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Aim. To study the effect of Lactobacillus plantarum on formation of tumours and
survival of Agrobacterium tumefaciens pJZ on surfaces and in tissues of plants. Materials
and Methods. Test-plants carrots Daucus carota L. cv Carotel, kalanchoe Kalanchoe
daigremontiana Raym.-Hamet., tomatoes Solanum lycopersicum L. cv Ballada, grape
Vitis vinifera L. cv Pinot noir and Moldova were inoculated with phytopathogenic
A. tumefaciens pJZ expressing green fluorescent protein (GFP) and L. plantarum
(L. plantarum ONU 12, ONU 311, ONU 355) in a ratio 1:1. Presence of GFP-labelled
A. tumefaciens pJZ cells in inoculation sites was detected by epifluorescent microscopy.
Results. If inoculates contained lactobacilli, amount of plants with crown gall symptoms
decreased in 85 — 100%. Mean weight of tumours decreased 2 — 12 times comparing with
a control. Microscopy of tissues of symptomless plants showed that in case of treatment
with lactobacilli pathogenic agrobacteria survived in 100% of carrots and grapes,
30% of tomatoes, but their populations were smaller than in positive controls inoculated
only with phytopathogen and did not cause tumours. Inoculation of grape with a mixture
of phytopathogen and lactobacilli resulted in stimulation of plant growth — amount of buds
that grew increased in 25,8%, mean length of stems — in 28,3%, mean area of leaves —
in 8,6%, that could be hypothesized as an overproduction of plant hormones as a result
of possible transformation of plant tissues. Conclusions. Antagonistic L. plantarum could
suppress attachment and survival of phytopathogenic A. tumefaciens pJZ on surfaces and
in tissues of test-plants eliminating population of the pathogen or decreasing its density
with the probable attenuation of pathogenic properties, the mechanism of which needs
further investigations.

Keywords: Lactobacillus plantarum, Agrobacterium tumefaciens, survival, antago-
nism, crown gall, symptomless plants.

Bacteria from Lactobacillus genus are representatives of plant normal
microbiota, the amount of them on non-damaged plant surfaces don’t exceed
1% from total population of microorganisms but significantly increases if
tissues are damaged [1, 2, 3]. Wounded plant surfaces are the gates for various
phytopathogens, and active proliferation of lactobacilli exactly in wounded
sites consuming sap from damaged tissues could be one of the mechanisms
against pathogens realized by microorganisms from plant normal microbiota.
Inhibition of phytopathogenic bacteria by lactic acid bacteria was described
before [4, 5, 6, 7, 8, 9, 10]. But it is still an open question whether the
suppression of pathogen occurs on a stage of initial interaction with plant
surface, attachment stage or penetration in tissues.
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The aim of this work was to study the effect of Lactobacillus plantarum
on formation of tumours and survival of Agrobacterium tumefaciens pJZ on
surfaces and in tissues of plants.

Materials and Methods. To study the possibility of inhibition of the
phytopathogen A. tumefaciens, antagonistic strains L. plantarum — ONU 12,
ONU 311 and ONU 355, isolated from grape must were used. Lactobacilli
were cultivated overnight in MRS (de Man, Rogosa and Sharpe) broth at 37°C
[11] and brought to experiments in concentration 108 CFU/ml.

Strain 4. tumefaciens pJZ carrying plasmid with gfp gene was used to study
whether pathogenic agrobacteria penetrate tissues infecting test-plants, if they
form biofilms on surfaces and if lactobacilli could suppress these processes
[12]. Cells expressing this gene fluoresce under epifluorescence microscope
with bright light of green color on dark green or red background of plant
tissues. Phytopathogenic strain Agrobacterium tumefaciens pJZ labeled with
GFP was kindly provided by Dr. Clay Fuqua (USA) and Dr. Igor Golovlev
(Sweden). Agrobacteria were cultivated in LB (Luria-Bertani) broth at 28°C
and brought to experiments in concentration 10* CFU/ml.

Test-plants carrots Daucus carota L. cv Carotel, kalanchoe Kalanchoe
daigremontiana Raym.-Hamet., tomatoes Solanum lycopersicum L. cv Ballada,
grape Vitis vinifera L. cv Pinot noir and Moldova were used. Carrots were
sterilized and cut on explants according to Ryder et al. (1985) [13]. Explants
were inoculated with agrobacteria (positive control), lactobacilli (negative
control) and a mixture “phytopathogen:lactobacilli” in a ratio 1:1 (experiment)
[14]. Control plants were treated with water (negative control). Overnight
cultures of 4. tumefaciens pJZ and L. plantarum were mixed in a ratio 1:1
and immediately after mixing poured on a surface of freshly cut carrot discs,
especially thoroughly on cambial ring. Symptoms of crown gall were evaluated
after 30 days.

Kalanchoe plants were obtained by planting 6-7 cm cuttings. Rooted
cuttings after 3 months were brought to experiment. Inoculation was carried
out by injections of 10 ul of overnight cultures of agrobacteria and lactobacilli
mixed in a ration 1:1 in stems. Tomato plants were grown up by planting
seeds of cv Ballada in non-sterile commercial peat soil “Poliskii universalnii”.
Germination and cultivation of plants were carried out under green house
conditions (18-22°C, light — 12 h). Two-month plants were inoculated with
bacterial suspensions of 4. tumefaciens pJZ by injections in stems. Symptoms
of crown gall were estimated after 50 days. Plants were checked for tumours
which were cut out and weighed. Studies of carrots explants, tomatoes,
kalanchoe were carried out in three independent experiments (60 — 75 plants
in each variant).

Freshly cut wooden stems of grape taken from the vineyard in the beginning
of March were inoculated by soaking basal ends in bacterial suspensions of
agrobacteria, lactobacilli or their mixture for 1 hour. Cuttings soaked in water
were the negative controls. After, cuttings were rooted under green house
conditions in peat soil without adding of any fertilizers or growth stimulators.
After 30 days, the symptoms of crown gall (tumours and necroses) were
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detected, and some growth characteristics of plants such as amount of survived
cuttings, number of buds that grew, mean length of green stems and mean area
of leaves were evaluated by standard methods [15, 16]. Studies on grapes were
carried out during 3 years (2016, 2017, 2018), in each variant of independent
experiments 75—100 cuttings were used.

Statistical evaluation of morphometric characteristics of plants and
amount of galled plants was carried out in Microsoft Excel. Mean values and
confidential intervals (95%) were calculated. Significant differences between
experimental and controls values were estimated in t-test (p<0,05).

For microscopy, thin slices of tumours and plant tissues from inoculation
sites were prepared and dyed with 0,1% crystal violet for 40 sec to minimize
the natural fluorescence of plant tissues interfering detection of GFP-labelled
cells [17]. Optical Carl Zeiss epifluorescence microscope system with 20x
planachromat objective and Olympus DCM camera was used. Images of the
biofilms on plant roots surfaces were obtained with BP490 filter set, a 505 nm
dicroic filter and 530 nm long-pass emitter (EO530).

Presence of A. tumefaciens pJZ was detected by bright light green
fluorescence of GFP in phytopathogen cells. Single green fluorescent cells and
aggregates of bacteria were detected.

Results. Treatment with tested lactobacilli interfered formation of tumours
by pathogenic agrobacteria, and level of protection depended on lactobacilli
strain and species of test-plant (Table 1).

Amount of crown galled plants decreased in 85 — 100%. If some plants
treated with lactobacilli and agrobacteria still exhibited symptoms of the
disease, their manifestation were smaller than in positive control inoculated
just with 4. tumefaciens pJZ: mean weight of tumours decreased 2 — 12 times
(Table 2).

To find out if pathogenic agrobacteria penetrate test-plants tissues in case
of the obvious antagonistic effect of lactobacilli resulted in absence of the
disease, microscopy of tissue slices from inoculation sites was carried out. It
was found out that in all symptomless carrot explants treated with agrobacteria
and lactobacilli, vivid motile cells of the phytopathogen were observed
(Fig. 1, B, C, D). But density of their population was much smaller than in
explants inoculated only with A. tumefaciens pJZ (Fig. 1, A).

Table 1
Effect of inoculation with A. tumefaciens pJZ and L. plantarum on
tumour formation in test-plants

Strain Percentage of crown galled plants
Carrot Kalanchoe Tomatoes Grape
L. plantarum ONU 12
’ +0,89 +0,79
A. tumefaciens pJZ 4,0+0,8% 0 0 3,0+0,7%
L. plantarum ONU 311
H 4 0 *
A. tumefaciens pJZ 8,0+0,6% 0 0 it
L. plantarum ONU 355, 150412% | 9,7+1.8% 0 it
A. tumefaciens pJZ
A. tumefaciens pJZ (control) 100% 100% 100% 100%

Note: *n/t — non-tested
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Table 2
Mean weight of tumour tissues on test-plants, nug

Test-plant Control Experiment
Carrot 17,1£2,1 8,040,7
Kalanchoe 298,0+11,9 25,4423
Tomatoes 19,3+1,4 0
Grape 915,5+£29,8 282,0+18,6

Fig. 1. Microphotographies of tissue slices from carrot explants inoculated with
A. tumefaciens and L. plantarum (600x): sites of inoculation, A — A. tumefaciens pJZ
(control); B — L. plantarum ONU 12 + A. tumefaciens pJZ; C — L. plantarum ONU 311+
+ A. tumefaciens pJZ; D — L. plantarum ONU 355 + A. tumefaciens pJZ; tumours,
E - A. tumefaciens pJZ (control); F — L. plantarum ONU 311 + A. tumefaciens pJZ;
G - L. plantarum ONU 12 + A. tumefaciens pJZ; H - L. plantarum ONU 355 +
+ A. tumefaciens pJZ; 1 — ONU 355 + A. tumefaciens pJZ — tumour and biofilm.

Agrobacteria in symptomless explants did not penetrate vessels opposite
to tumour tissues in which vessels were tightly filled with phytopathogen
cells fluorescing due to gfp gene expression (Fig. 1, E). On a figure 1, I, with
microphotography of carrot slice treated with a mixture L. plantarum ONU
355 and A. tumefaciens pJZ a dense, well formed biofilm with developed
matrix layer can be seen. Inside the matrix fluorescent cells are observed. It
is necessary to point out that if in presence of lactobacilli tumours were still
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formed, in their tissues smaller agrobacterial populations were found as it
could be seen from fluorescence of single cells (Fig. F, G, H, 1), but not the
dense aggregates as it was observed in the control not treated with antagonists
(Fig. 1, E).

Opposite to carrot, in kalanchoe agrobacteria were not detected in any
symptomless plant (Fig. 2, B). It means that on kalanchoe wound surfaces
agrobacteria, which did not cause the disease, did not survive when treated with
lactobacilli. On tomatoes where 100% protection against tumour formation was
observed, the microscopy of tissue slices showed that agrobacteria, opposite
to kalanchoe, could survive in inoculation sites when treated with lactobacilli.
Fluorescent 4. tumefaciens pJZ were found in these sites (Fig. 2, D).

In 30% of symptomless tomato plants agrobacteria were found (Table 3),
but in other 70% of tomatoes A. tumefaciens pJZ cells were not detected in
inoculation sites when treated with lactobacilli (Fig. 2, E).

G H 1

Fig. 2. Microphotographies of tissue slices from kalanchoe, tomatoes and grape cuttings
inoculated with A. tumefaciens pJZ and L. plantarum (600x): tumours,

A — A. tumefaciens pJZ control, kalanchoe; B — L. plantarum ONU 12 + A. tumefaciens
pJZ, kalanchoe; C — A. tumefaciens pJZ — control, tomatoes; site of inoculation,

D — L. plantarum ONU 355 + A. tumefaciens pJZ, tomatoes; E — L. plantarum ONU 12 +
+ A. tumefaciens pJZ, tomatoes; vessels of grape, distance from base of cuttings,

F — A. tumefaciens pJZ, control, 3 cm; G — L. plantarum ONU 12 + A. tumefaciens pJZ,

3 cm; H — A. tumefaciens pJZ, control, 10 cm; I — L. plantarum ONU 12 +
+ A. tumefaciens pJZ, 5 cm.
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Table 3
Percentage of symptomless plants which tissues after inoculation
with agrobacteria and lactobacilli contained A. tumefaciens pJZ cells

Test-plant Percentage of plants sustaining phytopathogen, %
Carrot 100%

Kalanchoe 0

Tomatoes 30,0%

Grape 100%

In grapes, the same as in carrots, pathogenic agrobacteria were found in
tissues of all symptomless plants (Table 3, Fig. 2, G, H, I). Microscopy of
horizontal cuts taken on various distances from basal ends of the cuttings has
shown that bacteria move in vessels 10 cm higher from inoculation site in
positive controls inoculated with A. tumefaciens pJZ (Fig. 2, H), and 5 cm
higher — in cuttings inoculated with a mixture of lactobacilli and agrobacteria
(Fig. 2, I). On these distances single cells were detected whereas in inoculation
sites and 1 — 3 cm higher xylem vessels were tightly filled with agrobacteria,
and in controls phytopathogens penetrate all vessels and nearby tissues
(Fig. 2, F), whereas in cuttings treated with lactobacilli the presence of
pathogens was restricted only by several xylem vessels (Fig. 2, G). No agro-
bacteria were found in green shoots.

In grape inoculation with a mixture of agrobacteria and lactobacilli resulted
in unexpected stimulation of plant growth: amount of buds that grew increased
in 25,8%, mean length of stems — in 28,3%, mean area of leaves — in 8,6%
as compared with the negative control — cuttings soaked in water instead of
bacterial suspensions (Table 4, Fig. 3, B).

Table 4
Effect of A. tumefaciens pJZ and L. plantarum on growth
characteristics of grape plants

Variant of the treatment Sqwived Buds that | Length of the | Leaf area,
cuttings (%) grew (%) stem, cm cm?
Control (water) 85,243,7 70,4+3,1 5,1+0,8 8,4+0,3
A. tumefaciens pJZ 51,3+4,2% 42245 4% 2,2+0,8% 6,6+0,3*
L. plantarum ONU 12 90,0+2,8 77,12, 1% 6,2+0,3* 8,9+0,2%
L. plantarum ONU 12 + 02,143.8 | 962+2.8% | 71404 | 9.02+04%
A. tumefaciens pJZ
CFS** L. plantarum ONU 12 87,0+3,2 68,4+4,2 5,3+0,3 6,8+0,6*
CFS A. tumefaciens pJZ 80,8+2,9 66,4+0,8 5,0+0,4 6,2+0,4*
gfziiyﬁ}fnﬁzrf%;c&eﬁ 78,8+3,4% | 66,4+2,6 5,6+0,8 7,040,5%
A. tumefaciens pJZ + CFS
L. plantarum ONU 12, pH 42 70,2+3,2%* 82,4+2,2% 6,8+0,5* 8,6+0,6
MRS, pH 4,2 72,8+45,3* 68,4+3,5 3,9+0,3* 5,1£0,5%
LB, pH 6,8 83,7+2,5 71,0£2,1 4,7+0,2 7,6+0,3*
MRS + LB, pH 5,2 86,3+2,9 73,1£5,2 5,4+0,2 7.2+0,4*

Note: * - significantly different from the control, CFS** - cell-free supernatant
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Inoculation of grape with agrobacteria caused significantly negative effect:
amount of survived cuttings decreased comparing with the control in 34%,
amount of buds that grew — in 28,2%, mean length of green stems — in 56,8%,
mean leaf area — in 21,4% (Fig. 3, A).

Fig. 3. Grape plants treated in different variants:

A —soaked in water, negative control (left), infected with agrobacteria,
positive control (right); B — negative control (left), inoculated with a mixture
of agrobacteria and lactobacilli (right); C — green stems of grapevine, variants
from left to right: negative control, treated with lactobacilli, inoculated with
a mixture of lactobacilli and agrobacteria, inoculated with agrobacteria.

Inoculation only with L. plantarum ONU 12 improved some plant
characteristics as compared with the control (water): amount of buds that grew
increased in 6,7%, mean length of stems — in 21,6% (Table 4). Interestingly
that lactobacilli in a mixture with agrobacteria increased morphometric
characteristics of grape much more. Soaking of cuttings in MRS medium with
the same pH as pH of overnight culture of lactobacilli, and in LB medium,
treatment with CFS of L. plantarum ONU 12 and with a mixture of CFS of
A. tumefaciens pJZ and CFS of L. plantarum ONU 12 did not cause any positive
effect on plant growth, opposite — some growth characteristics decreased in
6,4 —39,0%.

Discussion. The results of investigation indicate that L. plantarum actively
inhibit 4. tumefaciens pJZ completely suppressing crown gall symptoms in
85,0 — 100% of test-plants inoculated with a mixture of phytopathogenic
agrobacteria and lactobacilli.

Lactobacilli interfered attachment and survival of 4. tumefaciens pJZ on
surfaces and in tissues of test-plants: less density of GFP-labelled agrobacteria
was detected by fluorescent microscopy. If in case of treatment with lactobacilli
tumours were still formed, their amount and weight were significantly
smaller than in controls (2 — 12 times) and inside tumours the populations of
agrobacteria were presented by single cells and not by cell aggregates.

Unexpected, vivid agrobacteria survived on surfaces and in tissues of
symptomless plants even in case of treatment with antagonistic lactobacilli.
Single cells of phytopathogens expressing gene gfp were found in inoculation
sites (carrot, tomatoes), on plant surfaces as the components of biofilms (carrot
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explants) and in vessels on a distance higher from inoculation sites in grape
plants. Only in case of kalanchoe, if tumours were not formed, agrobacteria did
not survive not on the surfaces nor inside the tissues in inoculation sites that
could be explained by the bactericidal metabolites of this plant described in
literature [ 18]. Earlier we have showed by the method of inoculation on nutrient
media that in presence of lactobacilli cultivable agrobacteria disappeared from
kalanchoe surfaces already on the third day after the treatment of plant [19].
Using in present study GFP-labelled agrobacteria allowed to confirm this fact
by microscopy of plant tissues.

On nutrient media L. plantarum actively inhibited growth of crown gall agent
[8, 10]. Significant decrease in symptoms manifestation described in present
work indicated the antagonistic effect of lactobacilli also in experiments on
test-plants. Lactobacilli are able to attach to plant surfaces [20], so a hypothesis
can be proposed that pathogenic agrobacteria in presence of lactobacilli could
survive but loose the ability to cause the disease. Probably, some attenuation
of the pathogen occurs mechanism of which needs further investigation.
Unexpected stimulation of growth characteristics of grape plants could confirm
this hypothesis. Bacterial suspensions but not a cell-free supernatant caused
stimulation (Table 4), and positive effect could not be explained by the nutrient
compounds of the medium or metabolites from overnight cultures. Opposite,
nutrient media and CFS decreased some morphometric characteristics of plants.
Treatment only with lactobacilli increased amount of buds that grew in 6,7%,
and mean length of green stems — in 13%. Effect of lactobacilli mixed with
agrobacteria was significantly much more higher: amount of buds that grew
increased in 25,8%, mean length of stems — in 28,3%. Moreover, mean area
of leaves increased in 8,6%, and plants appeared healthy and well developed
though on some especially long stems some young leaves were triangle-shaped
(Fig. 3, C), and resembled leaves of plants in case of the overtreatment with
growth hormones [21]. In 5% of cuttings inoculated with lactobacilli and
agrobacteria, in which tumours were still formed, such stimulation effect was
not found.

If cuttings were treated with A. tumefaciens pJZ mixed with CFS of
L. plantarum ONU 12, stimulation effect was the same as in cuttings inoculated
with bacterial mixture “lactobacilli:agrobacteria” which indicated that
certain effect could be caused not only by the cells of L. plantarum but by
their metabolites too (Table 5). Antagonistic effect was not caused just by
the metabolites of lactobacilli and low pH of medium, but by the presence of
antagonistic bacteria: amount of survived cuttings in control variants treated
with CFS of lactobacilli decreased the number of survived cuttings in 15%
whereas adding of vivid bacteria L. plantarum ONU 12 not only prevented
manifestation of agrobacterial infection in 95% but also improved the survival
of cuttings. So, antagonistic and stimulation effects of treatments with a
mixture of lactobacilli and agrobacteria are probably mediated by different
mechanisms.

Overproduction of cytokinin was described in 1938 Locke et al. who shown
that in case of infection with attenuated agrobacteria a stimulation of buds
distal to tumours occurred [22]. In our investigation on grape tumours in
majority of cases were not formed but changes in plant morphology typical
for overproduction of phytohormones were observed [21]. It is known that
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agrobacteria do not produce plant hormones by themselves, overproduction of
phytohormones are carried out in plant cells after T-DNA from Ti-plasmid of
the pathogen incorporates into plant genome [22]. Probably, in our case transfer
of T-DNA with the next transformation of plant cells occurs but tumours are not
formed. Indeed, in 2005 Brencis et al. have shown that agrobacteria are able to
transform plant cells without the next tumour formation: normal, non-tumour
cells of tobacco with T-DNA incorporated in their genome actively produced
octopin — a product intrinsic just for the cells transformed by agrobacteria
[23]. Unusual stimulation of grape growth with altered morphology of leaves
indicates possible transformation of grape cells with T-DNA resulting in
overproduction of phytohormones without tumour formation. Probably, certain
metabolites of lactobacilli could attenuate 4. tumefaciens pJZ in such way
that agent survives on plant tissues and could even transform plant cells as
it possibly occurs on grape, but tumours in majority of cases are not formed.
Mechanism of such attenuation needs further investigations on biochemical
and molecular biological levels.

Conclusion. Our investigations indicate that antagonistic L. plantarum can
suppress attachment and survival of phytopathogenic 4. tumefaciens pJZ on
surfaces and in tissues of test-plants eliminating population of the pathogen or
decreasing its density with the probable attenuation of pathogenic properties.
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BIIJIUB BAKTEPIW LACTOBACILLUS PLANTARUM
HA BUKUBAHHSA TA YTBOPEHHA ITYXJIMH 3bYJHUKOM
BAKTEPIAJIBHOI'O PAKY POCJ/IUH

H.B. Jlimancveka, M.b. I'ankin, B.O. Ieanuuysn

Ooecviuil Hayionanvhuil yHisepcumem imeni 1.1. Meunuxosa,
eyn. [leopsancoka, 2, Odeca, 65082, Ykpaina

Pesome

Meta. BuBuenns BrumBy Oakrepiit Lactobacillus plantarum na yTBOPEHHS IyXJIWH
Ta BWKUBaHHS Agrobacterium tumefaciens pJZ Ha MOBepXHAX Ta B TKAHHHAX POCIHUH.
Marepiaan i metonu. Tect-pocnuau MopkBu Daucus carota L. copty Kaporens, kanaH-
xoe Kalanchoe daigremontiana Raym.-Hamet., TomariB Solanum lycopersicum L. copty
banana, Bunorpany Vitis vinifera L. coprtis [1iHo dopHuit Ta MosioBa iHOKyJII0OBaIu (ito-
MATOTCHHUMU OakTepisMu A. tumefaciens pJZ, mo ekcrpecyrots 6itox GFP, i makTo6ak-
tepissmu L. plantarum (L. plantarum OHY 12, OHY 311, OHY 355) y cruiBBigHOIICHHI
1:1. HastBHICTD KIITHH A. tumefaciens pJZ y MicIsIX 1HOKYIISIIIT BpaXoByBaJIH 32 CBITIHHAM
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o6inka GFP metonom eniduryopecuenTroi mikpockomnii. PesyabraTu. Kinbkicts pociuH 3
CHUMITTOMaMH OaKTepiaJbHOTO paKy 3a MPUCYTHOCTI B 1HOKYIATI JAKTOOAINIT 3MEHIITyBa-
nacs Ha 85 — 100%. Cepenus Maca IyXJmH 3MeHIIyBasacst y 2 — 12 pasiB y MopiBHSAHHI 3
KOHTpoJieM. MiKpOCKOITyBaHHS 3pi3iB 0€3CHMITOMHHMX POCIIUH T10Ka3aJ1o, 10 32 00poOKu
JlaKTO0aNMIIaMHY TTATOTeHH1 arpodakTepii BikuBamu y 100% pocianH MOPKBH 1 BUHOT DAY,
30% pocnuH ToMary, ane X Homyssiii Oy 3HaYHO MEHIIIMMH, HIX Y TIO3UTUBHUX KOHTP-
OJISIX, IHOKYJIbOBAHHUX JIMIIIE (PITONATOreHOM, 1 Iy XJIMHH ITif] IX BIUIMBOM HE yTBOPIOBAJIUCH.
Ha BuHOTpazi iHOKyIALisA cyMimmio (hiToOmaToreHa i JJaKTOOAIMIT IPHI3BeNia 0 CTUMYJISIT
pocTy, sIKa IPOSIBIISUIACH Y 301IBIICHH] KUTBKOCTI OpYHBOK, IO PO3MycTmIInCs, Ha 25,8%,
CepeHbOT JOBKHUHU Maroxis — Ha 28,3%, cepeHbOi oI JUCTKIB — Ha 8,6%, 1110 MOIJIO
OyTH CBIMYCHHSAM HAANPOAYKIIi POCITMHHAX TOPMOHIB BHACTIIOK HMOBIpHOI TpaHC(Op-
Mamii poCIMHHUX KJIITHH. BUCHOBKM. AHTaronictw L. plantarum 3paTHI IPUTHIYYBaTH
aJre3ito Ta BIKMBaHHS (iTonaTtoreHHuX A. tumefaciens pJZ Ha MOBEPXHSX 1 B TKAHMHAX
TECT-POCINH, TIMiHYIOYH MOIYJIAIIIO TaToreHa abo 3MEHIIYI0UH 11 IIUTBHICTH 3 HMOBIp-
HOIO aTeHyalli€l0 BIIACTHBOCTEH, MEXaHI3M SIKOI ITOTPeOy€ MONANIBIINX JOCIIKEHb.

Kniouosi cnosa: Lactobacillus plantarum, Agrobacterium tumefaciens, BHXUBaHHS,
AHTAroHi3M, OaKTepiaIbHUHN paK pOCIHH, 6E3CHMITOMHI POCIHHA

BJIUSSTHUE BAKTEPUM LACTOBACILLUS PLANTARUM
HA BBI’KUBAHUE U1 OBPA3OBAHUE OIIYXOJIEU
BO3BYJIUTEJIEM BAKTEPUAJBHOI'O PAKA PACTEHUI

H.B. Jlumanckasn, H.b. I'ankun, B.A. Heanviys

Ooecckuii HayuonanwbHwill ynueepcumem umenu U.H. Meunuxosa,
. [leopanckas, 2, Odecca, 65082, YVkpauna

Pesrome

Heawb. Uzyuenne Bnusiaus 6akrepuii Lactobacillus plantarum na o6pa3oBaHue OMyX0-
TIeH 1 BBDKUBaHUE Agrobacterium tumefaciens pJZ Ha TIOBEpXHOCTSX U B TKAHSIX PACTCHHH.
MatepuaJisl 1 MeTOAbl. TecT-pacTeHus MopkoBu Daucus carota L. copta Kaporens,
kanauxoe Kalanchoe daigremontiana Raym.-Hamet., TomatoB Solanum lycopersicum
L. copra bamnana, Bunorpana Vitis vinifera L. copros [1uHo depHsIit 1 MongoBa wHO-
KyaupoBaiu (uronaroreHHbIME OakTepusiMu A. tumefaciens pJZ, sKcpeccupy oMU
oenox GFP, u nakrobakrepusimu L. plantarum (L. plantarum OHY 12, OHY 311, OHY
355) B coornomennn 1:1. Hamuane xnetok 4. tumefaciens pJZ B MecTax HHOKYIISIIIHA
yUUTBIBaJIM 1O cBedeHHto Oenka GFP meromoM snuguryopecieHTHOH MHUKPOCKOIHH.
Pe3yabrarbl. KomndectBo pactennii ¢ cuMntToMamu OaKTepHaIbHOTO paka B CIIydae IpH-
CYTCTBUS B MHOKYJISITE JTAKTOOAIMILT yMeHbIanock Ha 85 — 100%. Cpennsist Macca orry-
XoJielt yMeHbIIanack B 2 — 12 pa3 mo cpaBHEHHUIO ¢ KOHTpoJeM. MUKpPOCKOITUPOBaHUE
Cpe30B 0€3CMMITOMHBIX PaCTEHUH MOKA3aj10, YTO B claydae oOpaboTOK JaKkToOAIMIIIIaMu
naToreHHsle arpodakrepun BbkuBaIn B 100% pactennii MopkoBH 1 BHHOTpasa, 30% pac-
TEHUIl TOMaToB, HO UX MOMYJISIUY ObUTM 3HAYUTEIHHO MEHBIIMMH, YEM B TIOJIOXKUTEIBHBIX
KOHTPOJISIX, HHOKYJINPOBAHHBIX TOJIBKO (DUTONATOTEHOM, M OITyXOJIU O[] WX BIHUSHUEM
He 00pa3oBbIBasINCh. Ha BUHOTpaie HHOKYJISIINS CMEChIO (PUTOMATOreHa M JTAKTOOAIHILT
npuBesa K CTUMYJISIUM POCTa, KOTOpast MPOSIBIIAIACE B YBEIMUEHUN KOJIMYECTBA PacITyc-
THUBIIUXCST TIoYeK Ha 25,8%, cpenHedt IuHBI MoOeroB — Ha 28,3%, cpemaHedl miomanu
JTUCTheB — Ha 8,6%, 9TO MOIIIO OBITh CBHIETEIHCTBOM CBEPXIPOTYKIINH PACTHTEIBHBIX
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TOPMOHOB BCJIEAICTBHE BEPOSITHOHM TpaHchopMalMyu pacTUTEIbHBIX KIIETOK. BBIBOABI.
AHTaroHUCTH L. plantarum ciocOOHBI yTHETATh aIr€31I0 U BEDKUBAHIE (PUTOMIATOTEHHBIX
A. tumefaciens pJZ Ha TOBEPXHOCTSIX U B TKAHSIX TECT-PACTCHUH, ITUMUHHAPYS MOMYIISIIAIO
[IaTOr€Ha WIM YMEHbIIAs €€ IVIOTHOCTh C BO3MO)KHOM arTeHyaluell CBOWCTB, MEXaHU3M
KOTOpOH TpeOyeT HadbHEHIIero H3yIeHusl.

Kniouesvie crnosa: Lactobacillus plantarum, Agrobacterium tumefaciens, BbXKUBaHHNE,
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