 12
3 mytaHToMm [C 57] bakTepiodara A 6yno nomivyeHo, Wwo
KNITUHU, BUPOLWEHI B CUHTETUYHOMY CepesoBULLI, LLO
MIcTUTb 1% rNOKO3M AK AKepeno Byrneuto, He NisyoTb-
CA, X04a BigNOBIAHI €KCNEPUMEHTM 3 BUKOPUCTAHHAM
1% rniuepuHy AK OxKepena Byrneuto NokKasaam ovikysa-
HUI nisuc [16]. [NoKo3a MOoXKe BMNAMBATU Ha CTPYKTYpY
KNITUHHOI CTIHKM 6aKTepiil, 30Kpema Ha riKo3uatoBaHHA
TEMXOEBMX KMCAOT, WO, Y CBOK Yepry, BU3HAYAE CNPUit-
HATNMBICTb BaKTepil Ao darosoi iHbeKu,ii [17].

MeTta gocnigKeHHs.

OuiHMTM BNIMB OKpeMumx GaKTOpiB Ha penpoayKLito
6akTepiodaris WAAXOM BU3HAYEHHA po3Mipy, Mopdosio-
rii Ta KinbKoCTi 61AWOK AeB’ATU pisHUX daris, aKTUBHUX
npoTu Aes’aTu BUAIB HaKTepianbHUX NaTOreHis i3 Hak-
BiNbLUMM KNIHIYHUM 3HAYEHHAM.

O6’eKT i meTOoAU AOCNIAKEHHA.

Y pocnigxeHHAX BUKOPUCTaHO 9 My3eiHUX (eTanoH-
HWUX) LWITamiB MIKPOOPraHi3amiB, OTPMMAHMX i3 KONEKLi
ATCC (American Type Culture Collection) Ta DSMZ (Leib-
niz Institute DSMZ-German Collection of Microorgan-
isms and Cell Cultures GmbH): Enterococcus faecalis
DSM 2570, Escherichia coli DSM 1103, Proteus mirabi-
lis DSM 6674, Pseudomonas aeruginosa DSM 50071,
Staphylococcus aureus DSM 346, Enterobacter cloacae
DSM 6234, Enterococcus faecium DSM 2146, Acineto-
bacter baumannii DSM 30007, Klebsiella pneumoniae
ATCC 700603.

KynbTMByBaHHs OGaKTepiasbHMX MaToreHiB Ta BCi
OOCNigXKeHHs 3 bakTepiodaramm npoBOAMAUCA 3 BU-
KOPUCTaHHAM MoXmBHoOro cepeposuuia Nutrient agar
(HiMedia; nenTuuyHunit nepesBap TBapMHHOI TKaHMHK 5,0
r/n; M'ACHWMI eKcTpaKT 1,5 r/n; OpixAXKOBUI eKCTPaKT

1,5 r/n; HaTpito xnopug, 5,0 r/n; arap-arap 15,0 r/n). Ok-
pemi cepii cepeaosuLL roTyBanu 3 gogaBaHHAM 1% rnto-
Ko3un Ta 50 MM Ca?* 3 MeTOIo A0CAIAKEHHA iX BNAMBY Ha
penpoaykuito daris.

Y pocnigreHHi 6yno BUKOPUCTAHO AeB’ATb Pi3HMX
b6akTepiodaris, akKTUBHUX NPOTK AEB’ATU BUAIB MiKpoOp-
raHiamis. baktepiodparn BMAINAAK 3i CTIYHUX BOA MmicTa
KreBa wnaxom ix HakoMMuyeHHA. 3pasKu CTiYHOI BOAM
nonepeaHbO LeHTPUbYrysanu Ana BUAaNEHHA TBEPANX
yactok. 1o 100 mn nigrotoBneHoOi CTiYHOI BOAM A0AaBa-
v 1 mn BignosigHoT 6akTepianbHOI KyAbTYPU Ha paHHi
log-dasi Ta 3 r TpunTOHHO-coeBoro arapy (Merck), wob
3abe3neunTu pict 6akTepii. Cymiw iHKybyBanu npu 37°C
npotarom 24 roauH. Micna iHky6aLii cymiw ueHTpudyry-
Bann npmn 4 000 x g npotarom 20 XBU/IMH 3a TemnepaTtypu
4 °C. HasBHicTb 6aKkTepiodariB y cynepHaTaHTi nepesipsa-
1 ogHowaposum meTogomM. OKpemi i3onboBaHi 6aaLW-
KW Bigbupanu ana apyroro payHay amnnidikauii. Mpo-
Leflypy OYMLLEHHA MOBTOPIOBA/N LLOHAMMEHLIEe Tpuui
ONA OTPUMaAHHA 4YMCTUX NiHin darie. Parosi cycneHsii
[0AATKOBO OYMLLYBaNWN Ta KOHLLEHTPYBaAM 3a AONOMO-
roto npeuyunitauii nonietunenrnikonem [18]. OTpumaHi
cycneHsii ¢aris 36epiranu npu Temnepatypi 4°C.

Po3mip i mopdonorito ¢dariB 6yno gocnigxeHo 3a
[0MOMOroH0 NPOCBiYYBaNbHOI (TPAHCMICIHOI) enekTpo-
HHOT miKpockonii. Yca poboTa BMKOHaHa B flabopaTopil
eN1eKTPOHHOI MiKpocKonii Kadeapu mikpobionorii Ta
napasuTosorii 3 ocHoBamu imyHonorii HauioHanbHOro
meamyHoro yHisepcutety imeHi 0.0. boromonbus MO3
YKpaiHu, a TakoX Ha 6a3i LLeHTpy KONeKTMBHOIo Kopuc-
TYBaHHA €NeKTPOHHUMK mikpockonamu HAH YkpaiHu
(LLKKEM). ®aroBy cycneHsito roTysanu B 6ydepi SM 3
KOHUeHTpaLjieo daris He meHwwe Hix 10° BYO/mn. KoH-
TPACTyBaHHA BMKOHYBa/NW 3 BUKOPWUCTAHHAM 2% poO3-
ynHy ¢pochopHo-BonbPpamoBoi Kucnotn (pH 6,8). Yac
€eKCno3uu,ii y KOHTPACTyBa/IbHOMY PO34YMHI CTaHOBMB 1-2
XBUINHMN.

EKcnepuMeHTU BUKOHYBa/IN Y TPbOX NOBTOPAX, a CTa-
TUCTUYHUIA aHani3 34iNCHIOBaAN 3 BUKOPUCTAHHAM ce-
peAHbOro 3HAYEeHHs Ta CTaHAAPTHOrO BigxuaeHHs (SD).
[nA nopiBHAHHSA cepeHix 3HaYeHb KiNIbKOCTi 615LWOK Ha
cepenoBULLAX i BU3HaYeHHA BNAMBY daKTopiB Ha penpo-
OyKLUito bakTepiodarie 3acTocoBYBaIM OAHOPAKTOPHUIA
aucnepcinHuii aHanis (ANOVA). 3HaueHHA p meHLwe 0,05
BBAKA/IOCA CTAaTUCTUYHO 3HAYYLLUM.

Pe3ynbratu pocnigKeHHs.

Yci darun, BUKOpUCTaHi B AOCNIAXKEHHAX, Bynn Buaine-
Hi 3 Npob MicbKuMx cTiuHMX Bog M. Kuesa. Ix cneundidny
AKTUBHICTb NiATBEPAKEHO 33 AOMOMOroK Spot-TecTy Ta
ogHowapoBoro metoay (moguodikauia metoay lMpauia).
AHani3 i3 BUKOPUCTAHHAM TPAHCMICIMHOI eneKTPOHHOI
Mikpockonii (TEM) noKkasas, Lo i301boBaHi bakTepioda-
TM HanexaTb 40 Pi3HUX MopdonoriyHux rpyn (puc. 1).

BignosigHo, y gocniarkeHHi 6ynu BUKopUCTaHi bak-
Tepiodarn, npeacTaBneHi Tpboma OCHOBHUMKU Mopdo-
TmMnamu: Siphoviridae (barv Enb2f, Enfs 14f, Enfm 1f,
KI178f, Pr48f, P1Sf), Podoviridae (darn Ac28f, St12f) Ta
Myoviridae (bar E44f).

[ns BU3HaYeHHA BNAUBY OKpemmux $aKkTopis, 30Kpe-
Ma /1l0K03M Ta ioHiB Ca%*, BUKOPUCTOBYBAIN MOMKMBHUIM
arap 41A KyNbTMBYBaHHA MiKPOOPraHi3amis BUPOBOHMLTBA
HiMedia. Ha nonepesHboMy eTani gocnifKeHHs Le no-
UBHE cepefoBULLE NPOAEMOHCTPYBANO HalKpalli pe-
3y/NbTaTU WOAO0 NIATPUMKM BNALKOYTBOPEHHSA Y Pi3HMX
TMniB baKTepiodaris.
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PucyHok 1 — MopdonoriuHi oco6amsocti 6aktepiodaris, Lo BUKOpUCTaHHI B gocnigi: A — 6aktepiodar Enfs 14f akTUBHUIA Yy BigHOLWEHHI
Enterococcus faecalis; B — 6aktepiodar St-12f aktuBHui4 y BigHoweHHi Staphylococcus aureus; C — 6aktepiodar E44f aKTUBHUI Y BiAHOLWEHHI
Escherichia coli.

EKcnepuMeHTanbHO NiATBEPAMKEHO, WO A0AABAHHA
rnoko3m (1%) Ta ioHis Ca®* (50 mM) no-pisHomy Bn/iun-
BaE Ha ¢deHomeH b6nAWKoyTBOPeHHA (po3mip i Kinb-
KicTb) y pi3HUx 6akTepiodaris. [ogaBaHHA [OKO3U Ta
ioHiB Ca%* He BN/IMBaA/IO Ha KifIbKICTb YTBOPEHMX BAALIOK
Ta ix po3mip y bakTepiodara Ac28f, aKTMBHOrO LLOA0
Acinetobacter baumannii. Y Bunagxky 6akTepiodara
E44f, cneundiuHoro ao Escherichia coli, nonaBaHHA rto-
KO3U NPU3BOAMNO0 A0 3MEHLLEHHS KiIbKOCTi 6/1ALLOK Big,
250 po 0 (P-value<0.05), Toai ak ioHn Ca?* 36inbluysa-
NI iX KinbKicTb Ha 115% (P-value<0.05), He BnaMBaoun
Ha po3mip baswok (KoHTposb 0,4+0,05 Ta 0,44+0,05 B
pocnigi, P-value>0.05). Y 6aktepiodara Enb2f, cneuu-
¢iyHoro po Enterobacter cloacae, noaaBaHHA TNOKO3M
CNPUYUNHAND 36iNblUueHHA KinbKocTi 6aAwoK Ha 164%
(P-value<0.05) i3 He3HauyHMM 36inblUeHHAM iX diameTpa
(koHTpONb 2,27+0,66 Ta 2,67+0,39, P-value<0.05), Toai
AK foAaBaHHA ioHiB Ca%* He BN/MBA/IO Ha Ki/bKICTb, ane
Aelo 3MeHLyBano iX po3mip (KoHTposb 2,27+0,66 Ta
2,0740,11, P-value>0.05).

Y 6aktepiodpara Enfs 14f, cneumdiyHoro Ao
Enterococcus faecalis, ioHn Ca?* cnpuanu 36inblUEHHIO
KifbKoCTi 6aawoK Ha 120% (P-value=0.05) Ta ix giame-
Tpa (KoHTponb 0,53+0,09 Ta 0,64+0,11, P-value<0.05),
TOAi AK A04ABAHHA MNHOKO3M 3MEHLIYBANO AK iX PO3Mip
(0,53+0,09 Ta 0,47%0,06, P-value<0.05), TaK i KinbKicTb
Ha 10% (P-value=0.05) (puc. 2 Ta puc. 3a).

Y 6aktepiodara Pr48f, cneuudiuHoro go Proteus
mirabilis, poaaBaHHA [NIOKO3U CNPUYMHANO 3HAYHE iH-
ribyBaHHA GNALIKOYTBOPEHHSA: Ki/bKiCTb BAALLIOK 3MeH-
wysanaca Ha 29% (P-value<0.05), a ix po3mip TakoK cyT-
TEBO 3MeHLIyBaBcA (KoHTponb 1,84+0,45 1a 1,17+0,15 B
nocnigi, P-value<0.05). logasaHHA ioHiB Ca?* He BNAK-
Ba/si0 Ha Po3Mip 6AALWOK, NPOTe 3MEeHLLYBao iX Kinb-

KicTb Ha 16% (P-value>0.05), cynpoBoasKytouncb nos-
BOIO MyTHOCTI (puc. 4 Ta puc. 36).

Y BunagKky 6aktepiodara Enfm 1f, cneumdiuHoro
8o Enterococcus faecium, tnoKosa CnNpuUYMHANG 3MEH-
LWEHHA KinbKocTi 6aAWoK Ha 56% (P-value<0.05) Ta ix
AiameTpa (KoHTponb 2,08%0,37 Ta 0,66+0,05 B mochi-
4i, P-value<0.05). JopasaHHsA ioHiB Ca* 36inbliyBano
KinbKicTb 6naswok Ha 108% (P-value>0.05), He BnauBa-
HouM Ha ix po3mip (KoHTponb 2,08+0,37 Ta 2,095+0,37 B
pocnigi, P-value>0.05). baktepiodar KI178f, cneundiu-
Hul po Klebsiella pneumoniae, pemoHCTpyBaB BiacyT-
HiCTb BM/IMBY [/1HOKO3M Ha Ki/IbKiCTb BAALIOK i3 He3Hau-
HUM 36inblEeHHAM iX po3mipy (KoHTponb 1,91+0,2 Ta
2,114+0,07 B pocniai, P-value<0.05). [logaBaHHA iOHiB
Ca?* npu3BOAM/IO A0 HE3HAYHOTO 36i/IbLIEHHA KiJIbKOCTI
6nawok (Ha 112%, P-value=0.05), He BnAMBatouYM Ha ix
AiameTp (KoHTponb 1,91+0,2 Ta 1,96+0,05 B gocniai).

Bbaktepiodar P1Sf, cneundiuHuii go Pseudomonas
aeruginosa, [eMoHCTpyBaB 36inblueHHA KinbKocTi 6na-
WoK Ha 111% (P-value>0.05) Ta ix po3mipy (KOHTpoO/b
2,17+0,3 Ta 2,15+0,35 B gocnigi, P-value<0.05) npu go-
[,aBaHHi [/TIOKO3M, LLLO CYNPOBOAKYBANOCA iIHTEHCUBHUM
NirMeHTOYyTBOPEHHAM CUHbO-3E/1EHOTO0 KOMbOPY. |OHM
Ca?* He BNAMBAAM Ha KiNbKicTb BAALIOK, ane He3HayHo
36ibLUYyBaNK iX po3mip (KoHTposb 2,17+0,3 Ta 2,39+0,45
B gocnigai, P-value=0.05).

HapewTi, y 6aktepiodara St12f, cneumndiyHoro ao
Staphylococcus aureus, TNOKO3a BUK/AMKana 3HaYHe
3MeHLUEHHSA KinbKocTi 6AWwoK Ha 60% (P-value<0.05) Ta
iX po3mipy (koHTponb 1,27+0,06 Ta 0,88+0,07 B mocniai,
P-value<0.05). loHn Ca?* cnpuanu miHimasbHoMy 36ib-
LIEHHIO KiNbKocTi 6aawWoK Ha 104% (P-value>0.05) Ta ix
po3mipy (KoHTponb 1,27+0,06 Ta 1,31+0,06 B Aocniai,

P-value>0.05).
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i cneumndivyHnn BNAMB roKosu Ta ioHis Ca?*

Ha npouecn ONAWKOYTBOPEHHA Pi3HMX
05 6akTepiodarie 3anexHo Bif X MoppoTu-
ny Ta 6akrtepii-xa3aiHa. Lle nigTBepaxye
BaAXK/IMBICTb iHAMBIAYaNbHOrO niaxoay 40
03 OonTMMI3aLii YyMOB KynbTMBYBaHHA daris
npu iX BUAINEHHI Ta HAKONMYEHHI 3 MEeTOtO
X MOAaNbLLIOro BUKOPUCTAHHA AK Y A0CHi-
0.1 OXKEeHHAX TakK i npu daroTepanii iHbeKLin-
HUX 3aXBOPHOBaHb.

BcTtaHOBNEHO, LLO IIOKO3a MAE CYTTE-
BUIA iHriByouMiA BNAMB Ha 6AALLIKOYTBO-
peHHa y ¢aris E44f, Enfm 1f, Pr48f, St12f,
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PucyHoK 2 — Bnaus pisHux paKTopis Ha penpoayKuito 6aktepiodaris Enfs 14f.

AKi € cneumdiuHnmm o Escherichia coli,
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Enterococcus faecium, Proteus mirabilis
Ta Staphylococcus aureus sianosigHo. 30-
Kpema, ana ¢ara E44f KinbkicTb 6nAWOK
3ameHLwwmnnaca go Hyna (P-value<0.05), wo
CBiAYMTb NPO CUAbHWUIN HEraTUBHUI BNANB
INIIOKO3M Ha npouec ¢paroBoro iHpiKyBaH-
HA. MNopibHa TeHAeHUia crnocTepiraeTbea
y daris Pr48f Ta St12f, ne 3HUKEHHA Kinb-
KOCTi BIIALLOK CYyNPOBOAKYETLCSA 3HAYHUM
3MeHLLEeHHAM X po3mipy. Lle moxe 6ytu
noB’A3aHo 3i 3MiHaMmK y meTabosiuHil ak-
TMBHOCTI 6aKTepili-xa3siB Ta 3MiHU CTPYK-
TYPU KNITUHHOI CTIHKKX Nig BNAWBOM [/tO-
KO3M, WO 3HMKYE ePeKTUBHICTb aacopbuii
Ta penpoaykuii 6aktepiodaris [19, 20].
[aHa 3akoHOMipHicTb Byna niaTsepaxeHa
EeKCNePUMEHTANIbHUMKN  AOCNIAKEHHAMMN
iHWWMW  JOCNIAHWMKAMU 3 BMKOPWUCTAH-
Ham dary A [C57] [16]. Mpwu KynbTMBYBaH-

a o
PucyHoK 3 — Bnaus pi3Hux paKTopis Ha picT 6akTepiodaris: a — Enterococcus faecalis
DSM 2570, 6 — Proteus mirabilis DSM 6674. MNo3Ha4yeHHA: A — NOXKUBHUIA arap Ans
KyNbTUBYBaHHA MikpoopraHizmis (HiMedia), B — no)KuBHuMiA arap gna KynibTUBYBaHHA
MmikpoopraHiamis (HiMedia) 3 aogaBaHHAM rntoko3um (1%), C — NOXKUBHMIA arap ana
KyNbTMBYBaHHA MikpoopraHismis (HiMedia) 3 aogaBanHam rnrokosu (1%) Ta CaCl,
(50 mM), D — no}KMBHMIA arap ANA KyNbTMBYBaHHA MiKpoopraHiamis (HiMedia)

Hi daris T4 y cepeposuLui LB i3 ritoko3oto

3 popasanHam CaCl, (50 mM).

TAKOX CnocTepirasoca 3MeHLEeHHA TUTPIB 250
¢daris y NopiBHAHHI i3 LB 6e3 rntokosm [11].
OKpemi gocnigKeHHA HAaTOMICTb BKa3yloTb
Ha NigTPUMKY penpoaykuii 6aktepiodaris
npv AoAaBaHHI A0 MNOXMBHOIO cepesoBU-
wa rntokosu. Tak, Jessica Silva et al. ,6yno 150
NnokasaHo, wo edeKTUBHUM Ccrnocobom
KynbTMBYBaHHA pary T7 npu BUKOPUCTaHHI
MiHiManbHOro cepefoBuLLa, WO MICTUNO
rnokosy — M9/rntoko3a [21].

lonn Ca**, HaBsnaku, 3pebinbworo 50
cnpusaauM  36iNblUEeHHIO  KinbKoCTi  6na-
WOoK abo ix po3mipy y 6inbwocti gocni-
AxyBaHux daris. Hanpuknag, gna dara
E44f KinbKicTb 6aAWOK 3pocna Ha 115%
(P-value<0.05), wo cBiAYUTL NpPO CTU-
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My/ntoBanbHUI BNAMB ioHiB Ca?* Ha npo-
uecu agcopbuii daris Ta iXx NPOHUKHEHHSA
y 6akTepii. MoaibHi pesynbTaT oTpUMaHi ana oaris Enfs
14f ta Enfm 1f, cneundiuHnx po Enterococcus faecalis
Ta Enterococcus faecium BignosigHo. Y uuMx BMMagKax
36iNblEHHA KiNbKoCTi abo po3mipy 6AAWOK CBIAYUTL
Npo MOKpaLLeHHA e(deKTUBHOCTI iHeKUiMHOro uUuKkny
daris 3a paxyHOK niasuLLeHoi ctabinbHocTi kKancuay abo
NOKpaLLeHHs B3aeMogii ¢aris i3 KAITMHHOIO NOBEPXHEID
bakTepin. [aHa 3aKoHOMipHicTb 6yna niaTBepAKeHa
PAAOM eKCnepuMeHTaIbHUX PobiT. [oCNiAKeHHA 3MiHN
mopdonorii dpary dGX174 nig aieto ioHis Ca?* nokasano
3MiHy eniToniB 6aKTepiodaris, Wo BiANOBIAAIOTbL 32 NpPU-
KpinaeHHA Bipycy A0 NiNononicaxapuais KNiITUHHOI CTiH-
KM Ha NOYaTKOBWX cTagiax iHPiKyBaHHA Esherichia coli
[22]. EkcnepumeHTH 3 iHOiIKyBaHHA daramu, AHK sKkux
6yna pasgioakTMBHO NOMiYeHa, NOKasanu, Wo npu BUCO-
KMX KOHLIeHTpaLiax Ca?* miTKa 3anuwanaca nos’a3aHoro
3 KNiTMHaMM-Xa3AiHamMM A0 NoYaTKy fisucy. OgHak npu
HU3bKNX KOHLLEHTpaLiax byna BMABAEHA AMcoLiaLia MixK
OHK ¢ara Ta xa3siHoM, xo4a aacopbuis Biabysanaca 3
HOPMa/IbHOK LWBUAKICTIO. TAKUM YMHOM, ANA NPOHMK-
HeHHs darosoi AHK okpemum b6aktepiodparam noTpibHa
BMCOKa KoHUeHTpauia Ca?* [13].

LUikaBumu € pesynbtatu ansa ¢ara P1Sf, aktusHoro
wono Pseudomonas aeruginosa. JoAaBaHHA [OKO-
31 HE3HA4HOo 36i/blUyBaN0o KiNbKicTb 6/AWOK Ha 111%
(P-value > 0.05) Ta cnpuANO NIrMEHTOYTBOPEHHIO CU-
HbO-3e/1eHOr0 Ko/bopy. Lle morke 6yTn Hacnigkom ak-

PucyHoK 4 — Bnaus pi3HuX paKTopiB Ha penpoayKuito 6akrepiodaris Prasf.

TuBaLii meTaboniyHux Wwnaxis P. aeruginosa, siKi cnpusa-
0Tb MOKpalleHHIo penikauii ¢ara. lonn Ca?* B ubomy
BMNAAKY He BMAMBA/M Ha KiNbKicTb BAALWOK, ane Aewo
36inbLyBanu ix po3mip, WO CBiAYMTL NPO cneundivuHmi
XapaKTep BMMBY LnX GaKTopiB.

He meHLW Ba)kNMBUMW € AaHi NPO BMNAWB [/IOKO3MU
Ha ¢ar Enb2f, cneundiunmii go Enterobacter cloacae.
Y ubomy BMMAAKy AOLABAHHA [NHOKO3M CMPUYUHANO
36iNbLUEHHS KiNbKOCTi 6A1AWOoK Ha 164% (P-value < 0.05)
i3 He3Ha4yHMM 36inblueHHAM ix po3mipy. Lle morke 6yTu
noB’A3aHo i3 CTUMYyAALiE0 pennikauii bakTepiin-xasais,
wo, y cBoto yepry, 3abesnevye binbwe cybctpaTy AnA
pennikauii ¢aris.

BiamiHHOCTI y BRAMBI rOKO3M Ta ioHiB Ca®* Ha
61AWKOYTBOPEHHSA MOXKYTb NOSACHIOBATUCA PISHUMU Me-
XaHi3aMamu B3aemogii 6akTepiodaris i3 bakTepiamm-xa-
3aaMu. [71l0OKO3a MOXKe 3MiHIOBATU MeTaboniyHuI cTaH
6aKTepiii, BNAMBaOYM Ha CUHTE3 peLenTopiB A4 afacop-
6uii daris, Toai Ak ioHn Ca?* 34aTHI cTabinisyBaTu CTPYK-
Typy 6akTepiodaris Ta nonerwysaTt¥ NPOHMKHeHHA OHK
Y KnituHy. Kpim TOro, neBHi BiagMiHHOCTI miX mopdoTu-
namu daris (Siphoviridae, Podoviridae, Myoviridae) mo-
XYTb BNAMBATK Ha iX YyTAUBICTb A0 3a3HayeHuX daKTo-
piB.

BucHoBKM.

dopmyBaHHA BAALLOK € OAHIEID i3 KAOYOBUX XapaK-
TEPUCTUK BaKTepiodaris, WO aKTUBHO AOC/AIAMNKYETLCA B
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HAYKOBIN cnifibHOTI. PO3yMiHHA MeXxaHi3miB LbOro npo-
LLeCy Ma€ BayK/IMBe 3HAYEHHSA AN1A BLOCKOHaNEeHHs daro-
BOI Tepanii Ta oNTMMi3ay,ii KynbTMBYBaHHA bakTepiodaris
y nabopatopHMx ymoBax. Hawwi pe3ynbtatv 4eMOoHCTpY-
H0Tb, WO iHPEKUiNHiICTb dariB 3aneXuTb Big, HasBHOCTI
KOHKPETHMX KOMMOHEHTIB Yy MOXWMBHOMY CepefoBuLL,
L0 MiAKPECNIOE BAXKAMBICTb AOAATKOBUX NabOPaTOPHUX
LOCNioXeHb nepes, ix NPaKTUYHMM 3aCTOCYBAHHAM Yy Me-
OWYHIM NpaKTUL.

MepcneKkTMBM NOAANBLUNX [OCNIAMKEHD.

BMBYEHHA BNAMBY iHLWMX XiMIYHUX KOMMNOHEHTIB, 30-
Kpema pi3HMX KNaciB BYr1€BOAIB Y CKIaAi MOXMBHUX ce-
pefoBuLL, MOXKe AOMOMOITU BUABUTU A0AATKOBI daKTo-
pu, WO BN/AMBAOTb Ha pennikauito ¢aris. JocnigxKeHHA
MeXaHi3MiB, 3a JOMOMOrol0 AKMUX M1toKo3a Ta ioHn Ca?*
BN/IMBAOTL HA aACOPOLLt0, NPOHUKHEHHSA Ta penikaL,ito
6akTepiodaris y 6akTepili, LO3BONUTL KpaLle 3p03yMiTh
MOJIEKYNAPHI OCHOBW LIUX MPOLLECIB.
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BNAUB PIBHUX KOMIMOHEHTIB NMOXUBHUX BAKTEPIONOINYHUX CEPEAOBULL, HA BNIALLKOYTBOPEHHA
BAKTEPIO®ATIB

MNoHAaToBCcbKMUIA B. A., LLiupo6okos B. M., o6up B. B.

Pestome. baktepiodaru BigirpatoTb BaxIMBY ponb y perynauii MikpobHUx cninbHOT, 6epyTb y4acTb Y rOPU30OH-
Ta/IbHOMY NepPeHEeceHHi reHeTUYHOro maTepiany Ta LWMPOKO 3aCTOCOBYOTbCA B BioTexHosorii Ta MeauLUMHI. 30Kpe-
Ma, paroTepania po3rnAfaAETbCA AK NePCNeKTUBHE AOMNOBHEHHA A0 aHTMBioTMKoTepanii y 60poTbbi 3 naToreHHMMun
6akTepiamn, 0cobIMBO B YyMOBaX 3p0OCTatou0i aHTUBIOTUKOPE3UCTEHTHOCTI.

Mpouec penpoaykLuii bakTepiodaris TicHo NoOB’A3aHMIN 3 NapaMeTpaMn CepefoBMLLa, B AKOMY BiabyBaeTbea da-
roea iHdeKuia. MoXKMBHE cepenoBuLle, AKe 3abe3neyvye YyMOBU s POCTy BaKTepili-rocnogapis, TAKOXK MOXKe i BU-
3Ha4yaTn ePeKTUBHICTb PparoBoi penpoayKLii.

Y gocniaMeHHi BUBYEHO BMN/IMB [110KO3M Ta ioHiB CaZ* Ha penpoayKuito 6akTepiodaris, akTUBHMX NPOTU AeB’ATK
BMAiB H6aKTepili, Lo MatoTb HanbinbLue KNiHivyHe 3HaYeHHsA (Enterococcus faecalis, Escherichia coli, Proteus mirabilis,
Pseudomonas aeruginosa, Staphylococcus aureus, Enterobacter cloacae, Enterococcus faecium, Acinetobacter
baumannii, Klebsiella pneumoniae). Ana i3onauii dparis BUKOpUCTOBYBaAM NPOBU MiCbKMX CTiYHUX BOA, KMeBa, a Mop-
donorito BipyCHMX YaCTMHOK aHani3yBasu 3a AONOMOrOK TPAHCMICIMHOI eNeKTPOHHOI MikpocKonii. JocnigxeHHA
nokasaso, Wwo Bci bakTepiodarn Hanexatb o mopdoTmnis Siphoviridae, Podoviridae Ta Myoviridae. Bnave gocni-
OKyBaHMX GaKTOPIB OLHIOBANW WAAXOM aHai3y KiNbKOCTi, po3mipy Ta mopdonorii 6aALWwokK.
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JopasaHHA 1% rnoKo3M Mano 3Ha4yHUM iHribyrounin edekT Ha penpoaykKuito daris, cneumdiyHux ao Escherichia
coli (bar E44f), Enterococcus faecium (par Enfm 1f), Proteus mirabilis (bar Pr48f) Ta Staphylococcus aureus (bar
St12f). Y sunaaky E44f KinbkicTb 640K 3MeHWwMAacs Ao Hyns (P<0,05). Ona Pra8f ta St12f ameHLWweHHA KinbKocTi
CYNpPOBOAKYBANOCA 3MEHLIEHHAM PO3Mipy BAALWOK, WO MOXKe CBIAYMTM NPO MOpPYLUEeHHA npouecy agcopbuii abo
3MiHY KNITUHHOI CTIHKK BaKTepiit Yn MeTaboNiTUYHUX NpoLeciB 6aKTepiabHUX KAITUH.

loHn Ca?* 34e6i/1bWworo Manm CTUMY/OBaNbHUIA BB Ha BAALLKOYTBOPEHHS.

OTpuMaHi pesynbTaTv 4EMOHCTPYIOTb 3HAYHY BapiabenbHicTb BNIMBY daKTopiB 3a/1€XKHO Bif TMNy 6akTepiodara
Ta Oro MilleHi, Wo € BaXAUBUM AN pO3pobKM meToais paroTepanii Ta onTUMI3aLil yMOB Ky/bTUBYBaHHA BaKTepi-
odaris.

Kntouosi cnosa: 6akTepiodaru, 6aaLLKOYTBOPEHHSA, [IHOKO3a.

THE INFLUENCE OF DIFFERENT COMPONENTS OF NUTRIENT BACTERIOLOGICAL MEDIA ON PLAQUE FORMA-
TION OF BACTERIOPHAGES

Poniatovskyi V. A., Shyrobokov V. P., Bobyr V. V.

Abstract. Bacteriophages play a crucial role in regulating microbial communities, participating in horizontal gene
transfer, and are widely used in biotechnology and medicine. In particular, phage therapy is considered a promising
complement to antibiotic therapy in combating pathogenic bacteria, especially in the context of increasing antibiotic
resistance.

The process of bacteriophage reproduction is closely linked to the environmental parameters in which phage
infection occurs. The nutrient medium that supports the growth of bacterial hosts can also determine the efficiency
of phage reproduction.

This study investigated the effect of glucose and Ca?* ions on the reproduction of bacteriophages active against
nine clinically significant bacterial species (Enterococcus faecalis, Escherichia coli, Proteus mirabilis, Pseudomonas
aeruginosa, Staphylococcus aureus, Enterobacter cloacae, Enterococcus faecium, Acinetobacter baumannii, Klebsi-
ella pneumoniae). Bacteriophages were isolated from municipal wastewater samples in Kyiv, and the morphology
of viral particles was analyzed using transmission electron microscopy. The study revealed that all bacteriophages
belonged to the Siphoviridae, Podoviridae, and Myoviridae morphotypes. The effect of the studied factors was as-
sessed by analyzing the number, size, and morphology of plaques.

The addition of 1% glucose had a significant inhibitory effect on the reproduction of phages specific to Esche-
richia coli (phage E44f), Enterococcus faecium (phage Enfm 1f), Proteus mirabilis (phage Pr48f), and Staphylococcus
aureus (phage St12f). In the case of E44f, the number of plaques decreased to zero (P<0.05). For Pr48f and St12f, the
reduction in plague number was accompanied by a decrease in plaque size, which may indicate disruptions in the
adsorption process or alterations in bacterial cell wall structure or metabolic processes.

Ca?* ions predominantly had a stimulating effect on plaque formation.

The obtained results demonstrate significant variability in the impact of environmental factors depending on the
type of bacteriophage and its bacterial target. These findings are important for developing phage therapy approach-
es and optimizing bacteriophage cultivation conditions.

Key words: bacteriophages, plaque formation, glucose.
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