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EFFECT OF LACTOBACILLUS PLANTARUM ONUS7
IN MIXTURE WITH AUTOLYSATE OF ERWINIAS
ON FORMATION OF TUMORS CAUSED
BY RHIZOBIUM RADIOBACTER C58

The aim of the research was to investigate the effect of mixture of Lacto-
bacillus plantarum ONUS8T and autolysate of Erwinia carotovora ZM1 cells
containing macromolecular bacteriocins and bacteriophages on the patho-
genesis of the crown gall. Materials and Methods. As an infectious agent,
a strain of Rhizobium radiobacter C58 characterized by its high virulence
was chosen. As test-models, carrot roots (Daucuscarota subsp. sativus L.)
and plants Kalanchoe daigremontiana Mill were used. Results. The effect
of mixture of L. plantarum ONUS8T and autolysate of E. carotovora ZM1
on survival of R. radiobacter C58 in vitro has been studied. Amount of vi-
able cells of plant pathogenic bacteria decreased after 4 hours of culturing.
Treatment with a mixture of lactobacilli and autolysate of erwinias results
in complete inhibition of crown gall pathogenesis on Kalanchoe plants.
Treatment of carrot roots with an experimental mixture results in decrease of
the amount of infected explants in 14.3% .The mentioned results enabled us
to conclude that depending on the sensitivity of the test-objects, treatment
with the mixture of L. plantarum ONUS87T and autolysate of E. carotovora
ZM1 results in complete inhibition of crown gall pathogenesis or decrease
of its symptoms.

Key words: Rhizobium radiobacter, crown gall, Lactobacillus plantarum,
autolysate of Erwinia carotovora.

Revealing active antagonists, including lactic acid bacteria, in
phyllosphere [9], provides a possibility of using them to protect plants
against pathogenic microorganisms.

Inhibition of phytopathogens and food spoilage bacteria by lactobacilli were
described for Aspergillus flavus [13], Colletotrichum gloeosporioides [4],
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Aspergillus ochraceus |5, Aspergillus niger and Penicillium expansum [3],
Verticillium, Thielaviopsis, Fusarium (6], Monilinia laxa, Botrytis cinerea
and Penicillium expansum [10], Xanthomonas campestris, Erwinia
carotovora and Pseudomonas syringae [11]. Growth of X. campestris and
E. carotovora was inhibited by representatives of Enterococcus, Leuconostoc,
Lactobacillus, Lactococcus, Weissela genera [10].

Our previous investigations showed an inhibitory effect of enterococci
on Ralstonia solanacearum [7].

As to Lactobacillus plantarum, the significant antagonistic effect of L.
plantarum ONUS87 in the mixture with Erwinia carotovora ZMI! contain-
ing bacteriophages and macromolecular bacteriocins were demonstrated
against soft rot and blackleg [1].

The aim of the research was to investigate the effect of Lactobacillus
plantarum ONUS87 in the mixture with autolysate of Erwinia caroto-
vora ZM1 cells on crown gall pathogenesis.

Materials and methods

In this research, the phytopathogenic strain of Rhizobium radiobacter
C58 characterized by its high virulence, Erwinia carotovora subsp. caro-
tovora ZM1 (Ecc ZM1) strain — producer of bacteriophages and macro-
molecular bacteriocins (strains were kindly provided by Tovkach F.I. from
Zabolotny Institute of Microbiology and Virology of NASU), and antagonistic
strain Lactobacillus plantarum ONUS87 were used. To model the infectious
process of crown gall, bacteria R. radiobacter C58 were cultivated in LB-
broth at 28 °C for 24 h and used for further investigations in concentration
of 108 CFU/ml. Lactic acid bacteria L. plantarum ONUS87 were cultivated in
MRS broth for 24 h at 37 °C and used for further experiments in concentra-
tion of 10'° CFU/ml. Autolysate of Erwinia carotovoraZM] was prepared
as previously described [1]. The experimental mixture of lactobacilli and
autolysate of erwinias was prepared by mixing in ratio of 1:1.

To study the antagonistic effect of mixture of L. plantarum ONUS87 and
autolysate of E. carotovora ZM1 on growth of bacteria R. radiobacter C58
in vitro, the experimental suspension was mixed with the culture of phy-
topathogen and LB-broth in a ratio of 1:2:2 selected empirically in previous
investigations. The control was the mixture of overnight culture of rhizobia
and LB-broth in a ratio of 2:3 that simulated the phytopathogen concentra-
tion in the variants of experiment. The number of viable cells of rhizobia
were measured by inoculating LB agar in certain time intervals, incubating
overnight at 28 °C and counting the colonies. Three independent experi-
ments were carried out in five replications each.

The effect of mixture of Lactobacillus plantarum ONUS87 and autoly-
sate of Erwinia carotovora ZM1 on crown gall pathogenesis was studied

_— ISSN 2076—0558. Mikpobioroeis i 6iomexronroein. 2013. Ne 2. C. 6—14 —— 7



H.B. Koporaesa, T.B. Konapariok, O.B. bacioa, K.JI. Kpusaosa, I'.B. SIm6opko Ta iH.

in vitro on carrot roots (Daucus carota subsp. sativus L.) and in vivo on
plants Kalanchoe daigremontiana Mill.

For test-object treatments, overnight culture of rhizobia in LB-broth
and experimental mixture of lactobacilli and autolysate of erwinias were
mixed in ratio of 1:1. Mixture of rhizobial overnight culture with sterile
distillated water in ratio of 1:1 was used as positive control. The negative
controls were sterile distillated water and the mixture of lactobacilli and
autolysate of erwinias.

Carrot roots were thoroughly washed in chlorine-containing detergent,
rinsed in running water, dipped in ethanol and ilamed, peeled irom the
external tissues, and then cut into discs with the thickness of 0.5 cm [8].
The disks were placed in sterile Petri dishes with watered filter paper. On
the surface of fresh cut discs (cambial ring) 100 pl of rhizobial culture
mixed with lactobacilli and autolysate of erwinias, or the equal volume of
positive or negative controls were applied. 56 carrot discs were treated in
each control or experimental variant.

Disks were placed at 25 °C for 21 days, and after the results were
evaluated by the following scale: “4 + + +” — 100% cambial ring covered
with tumors, “+ + +" — 75% of cambial ring have tumors, “+ +" — 50%
cambial ring covered with tumors, “4+” — less than 25% of cambial ring
covered with tumors, “-” — no tumors.

The overall amount of infected explants was calculated as percentage
of discs with crown gall symptoms from the total quantity of all inoculated
discs.

Kalanchoe plants were inoculated by syringe injection of 50 pul of patho-
gen culture and mixture of lactobacilli and autolysate of erwinias (experi-
mental variant) or culture of rhizobia and sterile water (positive control)
or sterile distillated water, or the mixture of lactobacilli and autolysate
of erwinias (negative controls) into the surface leal layer. 30 leaves were
treated in control and experimental variants in each of the three indepen-
dent experiments. After 60 days tumors formed on injection sites were cut
and weighed.

The experimental data were evaluated statistically using Microsoit Word
Excel. The obtained results were expressed as means and their confidential
intervals. Probability differences of the results were assessed at significance
level of at least 95%.

Results and discussion

The investigation of L. plantarum ONU87 and autolysate of
E. carotovora ZMI1 effect on R. radiobacter C58 in vitro in a liquid
medium has shown that the amount of viable cells of pathogenic
bacteria decreased already after 4 hours of cultivation (fig. 1).
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Fig. 1. Growth of phytopathogen R. radiobacter C58 in
presence of L. plantarum ONUS87 in mixture with autolysate of
E. carotovora subsp. carotovora ZM1.

Probably, this effect was caused by antagonistic factors against phy-
topathogenic microorganisms produced by lactic acid bacteria such as
hydrogen peroxide, bacteriocins and especially, organic acids [11]. After
24 h of incubation no viable cells of phytopathogens were recovered in
contrast to positive control where R. radiobacter C58 continued to grow.

Investigations of L. plantarum ONUS87 and autolysate of
E. carotovora subsp. carotovora ZMI effect on crown gall infection in
vivo has shown the high efficiency of using this mixture.

Thus, comparing of kalanchoe leaves in positive controls inoculated only
with crown gall agents with leaves treated with the mixture of pathogens,
lactobacilli and autolysate of erwinias has shown that all the leaves of
control plants infected with R. radiobacter C58 manifested the formation
of tumors of various sizes (fig. 2).

The average weight of tumors was 40+2 mg in three independent
experiments. On the leaves of plants inoculated simultaneously with the
mixture of lactobacilli and autolysate of erwinias and R. radiobacter C58
tumor formation was not observed. However, necroses of different levels
were observed (fig. 2). On the leaves of kalanchoe in negative controls in
which only lactobacilli and autolysate of erwinias were injected, necroses
of tissues induced by defense reaction of the plants to damage the leaf
blade and to interfere the introduction of foreign agent were also detected
in some cases. Necrosis is a hypersensitivity reaction and an important
part of plant immunity, thus presence of necrotic spots instead of tumors
is the evidence of plant protection against the crown gall agent. In other
case the plants may slowly die because of galls surrounding the trunks
and interfering the normal water and nutrients supply [2].
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Fig. 2. Leaves of kalanchoe inoculated with the phytopathogen R. radiobacter C58
and the mixture of lactobacilli and autolysate of erwinias (a) or with the culture
of R. radiobacter C58 (b).

Opposite, necroses are restricted and don’t cause damage of wide areas
of the plant surfaces, and moreover, they localize the pathogen and don’t
allow it to disseminate in plant, whereas pathogenic rhizobia are able to
rapid spread in xylema vessels causing systemic infection as a result of
which tumors can be formed on any part of the plant.

Treatment of carrot discs with the mixture of lactobacilli and autolysate
of erwinias simultaneously with their inoculation with crown gall agent
resulted in 14.5% decrease in amount of infected explants. Absence of
disease inhibition in 100% of cases as it was shown in investigations with
kalanchoe, indicates the higher sensitivity of carrots to R. radiobacter C58
and allows to observe the effect of the studied mixture of lactobacilli and
autolysate of erwinias on high susceptible plants (fig. 3).

Thus, in case of carrot explants, clear decrease of infection massiveness
is observed, that increases in amount of explants with smaller manifesta-
tion of disease symptoms than in positive control (fig. 4). The amount of
carrot discs with the crown gall symptom manifestation in «44++» de-
creases from 8.9% to 1.8%, that is — almost in 5 times, quantity of discs
with manifestation in «+++» decreases from 19.6% to 3.6%, that is — in
5.4 times.

In positive control the percentage of explants with tumor formation
characterized as «4++» was 14.3%, and in experimental samples —10.7%;
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Fig. 3. Carrot discs with manifestation of crown gall symptoms: a — positive
control — R. radiobacter C58; b — R. radiobacter C58 and the mixture of
lactobacilli and autolysate of erwinias.

Thus, the shift of the levels of crown gall symptom manifestation to
smaller tumor formation, and as a result, to smaller disease massiveness,
is observed.
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Fig. 4. Amount of carrot discs with different intensity of tumor formation.
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the amount of discs with «4» manifestation in positive control was 34%,
and in experiment with treatment with lactobacilli and autolysate of erwi-
nias it increased to 46.4%. In negative controls no visible deformations in
explant tissues were detected.

The obtained data can lead to the conclusion that depending on plant
sensitivity, treatment with lactobacilli and autolysate of erwinias results in
complete inhibition of crown gall pathogenesis or in decrease of symptom
manifestations.
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BIJIUB LACTOBACILLUS PLANTARUM OHY 87 Y CYMILUI
3 ABTOJII3BATOM EPBIHIA HA YTBOPEHHS MYXJIMH,
CINNIPUYUHEHE RHIZOBIUM RADIOBACTER C58

Pedepar

MeToto nocriimxkennsi 6yso BuBYeHHS BIMBY Lactobacillus plantarum
ONUS87 y cymimi 3 aBTogizatoMm KJiTMH Erwinia carotovora ZMI1, 1o
MiCTUTBE OakTepiodard Ta MakKpOMOJIEKYNSpHI OaKTepiOLMHH, HA PO3BUTOK
iHdekuii 0akTepianbHoro paky. Meroau. [HdekuiiHUM areHTOM OyB LITaM
Rhizobium radiobacter C58, skuii xapaKTepU3yeThbCsl BUCOKOIO BipyJI€HTHiC-
TI0. $IK TecT-moe i BUKOPUCTOBYBaJ/N KOpeHemnaoau Mopkeu (Daucus carota
subsp. sativus L.) i pocaunu Kanauxoe (Kalanchoe daigremontiana Mill.).
Pesyabratu. BuBueHo Bn/uB cycrneHsii jakToOalus i aBToi3aty epBiHili Ha
BHKUBaHHSI Oaktepiit wrtamy R. radiobacter C5H8 in vitro. Ilokasano, 110
KiJIbKICTb >KUTTE€3JATHUX KJIITHUH (PiTOMAaTOreHHUX OaKTepil 3MEHILYETHCS BXKe
gyepes yoTupu roguan. O6podKa cymimio JakTodaluI i aBToisaty epBiHii
NPU3BOAUTD [0 MOBHOIO MPHUTHIYeHHS MaToreHedy OakTepiaJbHOTO paky Ha
poc/anHax Kajnanxoe. Ha kopeHensionax MopkBu 06po6Ka eKCliepUMeHTa/IbHOIO
CYMILLILIIO Bejie 10 3MeHLIEHHs KiJbKOCTi yparkeHUX eKcranTiB Ha 14,3%.
3po6/ieHO BUCHOBOK, 110 3aJI€’KHO Bifl CIIPUHHAT/AMBOCTI pOCAUHU 0O6poHKa
CYMILIILIIO JaKTOOAUM/A i aBTOJi3aTy epBiHIM NMPU3BOAUTH ab0 10 MOBHOIO
NpPUTHiYeHHS naToreHesy OakTepiadbHOro paky, abo 10 3MeHILIEeHHs NPOosiBiB
HOr0 CUMIITOMIB.

KnwouoBi cnoBa: Rhizobium radiobacter, 6akrepiasbHuil pak poc-
nmuH, Lactobacillus plantarum, aBtonizat Erwinia carotovora.

12— SSN 2076-0558. Mixposiooein i Giomexnorozia. 2013. Mo 2. C. 614



BIINB LACTOBACILLUS PLANTARUM OHY 87 Yy CYMILLI 3 ABTOJIIBATOM EPBIHIY ...
YK 634.75.632.937

H.B. KoporaeBa, T.B. Kouapartiok, E.B. Bacroa, E.Jl. Kpblioga,
A.B. SIm6opko, B.A. UBanuua, H.B. Jlumanckas

Opecckuil HauHOHaNbHBIHA yHHBepcuTeT umenu M.V, MeunukoBa, yn. JIBopsiHckas, 2; Onecca,
65082, YkpauHa, e-mail: limanska@gmail.com

BJIUSAHWUE LACTOBACILLUS PLANTARUM OHY 87 B CMECH
C ABTOJIU3BATOM 3PBUHUN HA OBPA30OBAHUE OMYXOJIEH,
BbI3BBAHHOE RHIZOBIUM RADIOBACTER C58

Pedepar

Lleabto uccnenoBanus 6610 u3yueHue Bausiuus Lactobacillus plantarum
OHY 87 B cmecu ¢ aBTo/IM3aTOM KJIeTok Erwinia carotovora ZM1, conep-
KaumM 6aKkTeprodard 1 MaKpOMOJIEKYAsipHble OAKTePUOLMHBI, HA PA3BUTHE
uH(pekmu 6akTepuanpbHoro paka. Meroabl. MHQeKUHOHHBIM areHToM ObL1
wtamMmm Rhizobium radiobacter C58, xapaKTepH3YIOIMHCS BBICOKOU BH-
pyJeHTHOCTBIO. B KayecTBe TecT-Monesell HCIONB30BANH KOPHEIJIOABI MOP-
KoBU (Daucus carota subsp. sativus L.) n pacrenus kananxos (Kalanchoe
daigremontiana Mill.). Pe3dyabTatbl. M3yueHo BiusHHE CcycleH3UH
JIaKTOOAUMU/I M aBTOJM3aTa IPBUHUM Ha BbIXKHMBAaHME OaKTepUU LITaMMa
R. radiobacter C58 in vitro. [lokazaHo, 4TO KOJUUECTBO *KU3HECITOCOOHBIX
KJIeTOK (PUTOMATOrEHHBbIX OaKTepPUH yMeHbLIAeTCs y»Ke yepe3 yeThlpe yaca.
O6paboTka cMechbio JaKToOaLMI U aBTONN3aTa SPBUHUH MPUBOIUT K MTOJHOMY
MO/IaBJIE€HHIO TaTOreHe3a OaKTepHa bHOIO PaKa Ha pacTeHHUsX Kajgauxos. Ha
KOPHEIJIOAAaxX MOPKOBH 00pabOTKa 9KCIIePUMEHTAJbHOU CMEeChI0 PUBOAUT K
YMeHbILIEHHIO KOJHYeCTBA MOPaXKeHHbIX 9KCIIanToB Ha 14,3%. Crenan BbIBOJ,
O TOM, YTO B 3aBUCUMOCTH OT BOCTIPUMMYHUBOCTH PaCcTeHHsI, 00paboTKa CMeChIO
JIAKTOOALMJ W aBTOJM3aTa SPBUHUH BeleT K IMOJHOMY MOAABJIEHHIO MaTore-
He3a OaKTepHasbHOTO paka UK K YMEHbLIEHHIO MTPOSIBJIEHUS €0 CHMIITOMOB.

KnwouyeBsie caoBa: Rhizobium radiobacter, 6akTepuanbHbIi pak
pacrtenuit, Lactobacillus plantarum, aBronusar Erwinia carotovora.
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