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EFFECT OF LACTOBACILLUS PLANTARUM ON TUMOR FORMATION
CAUSED BY RHIZOBIUMRADIOBACTER

The aim of investigation was to study the effect of Lactobacillus plantarum bacteria and their
metabolites on tumor formation in Kalanchoe daigremontiana Mill, plants experimentally
inoculated with crown gall agents Rhizobium radiobacter. Methods. Leaves of test plants
were inoculated with the cultures of bacteria R. radiobacter C58 and three Lactobacillus
plantarum strains or their cell-free supernatants (CFS) with primary low pH (4.1—4.3) and
with neutralized pH (6.5) in a ratio 1:1. After 45 days amount of samples with tumors and
weight of tumor tissues were evaluated, and formation of necroses were checked out. Results.
Lactobacilli and their supernatants effected tumor formation differently depending on the
variant of treatment. Inhibiting activity in a case of all three investigated L. plantarum
strains was exhibited by CFS with primary pH (4.1-4.3). Lactobacilli injected in plant tissues
simultaneously with the pathogen decreased the amount of crown galled samples both in a
case of low initial pH of cultural liquid (strain L. plantarum ONU 87 decreased in 86%,
strain L. plantarum ONU 206 - in 95%), and in a case of neutralized pH of cultural liquid
(strain L. plantarum ONU 87 decreased in 75%, strain L. plantarum ONU 206 - decreased in
94%). Bacteria of the strain L. plantarum ONU 991 didn’t exhibit the inhibiting activity in
cases of the treatments with cultures of lactobacilli and with the neutralized supernatant. At
the same time, the overnight cultures of all strains showed clear antagonistic activity in vitro.
Injecting the cultures of lactobacilli and their supernatants both with low and neutral pH
resulted in 'wide zones of necrosis comparing to that obtained after the injection of tissues
with sterile distillated water with the same pH. Conclusion. Lactic acid bacteria L.
plantarum differ in the level of inhibition of tumor formation caused by R. radiobacter. Strain
L. plantarum 206 was the best antagonist in these investigations: both the amount of infected
samples and weight offormed tumors significantly decreased in all -variants of the
treatments. Inhibiting activity of metabolites from the cultural liquid of lactobacteria
probably is explained not only with the action of organic acids, but also with the action of
bacteriocins and other products of metabolism.

Keywords: Rhizobium radiobacter, Lactobacillus plantarum, inhibition of tumor
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Bacteria from Lactobacillus genus inhabit the rhizosphere and phyllosphere of
plants [15], where they can comprise 0.01-1% from the total microbial population [4].
On the leaf surfaces the representatives of species L. plantarum, L. paracasei, L.
fermentum, L. brevis, L. buchneri can be found [4; 13; 16]. Owing to their antagonistic
properties, lactobacilli were studied as the potential agents of biological control of
phytopathogens. The significant decrease in the symptoms on haricot beans infected
with Pseudomonas syringae was detected when plants were treated with the strain L.
plantarum 1292 [18]. It is known that certain strains of lactobacilli and bacterial mixes
containing lactobacilli can inhibit Ralstonia solanacearum [12], Xanthomonas campestris
[5; 17], Colletotrichum gloeosporioides [7] Fusarium [8)], Aspergillus niger and
Penicillium expansum [2; 17].

In previous investigations there were revealed the antagonistic effect of L.
plantarum in a mixture with autolysate of erwinias against crown gall agent
Agrobacterium tumefaciens (Rhizobium radiobacter according to the new nomenclature
proposed by Young et al., 2001 [19]), the agents of black foot and soft rot [11; 14]. The
aim of the investigation was to study the effect of Lactobacillus plantarum bacteria and
their metabolites on tumor formation in Kalanchoe daigremontiana Mill, plants
experimentally inoculated with crown gall agents Rhizobium radiobacter.

Materials and Methods

The effect of the three strains of L. plantarum from the Collection of the Chair of
Microbiology, Virology and Biotechnology of Odesa National I.I. Mechnykov
University L. plantarum ONU 87, L. plantarum ONU 206 and L. plantarum ONU 991
was studied. Lactobacilli were cultivated overnight in MRS broth at 37 °C [6] and used
in the experiments in concentration of 10° CFU (colony forming units)/ml typical for
overnight cultures. To obtain the cell-free supernatant (CFS), overnight cultures in
liquid medium were centrifuged at 10 000 g 10 min and filtrated through the bacterial
filters with the diameters of pores 0.22 pm (Millipore Millex-GS, Merck Millipore). The
effect of supernatants of lactobacilli with primary low and neutralized pH was studied in
vitro on a lawn of R. radiobacter C58 by the well-diffusion method. In the same way the
sterile distillated water (SDW) with the low and neutral pH was applied onto the lawn of
phytopathogen. The presence of growth inhibition zones was observed after overnight
cultivation at 28 °C.

As test-plants Kalanchoe daigremontiana Mill, were used. Plants were infected with
bacteria of R. radiobacter C58 strain kindly provided by Senior Research Associate of
D.K. Zabolotny Institute of Microbiology and Virology of NAS of Ukraine Dr. F.I.
Tovkach. Rhizobia were cultivated overnight in LB broth [1] at 28 °C and used for
further investigations in concentration of 10° CFU/ml.

Inoculations were carried out in three independent experiments by the injection
method. In each of the independent experiments, 3-5 injections on a leaf of 25-30 plants
were done. 10 pi of overnight rhizobial cultures and tested liquids (overnight cultures of
lactobacilli and their supernatants with primary low and neutral pH) in a ratio 1:1 were
injected in leaf tissues [9]. The positive control of tumor formation
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was the mixture of overnight rhizobial culture and SDW with the same pH as in
overnight cultures of lactobacilli. Also SDW was injected in leaves as a control for
necroses formation.

After 45 days, amount of crown galled samples, weight of tumor tissues and
character of necroses were checked out.

Significant differences between the mean values were estimated by Student’s
criteria on significance level not less than 95% (p<0,05). The data were calculated by
the Excel program.

Results of Investigation and Their Discussion

In vitro on Petry’s dishes the tested strains of lactobacilli revealed the clear an-
tagonistic activity of overnight cultures and CFS with low pH, which was exhibited as
the zones of absence of phytopathogen growth with the diameter of 8-10 mm. The
neutralized CFS did not inhibit the growth of R. radiobacter C58 that gave us the
possibility to hypothesize that the key factor of phytopathogen inhibition was the low
pH. To reveal the possible role of acidic medium in inhibition of tumor formation,
further investigations in vivo were carried out both with the primary low pH 4.1-4.3 and
with the neutral pH.

Further investigations in vivo have shown that the simultaneous injections of
cultures of lactobacilli and their metabolites and inoculation of K. daigremontiana with
the phytopathogen R. radiobacter C58 inhibit tumor formation in the majority of
variants of the treatment. Inhibiting activity in cases of all three strains has been
exhibited by the CFS with the primary low pH of overnight culture (pH4.1-4.3). The
treatment with the CFS of L. plantarum ONU 87 culture decreased the amount of crown
galled samples in 71.7% (Fig. 1), L. plantarum ONU 206 - in 84,0% (Fig. 2),
L.plantarum ONU 991 - in 68.1% (Fig. 3).
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Fig. 1. The effect of bacterial culture and cell-free supernatant of Lactobacillus plantarum
ONU 87 on tumor formation caused by R. radiobacter C58 in plants K. daigremontiana
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Bacterial cultures injected in plant tissues simultaneously with the pathogen
decreased the amount of crown galled samples both in case of low initial pH of cultural
liquid (strain L. plantarum ONU 87 decreased in 86%, strain L. plantarum ONU 206 - in
95%) and in case of neutralized pH of cultural liquid (strain L. plantarum ONU 87
decreased in 75%, strain L. plantarum ONU 206 - decreased in 94%) (Fig. 1 and Fig. 2).
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Fig. 2. The effect of bacterial culture and cell-free supernatant
of Lactobacillus plantarum ONU 206 on tumor formation caused
by R. radiobacter C58 in plants K. daigremontiana

The supernatant of the strain L. plantarum ONU 206 culture with pH 6.5 also had
the inhibiting effect on tumor formation decreasing the amount of infected samples in
70.6%. The neutralized CFS of other strains -L. plantarum ONU 87 and L. plantarum
ONU 991, did not decrease the manifestation of crown gall. Besides, the strain L.
plantarum ONU 991 did not inhibit any tumorigenic activity of crown gall agent when
overnight cultures both with primary pH (4.1) and neutralized pH (6.5) were applied.
This fact does not coincide with the results of investigations in vitro, when CFS of the L.
plantarum ONU 991 culture with a primary pH inhibited the growth of phytopathogen
as the same effective as the CFS of other strains.

Although the strain L. plantarum ONU 991 exhibited antagonistic activity in the
tests on phytopathogen lawns, in the investigations on plants its effect on tumor
formation was not the same, and only the CFS of overnight culture with initial low pH
inhibited the formation of tumors.
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The strain L. plantarum ONU 206 was the best antagonist in these investigations.
Both the amount of infected samples and weight of formed tumors significantly
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Fig. 3. The effect of bacterial culture and cell-free supernatant
of Lactobacillus plantarum ONU 991 on tumor formation caused
by R. radiobacter C58 in plants K. daigremontiana

decreased in all variants of the treatments (Fig. 2, Fig. 4, Fig. 5).
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Fig. 4. The percentage of tumor tissue weight in the variants of treatment
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It is possible to hypothesize that the inhibiting activity of CFS with pH 6.5 is
probably caused by the effect of bacteriocins or other antagonistic compounds which

should be revealed during the further investigations.
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Fig. 5. Tumors formed on K. daigremontiana leaves after the inoculations
with R. radiobacter C58 and different variants of the treatments

with cultures of lactobacilli and their CFS

The obtained data show that the injections of bacteria of L. plantarum ONU 87 and
ONU 206 strains both with pH 4.1-4.3 and pH 6.5 did not differ significantly by the
effect of action (Fig. 1, Fig. 2). Thus, in the case of the tested strains the
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antagonism is ensured by the presence of bacteria in plant tissues which actively inhibit
the phytopathogen action not depending on the primary pH of the injected cultural
liquid.

To check out if the low pH of the cultures of lactic acid bacteria and their CFS is
the main factor of antagonism, the tests for the effect of SDW with the pH typical for the
overnight cultures of L. plantarum in 'vitro and in vivo have been carried out. There were
no zones of growth inhibition on the lawns of R. radiobacter C58. As it is known [10],
rhizobia can grow in a wide range of pH including pH 4.0. Thus, only the low pH of the
cultures of lactobacilli cannot explain their inhibition effect on tumor formation.

Necroses on kalanchoe leaves formed as the result of separated injections of
lactobacilli, their metabolites and SDW with the same low pH were also different (Fig.
6).

Control - L.p. ONU 87, CFS L.p. ONU 87, L.p. ONU 206,
R.r. C38, pH 6,5 pH 4.2 pH 6.5 pH 6.5

SDW, SDW, SDW, SDW,
pH 4.1 pH 4.2 pH 4.3 pH 4.5

Fig. 6. Necroses formed as the results of injections of bacteria, their metabolites
and sterile distillated water with low pH into the kalanchoe leaves

SDW with the low pH caused only the slight necroses spots. Opposite, the
injections of the cultures of lactobacilli and their CFS both with low and neutral pH
caused the vast zones of necroses. This makes possible to hypothesize that the injection
of lactobacilli or their metabolites results in a hypersensitivity reaction which probably
leads to inhibition of tumor formation. The fermentative activity of lactobacilli towards
wounded plant tissues [3] with the same probability could result in some damages.

Thus, the studied lactic acid bacteria of L. plantarum strains differ in the level of
inhibition of tumor formation caused by R. radiobacter in the experiments in vivo on K.
daigremontiana plants. Strain L. plantarum 206 was the best antagonist. Bacteria of this
strain significantly decreased both the amount of infected samples
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and weight of formed tumors. It was hypothesized that the inhibiting activity of
metabolites from the cultural liquid of lactobacteria is explained not only with the action
of organic acids, but also with the action of bacteriocins or other products of metabolism
which will be the subject of further investigation.
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BIITUB LACTOBACILLUS PLANTARUM HA YTBOPEHHA I1YXJIHH, CIPHYHHEHHUX

RHIZOBIUM RADIOBACTER

Pedepar

Metorw Oocrioscenns 0yio eusuenHs enaugy oOaxmepii Lactobacillus plantarum ma ix
Memaboaimie Ha ymeopenns nyxaun y pocaur Kalanchoe daigremontiana Mill, 3a inoxynayii
30yoHuKamu daxmepianvrozo paxy Rhizobium radiobacter. Metonu. Jlucms mecm-pociut
iHokynroganu Kynemypamu 6axmepiti R. radiobacter C58 ma mpvox wmamie Lactobacillus
plantarum abo ix nadocadosumu piounamu (HOP) 3 euxionum Huzvkum 3naueHHam pH
(4,1—4,3) ma 3 netmpanizosanum pH (6,5) y cniggionowenni 1:1. Yepez 45 oOuig
8paxo8y6anu KilbKiCmb 3paA3Kig, y AKUX YMGOPUNUCA NYXAUHU, MACY NYXTUHHUX TMKAHUH I
giomivanu ymeopenns Hexkposig. PesynbraTm. [loxasano, w0 wna ymeopewHs NYXIuH
Jaakmobayuny ma ix Ha00caoosi PiOuHU GNIUBANU NO-PIZHOMY 8 3ANeHCHOCI 6i0 apianma
00pooKu. [neibysanvny axmuenicmv )y GUNAOKY YCiX mpbox 0ocniodxcenux wmamie L.
plantarum nposisuna HOP 3 euxionum pH (4,1—4,3). Jlakmobayunu, eé8edeni y pociuHHi
MKAHUHU  OOHOYACHO i3 NAMO2EHOM, 3MEHWYBANU KINbKICMb 3DA3Kie 13 cumnmomamu
bakmepianbHO20 PaKy sK Y 6UNAOKY HU3bK020 8UXiOH020 pH kynemypanvhoi piounu (wmam
L. plantarum OHY 87 smenwiysas na 86%, wmam L. plantarum OHY 206-na 95%,), mak i y
6unaoxy Heumpanizoganozo pH xynemypanvnoi piounu (wmam L. plantarum OHY 87
smenwyeas Ha 75%, wmam L. plantarum OHY 206-na 94%). Baxmepii wumamy L. plantarum
OHY 991 ne npossnanu inzioyeanvhoi akmu@Hocmi y GURAOKY 0OpOOKU Kyibmypamu
JaKmMobayui, a maKodlc Heumpaniz08aHow HA00cad0eow piouxow. B moil dce uac 00606i
KyAbmypu ycix wmamié in vitro @uAGUIU YIMKY AHMASOHICIUYHY akmueHicmbv. Beedenms
Kynbmyp aaxmobayun ma ix Haoocaoosux piouH 5K 3 HU3LKUM, MAK i3 netimpanoHum pH,
Nnpu3eooUIO0 00 NOWUPEHUX 30H HEKpo3y V NOPIGHAHHI 3 maxumu 3a iH 'ekyitl mKaHum
CMepunbHOI0  OUCMUILOBAHOIO 600010 3 MAKUMU camumu 3suauennamu pH. BucHOBOK.
Monounokucai b6akmepii wmamie L. plantarum eiopisuaromvca 3a pienem NpucHiYeHHs
NYXIUHOYmMeopenHs, cnpuduneno2o R. radiobacter. [lImam L. plantarum OHY 206 euseuecs
HAUKpawumM aHMAazoHIiCMoM y OaHux eunpobysanuax: 3a ycima eapianmamu 06pobox
ICMOMHO .3MEHULYBANUCH AK KLTbKICMb THQIKOBAHUX 3DpA3KI6, MAK i MACA YMBOPEHUX NYXTIUH.
Ineibysanvra akmugricmes npooOyKmie memadonizmy, wo MiCmamscs 6 KyibmypanbHil piouHi
Jnakmobaxmepiil, UMOBIpHO, 00YMOGIeHA OI€l0 He Nuuie OPeaHIYHUX KUCIOM, a MAaAKO#C
baxmepioyunie abo iHwux npooyKmie Memabonizmy.

Knwuoei cnosea: Rhizobium radiobacter, Lactobacillus plantarum, npucnivenns
NYXIUHOYMEopeHHs, bakmepianvruipax, Kalanchoe daigremontiana.
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BJIUSAHUE LACTOBACILLUS PLANTARUM HA OBPA3OBAHME ONYXOJIEM,
BbI3BAHHBIX RHIZOBIUMRADIOBACTER

Pedepar

Hennio uccredosanusn 6vino uszyyenue erusnua 6axkmepuii Lactobacillus plantarum u ux
Memaboaumos Ha obpazosarue onyxoneu y pacmenuti Kalanchoe daigremontiana Mill, npu
UHOKYIAYUU  8030yOoumensimu  6axkmepuanvhozoparnRhizobium  radiobacter. MeTtoabl.
Jlucmes mecm-pacmenuti uHoxyaupoganu Kymemypamu R. radiobacter C58 u mpex
wmammos Lactobacillus plantarum wnu ux naoocadounvimu scuokocmamu (HOXK) xak ¢
nepeuyHbiMU HUsKUMUY 3Havenuamu pH (4,1—4,3), max u ¢ Hetimpanuzosannvimu pH (6,5) 6
coommnowenuu 1:1. Yepez 45 Oueil yuumevisanu xonuuecmso oopasyos ¢ Onyxousamu, maccy
onyxoneevlx mKawel u ommeyanu obpasosanue nekposos. Pesynbrarel Ilokazano, umo na
obpasosanue onyxoneti 1AKMOOAYUILIbL U UX HAOOCAOOUHbIE HCUOKOCIU GIUALU NO-PASHOMY
6 3asucumocmu om eapuanma obpabomku. Huzubupyiowyio akmugnocms @ ciyiae 6cex
mpex uccnedogannvix wmammos L. plantarum npoasuna HOX ¢ nepsuunvim pH (4,1-4,3).
Jlakmobayunavl, 66edennvie 6 pacmumenvhble MKAHU OOHOBPEMEHHO C NaAmMO2eHOM,
YMeHbUAny KOoIu4ecmeo 00pazyo8 ¢ CUMNMOMAamu 6aKmepuansHo20 paxka Kak 6 ciyyae
HU3k020 nepeuunozo pH kynemypanenou owcuokocmu (wmamm L. plantarum OHY
87ymenvwan na 86%, wmamm L. plantarum OHY 206 - na 95%), max u ¢ ciyuae
Hetimpanuzoeanno2o pH xynemypanvnotl scuoxkocmu (wmamm L. plantarum OHY 87
ymenvwan wa 75%, wmamm L. plantarum OHY 206- na 94%). Baxmepuu wmamma L.
plantarum OHY 991 ne nposgnisnu uneubupyiowei akmueHocmu & ciyuae 006pabomku
KyIbmypamu. 1aKmooayuin, a maxice Heumpanu308anHoli Ha0ocadoyHou iHcuokocmoio. B
Mo dice camoe 8pems CymoyHvle Kyibmypbl 6cex WmamMMos in Vitro bisAguIU YemKyio aHma-
2OHUCMUYECKYI0 aKmueHocmbv. Beedenue kynemyp naxmobayunn u ux HAOOCAOOYHBIX
JrcuoKocmell Kak ¢ HU3KuM, max u c¢ ueumpanvheim pH, npusoouno x obuiupneim 30nam
HeKpo3a No CPABHEHWI0 ¢ MAaKuMu 6 ClAyuyde UHBeKYyuil MmKaHell CMepunbHOl
OUCTNUATUPOBAHHON 8000t ¢ makumu dice 3uavenusmu pH. BeiBop. Monounoxucivie
baxmepuu wmammos L. plantarum omauuaiomess no ypoeHlo yeHemeHus Onyxo.eo-
bpazosanus, evizeannozo R. radiobacter. [lImamm L. plantarum OHY 206 eviagunca pyuwum
anmazoHUCMoM 8 OAHHBIX UCNLIMAHUAX: 60 B8CeX 8apuanmax oopabomox cywecmeeHHo
YMEeHbUANUCL KAK KOAUYeCmEo UHGUYUPOBAHHBIX 00pasyos, max u macca 06pazo8amHbIx
onyxoneti. Hneubupyowas axmueHocms NPOOYKMOE MemadoausmMa, CcoO0epHCauuxcs 6
KVIbMYPAIbHOU  HCUOKOCTU  TAKMOOaKmeputl, 6eposimuo, 00ycilosieHa oOelicmeuem He
MONbLKO  Op2aHU4ecKux KUciom, d makdce OaKmepuoyuHos unu Opyeux npooyKmos
Memabonuzma.

Kn wouesvie cnosa: Rhizobium radiobacter, Lactobacillus plantarum, yenemenue
onyxoneobpazosarnus, bakmepuanvhvlipax, Kalanchoe daigremontiana.
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