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PROSPECTS OF BACTERIOPHAGES IN MANAGEMENT
OF PLANT PATHOGENIC BACTERIA

Background. Inrecentyears bacteriophages draw attention as environmentally friendly means for controlling the bacterial
infection. Their use is an effective measure for number of bacterial crops diseases. Bacteriophages have a number of advantages
over other methods of control: they are highly specific to host bacteria, non-toxic to macroorganisms, not pathogenic for normal
biota of plants and soil. In particular, phage cocktails with specificity and effectiveness against only certain groups of bacteria are
used for preventing the spread of infectious diseases in plants. Therefore, the main objective of the study was to isolate and identify
bacteriophages specific to phytopathogenic bacteria.

Methods. Samples of beet, potatoe, apple, garlic and mandarin with rotting symptoms were selected from vegetable
storehouses. Phages were isolated by direct isolation. Phage titers were determined as plaque forming units (pfu/ml) using the
standard double layer agar assay technique. The morphological features of viral particles were examined by electron microscopy.

Results. As aresult of this work we isolated phages (7591/3, 8573/3, Ser/2) specific to Pseudomonas syringae lachrymans
7591, P. fluorescens 8573 and Serratia marcescens. The phage isolates differed in terms of the morphology of their negative
colonies. To identify host range of isolated phages spectrum of lytic activity was studied against 16 laboratory strains of
phytopathogenic bacteria. Our research revealed that among 9 phage samples three phage isolates are polyvalent.

Conclusions. The obtained data indicate that isolates with a broad spectrum of lytic activity can be promising biological
agents in control of bacteriosis. Consequently, isolated polyvalent bacteriophages can be considered for therapeutic use against

bacterial infection in plants during storage.
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Background

Human population has been steadily increasing over the
last few centuries. In order to meet the global food demand
of the growing world's population, there is a need to increase
the production of agricultural products. In addition, it is
necessary to reduce crop losses due to bacterial diseases.
Despite the existing available methods of treating bacterial
diseases, there is a need to develop new environmentally
friendly strategies to combat them. Current control methods
using antibiotics are losing their effectiveness due to the
natural development of bacterial resistance to these agents
(Anaghez, 2022; Buttimer, 2017). On the other hand, there
are no effective traditional antimicrobial drugs against some
of agricultural crops diseases (potato blackleg and soft rot
disease caused by members of Enterobacteriaceae)
(Buttimer, 2017; Czajkowski, 2011). That is why agents such
as bacteriophages belonged to environmentally friendly
approaches of bacterial diseases control have received
increased research interest in recent years (Holtappels,
2019; Nawaz, 2023; Wojcicki, 2023).

It is difficult to imagine natural biocenoses without
bacteriophages, which participate in the regulation of
microbial populations, affect their enzymatic and
synthesizing activity (Drulis-Kawa, 2015). Local viral
populations are formed under natural conditions. Artificial
introduction of bacteriophages into the natural environment
is great deal of attention, allowing to detect and predict their
impact in more detail. The importance of this task is due, in
particular, to the influence of technogenic factors that can
accelerate the evolution of populations of phages and

bacteria, the divergence of their characteristics and lead to
changes in the structure of ecosystems.

In recent years, agriculture has increasingly faced
bacterial diseases that are less sensitive to the existing
chemical methods of control. In turn, increased
concentrations of such chemical substances can lead to
damage to plant tissues as reflected in higher crop losses. A
major disadvantage of this method of control of
phytopathogenic bacteria is also the chemical contamination
of crops. Control of bacterial diseases is problematic due to
the lack of effective bactericides, high variability of pathogens,
high population growth under optimal conditions,
development of pathogen resistance to drugs, etc.
Bacteriophage-based drugs are considered safe for the
environment and human health. Of particular interest are
bacteriophages with polyvalent properties, i.e., capable of
infecting (and lysing) several different bacteria (Garcia, 2023).

There are two types of bacteriophages relative to the
host — specific, i.e., those infecting a limited number of
strains of one type of bacteria, and polyvalent ones.
Polyvalent phages are able to infect not only certain strains
of one species of bacteria, but also different species and/or
genera and groups of bacteria (Sovinska, Korotyeyeva, &
Andriychuk, 2017; Sovinska, Petrenko, & Andriychuk,
2015). This ability of certain bacteriophages can be the key
in combating dangerous bacterial pathogens in various
areas of our lives, including medicine, agriculture and the
food industry (Drulis-Kawa, Majkowska-Skrobek,
Maciejewska, 2015; Halawa, 2023; Faidiuk, 2015). Their
practical significance for biological control of microbial
populations is undoubtable. Despite the practical and
fundamental importance of such phages, bacteriophages
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with a wide host range are rarely described (Loc-Carrillo,
& Abedon, 2011). One of the reasons is that a sufficiently
reliable method of isolation and a model for studying such
viruses have not been developed yet. Because the primary
population of any phage isolated from a particular medium
is considered heterogeneous, that is, in addition to the
main phage, there will be other 'contaminating' phages, as
well as mutant forms.

The main objective: to investigate the biological
properties of isolated bacteriophages to verify the prospects
of their use for antibacterial therapy of plant pathogens.

Methods

Samples of plants (beet, potatoe, apple, garlic and
mandarin) with symptoms of bacterial lesions were
investigated. In our research we used test bacteria:
Pseudomonas syringae lachrymans 7591, P. fluorescens
8573 and Serratia marcescens. Phages were isolated by
direct isolation. Phage titers were determined as plaque
forming units (pfu/ml) using the standard double layer agar
assay technique (Mohammadali, & Nilsson, 2015; Sovinska,
Korotyeyeva, & Andriychuk, 2017). Pure bacteriophage
lines were acquired by 6-times passaging with subsequent

accumulation on sensitive bacteria cultivated in commercial
nutritional broth with additional aeration at 25°C. The
morphological features of viral particles were studied using
electron microscope JEOL-1400 (Japan) (Holtappels, 2021;
Mohammadali, & Nilsson, 2015).

Results

In this research samples of beet, potatoe, apple, garlic
and mandarin with rotting symptoms were selected from
vegetable storehouses. The main symptoms of bacterial
lesions observed in fruits were areas of mild decay,
softening of the tissues, and the extraction of the exudate.
After selection of vegetable samples with symptoms of
bacterial lesions bacteriophages specific to phytopathogenic
bacteria were obtained. As a result of this work we isolated
phages (7591/3, 8573/3, Ser/2) specific to Pseudomonas
syringae lachrymans 7591, P. fluorescens 8573 and
Serratia marcescens. All selected phages reproduced with
the same efficiency on bacteria strains used in this study.

Bacteriophages led to the formation of negative colonies
with large (61 mm) and medium (2 +0,1 mm) sizes
depending on the test bacterium (fig. 1).

A

Fig. 1. Phage plaque morphology on test culture
a — Serratia marcescens, b — P. fluorescens 8573,
¢ — Pseudomonas syringae lachrymans 7591 (plaques diameter =5+ 1 (a); 2 £ 0,1(b); 2 £ 0,1 (c) mm)

Isolates 7591/3, affecting Pseudomonas syringae
lachrymans 7591; 8573/3 of P. fluorescens 8573; and an
isolate Ser/2 of Serratia marcescens were selected among
all the isolated bacteriophgages. These isolates were
chosen due to the stability of their biological activity during
storage, the formation of transparent lytic zone, which
allows them to be considered as virulent (non-lysogenic) to
indicator strains of phytopathogenic bacteria used in this
study. The latter condition is mandatory for the practical use
of phages as antagonists of phytopathogenic microbiota in
ecosystems, as lysogenization of natural strains by phages

introduced for therapeutic purposes does not reduce the
number of bacteria, but only provides their immunity.

To identify host range specificity of isolated phages, their
spectrum of lytic activity was studied against 16 strains of
phytopathogenic bacteria. Our research revealed that from
9 phage isolates three expressed lytic activity against different
strains of phytopathogenic bacteria. Hence, these phages
possessed a wide range of lytic activity (i.e., these were
polyvalent bacteriophages) and could be used as perspective
biologic agents for controlling bacterial diseases (fig. 2).

Fig. 2. The spectrum of phages' lytic activity against test bacteria:
a — Pseudomonas fluorescens 8573, b — Serratia marcescens
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Analysis of electron microscopic observations showed
that investigated bacteriophages had different morphology
and size. Phage particles were icosahedral structures with a
head of approximately 43 + 1 nm in diameter and a short tail
of 1 £ 0,5 nmin length, visually belonging to the C1 morphotype
of Podoviridae family, Caudovirales. Transmission electron

200.0nm

microscopy also showed the presence of another group of
bacteriophages with morphology typical for representatives
of Siphoviridae family of Caudovirales order (icosahedral
head with long tail, size — head diameter 67 + 2 nm, tail
length 120 + 3 nm) (fig. 3).

— Y.

Fig. 3. Electron microscopy images of phage isolates:
virions of phages belonging to the Podoviridae (a) and Siphoviridae (b, c) families

Discussion and conclusions

Plant diseases caused by bacteria are a serious problem
in the cultivation and storage of agricultural products. Among
such pathogens the most important are bacteria related to
the Pseudomonas and Serratia genera (Sovinska, Petrenko,
& Andriychuk, 2015). Using such species as test bacteria,
the selection of specific phages is carried out. The selected
phages possessed a wide range of lytic activity against
these bacterial species and virtually eliminate them. That is
why one of the alternative approaches for controlling
bacterial diseases is the application of bacteriophages as
natural bacterial antagonists (Clokie, 2011; Tahir, 2022).
Due to the high specificity of phages against host bacteria,
such therapy will destroy the pathogenic biota without
affecting the normal one. In addition, the ability of phages to
self-replicate allows to use low doses of phage preparations
to protect plants. Thus, the use of phages led to a reduction
of peach morbidity caused by Xanthomonas pruni at 86 —
100 %. In the US, a patent was granted for the production of
phage-based antimicrobials to control legume infections
caused by Pseudomonas syringae (Ramos, 2012).

In this study using selected phages, we have composed
a biological plant protection product for use in agriculture.
This product has a selective effect on phytopathogenic
bacteria, doesn't pollute the environment, increases the
profitability of production and provides environmentally
friendly agricultural production. Its application could reduce
the exposure of toxic chemicals on food products.
Biologically active preparation was designed for protection
against bacterial infections of sugar beet plants and
reduction of rot during the storage of agricultural products.
The active ingredients of the preparation were naturally
occurring bacteriophages that selectively and specifically
killed only certain strains of microorganisms.

On the basis of specific bacterial viruses
(bacteriophages) a biologically active preparation for
protection against bacterial infections of plants is developed.
Product is provided an all-natural, nontoxic, safe and
effective means for significantly reducing or eliminating
disease-causing bacteria. The laboratory conducts
preliminary tests of the drug for controlling plant bacteriosis
in agriculture.
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NEPCNEKTUBU BUKOPUCTAHHA BEAKTEPIO®ATIIB Y BOPOTLEI 3 ®ITOMATONrEHHUMWU BAKTEPIAMU

B c Ty n. Bakmepioghazu ocmaHHiM Yacom euknukaroms nideuweHuli docniOHUYbLKUlU iHMepec siK eKkos102i4Ho Yucmi 3acobu npomudii 6akme-
pianbHUM iHgbekyism. Ix 3acmocyeanHs e e¢hekmusHuM 3axodom 6opomu6u NPomu 6akmepianbHUX 3aX80PIOEaHL CillbCbKO20CM00apCLKUX KYIlb-
myp. bBakmepioghacu maromb HU3KYy nepeeaz MOPi6HSIHO 3 iHWUMU MemodamMu KOHMpPOoJIo 36yOHUKie 6akmepio3ie: 80HU sucokocrneyugiyHi 0o
6akmepili-xa3siie, He MOKCUYHi O5is1 MaKpoop2aHi3mie, He WKOOOYUHHI Ansi Hopmobiomu pocsuH i rpyHmy. 3o0kpemMa, sukopucmoeyroms ¢ha2oei Ko-
kmeluni, AKi susiensiromb crneyugidvHicms ma ypaxyroms nuwe rneeHi 2pynu 6akmepit, 3anobizaroyu po3noecrodxeHHI0 iHheKyiliIHUX 3axeoprosaHb
y pocnuHax. Ome, memoto docnidxeHHs1 6yno eudineHHs1 ma idenmudbikauis 6akmepioghazie, cneyudpidHux onsi pimonamozeHHux 6akmepitdi.

M e T o A n. 3 o0so4yecxosuuy 6yno eidi6paHo 3pa3ku 6ypsika, kapmoni, A6yHi, 4acHUKy U MaHOapuHa 3 03Hakamu 2Huni. Pazu susensnu wns-
XoMm npsimozo euciey. Tumpu eusHayanu y 6nsiwukoymeoproganbHux oduHuysix e 1 mn (6Y0O/mn) memodom deowapoeozo azapy 3a payia. Mopgo-
noeito eipioHie eusyanu MemoAoM mpaHcMicueHOI esleKmpPOHHOT MiKPOCKorTil.

Pe3ynbTaTu.BudineHo ¢pazu (7591/3, 8573/3, Ser/2), cneyugpiyni do Pseudomonas syringae lachrymans 7591, P. fluorescens 8573 i Serratia
marcescens. Mopghosiozis HezamueHux KosloHil i3onsimie ¢pazie eidpizHsinacs. [ocnidxeHo cnekmp 6ionoziyHoi akmueHocmi uyodo 16 wmamie
¢imonamozeHHux 6akmepili. Ceped docnidxyeaHux Aee'amu 3pa3kie ¢hazie mpu eusieunucs noslieasieHMHUMU.

B 1 c H o B kn. OmpumaHi 0aHi ceidyams NpPo MoXX/1ueicmb 8UKOPUCMAaHHS i3071imie i3 WupoKUM criekmpoM nimu4Hoi dif ik nepcnekmueHux
6iono02i4HUX 3acobie y 6opomb6i 3 6akmepiozom. Omike, i3onboeaHi nosnieaneHmHi 6akmepioghacu MoxHa po3asissdamu Ans mepaneemu4Ho20 eu-
KopucmaHHs1 npomu 6akmepianbHoi iHghekyii npu 36epizaHHi pocIuHHOI NPodyKuil.

Knio4yoBi cnoBa:gpimonamozaeHHi 6akmepii, 6akmepianbHi Kynbsmypu, MopgosoziyHi ocobnusocmi, 6akmepioghazu.
ABTOpM 3asBNAIOTb NPO BiACYTHICTb KOHANIKTY iHTepeciB. CnoHcopu He Bpanu yyacTi B po3pobneHHi 4ocniaxeHHs; y 36opi, aHanisi umn
iHTepnpeTauii AaHWX; y HanMcaHHi pykonucy; B pilleHHi Nnpo nybnikauito pesynbTartis.
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