VK 578.4:578.81:579.842.1/.2

LV, Faidiuk, EI. Tovkach

Zabolotny Institute of Microbiology and Virology, National Academy of Sciences of Ukraine,
154 Acad. Zabolotnoho Street, D03680, Kyiv, Ukraine

PHYTOPATHOGENIC BACTERIA PHENOTYPE CONVERSION
AS A RESULT OF THEIR LYSOGENISATION BY COLIPHAGE P1

A set of lysogenic strains of phytopathogenic bacteria Erwinia “horticola” and Erwinia amylovora associ-
ated with woody plants was obtained using bacteriophage PI1Cmclts100. The phenotype conversion from Cm’
to Cm® was shown to be connected with introducing of authentic prophage DNA of 94.8 kb as a single-copy
plasmid into the cells. Prophage state is unstable; P1 plasmid is spontaneously lost with high frequency by the
cells. In lysogenic cells the prophage genes of type 1II restriction-modification complex EcoPll are actively
expressed. The system formed by E. “horticola” 450 and 60 as well as their lysogenic derivatives and specific
bacteriophages provides an opportunity to divide the latter into three groups according to the level of restriction
in the course of their interaction with the enzyme EcoP11. The difference in phage responses to the endonuclease
presence in a lysogenized host presumably correlates with the number of enzyme recognition sequences and the
adsorption sites availability. After the prophage plasmid DNA curing the characteristic value of phage sensitivity
of cells is changed.

The lysogenic strains obtained in this work allow for the exploration of EcoP11 restriction-modification gene
complex interaction with polyvalent phages able to grow not only on E. coli, but also on such phytopathogens
as E. “horticola” and E. amylovora.

Key words: lysogenic conversion, type III restriction-modification system, polyvalent bacteriophages,
phytopathogens, Erwinia amylovora.

Having a wide host range the bacteriophage P1 and its derivatives P1Cmc1zs100 and P1Km-
clts100 are common genetic tools in molecular biology studies both of the Enterobacteriaceae
genera representatives and many other Gram-negative bacteria [13]. Establishment of lysogeny and
conversion of lysogenized cells by P1 are described not only in Escherichia coli [16, 17], but also in
such heterologous systems as: Klebsiella, Pasteurella, Shigella [10, 18, 20], as well as some patho-
genic bacteria Pectobacterium carotovorum and Dickeya dadantii [1, 2].

Lysogenic by P1 E. coli cells synthesize defective structural components of LPS and as a
consequence their phage sensitivity spectrum alters [17], naturally resistant to tellurite Klebsiella
pneumoniae cells lose this property after being lysogenized [19]. Furthermore, P1Cmc1#5100 in the
prophage state establishes in a host cell the type III restriction-modification system EcoP1I, which
efficiently restraints the growth of the majority of phages in these cells [16].

As lysogenic systems formed by different bacteria and phages are unique and can vary substan-
tially [7] the purpose of this paper was to investigate the peculiarities of P1 lysogeny in Erwinia
amylovora and Erwinia “horticola” bacteria associated with trees.

Matherials and methods. The following strains of pathogenic bacteria were used: fire blight
disease pathogen E. amylovora (Eam) K8 (ATCC 29850), L4, L6, L7, K4, KS5; amylovora-like bac-
teria causing forest beech black bacteriosis E. “horticola” (Eho) 450, 60-1N, 60-3m, 431, 4311, 120,
23a [6] and artificially lysogenized strains of E. “horticola’” 450(49) and 60(59, E105) obtained in
previous studies [5]. Laboratory strains of E. coli (Eco) C600, Cla and BL21 were used as control.

Genetic tool P1Cmcl#s100 [16] carrying chloramphenicol resistance marker (Tn9) and tempera-
ture-sensitive repressor protein C1 was used for lysogenization of cells. Other biological experiments
were performed using Podoviridae phages: phage FE44 (GenBank accession no. KF700371), [4]
obtained on different host bacteria — E. coli C600 (FE44/C600) and E. “horticola” 450 (FE44/450);
T3 and T7, kindly provided by Dr. I.J. Molineux; phage E105 and Siphoviridae phages 49, 59 [5]
and 59 mod/P1, obtained by passaging on the lysogenic strain 450(P1).

Phage P1Cmc1#s100 with the concentration of about 1-2-10* PFU/ml was obtained by thermoin-
duction of E. coli strains C600(P1) and 112(P1). The lysogenic cells were grown in LB medium till
saturation (2-10°cells/ml), then diluted 10-20 times in fresh LB-medium and grown for 3 h at 30°C,
after that the temperature was drastically raised to 42°C. The cells were incubated for about 3 hours
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at this temperature; after cells lysed chloroform was added to suspension (1/50 part of the initial
volume of suspension). The lysates were stored at 4°C.

Lysogenization of bacteria was performed as described in [2].

Extrachromosomal DNA was extracted using [9] and analyzed by horizontal electrophoresis
in 0.7% agarose gel in buffer E for 4-8 hours. P1 plasmid of 94.8 kb isolated from E. coli strain
112(P1) was used as a standard [11].

Results.

Phage P1Cmcl#s100 interaction with cells of phytopathogens. Sensitivity of E. amylovora
and E. “horticola” strains to phage P1 infection was determined by the formation of specific lysis
spots that indicated the lysis from outside. Four out of six used strains of Eam (L4, K4, K8 and L6)
and 80% of Eho strains (except for the strains 23a and 43II) appeared to be susceptible to the P1.
Two strains of E. amylovora, L4 and K8 and 4 strains of £. “horticola”, 450, 60-1N, 60-3m and 120
were selected for further research.

As P1Cmclts100 carries transposon Tn9(CmR) the phenotype of the lysogenized cell changes
from Cm® to Cm® due to the functioning of chloramphenicol acetyltransferase expressed from a
cat gene that is placed within transposon inverted repeats [3, 16]. Therefore, among the cells that
survived the phage P1 lysis the potential lysogens were selected as clones resistant to 14 pg/ml of
chloramphenicol.

Six clones of E. amylovora L4 strain with altered Cm® phenotype were selected. Despite P1
phage formed lysis zones on the lawn of Eam K8 obtaining of any CmR-clone was impossible for
unknown reason. However, chloramphenicol-resistant clones of four P1° strains of E. “horticola” as
well as of two control E. coli strains (Cla and C600) were selected under the same conditions.

Obtaining of chloramphenicol resistance by pathogens after their interaction with phage
P1Cmclts100 can be provided by following factors: cat gene transduction, its transposition as a part
of Tn9 into chromosome or extrachromosomal DNA of the recipient strain, and, finally, introduc-
tion of the authentic prophage DNA into the cell. The last explanation is the most plausible whereas
the establishment and maintenance of plasmid P1 in phytopathogenic bacteria P. carotovorum was
shown with assurance [2] .

To verify this hypothesis electrophoretic analysis of extrachromosomal DNA extracted from the
parent cells and Cm®-strains of Eho, Eam and Eco was performed. As shown in Fig. 1A, compared
to the parent strains (lanes 1, 3, 5), resistant to chloramphenicol clones of Eho carry additional
extrachromosomal circular DNA (lanes 2, 4, 6). These molecules of DNA coincide in size with
that extracted from E.coli C600(P1) and Cla(P1) strains (lanes 11 and 12, Fig. 1A). Accordingly
their electrophoretic mobility corresponds to that of control plasmid P1 of E. coli 112(P1) strain;
hence, they appear to be a plasmid prophage P1. In addition, prophage DNA coexists with resident
plasmids of about 20 and 100 kb in Eam L4 and Eho 120 cells respectively (lanes 3 and 4, Fig. 1B).
Thus, prophage P1 is maintained as a single-copy plasmid of approximately 94.8 kb in cells of phy-
topathogens E. amylovora and E. “horticola” similar to its maintainance in strains of native host
E. coli [16].
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Fig.1. Electrophoregram of extrachromosomal DNA extracted from parent and Cm®-strains
of E. amylovora, E. “horticola”and E. coli.
A. Eho:1.-450, 2.-450(P1), 3.-60-3m, 4.—60-3m(P1), 5.-60-1N, 6.—60-1N(P1), 8.-120(P1);
Eco: 7,9.-112(P1), 10.—C1a, 11.-C1a(P1), 12.-C600(P1);
B.1.—Eco 112(P1), 2.-Eho 120, 3.-120(P1), 4.—Eam L4(P1)
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To inspect the stability of Cm®-phenotype inheritance coupled with the plasmid P1 maintenance
a series of experiments for Eho strains spontaneous loss of chloramphenicol resistance was carried
out. E. coli cells lose the P1 plasmid with low frequency (10— 10~ cells per generation) since the
majority of cured cells are killed by toxin-antitoxin (TA) system PhD/Doc [11].

E. “horticola” strains spontaneously loose Cm® marker with a sufficiently high frequency. It
constituted 5.5% for strain 60-1N(P1); for strains 450(P1) and 60-3m its values were about the
same — 2.1 and 2.4%, respectively. In the case of strain 120(P1) only 2 of the 204 tested clones
reverted to Cm® phenotype (0.98%). Under the same conditions of spontaneous curing none of the
tested E. coli lysogens lost resistance to chloramphenicol. Consequently lysogenic system formed
by E. “horticola” and phage P1 is less stable than the system of phage P1-E. coli.

Next, by means of electrophoretic analysis Eho strains 450, 60-1N and 120 which lost resistance
to chloramphenicol (all tested clones) were shown to be devoid of plasmid. Interestingly, strain 60-
3m cells though become chloramphenicol-sensitive, yet carry the extrachromosomal DNA. More-
over the two clones of this strain differ (lane 11, Fig. 2A, and lanes 2, 3, Fig. 2B): 60-3m(P1)~-1 and
60-3m(P1)~-2 carry a plasmid which has slightly smaller size than P1, but the lane that corresponds
the clone 2 also features additional band of circular extrachromosomal DNA.

1 2 3 4 5 6 7 8 9 10 11

Fig.2. Electrophoregram of extrachromosomal DNA extracted from parent, lysogenic and
cured strains of E. amylovora and E. “horticola”.
A. Eho:1.-60-1N(P1), 2,3.-60-1N(P1)-, 4.—450(P1), 5.-450(P1) -, 7.-120(P1), 8, 9.-120(P1) -,
10.-60-3m(P1), 11.-60-3m(P1)~-2, 6.—Eco 112(P1);
B. Eho: 1.-60-3m(P1), 2.-60-3m(P1)~-1, 3.—60-3m(P1)~-2, 4.—60-3m.

Thus, E. “horticola” cells’ loss of chloramphenicol resistance correlates with the loss of plas-
mid prophage. By analogy with [3] the loss of the marker Cm® by 60-3m(P1) cells can be suggested
to occur due to deletion of the Tn9 left terminal repeat along with the acetyltransferase gene. The
loss of significant part of plasmid DNA in conjuction with transposon is likely to occur in the clone
60-3m(P1)~-2.

EcoP1I restriction-modification system functioning in cells of phytopathogenic bacteria.
Phage P1 is able to establish the type IIl RM-system EcoP11 in prophage state not only in the cells of
traditional host E. coli [14], but also of other enterobacteria (Klebsiella, Pasteurella, Shigella) [10,
18, 20] and P. atrosepticum in particular [2]. To estimate the activity of RM-system in E. “hortico-
la” and E. amylovora cells the efficiency of plating (EOP) of phages on P1 lysogens was compared
to that on parent strains and cured strains obtained in the previous study. FE44 phage which carries
156 EcoP1I recognition sequences on DNA and erwiniaphages E105, 49 and 59 with unknown
number of such sites were used [5].

The phage P1 gene complex EcoP1I was shown to be successfully expressed and to function
both in the cells of E. “horticola” and E. amylovora. Three types of enzyme EcoP1I interactions
with the phages were determined (Table 1).

In systems formed by Eho pairs 450, 450(P1) and 60-1N, 60-1N(P1) the development of phage
FE44/450 gave rise to abortive infection (4bi-phenotype). Phage titer from 10® PFU/ml on the par-
ent strain decreased to zero on lysogenic; even though more concentrated phage suspensions of
FE44/450 had been applied on the lawn of Eho 450(P1) plaque formation was not observed. Such
effective restriction by P1 is likely associated not only with RM-system functioning but also with the
adsorption sites conversion in lysogens. A similar kind of interaction was shown in control experi-
ments for system formed by E.coli Cla and Cla(P1) strains and the T7-like phages.
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Table 1
Efficiency of plating of phages in the system formed by E. “horticola”
and its lysogenic derivatives

Strain Bacteriophage
FE44/450 E105 59 59mod 49
60-1N 1,0 1.0 " . ”
60-1N(P1)-1 0* 7102 " "
60-1N(P1)-2 0* 3102 " "
450 1,0 _ 1.0 o 0
450(P1)-2 0 — 4,3-10° 1,0 9,510

Note: “*0” — here and in table 2 stands for the absence of individual plaques while zones of lysis are evident;
“~” — here and in table 2 signifies insensibility to phage infection, “x” — experiments were not performed.

The plating of phage E105 on strains Eho 450, 60-1N and their lysogenic derivatives also
resulted in the development of Abi-infection. In this case the phage titer decreased only by two
orders of magnitude with each subsequent propagation. Still the form and size of plaques as well as
the inability to restore normal phage reproduction in subsequent passaging indicated on the abortive
character of infection (Fig. 3). Analogous abortive infection (EOP on lysogens about 10%) was
discovered for phage FE44 interaction with P1 RM-system in E.coli C600 cells.

Fig.3. Phage E105 plaques formed on lawns of E. “horticola” 60-1N (A) and 60-1N(P1) (B).

In contrast to the two mentioned viruses, phages 49 and 59 conduct normal productive infection
in Eho 450(P1) lysogens. EOP of phages decreased by 6 orders of magnitude after the first plating
on P1 lysogens lawn. However plaque size and phage titers recovered in the following passages
or when the phage 59 modP1 was used. Thus, DNA of 49 and 59 phages is efficiently modified by
methyltransferase Mod of P1 RM-complex and next time when such DNA enters the P1-lysogenic
cell the EcoP11 enzyme recognizes it as self. Such interaction is the traditional type of RM-system
interaction with the phage DNA and also characterizes the phage lambda behavior in the system of
E. coli P1lysogens [14].

The phage infection in lysogenic E. amylovora L4(P1) cells also appeared to be abortive. This
system was shown to be inefficient for studying the details of interaction between phage T3 and
EcoP11 system due to the low EOP of phage both on lysogenic and parent strains.

Therefore genes coding for the two enzymes of restriction-modification system, endonuclease
(Res) as well as methyltransferase (Mod) are actively expressed in E. “horticola” and E. amylovora
cells. Differences in phage response to the presence of RM-system in the lysogenic host correlate
with the number of recognition sequences on their DNA and the availability of adsorption sites.

Changes in E. “horticola” sensitivity to phages after P1 plasmid loss. Since Eko 60-1N(P1)
and 450(P1) were able to lose the plasmid prophage P1 with high frequency several isogenic P1--
clones were tested for sensitivity to phages FE44, E105, 49 and 59. As it can be seen from the results
presented in Table 2 all cured bacteria regained sensitivity and significantly changed the efficiency
of plating value regarding the indicated phages. Thus the phage FE44/450 EOP on the cured variants
of 60-1N and 450 increased by 2-3 times. A slight increase of this value was also observed for
phage 49 which was titrated on P1-cured variants of both strains. At the same time, the phage 59
is characterized by both slight increase or decrease of EOP depending on certain isogenic clone of

62 ISSN 0201-8462. Mixpobioa. ncypn., 2014, T. 76, Ne 2



60-1N(P1) used. Bacteria 450(P17) albeit slightly but in general increased the titer of this phage.
Finally, in contrast to phages FE44, 49 and 59 the phage E105 when titrated on P1-derivatives of
60-1N strain lost EOP by approximately 50% compared to that on the parent strain.
Table 2
Efficiency of plating of phages FE44, E105, 49 and 59 on strains E. “horticola” 60-1N,
450 and their derivatives

. Bacteriophages

Strains FE44/450 E105 59 49
60-1N 1,00 1,00 0 1,00
60-IN(P1)-1 2,70 0,37 1,50 0,85
60-IN(P1)-2 2,00 0,57 1,20 125
60-IN(P1)-3 2,40 0,57 1,50 1,95
60-IN(P1)-4 2,20 0,63 0,50 1,30
60-IN(P1)-5 2,90 0,40 0,90 125
450 1,00 - 1,00 1,00
450(P1 )-1 2,25 - 1,40 1,20
450(P1)-2 3,00 - 1,10 1,60

Thus the data convincingly confirm the alteration of such phenotypic feature as sensitivity to
phages of cured E. “horticola” 60-1N and 450 clones.

The functioning of the immunity module and module of morphological and structural
organization. The defense of the host cell from homoimmune phage superinfection is accomplished
by activity of the phage repressor protein C1 [11]. The ability of P1 prophage to express the repressor
in lysogenic Eho cells was estimated by development of resistance to P1 reinfection. When phage
suspension was applied to the lawn of lysogenic E. “horticola”(P1) the typical spots of lysis from
outside were formed; the lysogens remained sensitive to phage P1. Thus, the immune system is
working inappropriately or is not expressed in the cells of phytopathogenic erwinia.

We also were not able to recover phage progeny after induction of E. “horticola” 450, 60-3m
and 120 lysogens. At the same time due to the thermoinduction of E. coli strains C600(P1) and
Cla(P1) viable P1Cmc1zs100 phage particles were obtained in concentration of about 108 PFU/ml.
Obviously phage P1 fails to express the structural module genes in the heterologous system,
E. “horticola”.

Discusssion. A comparison of the phage-host systems is essential for understanding the
mechanisms of virus adaptation to variations of the environmental conditions with supreme usage
of its own genetic potential. Upon that the polyvalent bacteriophages able to expand the bacterial
host range overcoming species and genera barriers are of particular interest. On the other hand the
study of the bacteriophages adaptive potential is impossible without the introduction of a defined
set of sensitive bacteria and especially isogenic pairs that would permit to investigate the adaptive
response of phage as response to a certain signal.

Phytopathogenic bacteria sensitive to three different types of phages as well as their isogenic
partners lysogenized by P1 were used in this paper. In our view this approach can simplify the
investigations greatly as they are reduced to a phage-prophage interaction regardless of other
conditions. Furthermore, lysogenic conversion with the participation of prophage P1 in case of
uncommon under normal conditions pathogenic bacterial hosts could expand our understanding of
heterologous phage-bacterial systems.

P1 prophage was for the first time shown to be maintained as an extrachromosomal plasmid
DNA in phytopathogenic bacteria E. amylovora and E. “horticola”. The size of the DNA in the cells
of all lysogenic strains is 94.8 kb. Thus, the process of phytopathogens lysogenization by phage P1
does not significantly differ from that of its related host, E. coli.

It was also shown that the plasmid prophage P1 is stably maintained in the presence of selective
pressure and is able to coexist with resident plasmids of Eho and Eam cells. Even despite the
strain Eho 120 plasmid has the similar size as P1 they do not displace each other from the cell.
Coexistence of plasmid P1 and cryptic plasmid with size of 18.5 kb was previously shown in cells of
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P. carotovorum [2]. Obviously, in this case and in the case of Eho 120 and EFam L4 plasmids belong
to different incompatibility groups with respect to P1.

The high frequency of curing of the studied E. “horticola” and E. amylovora strains in the
absence of selective pressure indicates a discordance of the plasmid separation and segregation with
those of bacterial cells and lack of toxin-antitoxin PhD/Doc system expression. Bacteria occupying
a common or similar to E. coli ecological niche including Klebsiella, Shigella are cured from
prophage P1with low frequency [18, 20]. We noticed that the strain Eho 120 cells lost Cm® marker
with the lowest frequency, and obviously the systems of resident plasmid maintaining also stabilize
the prophage DNA. Interestingly, in Eho 60-3m cells plasmid replicon is not removed while the
parallel loss of resistance to Cm occurs. The latter is most likely caused by deletion in the region of
Tn9 [3].

The most demonstrational was the cell lysogenic conversion by phage P1 due to establishment
the type III restriction-modification system within them. The sensitivity to phages of lysogens was
shown to significantly vary depending on the phage and host strain. It is known that in lysogenic
cells of E. coli EcoP1I system cleaves and modifies DNA of phage lambda [14], T-even phages
[15] and representatives of T7 phage group [12]. Using the system formed by strain Eho 450, its
lysogenic derivatives and various phages the latter can be divided into three groups according to the
rate of restriction of their development. Differences in the interaction can be explained by variant
numbers of recognition sites on phage DNAs (phage FE44 has 156). Therefore DNA of phage E105
can be assumed to contain fewer EcoP1I recognition sites than that of phage FE44 because the
restriction of E105 in the same system of strains is less strict than of phage FE44.

Different levels of phages growth restriction most likely depend not only on the interaction
of their DNA with intracellular EcoP11 enzyme, but also largely on the molecular structure of the
host cell surface and adsorption sites accessibility. It is possible that phages E105 and FE44 exploit
cellular receptors located in different loci of LPS molecule. Obviously, in the case of phages 49
and 59 their DNAs contain a small number of EcoP11 sites as in the case of phage A, which has
49 recognition sites. Therefore methyltransferase manages to modify their DNA before it will be
destroyed by restriction endonuclease.

Expression of the RM-system genes was confirmed in K. aerogenes [8]. Decrease in efficiency
of plating of phages T7, H and @IV on lysogens of Pasteurella pseudotuberculosis by 6-8 orders
of magnitude also indicates on successful expression of this module [10]. EcoP1I functioning has
been also shown in cells of S. dysenteriae that were able to restrain the phage T1 development
[20]. Obviously, both methyltransferase and restriction endonuclease of RM gene complex are fully
expressed and function regardless the species or genera of bacteria lysogenized by phage P1.

An important phenomenon established in the course of work was the alteration of E. “horticola”
strains sensitivity to specific phages 49, 59 and E105 after loss of the plasmid P1. It is known that
after lysogenization by P1 E. coli cells lose their ability to adsorb P1vir and Avir due to the changes
in surface structures. Lysogenic cells switch to the synthesis of heptose-deficient LPS molecules
[17]. Conversion of the surface structures regarding phage MS2 was shown for Pasteurella [10].
However after curing from P1 surface structures of E. coli completely reverse to the original form,
so such conversion can explain the changes in phage EOP on lysogens but not on cured variants.

In our case it can be assumed that phage P1 selects cells with mutant forms of LPS from all
primary population of Eho and Eam strains since only such variants are able to adsorb the phage.
Tomas and Kay reached the same conclusion when explored the phage P1 lysogenic conversion of
Klebsiella. They showed that its P1 lysogens as in the case of E.coli possess a reduced LPS molecule.
But in contrast to Escherichia cured Klebsiella cells LPS form did not revert and remained reduced
[18]. Presumably the tail fibers lability provided by Cin-invertase of cix-cin recombination system
[11] allows phage to infect different parts of the strain population. It is possible that as a result of
plasmid DNA interaction with host chromosome the properties of cell irreversibly change and the
complete restoration of the original phenotype after plasmid loss is impossible. It was previously
shown that susceptible to P1 cells were coincidently mutant in some cellular functions: for example,
P1S-cells of S. typhymurium carried galE mutations; among K. aerogenes cells susceptible to
infection were gal-bio deletion mutants [8]. This phenomenon, however, along with the possibility
of phage P1 clgene expression in lysogens remains unclear.
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Since we were unable to induce phage recovery from Eho and Eam cells apparently structural
module is not expressed in these cells. Phage progeny also failed to obtain from lysogenic
P.carotovorum cells [8], although this possibility was described for some bacteria (Proteus,
Enterobacter) [13].

Thus among all functions encoded by prophage plasmid P1 the only ones effectively expressed
in the system of E. amylovora and E. “horticola” cells are the genes of mobile genetic elements —
trasposoneTn9 (cat-gene) and RM-system EcoP11. Expression of all other genes required for the
functioning of prophage and phage progeny production under thermoinduction conditions is either
insufficient or absent.

According to conventional conception the phage DNA is constructed from discrete modules.
Obviously, their rates of autonomy differ and the obtained results indicate that most independent
are the restriction-modification system along with transposon DNA. This proves the notion that
RM-systems represent certain universal mobile genetic elements capable of functioning in any
system and outspreading due to residing on phage DNA.

The obtained lysogenic strains allow for the exploration of restriction-modification gene
complex EcoP1I interaction with polyvalent phages able to grow not only on E. coli, but also on
such phytopathogens as E. “horticola” and E. amylovora.
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Inemumym mixpo6ionoeii i éipyconoeii im. JI.K. 3a6onomnozo HAH Yxpainu, Kuis

KOHBEPCISA ®EHOTHUITY ®ITOIMMATOTEHHUX BAKTEPII BHACJIJIOK iX
JI3OTEHIBAIIIT KOJI®PATOM P1

Pesome

3a momomororo Gakrepiopara P1Cmclts100 orpumano Habip Ji30reHHHX MmTaMiB (iTomaroreHHUX Oak-
Tepiit Erwinia “horticola” i Erwinia amylovora, aconiioBaHux 3 1epeBHUMH pociuHamu. [1okaszaHo, mo ¢arosa
koHBepcis denoruny kiitue 3 Cm® Ha CmR oB’s3aHa 3 NPUBHECEHHSM B KIIITUHH ayTEHTUYHOI MPodaroBoi
JHK po3mipom 94,8 k6 y BuUIsAi ManokomiiiHol masmigu. [Ipodarosuii cran € HectabinpHUM; MIa3miga Pl
CIIOHTaHHO BTPAYa€ThCs KIITHHAMHM 3 BUCOKOIO YaCTOTO0. B J1i30reHi30BaHMX KIITHHAX aKTUBHO EKCIPECYIOTh-
s TeHU podaroBoro komiutekey pectpukuii-monudikanii III Tumy EcoP11. Cucrema, ytBopena E. “horticola”
450 1 60 Ta ix Mi30reHHUMH NOXiTHUMU i cnenu¢pivanMuy OaxkTepiodaraMu JO3BOISIE MOAUIATH OCTaHHI HA TPH
TPYIH 3a CTyIeHeM iX oOMexeHHs npH B3aemonil 3 ¢pepmentom EcoPll. PisHa BigmoBins ¢ariB Ha mpucyT-
HICTh €HJIOHYKJICa3U B JIi30I€Hi30BaHOMY Xa3siiHi, HMOBIPHO, KOPEIIO€E 3 KUIBKICTIO CAiTIB PO3Mi3HABAHHS IS
(bepMeHTy Ta TOCTyMHICTIO caifTiB agcopOuii. [licas BuTikoByBaHHsI Bij mia3miaHoi npodarosoi JHK kmituan
3MIHIOIOTh IIOKAa3HHK (harodyTiIMBOCTI.

CTBOpeHi B AaHiii poOOTi JT1i30TreHH] IITaMH J03BOJISIOTh AOCIIIKYBATH B3a€MO/IIF0 TCHHOTO KOMILIIEKCY pec-
Tpuknii-Moxudikanii EcoP1l ta momiBaneHTHHX (ariB, sKi 34aTHI pO3BUBATHChH He TUIbKU Ha E. coli, ane i Ha
Takux QironaroreHax, sk E. “horticola” 1 E. amylovora.

KirowoBi cioBa: si3oreHHa KOHBepcis, cucremMa pectpukuii-moaudikauii 111 Tumy, nonianenTtHi 6akrepio-

(aru, dironarorenu, Erwinia amylovora.
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Hucmumym muxpoduonozuu u eupyconozuu um. /{.K. 3abonommnozo HAH Yxpaunul, Kues

KOHBEPCHS ®EHOTHUIIA ®UTOIMATOI EHHbBIX BAKTEPHI
BCJIIEJCTBHME UX JIN3OI'EHU3ALINU KOJIUPAT'OM P1

Pesome
C nomouipto Oakrepuogara P1Cmelzs100 nmomydeH HaOOp JM30T€HHBIX ITAMMOB (DUTOMATOIEHHBIX OaK-
Tepuit Erwinia “horticola” w Erwinia amylovora, acCOUMMPOBAHHBIX C JPEBECHBIMU pacTeHUsIMU. [Toka3aHo,
4to (parosast KoHBepcHs PpeHoruna knetok or Cm’ k CmR cBA3aHa ¢ IPUBHECEHUEM B KIIETKH 2y TEHTHYHOM MPO-
¢arosoit THK pa3mepom 94,8 kO B BHIe HU3KOKOMHUIHOM 11a3Muisl. [TpodaroBoe cocrosiHue sBIIsieTCS HeCTa-
OHMJIbHBIM; KJIETKHM CIIOHTAQHHO TEPSIOT IiasMuay Pl ¢ BBICOKOH 4acTOTOH. B NM30reHH3MpOBaHHBIX KIIETKaX
AKTUBHO 9KCIPECCHPYIOTCS TeHBI IPO(aroBoro komiuiekca pectpukiuuu-moguduxanun 111 tnma EcoP11. Cuc-
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TeMa, oOpa3oBaHHas mrTaMMami E. “horticola” 450, 60, X JIM30TeHHBIMH IPOU3BOJHBIMH H CIIEIH(DIIECKIMHI
6areprodaraMu Mo3BOJIACT Pa3AeNATh MOCIECIHUE HA TPH TPYMIBI IO CTEHECHH UX OTPAHUYCHHS IIPU B3aHMO-
netictBun ¢ pepmentoM EcoP11. Pa3Helil oTBeT (haroB Ha NPHCYTCTBUE SHAOHYKIICA3hl B IM30T€HU3HPOBAHHOM
XO3HHE, CKOpee BCEro, KOppeaupyeT ¢ KOIMYeCTBOM CaiTOB pacHo3HaBaHUS A GepMEHTa U AOCTYIHOCTBIO
caiitoB agcopbunu. Iloce n3nedeHus ot mwIa3MuAHOM npodarosoit JIHK kieTkH H3MEHSIOT IoKa3aTels (aro-
YyBCTBUTEIBHOCTH.

Co3naHHBle B TaHHOH pa0oTe JIM30I€HHBIC IMITAaMMBI ITO3BOJISIOT MCCIECAOBATh B3aUMOACHCTBHE T€HHOTO
KoMIUIekca pecTpukuuu-monudukanuu EcoP11 n nonuBaneHTHBIX (aroB, cioCOOHBIX Pa3BUBATHCS HE TOJBKO
Ha E. coli, HO 1 Ha TakuX uTonaroreHax kak E. “horticola” v E. amylovora.

KiroueBble coBa: IM30reHHas KOHBEPCHs, CUCTeMa pecTpuKiuu-Monudukanuy 111 Tuma, monuBaneHTHbIE
6akreprodary, Gpuronarorensl, Erwinia amylovora.
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