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Aims. Identification of Lactococcus lactis ssp. and Streptococcus thermophilus virulent
bacteriophages isolated in dairy processing plants of Ukraine. Methods. The morphology
of the viral particles was studied by transmission electron microscopy. Identification of
structural proteins of phage was carried out by SDS-PAGE. The taxonomic position of
phages was determined by multiplex PCR. Results. We presented results of the study of
biological properties of 21 lactic acid bacteria phages isolated in dairy processing plants
of Ukraine during 2007-2017. It was shown that phages had long, noncontractile tails, and
therefore were classified to Caudovirales order, Siphoviridae family. Phages of L. lactis
ssp. differed by head shape: phages with isometric heads of BI morphotype and phages
with prolate heads of B2 morphotype were detected. All analyzed S. thermophilus phages
displayed specific morphology for B1 morphotype. Some of them had atypical shorter tails
of 133-137 nm in length, with basal plates without globular appendages. Lytic activity
spectrum of various phages was investigated and it was defined an absence of correlations
between the indices of phages lytic activity and viral particles morphology. Phages of
L. lactis ssp. were very heterogeneous on the basis of protein composition and formed three
groups. Thus, c2 phages species differed by the fact that contained major proteins with
greater molecular weights - 30, 55 and 72 kDa. Phages of S. thermophilus contained two
or three major proteins with the molecular weights of 33 and 27 kDa; 42, 26, and 15 kDa,
respectively. Conclusions. Bacteriophages of L. lactis ssp. according to their morphology,
protein profile and PCR results were identified to species.: 1) 38.1 % of phages belong to
species 936, 2) to the species P335 — 9.5 %, 3) to the species c2 — 19.0 %. Phages S. ther-
mophilus were identified to three groups: 1) the group of cos-type amounted to 14.3 % of
the total; 2) the group of pac-type — 9.5 % and 3) 987 group — 9.5 % of phages.

Keywords: Bacteriophages, Lactococcus lactis, Streptococcus thermophilus, Electron
microscopy, Morphotype, Multiplex PCR, Protein profile.

Sensitivity of starter cultures to phage infections creates a number of
complications during the production of various dairy products and cheeses
and consequently leads to significant economic loss. Therefore, development
of effective strategies for prevention and control of phage attacks is mandatory
in dairy products manufacturing. In order to eliminate the negative effects
of bacteriophages on lactic acid bacteria, precise characterization and
classification of milk phages are required, as well as knowledge of the most
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efficient ways of phage detection and identification, understanding of their
biological properties and the process of infection [1].

It was determined that genomes of all isolated lactic acid bacteria phag-
es contain double-stranded DNA enclosed by a capsid, which is connected
to a noncontractile tail, that is a characteristic feature for viruses of Caudo-
virales order. Bacteriophage taxonomy defines three families within this order:
Mpyoviridae, Podoviridae and Siphoviridae. Most lactococcal phages have a
long noncontractile tail (Siphoviridae family) and a small isometric capsid
(morphotype B1) or a prolate capsid (morphotype B2). Several phages with
short tails have also been isolated (Podoviridae family, morphotypes C2 and
C3) [2].

According to electron microscopy studies and DNA — DNA hybridization
results, Lactococcus lactis phages have been classified into 12 species. Phages
0f 936, P335 and c2 species are the most common and, accordingly, the ones
that cause the greatest number of fermentation processes violations [3].

The number of cases of fermentation failure caused by phages active
against Streptococcus thermophilus strains, the main components of start-
ers for yoghurts, other dairy drinks and many rennet cheeses, has recently
increased. According to the transmission electron microscopy data, phages of
Streptococcus thermophilus belong to Siphoviridae family, morphotype B1:
they posess small isometric heads and long noncontractile tails (there are also
phages with short tails) [4].

It was observed the correlation between the S. thermophilus phage DNA
packaging mechanism, so-called pac- and cos-types, and the number of major
structural proteins visualized by SDS-PAGE [5].

Widescale studies of lactophages are necessary to elucidate and explain the
phage-host interactions. These issues are particularly urgent in Ukraine, since
such studies have not been carried out earlier, despite the high risk of phage
contamination during processing of raw products, in particular, in fermented
dairy and cheese manufacturing. Systematic research aimed at identification
of bacteriophages circulating in Ukrainian dairy industry, their isolation, study
and creation of systematic phage collections have not been carried out and are
urgently needed.

The purpose of this work is to study biological properties of the industrial
isolates of bacteriophages active against lactic acid bacteria.

Materials and methods. Bacterial strains, cultivation conditions. Pure
cultures of lactic acid bacteria belonging to species L. lactis ssp. lactis, L. lactis
ssp. cremoris, L. lactis ssp. lactis biovar diacetylactis, S. thermophilus from the
culture collection of the Institute of Food Resources (Kyiv) were grown at 30°C
(L. lactis) and 41°C (S. thermophilus) in 10% sterile skimmed milk or M17
broth (Oxoid, Hampshire, United Kingdom) containing 0.5% glucose (GM17;
Sigma-Aldrich, St. Louis, MO, USA) for L. lactis or 0.5% lactose (LM17;
Sigma-Aldrich) for S. thermophilus, renewing them every 20-25 days. They
were stored at 4°C. 1% of inoculum of 17-20 h culture was added into a tube
with 9.0 ml of GM17 or LM 17 broth and cultivated at the optimal temperature
for 17-20 h. Then 1% of this inoculum was added into a tube with 9.0 ml of
GM17 or LM17 broth and cultivated at optimal temperature until reaching the
exponential phase of growth (OD,, = 0.6-0.7).
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Bacteriophage extraction. Phage extraction and titration were carried out
on solid nutrient medium GM17 or LM 17, using “double” agar technique with
CaCl, (Oxoid, 10 mmol I'') and glycine (Oxoid, 100 mmol 1) [6]. Plaque
test was performed on Petri dishes containing mild 1.5% wA agar (Merck,
Darmstadt, Germany, 20 ml per dish), freshly prepared layer of lower agar and
3 ml of top agar (0.65% w/ agar), that contained the inoculum of 5.0x10’
CFU ml! culture in log-phase and 1 ml of dilution of prepared sample filtrate
(0.45 pum-pore-size filters, Sartorius, Germany). To detect bacteriophages,
specially selected phage-susceptible test cultures were used: L. lactis ssp. lactis
L,.L, 63 c; L. lactis ssp. cremoris C3, L. lactis ssp. lactis biovar diacetilactis
4dl; S. thermophilus 66/12; 27/1 from the collection of the Biotechnology De-
partment of the Institute of Food Resources. The dishes were incubated at the
optimal temperature for 24-36 h. Samples were taken from morphologically
identical negative colonies of each phage isolate and was followed by the pu-
rification procedure including 5-7 consecutive cycles (1% cycle: cocultivation
of phages with test cultures in GM17 or LM 17 broth untill visual lysis occurs
and further sedimentation by centrifugation (15000 g for 10 min). The diam-
eters of plaques formed by the purified phages were measured using a caliper
and represent the average of 10 random plaques chosen over three independent
experiments.

Sensitivity of cultures to phages. The phage hosts were determined using a
plaque test, by placing phages on a Petri dish with GM17 or LM17 (1.5% wA/
agar) with CaCl, (10 mmol I'"), glycine (100 mmol I') and the studied culture
in log-phase of growth. Bacteriophages with the titre of 10’ PFU ml, 0.02 ml
volume were used for tests. Dishes were incubated at the optimal temperature
for 24-36 h. The strains which bacterial lawns demonstrated lysis zones after
phage application were considered phagesensitive.

Phage concentration. The high titer bacteriophage lysates were prepared
by consecutive infections of the host strain with the bacteriophage at an MOI
(multiplicity of infection) of 0.1 to 1.0. After infection the culture was grown at
optimal temperature in GM17 or LM17 supplemented with CaCl, (10 mmol I'"),
glycine (100 mmol 1) until completed lysis. The lysates were centrifuged for
15000 g for 10 min at temperature of 4°C for cells precipitation and the super-
natant was filtered (0.45 um-pore-size filters).

Transmission electron microscopy. For adsorption of phage particles with
the titre not less than 10° PFU ml"! to formvar surface a copper mesh with a
formvar substrate film was placed on a drop of phage preparation and held
for 1 h at room temperature. Non-adhered phage particles were washed in
deionized H,O for 10 min and immediately treated with uranyl acetate solution
(2% wn, pH 4.5) for 40 s at room temperature [7]. Microphotographs of phage
particles were obtained using a transmission electron microscope JEM-1400
(Jeol, Japan) at 80 kV voltage and instrumental magnification of x50.000-
100.000.

Amplification of phage DNA by multiplex PCR. To define specific genetic
types of phages, PCR was performed on the DNA isolated from phage lysates.
Bacteriophage DNA was isolated from lysate obtained in high titres, accord-
ing to Binetti et al. [8]. As reference, the conserervative genes of the three
basic genetic types of lactic acid phages c2, 712 (936-species) and P335 were
used. Primer sequences used for multiplex PCR analysis, with PCR prod-
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uct size and primer annealing temperature are the following: 936 forward,
5’-TCAATGGAAGACCAAGCGGA-3’ and reverse, 5’-GTAGGAGAC-
CAACCCAAGCC-3’ (58°C, 179 bp); c2, 5’-CAGGTGTAAAAGTTCGAGA-
ACT-3" and 5’-CAGATAATGCACCTGAATCA-3’ (58°C, 474 bp); P335,
5’-GAAGCTAGGCGAATCAGTAA-3’ and 5’-GATTGCCATTTGCGCTCT-
GA-3" (58°C, 682 bp) [9]. To identify the subtypes of phage S. thermophilus,
multiplex PCR was used as suggested by Quiberoni ez al. [10] and McDon-
nell ef al. [11] using the following primers: cos, 5’-GGTTCACGTGTTTAT-
GAAAAATGG-3’ and 5’-AGCAGAATCAGCAAGCAAGCTGTT-3" (53°C,
170 bp); pac 5’-GAAGCTATGCGTATGCAAGT-3" and 5’-TTAGGGATA-
AGAGTCAAGTG-3’ (53°C, 427 bp); 987 5’-CTAAGCGTTTGCCACTGT-
CAG-3’ and 5’-GCTGCCGCTTGTTTGAAAAC-3’ (55°C, 707 bp); 5093,
5’-CTGGCTCTTGGTGGTCTTGC-3’ and 5’~-GCGGCAACCATCTT AGAC-
CAG-3’(55°C, 983 bp). PCR was performed on the phage samples with a titre
of at least 10'° PFU ml'. 50 ng of the isolated DNA was used as template for
PCR. DNA was amplified in 40 ul PCRs using each sequence-specific primer
at 0.4 gmol 1", 0.2 mmol I'' dNTPs, 1.5 U Dream Taq DNA polymerase and
the manufacturer’s buffer with 2.0 mmol I'' MgCl, (Thermo Fisher Scientific,
Inc., Vilnius, Lithuania). PCR amplifications consisted of an initial denaturing
step at 95°C for 4 min, followed by 40 cycles of 95°C for 40 s, appropriate
annealing temperature for 40 s, and 72°C for 1 min, with the final extension
step at 72°C for 7 min. Each sample was assayed in triplicate, and each run in-
cluded water blanks to eliminate the risk of contamination. PCR was performed
in Applied Biosystems 2720® thermal cycler (Applied Biosystems; Thermo
Fisher Scientific, Inc.). PCR products were analyzed by ethidium bromide
stained 1.0 % TAE-agarose gels electrophoresis in TAE buffer (40 mmol 1!
Tris-acetate, | mmol ! EDTA) using Wide Mini-Sub Cell GT Cell and Pow-
erPac Basic Power Supply, 100-120/220-240 V (Bio-Rad, USA). The ladder
is supplied with 6XDNA Loading Dye. The product size was determined using
“GeneRuler™ DNA Ladder Mix” (Fisher Scientific, Inc., Vilnius, Lithuania).
Detection of the gel images was carried out at ChemiDoc™ XRS+System
(BioRad Laboratories, Inc., Hercules, CA, USA).

Structural protein identification by SDS-PAGE. Protein gel electrophore-
sis in SDS-polyacrylamide gel (SDS-PAGE) was performed by the Laemmli
method [12]. Precipitated phage particles in SM buffer with a titre of at least
10" PFU ml! (approximately 50 ul) were boiled for 3 min for damage to phage
DNA. Then the product was treated with 4 ug ml"' DNase I (Thermo Scientific,
Fermentas) at 37°C for 30 min and 5xSDS-PAGE loading buffer (250 mmol
I'! Tris HCI, pH 6.8, 10% (w/v) SDS, 0.5% (w/v) bromophenol blue, pH 6.8,
50% (w/v) glycerol, 0.5% (w/v) b-mercaptoethanol) was added and boiled
for 10 min. Proteins were separated using SDS-PAGE (15%) using a system
for vertical electrophoresis VE-10 (Helicon, Russia). Electrophoresis was per-
formed in a buffer for electrophoresis (248 mmol 1" Tris-HCI, pH 8.8, 1.92
mol I glycine, 20 mmol I EDTA, 1% (w/v) SDS) for 20 mA until the front of
the dye reached the bottom of the gel. Proteins were stained with Coomassie
brilliant blue R-250 (Sigma). Detection of the gel images was carried out at
ChemiDoc™ XRS+System and proteins size were determined with Image Lab
software, version 4.2.1 (Bio-Rad), using the PageRuler Prestained Protein Lad-
der (Thermo Scientific, Lithuania) as the standard.
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Results. Phage monitoring, phages selection, host range. 675 whey sam-
ples were analyzed for the presence of bacteriophages. The samples were taken
from dairy processing factories (20 units) from 15 different regions of Ukraine
at various time points (collected in the period of 2007-2017). It was determined
that about 60% of samples were contaminated with bacteriophages of lacto-
bacteria of different taxa. From the objects of phage monitoring — the most
contaminated phage-containing samples (with level II of phage contamination —
from 10?to 10* PFU ml™! and level III — from 10° and more PFU ml'), 382
phages active against L. lactis ssp. and S. thermophilus were isolated.

A systematized collection of lactic acid bacteria phages is the basis for
genetic research and scientific and practical development of anti-phage
measures. At the first stage of creation of such a collection, 21 phage isolates
were based on their ability to effectively reproduce on selected homologous
cultures of lactic acid bacteria and were accumulated at titres of 8.7x10%-
2.8x10"PFU ml! (Table 1).

Bacteriophage morphology. It was shown that phages had long, noncon-
tractile tails, and therefore were classified to Caudovirales order, Siphoviridae
family. Phages differed by head shape: phages with isometric heads of Bl mor-
photype and phages with prolate heads of B2 morphotype were detected. The
study of morphological and morphometric properties of viral particles from
the collection of biotechnology department showed that phages can be divided
into 5 groups (Table 2). It was found that the majority of the studies phages

Table 1
Basic properties of phages
Phage Test Titre?, Negative colonies Diameter
name culture PFU ml" morphology zone", mm
D9/1 L. lactis ssp. lactis J1 2.0x10° even edge, without aureole 1.0-2.0
O14 L. lactis ssp. ssp. cremoris C3| 9.0x10° even edge, without aureole 1.0-3.0
L. lactis ssp. lactis biovar .
®4dl ) ) 1.8x10' even edge, without aureole 2.5-4.0
diacetylactis 4dl
D11 L. lactis ssp. ssp. cremoris C3| 1.9x10'° homogeneous sterile zones 2.8-3.5
@0, L. lactis ssp. lactis JT, 2.5x10° even edge, without aureole 1.5-2.8
D8/2 L. lactis ssp. ssp. cremoris C3 | 2.8x10"° even edge, without aureole 2.0-2.5
@0, L. lactis ssp. lactis 63 7.2x10° | sterile inside, cloudy at the edges | 1.0-2.0
O8L L. lactis ssp. lactis 63 3.7x10° | sterile inside, cloudy at the edges | 1.0-2.5
O8D L. lactis ssp. lactis 63 1.0x10° sterile zones, small 1.0-1.5
DOPr 3-8 L. lactis ssp. lactis 63 1.1 x10" even edge, without aureole 2.5-3.0
DF/2 L. lactis ssp. lactis J1 2.4x10"° even edge, aureole is large 3.0-7.0
Dy/4 L. lactis ssp. lactis J1, 4.0x10° |sterile inside, cloudy at the edges | 1.0-2.5
Dy/3 L. lactis ssp. lactis J1 1.1 x10'| sterile inside, cloudy aureole 2.5-3.0
Dc/1 L. lactis ssp. lactis J1, 3.1x10° | sterile inside, cloudy at the edges | 1.0-2.5
D3/K S. thermophilus 66/12 1.5x10° | sterile inside, cloudy at the edges | 1.5-2.0
DS, S. thermophilus 66/12 2.2x10'° homogeneous sterile zones 1.5-2.0
@S, S. thermophilus 66/12 2.5x10° blurred edge, without aureole 1.5-2.0
@0, S. thermophilus 66/12 2.7x10" homogeneous sterile zones 1.8-2.0
ONdan S. thermophilus 27/1 8.7x10% | sterile zones, small, blurred edge | 1.0-1.5
D36, S. thermophilus 66/12 1.5x10° sterile zones, small 1.0-1.5
@S, S. thermophilus 27/1 8.7x10* | sterile zones, small, blurred edge | 1.0-1.5

b Values are the mean of three independent experiments
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belonged to B1 morphotype. Phages of B1 morphotype formed 4 subgroups
depending on their tail size. Virion sizes are provided in Table 2. Examples of
electronograms of viruses representing each group are shown in Fig. 1.

Table 2
Ultrastructures of phages
No. Diameter | Tail size’, | Number of phages,
Morphotype | Head shape

group head?, nm nm %
1 Bl isometric capsid 39-51 110-142 14.3
2 Bl isometric capsid 40-55 163-207 333
3 Bl isometric capsid 43-54 205-291 23.8
4 Bl isometric capsid 44-46 133-137 9.5

. 31-40x
5 B2 prolate capsid 79-102 19.0

42-51

& The values are the mean of ten determinations.

morphotype B1 | morphotype B1 | morphotype B1 [ morphotype B1 | morphotype B2
group | group Il group Il group IV group V

i . I ,

%

Fig. 1. Electron micrographs of phages:
(A) ®Pr 3-8 (group I); (B) @11 (group II); (C) ®O,, (group III); (D) ®S
(E) ®y/4 (group V). Bar represents, 100 nm.

(group 1V);

27-1

Phages of S. thermophilus from our samples had the structure of viral
particles corresponding to B1 morphotype. It should be noted that part of phages
that are active against bacteria of S. thermophilus species were characterized
by atypical small size of tail — 133-137 nm. We have identified such phages in
group B1/4 (Table 2, Fig. 1 (D).

All phages were divided into 4 groups depending on their spectrum of
lytic activity. It is interesting that lytic groups I, II and IV were divided into
two subgroups each correlating with phage morphotype, and finally phages
were divided into 7 groups, taking into account two properties: specificity and
morphological structure of viral particles (Table 3).

PCR test for the identification of phages. Based on the size of the PCR prod-
ucts obtained, it was found that phages ®F/2, ®y/4 and dc/1 are representative
of c2 phages species. The electrophoregram shows (Fig. 2, lane 1, 5 and 7, re-
spectively), the DNA of these phages forms amplicons 474 bp, which, accord-
ing to other studies [9] are typical for the above-mentioned bacterial viruses.

Based on the size of the obtained PCR fragments, with a molecular weight
of 682 bp, the phages ®8D and ®Pr 3-8 were identified as P335 species
(Fig. 2, lane 4 and 6 respectively). Three phages (©14, @O, Ta ®4dl) gave a
179-bp PCR product, indicating that they belong to the 936 species of phages
(Fig. 2, lane 2, 8 and 9, respectively).
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Fig. 2. Detection of L. lactis phages’ DNA by multiplex PCR:
c2-type — 474 bp, P335 — 682 bp and 936 — 179 bp. M — molecular weight marker
GeneRuler™ DNA Ladder Mix (“Thermo Scientific”’, USA); C — negative control

without DNA matrix
Table 3
Distribution of phages to lytic groups
Phages Lytic . L.
Lytic activity spectrum Morphotype

subgroup | group

L.lactis ssp lactis, L.lactis ssp cremoris, L.lactis ssp.
1 1 o ) ) B1 group 1
lactis biovar diacetylactis

. | L.lactis ssp lactis, L.lactis ssp cremoris, L.lactis ssp. B2
lactis biovar diacetylactis

L.lactis ssp lactis, L.lactis ssp. lactis biovar

1T II . ) B1 group 2
diacetylactis
L.lactis ssp lactis, L.lactis ssp. lactis biovar
v I B2
diacetylactis
\ 1T L.lactis ssp cremoris B1 group 1
VI v S.thermophilus B1 group 3
VII v S.thermophilus B1 group 4

Using a set of primers for multiplex PCR to cos- and pac-types of S. ther-
mophilus, fragments of 170 bp were identified which indicated the belonging
of the phages @S, @O, and ®Ndan to the cos-types of S. thermophilus viruses
(Fig. 3, lane 1, 2 and 4, respectively), and fragments 427 bp for the phages
®S,, and @3/K, which were identified as representatives of the pac-containing
viruses (Fig. 3, lane 5 and 6, respectively).

In addition, among the phages of S. thermophilus, representatives of the
new groups 987 and 5093 were identified, which were described by McDonnell
et al. [11, 13]. However, among the tested phages, we found only representa-
tives of the 987 group of S. thermophilus phages ®36, and @S, , which cor-
responded to the PCR products of 707 bp (Fig.4, lane 4 and 7, respectively).
Our sample did not contain phages similar to members of 5093 group, whose
morphology is different from cos- and pac-phages, globular spherical append-
ages are found on baseplates of their tails. Representatives of the 5093 group
(amplicon 983 bp) were not detected (Fig. 4).
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Figure 3 Detection of S. thermophilus phages’ DNA by multiplex PCR:
cos-type — 170 bp and pac-type — 427 bp. M — molecular weight marker GeneRuler™
DNA Ladder Mix (“Thermo Scientific”, USA); C — negative control without DNA
matrix

Fig. 4. Detection of S. thermophilus phages’ DNA by multiplex PCR:
987-type — 707 bp and 5093-type — 983 bp (did not identify). M — molecular weight
marker GeneRuler™ DNA Ladder Mix (“Thermo Scientific”, USA); C — negative

control without DNA matrix

Protein profile of phages. Phage particles derived from 3 different phages of
S. thermophilus showed that they contain two major proteins with approximate
molecular weights of 27 and 33 kDa (for example, see Fig. 5, lane 6, phage
@0, ). They used cos- mechanism of genome packaging, so they were clas-
sified as cos-type. Only two phages contained three major proteins with
approximate molecular mass of 15, 26 and 42 kDa (for example, see Fig. 5,
lane 3, phage @S, ). They were classified into the phage group with pac-type
of DNA packaging mechanism. Both profiles occasionally varied slightly
(£1-4 kDa) from phage to phage.

In our sample L. lactis ssp. phages formed three groups according to their
protein profiles. Thus, ¢2 phages species differed by the fact that contained
major proteins with greater molecular weights - 30, 55 and 72 kDa (for ex-
ample, see Fig. 5, lane 5 and 7, phage ®F/2; phage ®y/3). The phage ®c/l
(c2 phages species) contained major proteins with molecular weights
of 40, 53 and 72 kDa (Fig. 5, lane 9, phage ®c/1). Phages ®8/2, ®O,,
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(936 phages species) contained major proteins with molecular weights of 29
and 53 kDa (Fig. 5, lane 10 (phage ®8/2) and lane 11 (phage ®O,,)). Phage
@36, contained major proteins with molecular weights of 20, 29 and 53 kDa
(Fig. 5, lane 1, phage ®36,).

M

130 kDa—
100 kDa —

70 kDa—
55 kDa—

40 kDa—
35 kDa—
25 kDa—

15 kDa—

Fig. 5. Profile of S. thermophilus and L. lactis ssp. proteins of phages, separated using
15 % SDS-PAGE. Black arrows indicate structural proteins of phages. M — molecular
weight marker PageRuler Prestained Protein Ladder (Thermo Scientific, Lithuania)

Discussion. In this article, we presented results of the study of basic
biological properties of 21 lactic acid bacteria phages. These isolates are a rep-
resentative part of a large phage collection of 382 phages isolated from samples
which were obtained from dairy processing plants in various geographical
locations in Ukraine and at various time points. Representative members of
the phage collection used in this study were selected for identification analysis.

In accordance with the requirements of the International Committee on Tax-
onomy of Viruses, morphological and morphometric analysis of virus particles
using the method of transmission electron microscopy was carried out for
phage identification. It was defined that the majority of the examined phages
belonged to B1 morphotype — 81%. According to literature data phages of
B1 morphotypes were mostly mentioned abroad, although descriptions of B2
morphotype phages can often be found. In Byelorussia there was determined
the distribution of B2 morphotype, c2 species phages — 63.6% of the examined
viruses [ 14], in Germany c2 species phages was also dominant [15].

Distribution of B1 morphotype phages in Ukraine coincides with the data
of researches of many scientists. So, according to Szczepanska et al. [16] in
Poland phages of 936 species (Bl morphotype) were identified more often —
in 69% of cases. Similar results were obtained by scientists from European
countries, New Zealand, USA, Canada — lytic type of 936 species phages (B1
morphotype) predominated over c2 species phages (B2 morphotype) [7; 17-
18].

All analyzed S. thermophilus phages displayed specific morphology for
B1 morphotype, had isometric heads (43-54 nm in diameter) and noncontrac-
tile tails (205-291 nm in length). Also we observed phages that had isometric
icosahedral heads of 44-46 nm in diameter, and noncontractile tails of a slightly
shorter length, from 133 to 137 nm, with basal plates on the tails without
globular appendages. Such a morphology was described for S. thermophilus
phages of 987-group by McDonnell et al. [13], Szymczak et al. [19].
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Lytic activity spectrum of various phages was investigated and it was de-
fined an absence of correlations between the indices of phages lytic activity and
viral particles morphology. Binetti ef al. showed, that phages S. thermophilus
also are not possible to classify on the basis of traditional criteria only, since
there is no correlation between morphology and host range of viruses [8].

As it is known, by number of major structural proteins, S. thermophilus
phages are classified into two groups. Phages with cos-type of packing the
genome contain two major proteins with a molecular weight of 26 and 32 kDa;
phages with pac-type contain three major proteins with a molecular weight of
13; 25 and 41 kDa [5]. In our collection three phages were attributed to cos-
type, and two phages used pac-type of DNA packing.

The phages L. lactis ssp. were very heterogeneous on the basis of protein
composition. Presence of three major proteins with relatively high molecular
weight in polypeptide profiles of c¢2 phages was shown also by Moineau et al.
[7], Azaiez et al. [20], as well as a variable amount of minor proteins.

Conclusion. It was determined that phages of L. /actis ssp. according to
morphological structure, polypeptide composition and PCR identification
belonged to species: 1) species 936 (morphotype B1) — 38.1% of the total;
2) species P335 (morphotype B1) —9.5% and 3) species c2 (morphotype B2) —
19.0% of phages.

Based on the study of morphology, protein profile, PCR-analysis phages of
S. thermophilus have been identified to three groups: 1) group of cos-type was
14.3% of the total; 2) group of pac-type was 9.5% and 3) 987 group — 9.5%
of phages.

Thus, significant biodiversity of lactic acid bacteria phages is determined,
as well as specific features of certain phages circulation in Ukrainian dairy
processing plants. Reliable identification and proper determination of phages
taxonomic position is very important for monitoring the distribution of phages
during production, introduction of optimized phage monitoring methods,
development of adequate rotational and selective phage-protective strategies.
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Pesome
Mera. [nertudikamis BipyleHTHUX OakTepiodariB Lactococcus lactis ssp. i Streptococ-
cus thermophilus, BUIUICHUX Ha MOJIOKOIIEPEPOOHHUX 3aBosiax Ykpainu. Metomu. Mop-
(oJoriI0 BIpyCHMX YaCTOK BHBYAJIM METOIOM TPAHCMICIHHOI €JIeKTPOHHOT MIKPOCKOTIIT.
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InenTHdikanito CTpyKTypHHUX OUIKIB (hariB MPOBOAMIIN 32 JIOTIOMOTOIO I'elIb-EIIEKTPOhope3y
B JCHAaTypyIOUUX yMOBax. TaKCOHOMIUHE MOJIOKEHHS (hariB BU3HAYATIH METOIOM
mynsrumiekcHoi [1JIP. PesynsTaTn. HaBeneno pesynsrati BUBYEHHS O10JIOTIYHUX BIIac-
tuBocTel 21 dara MoIOUHOKHCINX OaKTepiid, BUIICHNX Ha MOJIOKOIIEPEPOOHUX 3aBO/IaX
VYkpaiau Bupomosx 2007-2017 pp. Byno mokaszaHo, mo ¢aru Mamu JOBTi, HECKOPOTIHBI
XBOCTH, 1 TOMy Oynu kiacudikosani no nopsaaky Caudovirales, cimeiicta Siphoviridae.
®aru L. lactis ssp. Bigpi3HsUIUCh (OPMOIO TOJIOBKHU: BUSBJICHO (Daru 3 i30METPUIHUMHU
rosioBKamu Mopdotury Bl Ta daru 3 BuTsarayTuMu romoskamu Mopdotuiry B2. Bei mpo-
aHaiizoBaHi garu S. thermophilus Mann Mopdoorito, XxapakTepHy aist Mmopdoruiry Bl.
Jlesiki 3 HUX MaJId aTHUIOBI KOPOTKI XBOCTH JOBKHUHOO 133-137 HM 3 6a3abHUMU I1J1aCTH-
Ham# 0e3 MI0OYIApHUX BiAPOCTKIB. BUBYEHO CIIeKTp JTITHYHOI aKTHBHOCTI pi3HUX (ariB.
BcranoBneHO BiJICYTHICTD KOPEJSii MK MMOKa3HUKaMH JIITHYHOT aKTUBHOCTI Ta Mopdo-
Jjioriero BipycHux yactok. Daru L. lactis ssp. Oynu JTyKe reTePOreHHUMH 1 YTBOPIOBAIU
TPH TPYIHU 32 OITKOBUM CKIIQJIOM. 30KpeMa, (ary BHIY C2 BiAPI3HAINCH THM, IO MiCTHIH
Ma’KOpHI OLTKH 3 OLTBIIOI0 MOJIEKyIsipHOIO Macoto — 40, 53 172 x/la. @aru S. thermophilus
MicTHIM J1Ba a00 TpH MakOpHi OiJIKK 3 MoseKysipHoro Macoro 33 i 27 x/la; 42, 26 i
15 x/1a BigmoBinHO. BucHoBku. bakrepiodaru L. lactis ssp. 3a iX MOp(OIOTi€I0, OLTKOBUM
npodinem Ta pesynsraramu [1JIP inentudikosani no Bumais: 1) mo Buxy 936 BigHeceHO
38.1 % daris; 2) no Buay P335 — 9.5 %; 3) no Buny c2 — 19.0 %. ®aru S. thermophilus
Oynu ineHTH]IKOBaHI 10 TPbOX Ipyn: 1) rpyma cos-tuiy craHoBmia 14.3 % Bin 3aranpHOT
KiJbKOCTI (ariB; 2) rpyna pac-tumny — 9.5 % 1 3) 987 rpyna — 9.5 % daris.

Kniouosi cnosa: 6akrepioharu, Lactococcus lactis, Streptococcus thermophilus, enck-
TPOHHA MiKpOCKOMisi, MopdoTum, mynsTuiiekcHa [1JIP, 6inkoBuit mpodiss.
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Pesome

Heab. Unentndukanuss BUPYICHTHBIX OakTepuodaros Lactococcus lactis ssp. n
Streptococcus thermophilus, BbIIEICHHBIX Ha MOJIOKONEpepadaThIBAIOIINX 3aBOJAX
VYkpaunbl. MeToabl. Mopdosioruio BUPYCHBIX YaCTHUIL U3Y4aid METOJOM TPAaHCMHCCHOH-
HOM 2JIEKTPOHHOW MHUKPOCKOTHHU. VISHTH(PHUKAINIO CTPYKTYPHBIX OSIKOB (haroB MPOBO-
JIMJTH C TIOMOUIBIO Telb-31eKTpodopesa B IeHaTYpUPYIOINX YCIOBUIX. TakcOHOMUUECKOe
HoJIoXKeHHUe (aroB onpeessuin MeToqoM mynbsruiiekcHoi [1LP. Pesyabrarsi. [Tpusene-
HBI pe3ybTaThl M3YICHUS OMOIOTHIECKIX CBOMCTB 21 (para MOIOYHOKHCIBIX OaKTepHii,
BBIJICJICHHBIX HAa MOJIOKOIIEpepadaThIBalOIINX 3aBoax YKkpauHsl B TeueHue 2007-2017 rr.
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[Toka3zaHo, 4To (aru UMenH JUIMHHBIE, HECOKPALIAIOIINECS XBOCTHI U IOATOMY OBUIH Ki1ac-
cudunmpoBansl B mopsanok Caudovirales, cemeiictBo Siphoviridae. @aru L. lactis ssp.
OTIIMYAITHCH 110 (JOPME TOJIOBKH: BBISBICHBI (Dard ¢ H30METPUUYECKUMH I'OJIOBKaMU MOP(o-
tuna B1 u ¢aru ¢ BeITsiHyThIMU rosioBkaMu Mopdotuna B2. Bee paccmarpuBaemsbie daru
S. thermophilus nmenu Mopdomoruto, xapakTepHyro 11t Mopdotuma Bl. Hexoropsre 3
HUX MMEIIM aTUIHYHBIE KOPOTKHE XBOCTHI MTHMHON 133—137 HM ¢ Oa3aabHBIMHU IIJIACTH-
Hamu 0e3 MI00YISIPHBIX OTPOCTKOB. V3y4eH CHEeKTp JIUTHUECKOH aKTUBHOCTH PAa3IMYHbBIX
(baroB. YCTaHOBJIEHO OTCYTCTBHE KOPPEIAIMN MEXK/Ly [TOKa3aTEIIMHU JIUTHIECKOI aKTHB-
HOCTH U Mop¢ororuelt BupycHbIX yactull. ®aru L. lactis ssp. ObIIIM OYEHb reTEPOTECH-
HBIMH U 00pa30BBIBAIN TPH IPYIIIIHI 110 OEIKOBOMY cocTaBy. B wactHocTH, (aru Buaa c2
OTIIMYAIIUCH TEM, YTO MMETTH Ma)KOpHbIE Oesku ¢ OombIneii MoieKymsapHoi Maccont — 40,
53 u 72 xla. @aru S. thermophilus conepxanu ABa UM TP MAKOPHBIX OEJIKa C MOJIEKY-
JsipHOit maccolt 33 u 27 k/a; 42, 26 u 15 k/la coorBercTBeHHO. BBIBOABI. bakTepuodaru
L. lactis ssp. B COOTBETCTBUH ¢ UX MOP(]OIOTHE, GeTKOBEIM MPOGUIEM U Pe3yabTaTaMu
MNP unertndummposans! 10 BUA0B: 1) k Bugy 936 otHeceno 38.1 % daros; 2) k BUILY
P335-9.5 %; 3) k Buay c2 — 19.0 %. ®aru S. thermophilus 6pu1 UACHTUDUITMPOBAHBI
B TpH Ipynmnsl: 1) rpynma cos-tuna cocrasisiia 14.3 % ot obmiero xonuuecTsa ¢aros;
2) rpynna pac-tuna — 9.5 % un 3) 987 rpynma — 9.5 % ¢aros.

Kouesvle cnosa: d6akrepuodaru, Lactococcus lactis, Streptococcus thermophilus,
ANIEKTPOHHA MUKPOCKOIHS, Mophotun, MynsTHILieKkcHas [11[P, 6enxoBbIit mpoduib.
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