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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 plantaram bacreria
and their merabolites on tumor formarion in Kelanchoe daigremontiana Mill plants
experimentally inoculated with crown gall agents Rhizobium radiobacrer. Methods,
Leaves of test plants weve inoculated with the culiures of bacteria R. radiobacrer
C38 and three Lactobacillus plantarum strains or their cell-free supernatants (CFS)
with primary fow pff {d. 1—4.3) and with newtrafized pH (6.5) in a ratio 1. After 45
days amount of samples with tumors and weight of tumor tissues were evaluated, and
Jormation af necroses were checked our. Results. Lactobacilli and their supernatants
effected tumor formation differently depending on the variant of treaoment. Inhibiting
activity im a case of all three investigated L. plantarum strains was exhibited by CFS
with primary pH id. 1-4.3). Lactobacilli infected in plant tivsues simultaneously with
the pathogen decreased the amount of crown galled samples both in a case of low
initiad pH of cudiwral liguid (stvain L. planiarum ONU 87 decreased in 86%, strain
L. plantarum ONU 206 — in 95%), and in a case of newtralized pH of cultural liguid
(strain L. plantarum ONU 87 decreased in 73%, strain L. plantarum ONU 206 —
decreased in 94%), Bacteria of the stvain L. plantarum ONU 991 didn ¥ exhibit the
inhibiting activity in cases of the treatments with cultures of lactobacitli and with
the nentralized supernatant. Af the same time, the overnight cultures of all strains
showed clear antagonistic activity v vitro. Injecting the cultures of lactobacilli and
their supernatants bovk with low and newtral pH resulted in wide zones of necrosis
comparing fo that obtained after the infection of tissnes with stertle distillated warer
with the same pH. Conclusion. Lactic acid bacteria L. plantarum differ in the level
of imhibition of tumor formation coused by R, radiobacter: Strain L. plantarum 206
was the best antagonist in these investigations: both the amount of infected samples
and weight of formed twmors significantly decreased in all variants of the treatments,
Inhibiting aetivity of metaholites from the cultural liguid of lactobacteria probably
is explaimed not only with the action of oreanic acids, bt also with the action of
bacteriocing and other products of metabolism.

Kev words: Rhizobium radiobacter, Lactobacillus plantarum, inhibition of tumor
SJormation, crown gall, Kalonchoe daigremontiana.
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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-
lagonistic 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]. Tt is known that certain strains of lactobacilli
and bacterial mixes containing lactobacilli can inhibit Ralstonia solanacearum [12],
Xanthomonas campestris [5; 17], Colletotrichum gloeasporioides | 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-
rim 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 1.1. Mechnykov
University L. plantarum ONU 87, L. plantaruem 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 liguid 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, radiohacter C38 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 ul 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 overmight 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 810 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 vive were carried out both with the primary low pH
4.1-4.3 and with the neutral pH.

Further investigations in vive have shown that the simultaneous injections of
cultures of lactobacilli and their metabolites and inoculation of K. daigremantiana
with the phvtopathogen R, radiobacter C38 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 Lactobacilfus 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. 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 Lacrebacilfus plantarum ONU 206 on tumor formation caused
by K. radiobacter CS8 in plants K. daigremonriana

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-
tions. 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 9291 on tumor formation caosed

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 plantarem ONU 206

comparing to the control
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It 1s 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, deigremontiona leaves after the inoculations
with B, radiohacter C58 and dilferent 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 liguid.

To check out if the low pH of the cultures of lactic acid bacteria and their CFS
is the main factor ol antagonism, the tests for the effect of SDW with the pH typical
for the overnight cultures of L. planiarum in vitro and in vivo have been carried out.
There were no zones of growth inhibition on the lawns of B. 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 - Lp. ONU 87, CFS L.p. ONU 87, L.p. ONU 206,
R.r. C58, pH 6.5 pH 4,2 pH 6.5 H 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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BILVIUB LACTOBACILLUS PLANTARUM
HA ¥TBOPEHHA ITYXJIMH, CIIPHMHHEHHX RHIZOBIUM
RADIOBACTER

Pedepar
MeTow docridyeenis Gy auaveing ety Garmepil Lactobacillus plamiarm ma

Ix aematorinie a ymeapenia mecann  pocann Kalanchoe daigremontiona Mill 2a
oAl Atvauukan Barnrepiatsnecn pary Riiizobiun radiohacter Metonn, JTucma
FECH-POCTUR RoTosar Kiasnivpany Gasmepit R, radiobacter T8 ma mpbox
sirmania Lactebacillus plantarum afio ix sadocadosuwn pidunavu (HOP) 3 euxiduns
ieabicin 2avieiian pH (4,14, 3) ma 3 wedimpanizoearan pH (6.5) v eniaeidnouenni
Pl Hepes 45 duia apoccosyaanit RITLKICHD 203808, 1V AKIT VIRGOPRTICE HVNTHNL, WAy
FOVCTUNHLIY Rann | sl iia T VIEopennE HERDORIa, Pﬂ}’ﬂhTﬂTl'l. Harazaro, fer
R VIR VTN FARmOOaieti sa i adocadosi pioliie @iINeaa mo-piaioay
& Faredchocmi il sapianma obpobry, Tneifvaateny axmuenicnts V' aunadry veix
miphax doctidyeeniy wimaia L. plantarum nposswaa HOP 2 wcidues pH (414,30
Hakmotiayiet, eaedeni ¥ pocTunil MEaHI odRoNacho 12 RAMoserod, IHeriuyeai
Ritbpicns apaekie 13 cmmonauil Sarmepiaibioss Pary A8 ) aunadic) Hiihkoso
adxiduozo pH wessmivpaasiod picas fwmas Lo plamiarion OHY 87 sweniivaas ke
86%, wmav L, plantarum OHY 206 — pa 93%), mak |y sunadsy seiimpaiizosaros
pH eviemypaaniol pidunn (wema L plantarum OHY 87 2uenayaaa na 73%, wiman
L. plantarum OHY 206 — na 94%), Bagmepil womany L. plamtarum OHY 901 e npo-
Ay (i abiol akmisnocmi ) auiadky ofpofficy Kyasmypain saxmofayten, o
PR Hempaniovanok adocadosor pidunoie. B mod sce uae doflos] Kb
VDX LR 0 VIO SUAGIUTN WIMEY aRmasoniciiy aempakicnts, Beedenus kon-
FHV RARMODae ma I kadocadosie pidii 8K 2 Hushki, mak {7 etmpaibiis pH,
spreesaodilnG e ROWFREHIX 200 RERPOTY 1 HOPTEREHAT 7 e s i exyii muant
CHICEHUTBN O HRCL a0 GO0k 3 Marin cautit shavenson pH. Buenoso.
Meavouwnoweesd Baxmepil wemanis L. plantarum cidpisifiomeei 38 piaken Bpucineing
myxaaymeopenia, capusunenozo R, radiobacter. manw L plantavem OV 206
FHLARNACA RATKPAMA SN a2ONICON ¥ Oy AUrprofiVaanrse: wa veiia sapiarian
TR ORI PMERL AL S RE RDRICI b INghikoraniee 3paceis, mak | iacd Vieo-
pentey nyeann. fueifivaainia armueiions nprodvEmie wemabioriang, wo wicmambaes
# KVl piduel rarmaotagmepitl, Dwosipuo, offmoctena dick ne auie
OPARIMHIY KUECIOM, & Makam Tarmepioytnis abo Tnuix npodvemis Menafioizmy.

Kawvwowni crosa! Rhizobium radiobacter, Lactobacillus planiarum, npuenivenns
myxaEaVmeapenna, Gaemepicoannut par, Kalanchoe daigremontiana
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BJIUAHHE LACTOBACILLUS PLANTARUM HA OBPA3OBAHHE
ONYXOJIEH, BBI3BAHHBIX RHIZOBIUM RADIOBACTER

Pedepar
Heaww ucoredoaanun Guio uzyvenne ennanud Gaxmepudd Lociobacillus plantarum u

wr Memadonumos na ofpaseaarue oryxanel v pacmenut Kalanchoe doaigremontiona
M npee wsoscpasyun eozdydumersan Oaxmepuaibroco poxa Riizobivm radiobacrer.
Merouw. Jucmbs mecm-pacmenuld unokyinposaty cysmypavn £, radiobacter C38
w mpex wmawaos Lactobacilfus plantarum g uy wadocadayssiun mewdsocmany
FHOHEC) kar ¢ neprasrem wuzsian zaseniavn pfd (4,0-4.3) mar w o wedimpai-
aosarnmm i (6.5) & coomuowesen 121, Yepes 45 duet yaumaraann gonusecmen
GRPATOS © GRVXOTEAME, MACCY ORVYOTEENY MEGHel i onvesain eipaioeanie ne-
kpazos, Pesynerare. fovazano, wmo wg ofipazosgiue onyeoteld Takmofou i 1w
HADPCAOMYHEIE WCUHORDCITE BTRATH 0= IHOMY 6 2AEUCHMOCIET O BOPUGHMG OO
Gomtke, HuzuGupyviouio akaisiocits 8 CIIe cex MPex wecledoaaibly iimaiLos
L. plantarum npogewta HORK ¢ nepewenniae pfd (4, 14,30, dagmobampens, eeedeiiime
& PACHNMEIDHE MATHE OOHOSPEMENIT C IAMOSENOM, VMERBINLIN KOTHYECHTG0 0h-
PARNOS © CUMPMOMEMY GaRmepuatbion Parka Kak & COMAe HIEKOZ0 NePaltHozo
PH gyremypatsnoi soudicocmy (wmaww L plantarum OHY 87 yuenwbsian wa 86%,
wmtann L, plantarum OHY 206 — wa 93%), marx 1 @ ciyiae Heimpaiuzoadiioa
pH gyvasmypatshol soudiocms (wmavs L, plantarem OHY 87 yvennuan wa 73%,
seravnr L plavtaram QOHY 206 — ug 94%). Bakmepun umanwsa L. plantaram OHY
99 we npagataan wHANOUPVIONEN GRIMIAHOCITE 8 CTVYGE o0paOemiy KTyt
AARMOGAUILLY, @ MARNCE HemPanuosaiiol taoacadodiolt xeudrocmare, 5 mo e
COMME G CVIMOYIBIE KVABMVPS GCEX LITEMMOE IR VIR0 shRanie Semiyio aHind-
COHNCTHNYECK VR dKILGHOC ., ESMEHHE‘ Kby ;mmnf}ﬁauuu I dex Hﬂr’mﬂﬂ'ﬁﬂil‘
MoudRoCmel KAy © RUEKHAM, Mak § ¢ metimpatsiny pll, npucoduire & ofuiprsia
FAHOAM HERZG RO CPAOEHERNKY ¢ MAQKEMR 6 Cryyae J:.I'HT:E’A'HLI'I? HIM:’!HFI: EFII(?‘_.!HLTMHH.I
ducmLIRposanEen godol o maxiwis ee swavenuawy plf. Brison. Woiounosucime
561!.']'!‘!5.‘]’?“1{ LR LA (NS £ pi‘aumrum G TUSANNCE RO VINEHK VeHEMENWA onyxaiea-
Gparacanua, eszeanroce R radiobacter, Wmaww L. plantavum OHY 2006 ewacircs
JVHIIM QHMAQSOHNCHIM G NI UCHBIIENIAX. 60 608X aafiaimax {Jﬁpﬂﬁ{]fﬂﬂh‘
CYVECIGEHHG VHERBINATUCH KOK KOIHYECHT G0 HHifJH!'HﬁD{!‘ﬂHHMI ﬂﬁp&"ﬁ{r’]‘{i‘, MO o
MACCH oOPaEeRaREy arvxatel. Hreniupmiowas armugnocib ipodVkmos Memaio-
UM, COMEPHCAUNNCR & KYThIVPEIbNOE RCUOROCHU FarmotaKmepun, sepoRmng,
Lﬁl-'-ﬁ'.'!(]rl'!é]‘fﬂ' delicmauem He HThRO QP AHEYECKUX KUCTOM, d Makwe ﬁm:me*puﬂuuumz
LT APVSlX NPedvEIIGS MEMaioauzmg,

Kawweawe caoaa: Rhizebitum radiobacter, Lactobacillus plantarum, venemenie
arVEaIecapazosaiuR, Garmepudarsieni pax, Kalanchoe daigremontiana.
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