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Abstract

Fire blight is an economically important disease of fruit crops caused by Erwinia amylovora. The
main advantage of bacteriophages over the other means is that they are obligate parasites of bacteria and a
natural component of ecosystems, and therefore they can be used to prevent and control the development
of disease at all stages of plant development. In recent years, leading laboratories around the world have
been studying the possibility of using bacteriophages for controlling fire blight plant diseases. This review
summarizes data on bacteriophages and their role in plant protection.
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Fire blight is an economically important disease of fruit crops caused by the bacterium
Erwinia amylovora. Fire blight found in major apple and pears growing regions around the world.
E. amylovora, a member of Enterobacteriaceae family, is a gram-negative, non-spore-forming
bacterium and a facultative anaerobe [1-5]. Despite all the phylogenetic instability of
representatives of the genus Erwinia, E. amylovora is a very stable species. The optimal growth
temperature for E. amylovora is from 25 to 27°C, but at the same time the pathogen is able to grow
at temperatures from 5 to 37°C [6]. The pathogenicity of E. amylovora is determined by five
factors: exopolysaccharides secreted by the bacterium, a cluster of hypersensitivity and
pathogenicity genes, a cluster of genes strictly specific to this disease, and the ability to develop
in the environment [7, 8]. Unlike closely related Pectobacterium species, E. amylovora does not
degrade the cell wall of host plant, since it does not produce pectin-degrading and cellulolytic
enzymes.

Currently, about 129 plant species from 37 genera of the Rosaceae family are known to be
susceptible to damage by this bacterium. The disease causes especially serious damage to pear and
apple trees. Thus, in the USA, losses caused by this disease reach 100 million dollars a year. In
Kazakhstan, bacterial blight was first registered in the early 2000s, but its range is expanding from
year to year. Over the past 7 years, the area infected by this disease has increased 40 times.

In different years, the disease exhibition varies and depends on factors such as temperature,
relative air humidity, the presence of insect vectors, plants condition (mechanical damage,
physiological characteristics, etc.), as well as presence of pathogenic bacteria. Modern methods of
fire blight management involve the use of complex measures aimed at reducing the amount of
pathogen in gardens and preventing the spread of the disease - agricultural practices, the use of
chemical agents (copper-containing compounds), antibiotics, antagonistic microorganisms, and
genetic engineering methods to increase resistance of host plants, and to eliminate various
virulence factors of the pathogen [8-14]. The success of using chemical agents depends on the
possibility of ensuring their direct contact with phytopathogen cells, which is feasible at the
epiphytic stage of the disease [15]. In addition, despite modifications to the method of delivering
a chemical agent to a plant to control fire blight (injection into the tree trunk), the literature
describes lower effectiveness of stem injections of streptomycin compared to the form of spray
[16].
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All of the above methods help to reduce the amount of pathogen, but each of them has
significant drawbacks. Thus, when using copper-containing preparations, there is a danger of
accumulation of copper ions in plants and soil, which inhibit the development of not only
pathogenic, but also other beneficial microorganisms, and also have phytotoxicity [15].
Resistance to antibiotics often appears due to its prolonged use and generally supports the growth
of resistant bacterial isolates [17]. When using biological products, the effectiveness of antagonist
bacteria is lower than when using antibiotics [18]. The use of transgenic organisms can cause
harmful changes in the ecosystem and in the humans and animals body. As an alternative to
antibiotics, bacteria, fungi, viruses, as well as various natural bactericides produced by these
organisms are used to combat bacterial blight of fruit crops.

Bacteriophages have unique properties to prevent fire blight infection, offering a number of
advantages over chemical agents when used to control bacterial diseases. The advantages of
bacteriophages include natural origin, specificity of action, presence in the environment before the
elimination of host bacteria, and the ability to self-replicate [19, 20]. Bacteriophages have been
found to be effective in controlling certain phytobacteria, such as Erwinia spp., which causes
bacterial soft rot [21] and fire blight of apple and pear trees [22], Xanthomonas spp., which causes
bacterial spot of tomato [23, 24], peach [25, 26], geranium [27], citrus [28], walnut blight [29],
onion leaf blight [30] and citrus canker [28], Ralstonia solanacearum (Smith), causing bacterial
wilt tobacco [31] and Streptomyces scabies, which causes potato scab [32].

Bacteriophages (phages) form a group of specific bacterial viruses that infect bacteria for
their replication and virion synthesis and, according to the results of recent research, are the most
common living creatures on the planet [33]. In 1915, Frederick Twort described the destruction of
purulent Staphylococcus by a filterable agent. Independently of Twort, in 1917 Felix d'Herelle
reported the discovery of particles that killed bacteria and called them "bacteriophages.” It consists
of three main parts that are assembled independently and then joined together to produce a mature
phage. There is a large, multi-protein icosahedral capsid that encapsulates the viral DNA genome.
This capsid is coupled via a neck region to a long and narrow tail part, surrounded by a protein
sheath. It ends with a baseplate with attached long and short tail fibers, which are responsible for
the recognition of specific receptors on the host cell and for binding to the cellular membranes
[34].

Sometimes there are bacteriophages without tails. They are usually round or thread-like in
shape. The main advantage of using bacteriophages compared to antibiotics is that they cannot
cause dysbacteriosis, since they only infect the host bacterium [35]. Once inoculated with phages,
the plant's natural microbiome contains a full spectrum of beneficial microorganisms. The
specificity of phage infection is mainly determined by the interaction of phages with host bacteria
and is carried out mainly through the adsorption of the virion on the surface of the host cells [36]
and the development of phage defense mechanisms [37].

Classification of bacteriophages

Bacteriophages are divided into groups according to the morphology of the virion - by the
presence or absence of a tail, its structure, by the presence of a protein capsid of the phospholipid
shell and by the nucleic acid. According to the International Committee on Taxonomy of Viruses,
a unified classification of bacteriophages has been adopted [38].

According to the result of the infection, there are virulent, moderate, and phages with a
continuous development cycle. Virulent phages are phages that cause lysis of the host bacterial
cells with the subsequent release of daughter phages. The mechanism of infection of a bacterial
cell by a virulent bacteriophage: in strictly defined places on the outer membrane of the bacterium,
the phage attaches with a process to the bacterial cell and, releasing a complex of enzymes,
dissolves cell wall. After this, the content of the phage head pass into the cell through the process
channel. Small, spherical phages enter bacteria without tells. Under the influence of the phage
nucleic acid, bacterial proteins, DNA and RNA, nucleic acid and phage proteins ere synthesized.
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Some of these proteins are enzymes, and the other part forms the shell of a mature bacteriophage
particle (Table).

Table - Classification of phages

Taxonomic unit Nucleic acid size

Order Caudovirales ds DNA (L), without shell

Family

Myoviridae without shell, with linear double-stranded DNA, with
contracting tail

Siphoviridae without a shell, with linear double-stranded DNA, with a
long non-contractile tail

Podoviridae without a shell, with linear double-stranded DNA, with a
long non-contractile tail

Microviridae without shell, with circular single-stranded DNA, isometric

Corticoviridae without shell, with circular single-stranded DNA, isometric

Tectiviridae without shell, with linear double-stranded DNA, isometric

Leviviridae without shell, with linear single-stranded RNA, isometric

Cystoviridae coated, segmented double-stranded RNA, spherical

Inoviridae without shell, with circular single-stranded DNA,
filamentous

Plasmaviridae coated, circular double-stranded DNA, pleiomorphic

Bacteriophages do not in all cases cause rapid death of the bacterial cells. Many of them are
able to integrate into the bacterial genome and not kill the host cell for some time. Such phages
are called lysogenic, or temperate. Temperate phages in the life cycle can develop in two
directions: being involved in the lytic cycle or turning into a prophage with further development
along the lysogenic path. Temperate phages, integrating into the bacterial genome, can accelerate
the evolution of their hosts during infection and increase their pathogenicity by inserting new genes
or damaging existing ones.

When host cell is infected with phages with a continuous development cycle, phages start
form and release. The phage is released through specific pores in the cell, and during release, its
maturation occurs - the nucleic acid is covered with a protein coat [39, 40]. In addition to the listed
three groups of bacteriophages, there are phages that enter into pseudolysogenic relationships with
host cell, and as a result temporary coexistence of virulent bacteriophages and bacteria is observed.

During evolution, bacteriophages have developed effective mechanisms for infecting
bacterial cells. Thus, bacteriophages produce proteins that take part in the lysis of host bacteria.
Bacteriophage proteins can be divided into two main groups: those that destroy cell membranes
(peptidoglycan, cell membrane, bacterial capsule) and those that disrupt bacterial DNA replication,
transcription, protein synthesis, and cell division [41]. The possibility of using proteins is currently
being considered in phage therapy. The polysaccharide layer that surrounds the bacterium is
overcome by phages with proteins (enzymes). Depolymerases can be present as freely diffusing
proteins or as components of phage particles. When phages penetrate into a bacterial cell, the
peptidoglycan shell of bacteria is destroyed under peptidoglycan-lyzing enzymes (lysozyme-like
muramidases, N-acetylmuramoyl-L-alanine amidases, esterase and peptidase). Peptidoglycan-
lyzing enzymes of bacteriophages are capable of lysing only those species or subspecies of bacteria
that produce the enzymes, i.e. they are highly specific.

Currently, many different mechanisms have been described that allow bacterial cells to
eliminate phage infection, which include regulation, mutation and masking of phage receptors
[42], DNA restriction and modification (RM) [43], a CRISPR/Cas-based immune response system
[44 |, 45] and the “abortive infection system” (AIS). “Abortive infection” systems represent the
programmed death of cells (or their transfer to a dormant state) during infection, which leads to a
stop in the spread of phage within bacterial population [46].
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The use of bacteriophages in fire blight control

In plant protection, bacteriophages of phytopathogenic bacteria were initially considered
only as a diagnostic tool for the identification and differentiation of E. amylovora isolated from
plants of the Rosaceae family, as well as for determining phage-bacterium interactions [47]. The
use of phage particles against fire blight disease was first described in 1973 [48, 49]. Since then,
different models have been developed to study the virulence of E. amylovora and its interaction
with phages. For experiments, unripe fruits, flowers, and stems are usually used. Fruit segments
are inoculated with a phages suspension, applied with a pipette to the cut surface. This model is
the most suitable for studying the interaction of E. amylovora and phages in fruits. Inhibition of E.
amylovora is measured by assessing the size and appearance of necrotic spots and by assessing the
development of disease symptoms. Muller et al. tested 4 different phages using this method. It was
found that phages phiEalh and phiEalOO reduced the number of pathogens by 40%, while
phiEal04 and phiEall6 revealed 90% symptom reduction % [50]. Akremi et al. found that an
association consisting of four filamentous phages significantly reduced the symptoms of pear
disease development [51].

When conducting experiments on flowers, inoculating with the recombinant phage
Y2::dpoL1-C (102 CFU/ml) caused a decrease in the final number of bacterial cells by
approximately 2% [52]. To prevent colonization of the pathogen in flowers, inoculation with
phages must be carried out before the disease spreads. Treatment of flowers is usually carried out
by spraying. In this case, time and dosage are important to increase the effectiveness of the
treatment. It remains unclear how long phages remain viable after spraying entire trees. Because
phages are immobile, they arise randomly and infect host bacteria by passive diffusion. In this
regard, to effectively control the disease, it is necessary to carry out large-scale treatment with
phages, since the flower must be covered with them uniformly and densely. If the treatment area
Is too small, E. amylovora will not become infected with phages.

Another way to study the effectiveness of bacteriophages on fire blight was demonstrated
by Sabri et al. The authors injected E. amylovora into the stem of pear plants followed by the
injection of phage ET-IT22 at the same site. After 40 days post inoculation the treated plants
remained as asymptomatic as the streptomycin control [53]. Nagy et al. applied phages phiEal04
and H5K to the roots of apple seedlings and demonstrated that infective virions could be re-isolated
from the stem above ground level thereby reducing symptoms of fire blight significantly [54]. It
seems that these phages are efficiently translocated through the plant’s tissue (from the root and
further along the trunk to different organs of the tree). The ability of E. amylovora bacteriophages
to move in upward and downward directions suggests the prospects of using bacteriophages for
endogenous control of the pathogen.

The most conclusive way to demonstrate the efficacy of phages in agriculture are greenhouse
or field trials. Phages should be used to prevent an infection during the blossom period rather than
curing infected trees when the bacteria have already spread into the xylem.

There are a number of problems that may hinder the widespread use of phage therapy in the
control of plant pathogens. The activity of phages and, consequently, their effectiveness as
biological control agents is significantly influenced by the pH of the environment. Thus, it was
found that phages of the gram-positive bacterium Listeria monocytogenes on the surface of apple
pieces with a pH of 4.37 were unstable, while on the surface of a melon, where the pH was 5.77,
the phages successfully lysed the pathogen [55]. In addition to pH, temperature also affects both
the survival of phages and their ability to lyse bacterial cells.

One of the main advantages of using phages is that they are natural components of
ecosystems, since wherever there are bacteria, their bacteriophages are also present [56]. An
important property of phages is their ability to self-reproduce [57]. In addition, most phages are
highly specific organisms that infect only certain bacteria and do not affect others, including
beneficial microorganisms. This makes it possible to use them with other bacterial antagonists to
enhance the fight against pathogens.
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Thus, phages, as antibacterial agents, have a number of properties that make them
compelling alternatives to chemical antibiotics. Currently, laboratories around the world are
investigating the possibility of using phage therapy in the fight against fire blight of fruits. Good
therapeutic phages should have a high potential to reach and then kill bacteria in combination with
a low potential to otherwise negatively modify the environments to which they are applied. The
non-toxicity of phages towards eukaryotes allows them to be used where chemical methods of
combating bacteria are contraindicated. Preparations based on bacteriophages are quite simple to
produce without serious economic costs. They can be stored for a long time and used using
standard equipment. In addition, the advantage of phage therapy is that they selectively target and
destroy certain bacteria without harming the host organism, and drugs based on bacteriophages are
quite simple to produce. Bacteriophages are capable
to suppress and control pathogenic bacterial populations within farms and can be used in
combination with other methods to prevent the spread of this bacteriosis.
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BAKTEPUO®AT'TAP )KOHE OJIAPJbIH BAKTEPUSJIBIK KYWIKIIEH
KYPECYJEI'T POJII

Tyiiin

Bakrepusiiblk KyiikKe Kapchl OMOJOTHSIIBIK OakbuiayablH Oip Typi — OakTepuodartap OobII
TaOBUIA/ABI, OJlap aypy KO3AbIprbImiel Erwinia amylovora OakTepHsCHIHBIH KAacyIIaNapblH JTH3UCKE
yisipaTaapl.  baktepuodartapasi 0acka Oakbuiay KypaigapblHaH OacThl apTHIKIIBUIBIFRI - OJap
OakTepusITapIBIH MIHJICTTI TAPA3UTTEP] )KOHE dKOKYHETEPAiH TaOUFH Kypamaac 0eJiri O0bIT TaObLTa b,
COHIBIKTaH OJap/Abl 6CIMAIKTEPIiH JaMybIHBIH OapIiblK Ke3eHAEpiHIe aypyAblH AaMybIH OO IbIpMay JKOHE
Texey YIIiH mnaimananyra Oonaapl. COHFBI JKBUILAAPBI OJCMHIH JKETEKIN 3epTXaHaJapbhIHIA KEMiC
JAKbUIIapbIHBIH OaKTEPHUSUIBIK KYHIK KO3IBIPFBIIIBIMEH Kypecyae OakTepruodartapapl KOJIaHy MyMKIHZIIT
3eprrenyne. byn monyna Oakrepuodarrtap >koHe onapAblH OCIMIIKTEpAlI KOpFayAarbl pejii Typajbl
JepeKTep JKUHAKTAJIFaH.

Kiarri cesnep: 6akTepusuisik Kyitik, 6akTeprodarrtap, Erwinia amylovora, 6axsiiay apanapsl.
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AHHOTANUA

OnHuM U3 CPeACTB OMOJIOrHYECKOM OOPHOBI ¢ OaKTEepHaIbHBIM 0XKOI'OM SIBJISIOTCS OakTepuodary,
IM3HpyIoe KiaeTku OGaktepum Erwinia amylovora — BosGymwrens manHoro 3abojeBaHus. ITaBHOE
NPEUMYIIECTBO OaKTepruo(aroB nepes IpyruMu CpeCTBaMU OOpPHOBI COCTOUT B TOM, YTO OHH SIBIISIIOTCS
00TUraTHRIMU Mapa3uTaMu OAKTEPHIA M €CTECTBEHHBIM KOMITOHCHTOM DKOCHCTEM, B CBSI3U C YEM MX MOYKHO
UCTIOJIb30BaTh ISl MPOQUIAKTHKA W CACPKUBAHHS pa3BUTHA OOJIE3HHM HA BCEX CTAIUAX Pa3BHTHUS
pactenus. B mocnenHue roapl B BEAYIIUX JIAOOPATOPUAX MHUpA M3ydaeTcs BO3MOXKHOCTH NMPHUMEHEHHUS
Oaktepuodaros B 0oprOe ¢ BO30OyaUTENEM 0XKOTa MJIOAOBBIX KyJIbTyp. B HacTosmmem 0630pe 00001IeHbI
JlaHHBIE 0 OakTeprodarax v X POJIH B 3aIUTE PACTCHHM.

KioueBble c10Ba: OakTeprabHbIii 0xor, 0akreprodarn, Erwinia amylovora, mepsr 60psOBI.

baktepuanbHblii 0XKOI' — HSKOHOMHMYECKH BakKHOE 3a00JIeBaHHME IUIOAOBBIX KYJIBTYP,
BbI3bIBacMoOe Oaktepueit Erwinia amylovora. BosOyaurtenb NpUCYTCTBYET B OOJBIIMHCTBE
PETHOHOB MHpa, TIe BhIpaluBaroTcs si0noHu U rpymu. E. amylovora, npeacraBurens cemeiicTa
Enterobacteriaceae, sBnsercs TpaMOTpPHULATENBHOW, HeCHOpooOpasywouield  OakTepuei,
dakynpTaTUBHBIA aHa’poO [1-5]. Hecmorps Ha BClO (HUIOTEHETHYECKYH0 HECTAaOMIBHOCTH
npezcraButelneit poaa Erwinia E. amylovora cama o ceGe siByisieTCsl O4eHb CTAOUIIBHBIM BHIOM.
OnruManbHas TemmnepaTtypa pocra E. amylovora - or 25 mo 27°C, HO B TOKe BpeMs MaTOr€H
criocobeH pactu nipu temrmeparype ot 5 o 37°C [6]. [Tatorennocts E. amylovora oGyciosiena
IATHI0  (paKTOpaMu: SK30MOJHCAXapuIaMH, BbIIEISEMbIMU OaKTepuel, KIacTepoM TI'€HOB
TUIEPYYBCTBUTEIHLHOCTH M MAaTOT€HHOCTH, KIACTEPOM T€HOB, CTPOTO CHEIMUPUIHBIX K JAHHOMY
3a00JICBaHUI0O W CIIOCOOHOCTBIO pa3BUBAThCA B OKpykaromied cpeae [7, 8]. B ornmume ot
OnMM3KOpOACTBEHHBIX BUIOB Pectobacterium, E. amylovora ne pasnmaraer KiIeTOYHYIO CTEHKY
pacTeHHsI-X0351Ha, TaK KaK OHa HE MPOAYLHPYET NMEKTHHPA3PYILIAIOUINE U LHEUTIONOIUTHYECKIE
(bepMeHTHI.

B Hacrosimiee Bpemsi u3zBecTHO Okoyio 129 BuagoB pacteHuid u3 37 poloB ceMeicTBa
Rosaceae, yyBCTBUTENBHBIX K MOpPaXEHUIO 3ToW Oakrepueil. OCOOEHHO cepbe3HbI yIepo
00JIe3Hb HAHOCUT HACAKICHUSIM alBBI, TpyIH, si00HU. Tak, B CILIA moTepu, mpuarnHEHHBIC ITON
6one3nbto, nocturaior 100 MumnoHoB goiapoB B rof. B Ka3zaxcrane GakTepualbHBIH 0XOT
BIIEpBbIE ObLI 3aperucTprupoBaH B Havyasie 2000-X To10B, HO €ro apeai u3 Tojia B IO PaCIIUPsCTCS.
3a mocienHue 7 JET IUIOMAIH CaJ0B, 3apaKeHHbIE JaHHOHM 00JIe3HbI0, BEIpOoCH B 40 pas.

B pasubie roasl mposBieHue 00e3HN ObIBA€T Pa3IMUHBIM U 3aBUCHUT OT TaKUX (aKTOPOB
KaK TeMIlepaTrypa, OTHOCHTENbHAs BIKHOCTH BO3JyXa, HAUYHE HACEKOMBIX-TIEPEHOCUYUKOB,
o011ee coCcTOsTHUE pacTeHUN (MEXaHUYECKHE MOBPEXKICHUS, (U3HOIOTUUECKHE OCOOCHHOCTH U
T.J1.), @ TAaK)Ke HAJIMYHME NMaTOTeHHBIX OakTepuil B HacaxaeHHsX. COBpEeMEHHbIE METOIbI OOPHOKI ¢
OakTepUaJbHBIM OKOTOM 3aKJIIOYAIOTCS B MNPUMEHEHHHM KOMIUIEKCHBIX MEPOIPHUITHIHA,
HANPaBIICHHBIX HA YMEHBIIEHUE KOJMYECTBA BO3OYAWTENS B CAJOBBIX HACAKICHUSIX U
MPEAOTBPAIICHUN PACTIPOCTPAHCHUST O0OJe3HH (arpOTEXHUYECKHE MPHEMBI), HCIOJIb30BaHUE
XUMHUYECKHX areHToB (MeObCoJepikKallie COCIWHEHHs), AHTUOMOTHKOB, HCIIOJIb30BaHUE

75


mailto:msyban@mail.ru

MICROBIOLOGY AND VIROLOGY ISSN 2304-585X Ne2 (45) 2024  www. imv-journal.kz

AHTArOHUCTHYECKUX MHUKPOOPTaHU3MOB, MPUMEHEHUE METOJOB T€HHOW WHXXEHEPUH Kak s
MOBBIIICHUS] YCTOWYUBOCTH PACTEHHI-X0351€B, TaK M JUIsl YCTPAaHEHHUs pPa3IMYHBIX (haKTOpOB
BUPYJIEHTHOCTH natorexa [8-14]. Ycnex npuMeHeHNs] XMMUYECKUX IIPENapaToB IPOTUB JaHHOTIO
3a00JIeBaHUsl 3aBUCUT OT BO3MOXHOCTH OOECHEUYEeHHs] HEMOCPEICTBEHHOr0 KOHTAaKTa HX C
KJIeTKaMH (DUTOMATOreHa, YTO OCYHIECTBUMO Ha SMU(HUTHOW cTaauu pa3BuTus Ooine3Hu [15].
OnHako, HECMOTPS Ha pa3IUYHBIC CIIOCOOBI 0O0PAOOTKM XMMUYECKUMH TIpernapaTaMu (HHbEKIIUN
B CTBOJ JEpeBa, pAacCIbUICHUE), CTBOJOBBIE WHBEKIMH AHTHOMOTHKA WMEIOT HHU3KYIO
3(PEKTUBHOCTH 1O CPABHEHHUIO C MPUMEHEHHEM aHTHOMOTHKA B BUE cripest [16].

Bce BhImenepeunciieHHbIE METO/bI CIIOCOOCTBYIOT CHUKEHHIO KOJHMYECTBA IaTOTeHa,
OJIHAKO Yy KaXJIOr0 M3 HUX HMEIOTCS CYIIECTBEHHbIE HEAOCTaTKU. Tak, MpU HCIOJIb30BAHUU
MeZIbCOJIEpKAIUX TPenapaToB CYIIECTBYET OMACHOCTh HAKOIUIEHUS B PACTEHUSX M B IIOYBE
MOHOB MEIM, KOTOpble HWHTHOUPYIOT pa3BUTHE HE TOJBKO MAaTOT€HHBIX, HO M JPYrHX
MHUKpPOOPTaHU3MOB, a Takxke o0nanaT ¢urorokcuunocteio [15]. Ilpu mnpumeneHun
QHTUOMOTHKOB TOSBISIOTCS YCTOMYMBBIE K HUM IITaMMBbl, W TMpenapaT TepsieT CBOIO
spdextuBHOCTs [17]. Ilpum wucnonp3oBaHuM ke OuompenapaToB IPPEKTUBHOCTH OakTepuii-
AQHTAaroOHWCTOB HIDKE, YEM IMPU UCIOJIB30BaHUU aHTHOMOTHKOB [18]. [I[puMeHeHne TpaHCTeHHBIX
OpPraHU3MOB CIIOCOOHO BBI3BAaTh MaryOHbIE N3MEHEHHSI B DKOCUCTEME U B OpraHU3Me YelIoBeKa U
JKUBOTHBIX. B KauecTBe aibTepHATUBBI aHTHOUOTUKAM /11 OOPHOBI ¢ OaKTepHUATBLHBIM 0KOTOM
IUIOJIOBBIX KYJIBTYP MPUMEHSIOT OaKTepuu, TprObI, BUPYCHI, & TAKXKE Pa3IMYHbIC €CTECTBEHHBIC
OakTepuodaru, KOTOpbIe MPOAYIIUPYIOT 3TH OPTaHU3MBI.

Baktepruodarun 001amal0T yHHUKAIBHBIMH CBOWMCTBAMHU MPEAOTBPAICHUS 3apaskeHUs
OaxkTepuaIbHBIM OXOTOM, O0iajzas psAAOM TMPEUMYILECTB IO CPaBHEHUIO C XMUMHYECKUMU
npenapatamu. K mpeumyiiectBaM 0OakTepruodaroB OTHOCATCS HPUPOIHOE IMPOUCXOXKICHHE,
crienu(pUIHOCTh NEeUCTBHS, CIMOCOOHOCTh K camoperuukaruu [19, 20]. YcranoBineHo, 4TO
6akreprodarun 3¢p¢GeKTUBHBl A7 OOpPbOBI ¢ HEKOTOPHIMU (DUTONMATOTCHHBIMU OAaKTEPHIMH,
TakUMH Kak Erwinia Spp., KOTOpbIC BBI3BIBAIOT OAaKTEPUAbHYIO MATKYI0 THHIb [21] ©
OakTepualbHbIl OXxoOr siOnoHm u rpymm [22], Xanthomonas spp., KOTOpbie BBI3BIBAIOT
OakTepuaabHYIO MATHUCTOCTH TOMaTa [23, 24], mepcuka [25, 26], repanu [27], uutpycoBbix [28],
dutodropos rpeuxoro opexa [29], dutodropos mucteeB nyka [30] u pak HUTPycOBBIX [28],
Ralstonia solanacearum (Smith), BeI3bIBaromieii OakTepuanbHOe yBsgaHue Tabaka [31] u
Streptomyces scabies, Bbi3bIBaroIeii mapiny kaproderns [32].

bakrepuodaru (daru) obpazyroT rpymnmy crnenupudecKux OaKTepUaTbHBIX BHPYCOB,
KOTOpbIE 3apa)karoT OaKTepUH JJsl CBOCH pEIUIMKAllMM M CHHTE3a BHPHOHA W, COIJIACHO
pe3ynbTaTtaM TMOCJHEeIHUX MCCIEeIOBAaHUM, SIBIAIOTCS HanboJiee pacHpOCTPaHEHHBIMH YKUBBIMU
cymectBamu Ha 1uiadere [33]. B 1915 rogy Tyopt ®@penepuk omucan mopaxxeHUE THOMHOIO
cradpuiiokokka ¢uabTpyrommumcs areHtoM. HesaBucumo ot Tyopra, B 1917 rony ®Demmkc
1n’Oppens (Felix d'Herelle) cooburmn 06 OTKpeITHN YacTUI, yOUBAIOIIMX OaKTEpUU W Ha3Ball UX
«bakrepuodarammu». bakrepuodar npencrabuser codoit reHoM, 3anucanubiii B Buae JAHK nmm
PHK, xoTopblii ynakoBaH B OEKOBYIO KaICyily, HHOTIA IOKPBITYIO (GochoInIUaHON 000I09KOiM
W 4YacTO CHAOKEHHYI0 OTPOCTKOM (XBocToM). OTpocTok OakTepmodara mpencraBiser coOoi
MOJTYIO TPYOKY, OKPY>KEHHYIO YeXJIOM, KOTOPBI Y HEKOTOPHIX (aroB criocodeH cokpariarbes. Ha
KOHIIE OTPOCTKA €CTh 0a3alibHas MJIACTHHKA, 33 CUET KOTOPOW MPOUCXOIUT Y3HABAHHUE KIIETKU-
XO035IMHA, IPUKPEIJICHNE K Hel BUpYycCa, COKpAIIEeHHEe XBOCTOBOI'O YeXJIa M MHBA3Us HYKJICHHOBOM
KHCJIOTHI BUpYCa B OaKTepUaIbHYIO KIETKY [34].

Wnorpa BeTpeuarores: 6akreprodaru, y KOTOpbIX XBOCT OTCyTcTBYyeT. OHM, Kak MpaBUIIo,
OKPYTJION WM HUTeBUIHOU GopMbl. OCHOBHOE MPEUMYIIECTBO MCIOJB30BaHUs OakTeprnodaron
10 CPAaBHEHHIO C aHTUOMOTHKAMHM 3aKIII0YAETCs B TOM, UTO OHU HE MOTYT BBI3BATh AUCOAKTEPHO3,
MOCKOJIBKY 3apa’KatoT TOJIbKO OakTepuii-xo3seB [35]. [Tocne nHoKymsiiuu garamu, eCTECTBEHHBIN
MHUKPOOMOM DPACTEHHsI COACPIKUT TOJIHBIA CIEKTP MOJE3HBIX MHKpoopranu3moB. Crneunguka
¢daroBoii WHGPEKIHMH B OCHOBHOM OOYyCIIOBJICHA B3aMMOJCUCTBHEM (HaroB c OaKTEpUSIMU-
X0351€BaMU ¥ OCYIIECTBIISETCA TJIABHBIM 00pa3oM IMyTeM aacopOLUu BUPUOHA HA TMOBEPXHOCTH
KJIETKU-XO03siHa [36] 1 pa3BUTHEM MeXaHU3MOB (DaroBoii 3amuThs [37].
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Kaaccndukanus 6akrepuodaros

bakreprodarn apensrcs Ha Tpynnsl MO MOPQOIOTHM BHPHOHA — II0 HATHYHIO WIH
OTCYTCTBUIO XBOCTa, €ro CTPYKType, MO HaJW4uio OenkoBoro Karcuzaa ¢GochoaunuIHon
000JI0YKM W TI0 HYKJIEHHOBOW KHCJIOTE, B BHJI€ KOTOpOH 3amucaH TeHoM dara. CorimacHo
International Committee on Taxonomy of Viruses mnpunsitTa eauHas KiaccUpUKALUSI
6akreprodaros [38].

[o pe3ynbTary nHULIpPOBaHMS OBIBAIOT BUPYJICHTHBIC (ICTUHHBIE), YMEPEHHBIE U (aru c
HETIPEPBIBHBIM IIUKJIOM pa3BUTHs. BupynenTtHele ¢arum — 310 Qarm, mox AeicTBUEM KOTOPBIX
INPOMCXOIUT JU3UC KIETKU OaKTepHUH-XO03SMHA C IOCIEAYIOIIUM OCBOOOXKIECHHEM JOYEpHUX
¢daroB. Ommncan MexaHW3M HWHQUIMPOBAHUS  OAKTEPHATbHOW KJIETKM  BHPYJICHTHBIM
OakTepuodaroM: B CTPOTO OMNPEICICHHOM MecTe Ha BHemHed MemOpaHe Oakrepuu (ar
HPUKPEIUIIETCS XBOCTOBBIM OTPOCTKOM K OaKTEpHANbHOW KIIETKE W, BBIICHAS KOMIUIEKC
(epMeHTOB, pacTBOpsET KJIETOUHYIO cTeHKy. Ilocie 3Toro, comepxumoe roioBku (ara gepes
KaHaJl OTPOCTKA IEPEXOAUT BHYTPh KIeTKH. Menkue ke cepuueckue ¢ard monagamoT B
Oaktepun 6e3 ydactusi oTpocTka. [loa BIMsSHUEM HYKICMHOBOM KUCIOTHI (hara mpekpaiaercs
cunTe3 OakTepuanpHbix OenkoB, JIHK nu PHK, n HaunHaeTcst cuHTE3 HYKJIEHMHOBOM KHUCIOTHI U
¢aroBbix OenkoB. YacTe 3THX O€NKOB - (pepMEHTHI, Ipyras 4acTb 0OpazyeT 00OJI0YKY 3peroi
yacTuIel 6akreprodara (Tadbiuia).

Tabmuua - Knaccudukanus gparoBsix yacTuig

TakcoHOMUYECKAs €IUHNALIA HyxkienHoBast KHCIIOTa, pasmMep

IMopsmox Caudovirales ds/THK (L), 6e3 060104KH

CeMelcTBO

Myoviridae 0e3 o0omouky, ¢ TUHEHHOU nByx1enodeunoi JIHK, ¢
COKPAIIAIOIIHAMCS XBOCTOM

Siphoviridae 0e3 o6ommouky, ¢ muHelHoM aByxienoueunoi JTHK, ¢
JUIMHHBIM HECOKPAIIAIONAMCS XBOCTOM

Podoviridae 0e3 o0omouky, ¢ TUHEHHOU aByx1enodeunoi JIHK, ¢
KOPOTKUM XBOCTOM

Microviridae 6€e3 000J1049KH, ¢ KOJIbLEBOH ofHorenodeunoi JTHK,
N30METPUIECKHE

Corticoviridae 0e3 00oJ0uKH, ¢ KoJIbleBOH nByxuenoueunoit JJHK,
HU30METPUICCKUE

Tectiviridae 0e3 000110UKH, ¢ THHEHHOM AByXIienoueunoi JTHK,
N30METPUIECKHE

Leviviridae 0e3 000104YKH, ¢ THHEHHOM ogHonenoucunoit PHK,
HU30METPUICCKUE

Cystoviridae MOKPBITEI 000JI0YKO#, C CETMEHTHPOBAHHOMN
neyxnenodeunoit PHK, cepraeckue

Inoviridae 0¢e3 00010UKH, ¢ KoNbIeBoi ogHouenodeunoi JJHK,
HUTEBUIHDIE

Plasmaviridae MOKPBITEI 000JI0YKO#, C KOJBIIEBOM ABYXIIEMOYEUHON
JHK, meiiomopdhHbIe

bakteprodaru mameko He BO BCEX CIydasx BBI3BIBAIOT OBICTPYIO THOENHh OaKkTepUaTbHOM
KJIETKH. MHOTrue U3 HHUX CHOCO6HBI BCTpanBaTbCd B I'CHOM GaKTepI/II/I U HCKOTOPOC BPCM:A HC
NopakaTh KJIETKY-XO3siMHA. TakuWe ¢arn Ha3blBalOT JIM30TCHHBIMH, WIH YMEPEHHBIMH.
YMepeHHBIe q)arn B JKU3HCHHOM IHUKJIC MOT'YT pa3BUBATHCA 11O ABYM HAIIPABJICHUSAM: BOBJICKATHCA
B JINTUYECKUN LUKJ WM TpeBpamarbcs B npodar ¢ JaTbHEHITUM Pa3BUTHEM IO JTH30TCHHOMY
nyTd. YMepeHHble (aru, BCTpauBasch B FTeHOM OakTepuil, MOTYT 3a CUET BCTAaBKM HOBBIX T€HOB
VI TIOBPEXICHHS YK€ UMEIOIINXCS, YCKOPSTH BOJIOIHUIO CBOUX XO035€B B XOJI€ 3apaKCHHS U
YBCIMYMUBATH UX MMATOTCHHOCTD.
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[Ipu 3apaxeHUN KIETKU-XO3siMHA ()araMH C HEMPEPHIBHBIM ITUKIOM DPa3BUTHS B HeEH
MOCTOSTHHO 00pa3yroTcs M BoIACISIIOTCs daru. dar ocBoOoXKIaeTcs yepes crenuuieckue mopsl
B KJIETKE, PHUUYEM B XO0JI€ OCBOOOXKIEHUS MPOUCXOIUT €r0 CO3pPEBAHNE — HYKJIEHHOBAsK KUCIIOTA
MOKpBIBaeTCs 0eKoBOi 000s104K0i# [39, 40]. Kpome nepeuncineHHsIx Tpex rpy 6akrepruodaros
U3BECTHBI (Dar, BCTYMAIOUIME B TICEBIOJU30TEHHBbIC OTHOIICHHS C KJIETKOH, MPU KOTOPBIX
Ha0JI0/1aeTCsl BPEMEHHOE COCYIIECTBOBAHME BUPYJIEHTHBIX 0aKTepro(aroB U YyBCTBUTEIBHBIX K
HUM OaKTepuil.

B xome o9Bomtonmu y OaktepuodaroB BbIpadoTanuch A(P(GEKTUBHBIE MEXaHU3MBI
UHUIMPOBaHUS OaKTepUaTbHBIX KIETOK. Tak, 6akreprodaru BbepabaThIBalOT OEIKU, KOTOPHIE
MPUHUMAIOT ydacThe B Jin3uce OakTepuii-xo3seB. [Iporennsl 6akTeprodaroB MOKHO pa3ieinuTh
Ha JIBE OCHOBHBIE T'PYIIIBI - pa3pyLIAIONIUe KIETOYHBIE MOKPOBHI (MENTUIOTIIMKAH, KICTOUYHYIO
MeMOpaHy, OaKTepUalIbHYIO KallCyly) M Hapyllarolue perukamnuio OakrepuanpHoi JIHK,
TPAHCKPHUIIIIUIO, CUHTE3 OeNKOB U jaencHue kieTku [41]. B darorepanuu B HacTosiee Bpems
paccmaTpuBaeTcsi BO3MOKHOCTb UCIIOJIb30BaHUs MPOoTenHOB. [lonucaxapuaHbiii ciioi, KOTOPhIM
OKpyXeHa OakTepus, ¢paru MpeoAoIeBaIOT MPU MOMOIIU SH3UMOB, 00JIaJAIONINX ONPEAeTIeHHON
(dbepMeHTaTUBHOI aKTHUBHOCTHIO. Jlemonumepasbl MOTYT HaXOAWThCS B BHJE CBOOOJHO
TuGPYyHAUPYIONMX OENIKOB MM KaK KOMIOHEHT (aroBbX yacTuil. IIpu nponukHoBeHuu (aros
BHYTph OaKTepUaIbHON KIIETKH MENTHIOTIMKAaHOBasi 00J0J0uka OaKTepuil paspyuiaercsi moj
JeCTBUEM MENTUAOTTUKAH-TH3UPYIOIUX (PEpMEHTOB (JIU30LUMIONO00HBIE MypaMuiassl, N —
aneTHIMypaMomi-L-anaHuH-aMu1a3bl, 3CTepasbl U mentuaasbl). llentuaornukaH-mu3upyomme
dbepmeHThl OakTepuodaroB COCOOHBI JTM3UPOBATH TOJIBKO T€ BUABI WM MOABUABI OAKTEpPUH,
IIPOTUB KOTOPBIX HampaBJieHbl (aru, T. €. OHU SBIIAIOTCS BHICOKOCTIEHU(DUYHBIMU.

B Hacrosimmee Bpemsi ONKMCAaHO MHOXECTBO pa3HOOOpa3HBIX MEXaHU3MOB, KOTOpbIE
MO3BOJISIIOT OaKTepUATbHON KJIETKE YCTPaHATh (ParoByro HMHQPEKIHMIO, KOTOPHIE BKIIOYAIOT
perymsiiuio, MyTalMil0 W MacKUpOBaHUE (aroBbIX peuenTopoB [42], peCTPUKIMIO H
moaudukamuio [JHK (RM) [43], cucremy nmmyHnHoro otBeta Ha ocHoBe CRISPR/Cas [44, 45] u
«aboptuBnyto cucremy» (AlS). Cucrembl «aOopTUBHOW HWHQEKIMU» TMPEACTABIAIOT COOOU
3alporpaMMHUPOBAHHYIO THOEbh KJIETOK (UM MEePEBOJ UX B COCTOSIHHE MOKOS) MPU 3apakKeHUH,
YTO MPUBOJUT K OCTAHOBKE pacrpocTpaHeHus (para BHyTpU OakTepuaibHOM nomymnsauuu [46].

Hcnonb3oBanue 6akrepuodaros B 060psode ¢ 0akTepruaIbHBIM 0KOTOM

B 3ammre pacrenuii Oaktepuodarn (HUTONATOTEHHBIX OaKTEpwil TEePBOHAYAIBHO
paccMaTpuUBaIMCh JIMIIb KAaK JMAarHOCTMYECKOE CPEACTBO I  WIACHTU(UKAUH |
nuddepenmmanuu uzonatoB E. amylovora, BeiaenenHbIx U3 pacTeHuit cemeiictBa Rosaceae, a
TaKXe JUIsl OnpeesieH s B3aumoeiictus par-6akrepus [47]. Biiepsble ucnonb3oBaHue GparoBbIx
yacTuIl B 00prOe ¢ OakTepraabHBIM 03K0roM 0610 omrcano 1973 roay [48, 49]. C Tex nmop ObLau
CO3JIaHbl Pa3Hble MOJAEIHM W3y4eHUs BHUpyJIeHTHocTH E. amylovora m ee B3ammojeicTBHE C
daramu. [l 3KCHEpUMEHTOB OOBIYHO HCHOJIB3YIOTCS HE3pelible IUIOABI, I[BETKH U CTEOJIH.
@OpyKTOBBIE JOJIBKH HHOKYIUPYIOT CYCIIEH3MEH C (aramu, HaHOCS MUIETKON Ha MOBEPXHOCTh
cpe3a. DTta MoJeib SBISETCS HamOoJiee MpHUEeMIIEMOW Ui HW3ydeHus B3aummonenctsus E.
amylovora u ¢aros B mogax. arubuposanue E. amylovora usmepsiercs myTeM olieHKH pa3mepa
Y BHEIIHETO BUJIa HEKPOTHUECKUX MSTEH, a TAKXKe IMyTeM OL[EHKU Pa3BUTHUS CUMIITOMOB OOJIE3HU.
Miomnep u ap. npoTecTupoBall 4 pa3HbIX (hara JTaHHBIM MeTOIOM. bbulo ycTaHoBiIeHO, uTo haru
phiEalh u phiEal00 camxatot konmmdyectBo Bo30Oyautens Bcero Ha 40%, Toraa Kak nmpu o0paboTke
¢aramu phiEal04 u phiEalO0 phiEall6 nposiBnerue cumntoMoB ymeHbmiaercs Ha 90% [50].
AKpeMu U Ap. BBISIBUIIU, YTO aCCOLMAIIMS, COCTOSIIAs U3 YEThIPEX HUTYATHIX ()aroB, 3HAUUTEIHHO
yMEHbIIIAeT CHMITOMBI pa3BUTHs OoJie3Hu rpymm [51].

[Ipu mpoBeneHUM SKCIIEPUMEHTOB Ha IBETKAX, WHOKYJIWPOBAHHE HX PEKOMOMHAHTHBIM
¢darom Y2::dpoL1- C (102 KOE/mi) BbI3bIBaJIO YMEHBUICHHE KOHEYHOTO YMCIIAa OaKTepUAIbHBIX
KiIeTok mpumepHo Ha 2% [52]. UToObl npeoTBpaTUTh KOJOHH3AIMIO BO30OYIUTENS B I[BETKAX
UHOKYIIALMIO (haraMy HY>KHO MPOBOAUTH 10 pacrpocTpaHeHus Oone3Hu. OOpaboTKy LIBETKOB
00BIYHO MPOBOJAT pachblieHHEeM. [Ipu 3ToM Bpems U 103UpOBKAa UMEIOT BaXKHOE 3HAUCHUE JIs
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NOBBIIIEHUS 3(PPEKTUBHOCTH 00paboTku. OcTaercss HEMOHATHBIM Kak JOJro (aru OocTaroTcs
KM3HECTIOCOOHBIMHU TIOCIIE PACTIBUICHHS LENbIX AepeBbeB. I10CKOIBKY (harn HEemoABHMKHBEL, OHU
BO3HHUKAIOT CIy4aifHBIM 00pa3oM U MOpaXKaroT OakTepuii-xo3sieB MyTeM naccuBHOM nudp¢y3un. B
CBS3U C ATUM, I 2 (PEKTUBHOTO KOHTPOJS OOJE3HH HEOOXOJMMO MPOBOJUTH MAaCIITaOHYIO
00paboTKy (haramu, MOCKOJIBbKY IIBETOK JOJDKEH OBITh MOKPHIT UMH OJHOPOIHO U MIoTHO. Eciu
I0IIaabs 00pabOTKY CIIMIIIKOM MasieHbKast, E. amylovora ne 3apakaercs daramu.

Eme onun crocod u3ydenus 3¢pdexruBHocTH OakTeprnodaroB mpu GaKkTepUabHOM OXKOT'e
OBLT IpoIeMOHCTpUpOBaH Sabri u ap. ABTops! BBOAMIU E. amylovora B ctebesb pacTeHuii TpyIinm
C TOCJEaYIONMM BBeeHneM nyteM uHbekuuu ¢ara ET-IT22 B To xe mecro. [locne 40 nueit
1ocjie MHOKYISANUKA 00paboTaHHBIC pacTeHHs ocTaBaauch Oe3 m3meHenus [53]. Nagy et al.
obpaboranu paramu phiEal04 u H5K xophu 5167101, Iocae 4ero HHPEKIMOHHbIE BUPUOHBI ObLIN
HIOBTOPHO BBIJICJICHBI 3 CTBOJIA JiepeBa. BbUTO BBISBIEHO 3HAYMTENEHOE YMEHBIICHHE CHMITTOMOB
OakrepuansHoro oxora [54]. [To-Bunumomy, daru 3pPekTHBHO pacrpoCTPaHSIIOTCS O TKAHIM
pactenus (0T KOpHS U JaJjiee 0 CTBOJTY K pa3HbIM opranam aepeBa). CriocOOHOCTh IEpeMEIICHHS
OakrepuodaroB E. amylovora B BocxoasmieM ¥ HHUCXOISINEM HANPABICHUSX IO3BOJISCT
HPEATOI0KNUTh TEPCTIIEKTUBHOCTD MCIIOJIB30BaHUS O0aKTeprHo(haroB sl SHAOTEHHOTO KOHTPOJI
naToreHa.

CambiM yOeauTENbHBIM CIOCOOOM AeMOHCTpanuu 3G (HEKTUBHOCTH (ParoB B CEIHCKOM
XO3sIMCTBE SIBIISIIOTCS 9TO TEIUIMYHBIE MM TIOJIEBbIe HCHbITaHus. B memnom, ¢aru cruemyer
UCTIONIB30BaTh JJISl TPENOTBpAIleHUs] MH(EKIUs B TEPHOA LBETCHUS, a HE IS JICYCHHS
3apakeHHBIX JEPEBHEB, KOT/1a OAKTEPHH YK€ pACIIPOCTPAHUINCH B KCUIIEME.

CymiecTByeT psii mpoOsieM, KOTOpPBIE MOTYT IPENATCTBOBATH INMUPOKOMY NPHMEHEHHIO
¢arorepanuu B 60pb0e ¢ maToreHamu pacteHuil. Ha akTuBHOCTH (aroB a, cieoBaTesbHO, HA UX
3(PEKTUBHOCTh KaK areHTOB OWOJIOTHYECKON OOphOBI, CYIIECTBEHHOE BIUsSHHE OKas3biBaeT pH
cpenbl. Tak, ycraHOBII€HO, 4To (haru rpamronioxuTensHol Oakrepuu Listeria monocytogenes Ha
MOBEPXHOCTH KycOukoB 10710k ¢ pH 4,37 Obutn HEeCTaOWIBHBI, B TO BpeMs KaK Ha MOBEPXHOCTH
neiay, rae pH Ovina 5,77, daru ycnemrno nusuposanu narore [55]. Kpome pH, Temneparypa
TaK)Ke OKA3bIBACT BIMSHHUE KaK Ha BEDKHBAEMOCTH (DAaroB, Tak U Ha X CIIOCOOHOCTH JIN3UPOBATH
KJIETKU OaKTEpUH.

OnHUM 13 TJIaBHBIX JJOCTOMHCTB MCIOJIb30BAaHHS (DaroB COCTOHUT B TOM, YTO OHU SIBIISTIOTCS
€CTECTBEHHBIMH KOMITOHEHTaMHU YKOCHUCTEM, TaK KaK Be3JIe, I/Ie €CTh OaKTepuH, IPUCYTCTBYIOT U
ux Oaktepuodaru [56]. BaxubiM cBoOWcTBOM (aroB sBIsSETCA WX  CIIOCOOHOCTH
CaMOBOCIPOU3BOIUTHCS [57]. Kpome  Toro, OOJIBIIUHCTBO daroB  SBIAIOTCS
BBICOKOCTICII(UYHBIMA OPTaHU3MaMH, MOPAKAIONIMMHU TOJBKO ONpE/ACTIeHHbIE OaKTEpUN U He
HAHOCAT yIiepO OpyruM, B TOM YHCIE, MOJIE3HBIM MUKPOOPraHU3MaM. JTO IAeT BO3MO>KHOCTb
UCTIONB30BaTh HMX C APYIMMH OaKTepHadbHBIMHA AHTArOHUCTAMHU JUIS YCHWIICHHS OOpBOBI C
BO30yIUTENSIMU OOJIE3HEH.

Takum 00pa3zoM, OJHUM U3 3JIEMEHTOB CHCTEMBI 3aIUTHI CaJI0B OT OAKTEPHAIBHOTO 0KOTa
IUIOJIOBBIX KYJIBTYpP MOXKET OBITh (paroTepamusi — UCHOJIb30BaHUE OakTeprnodaroB, CIIOCOOHBIX
JIM3UPOBaTh KIETKH OakTepwil. B Hacrosmiee Bpemss B 1a0OpaTOpHAX MHpa HCCIEIYeTCs
BO3MOXHOCTh TMpHUMEHEHHs ¢aroTepanuu B OoprOe ¢ OaKkTepHaIbHBIM O0KOTOM IUIOJIOBBIX.
HerokcnyHocTs (aroB B OTHOLICHWH JYKAapHOT TIO3BOJSIET TNPHUMEHSATh HUX TaMm, TJe
IPOTHBOIOKA3aHbl XWMHYECKHE MeToabl OoppObl c Oakrepusmu. IlpenmapaTsl Ha OCHOBe
OakTeprnodaroB J0CTaTOYHO MPOCTO MPOU3BOJIUTH 0€3 CEPhEe3HBIX YKOHOMHYECKHX 3arpar. Mx
MOYKHO JIOJTO0 XPaHUTh U MPUMEHATH C UCIOJIB30BAHUEM CTAaHAAPTHOTO 0OopymoBaHus. Kpome
TOTO, MPEUMYILIECTBOM (haroTepany 3aKII0YaeTcss B TOM, 4TO (harm NEHCTBYIOT TOJNIBKO Ha
OaKkTepHil X0351eB M HE NPEACTABISIIOT ONACHOCTU Ui JPYTUX OPraHU3MOB, a Ipernaparbl Ha
OCHOBe OakTepuodaroB JOCTaTOYHO MPOCTO MPOHU3BOIUTH B IPOMBIIUICHHBIX MaciiTadax.
Bakreprodaru ciocoOHbI cAep)KUBATh NMPOSBICHUE OAKTEPUATBHOTO 0XKOTa IJIOJOBBIX KYJIbTYP
U MOTYT TPHMEHSTHCS B KOMIUIEKCE C JAPYTMMH MEPONPHATUSMH IO TPEIOTBPAIICHHUIO
pacnpocTpaHeH s JaHHOTO 3a00JIeBaHMS.
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