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EFFECT OF LACTOBACILLUS PLANTARUM ON TUMOR
FORMATION CAUSED BY RHIZOBIUM RADIOBACTER

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 of formed 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.
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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 an-
tagonistic 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 1.292 [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 nomen-
clature 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 planta-
rum 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 um (Millipore Millex-GS, Merck
Millipore). The effect of supernatants of lactobacilli with primary low and neutral-
ized 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 As-
sociate 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 pl of overnight rhizobial cultures and tested liquids (overnight
cultures of lactobacilli and their supernatants with primary low and neutral pH) in
aratio 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 forma-
tion, 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 (pH 4.1-4.3). 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 CS8 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. plan-
tarum 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 investiga-
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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
with the culture and supernatant of Lactobacillus plantarum ONU 206

comparing to the control
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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.

Control - L.p. ONU 87 pH 4,2; L.p. ONU 87 pH 6,5; CFS L.p. ONU 87
R.r. C58, pH 6,5 R.r. C58 R.r. C58 pH 4,2; R.r. C58
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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. C58, 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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BIIJIUB LACTOBACILLUS PLANTARUM
HA YTBOPEHHA IIYXJIMH, CIPUMUHEHUX RHIZOBIUM
RADIOBACTER

Pedepar

MeTtoro docridoicenns 6yno susuenns eniugy bakmepit Lactobacillus plantarum ma
ix memabonimis na ymeopenns nyxaun y pociur Kalanchoe daigremontiana Mill. 3a
IHOKYISIYIL 30y OHUKamu bakmepianvro2o paxy Rhizobium radiobacter. Metonn. Jlucms
mecm-pociun iHoKymosanu Kyiemypamu 6axkmepiti R. radiobacter C58 ma mpvox
wmamie Lactobacillus plantarum abo ix nadocadosumu piounamu (HOP) 3 éuxionum
Huzbkum 3navennsam pH (4,1-4,3) ma 3 nelimpanizosanum pH (6,5) y cniggionowenni
1:1. Yepe3 45 0nis epaxosyeanu KinbKiCmb 3pa3Kis, y AKUX YIMEOPUNUCA NYXTUHU, MACY
NYXTUHHUX MKAHUH I 8iOMIYaiu ymeopenns Hexposis. Pesyavraru. [loxazano, wjo
Ha YMEOPEeHHs NYXAUH NTaKMoOayuIyu ma ix Haoocaoosi piounu 8NAUEAIU NO-PIZHOMY
6 3anedxcnocmi 6i0 eapianma 0Opobru. IHeibysanrbHy akmueHicmes y 6UNAOKY YCiX
mpvox docnioxcenux wmamis L. plantarum npossuna HOP 3 suxionum pH (4,1-4,3).
Jlakmobayunu, 86edeni y pociunHi MKaHUHU 0OHOYACHO 13 NAMO2EHOM, 3MEHULY8AIU
KIMbKICMb 3pA3Ki6 i3 CUMRIMOMAMU 6AKMeEPIiaibHo20 PaKy sAK V UNAOKY HU3LKO2O
suxionoeo pH xynomypanvnoi piounu (wmam L. plantarum OHY 87 smenuysas na
86%, wmam L. plantarum OHY 206 — na 95%), max i y eunaoky neiimpanizo8ano2o
PpH xynomypanvnoi piounu (wmam L. plantarum OHY 87 smenwyeas na 75%, wmam
L. plantarum OHY 206 — na 94%). baxmepii wmamy L. plantarum OHY 991 ne npo-
AGNANU THEIOY8ANLHOT AKMUBHOCMI Y UNAOKY 0OPOOKU KYIbMYpaMu 1aKmooayui, a
MAKOHC HEUMPANI308aHOI0 HA0OCA0B8010 PIOUHOI0. B moil sice wac 006086i Ky1bmypu
YCIX wWmamie in vitro 8us8uIU 4imKy aHma2oHicmudHy akmueHicms. Beedenus Kyiv-
myp 1akmodayui ma ix Ha00CcadoBuUX PIOUH K 3 HU3bKUM, MAaK i3 Heumpaivhum pH,
npU3800UI0 00 NOUUPEHUX 30H HEKPO3Y  NOPIGHAHHI 3 MAKUMU 34 iH €KYill MKAHUH
CMepuIbHOW0 OUCIMUTLOBAHOIO 800010 3 MAKUMU camumu 3Havenuamu pH. BUCHOBOK.
Monounokucni baxmepii wumamis L. plantarum 6iopiznsiiomscsi 3a pigHem NPuSHiueHHst
nyxaunoymeopents, cnpudunenoeo R. radiobacter. [llmam L. plantarum OHY 206
BUABUBCSA HAUKPAWUM AHMASOHICTNOM Y OGHUX 8UNPOOYBAHHAX: 3d YCIMA 8apianmamu
00pPO6OK ICMOMHO 3MEHULYBAIUCD SIK KUIbKICMb IH(IKOBAHUX 3pA3KI6, MAK | MACA YMeE0-
peHux nyxaut. Ineioysanvna akmueHicmes nPoOYKmMie Memadonizmy, uo Micmsmocs
6 KYIbmypaibHill piOuni iaxmobaxmepii, UMO8IpHO, 00yMo6ieHa Jicio He auwe
OP2AHIYHUX KUCLOM, A MAKONC 6AKMePioyunie abo iHuux npooyKmie Memaoouizmy.

Knwouwosi crnoea: Rhizobium radiobacter, Lactobacillus plantarum, npueniuenns
nyxaunoymeopenns, bakmepianonuil pak, Kalanchoe daigremontiana.
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BJIUAHUE LACTOBACILLUS PLANTARUM HA OBPA3OBAHUE
OITYXOJIEHX, BBI3BBAHHBIX RHIZOBIUM RADIOBACTER

Pedepar

Heasto uccreoosanus oviio usyuerue eauanusa 6akmepui Lactobacillus plantarum u
ux memaboaumos Ha obpazosarue onyxonetl y pacmenuti Kalanchoe daigremontiana
Mill. npu unokynayuu 6o36youmenamu baxmepuaivrHozo paxka Rhizobium radiobacter.
MeTtonabl. Jlucmosa mecm-pacmenutl UHOKyIuposanu Kyiomypamu R. radiobacter C58
u mpex wmammos Lactobacillus plantarum unu ux Ha00CaoOUHbIMU HCUOKOCHIAMU
(HOJK) kax c nepsuunvimu Huskumu 3naverusmu pH (4,1-4,3), max u ¢ neimpanu-
s06annvimu pH (6,5) 6 coomnowenuu 1:1. Yepes 45 owueii yuumsisanu Konuuecmeo
00pa3yo8 ¢ ONYXONAMU, MACCY ONYXONEBbIX MKAHel U ommeyaru obpazoeanue He-
Kposos. PeynwTarsl. [lokazano, umo na obpazosanue onyxoneu 1akmooayuinbl u ux
HA00CcadoyHble HCUOKOCU GIUANU NO-PASHOMY 8 3AGUCUMOCTNU OM 8apuanma oopa-
bomku. Mneubupyowyio akmugHocme 6 ciyuae 6cex mpex ucCie008aHHbIX WMamMMOo8
L. plantarum nposasunra HOXK c nepsuunvim pH (4,1-4,3). Jlakmobayuinvl, 66edeHHble
8 pacmumensvHble MKaHU 00HOBPEMEHHO C NAMOSEHOM, YMEHbUAIU KOTULEeCME0 00-
pasyos ¢ cumnmomamu OAKmepuaibHo20 paka Kaxk 6 ciyude HU3K020 NepeUuiHo2o
PpH xynomypanvnou scuokocmu (wmamm L. plantarum OHY 87 ymenvwan na 86%,
wmamm L. plantarum OHY 206 — na 95%), max u 6 ciyyae nHeumpanuzo8anno2o
PpH xynomypanvnou scuokocmu (wmamm L. plantarum OHY 87 ymenvwan na 75%,
wmamm L. plantarum OHY 206 — na 94%). baxmepuu wmamma L. plantarum OHY
991 ne npossanu uneubUpyIOwel aKkmueHoCmuy 6 ciyuae 06pabomKu Kyibmypamu
JAKMOOAYUINL, a MAKHce HeUMpPAIU308aHHOU HAOOCAOOUHOU HCUOKOCIBIO. B mo dce
camoe 8pems CymouHwle KyIbmypbl 6ceX WmMamMOo8 in Vitro 8bIsAGUIU YemKYI0 aHmd-
2OHUCTUYECKYIO aKMUGHOCMb. Beedenue Kynomyp 1akmooayuin u ux HadocadouHbIx
JcUOKOCmell KaK ¢ HU3KUM, maxk u ¢ HeumpanioHeim pH, npusoouno x obuupHuim
30HAM HEKpO3a N0 CPAGHEHUIO C MAKUMU 6 Clyyae UHbEeKYUll mKaHel CmepuibHoOll
OUCMUNTUPOBAHHOTU 800011 ¢ maxkumu sce 3Havenuamu pH. BeiBoa. Monounoxucivie
baxmepuu wmammos L. plantarum omauuaromcs no yposHio yeHemeHus: Onyxoneo-
bpazosanus, evizéannozo R. radiobacter. IlImamm L. plantarum OHY 206 evisguics
AYHWUM GHMA2OHUCTOM 8 OAHHBIX UCHLIMAHUAX: 60 8CEX 8APUAHMAX 00PAOOMOK
CYWeCmBenHO YMEHbUUANUCL KAK KOIUYeCmE0 UHPUYUPOBAHHbIX 00pa3yos, max u
Macca 06pazoeannslx onyxoneu. Hneubupylowas akmueHocms npooyKmos memaoo-
JUBMA, COOEPACAWUXCS 8 KYbMYPATLHOU IHCUOKOCIU IAKMOOAKmeputl, 6eposimHo,
00ycnosnena oelicmeuem He moabKo OP2AHUYeCcKUX KUCIOM, a Maxice 6akmepuoyuHog
unu Opyeux npooyKkmos memabonusma.

Knwuesvie cnoesa: Rhizobium radiobacter, Lactobacillus plantarum, yenemernue
onyxoneobpasosanus, baxmepuanvhwlil pak, Kalanchoe daigremontiana.
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