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DETECTION OF PLANTARICIN GENES IN STRAINS
OF LACTOBACILLUS PLANTARUM — ANTAGONISTS
OF PHYTOPATHOGENIC BACTERIA

The aim of investigation was to detect the presence of genes responsible for bacterio-
cin synthesis in strains of Lactobacillus plantarum with the clear antagonistic effect
against the gram-negative phytopathogens. Methods. To reveal eleven genes involved
in plantaricin synthesis the polymerase chain reaction was used. 10 test the ability to
synthesize bacteriocins as antagonistic compounds the experiments with the lawns of
test-strains Listeriaivanovii INRA, Rhizobium radiobacter C58, Ralstonia solanacearum
B-1109-UCM, Erwinia carotovora ZM1, Rhizobium vitis OHY 389, R. vitis OHY 388,
R. vitis 379 and R. rhizogenes 15834 were used. Results. In genomes of the tested
L. plantarum strains the genes plnD, pInEF, pInG, plnl, pInN were present, but the genes
plnd, pnB, pinC, plnW were not revealed. Applying the cultural liquids of lactobacilli on
the lawns of the test-strains has shown that the cell-free cultural liquid with the initially low
pH (4.1-4.3) caused the zones of growth inhibition on the lawns of all test-strains.
The neutralized cell-free cultural liquid did not affect the growth of the test-strains.
Conclusion. Although the tested strains L. plantarum ONU 87, L. plantarum ONU
206 and L. plantarum ONU 991 possessed some genes of plantaricin regulon, in the
investigations in vitro they caused the inhibition of the phytopathogens and listerias
due to the low pH of the cell-free cultural liquids but not due to the synthesis of bacte-
riocins. The combination of the genes of plantaricin regulon of L. plantarum ONU 206
and L. plantarum ONU 991 resembled that in L. plantarum J23 described in literature.
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Lactobacillus plantarum bacteria isolated from plant surfaces and dairy products
are characterized by the clear antagonistic activity against some phytopathogens [4]. The
ability of L. plantarum to inhibit bacteria and fungi is strain-specific [15].

Antagonistic activity of lactobacilli is the result of the effects of organic acids,
hydrogen peroxide, microbial competition and bacteriocin synthesis [14, 16]. Although
the bacteriocin action is described in details only as an effect on gram-positive bacteria,
the cases of inhibition of gram-negative bacteria are also known in literature [12, 13].
This makes lactobacilli especially perspective for plant protection as the majority of
phytopathogens are the gram-negative bacteria.

In our previous investigation, the use of Lactobacillus plantarum ONU 87, Lacto-
bacillus plantarum ONU 206 and Lactobacillus plantarum ONU 991 strains in plant
protection on a model of Kalanchoe daigremontiana Mill. was described. Not only the
supernatants with low pH but also the supernatant of L. plantarum ONU 206 culture
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with pH 6.5 caused the inhibitory effect on tumor formation decreasing the amount of
infected samples in 70.6% [8]. Basing on the results of investigation, it was supposed that
the inhibitory effect of metabolism products from the cultural supernatant of lactobacilli
was caused not only by lactic acid, but also by bacteriocins.

Several types of plantaricin regulons are described in literature [6; 11]. The most
studied is the regulon of L. plantarum C11. The regulatory operon p/nABCD encodes an
inducible peptide-pheromone PInA, a hystidin-kinase PInB and the response regulators
PInC and PInD. The operons p/nEFI and pInJKLR encode two-peptide bacteriocins PInEF
and PInJK and the corresponding immunity proteins. Operon p/nGHSTUVW encodes
the proteins of ABC transport system necessary for the processing and secretion of a
bacteriocin [1; 6; 13].

According to this, the aim of investigation was to detect the presence of genes re-
sponsible for bacteriocin synthesis in strains of Lactobacillus plantarum with the clear
antagonistic effect against the gram-negative phytopathogens Rhizobium radiobacter,
R. vitis, R. rhizogenes, Ralstonia solanacearum, Erwinia carotovora.

Materials and Methods

Strains from the Collection of Microbiology, Virology and Biotechnology Chair of
Odesa National I.I. Mechnykov University — L. plantarum OHY 87, L. plantarum ONU
206, L. plantarum ONU 991 isolated from dairy products, were brought to the assays.

To test lactobacilli on the ability for the synthesis of bacteriocins, the test-strain

Listeria ivanovii INRA was used because listerias are the classical test-objects for the
detection of bacteriocinogenic activity in lactic acid bacteria. The Listeria ivanovii strain
was kindly provided by Dr. Thomas Haertle (INRA, Nantes, France). Phytopathogens
Rhizobium radiobacter C58, Ralstonia solanacearum B-1109-UCM 1 Erwinia carotovora
ZM1 were kindly provided by the Collection of D.K. Zabolotny Institute of Microbiol-
ogy and Virology (Kyiv, Ukraine), Rhizobium vitis ONU 389 and R. vitis OHY 388 — by
the Collection of Microbiology, Virology and Biotechnology Chair of Odesa National
L.I. Mechnykov University, R. vitis 379 and R. rhizogenes 15834 — by the Collection
of Microorganisms of Institute of Agricultural Microbiology, Saint-Petersburg, Russia.

Lactobacilli were cultivated overnight at 37 °C in MRS broth [5]. DNA was isolated
by the kit “DNA sorb” (ZNII Epidemiology, Russia). The presence of p/n locus genes was
detected by the method of polymerase chain reaction (PCR): pinA [6; 10], p/nB, pinC, plnD
[6], pInEF [1; 6], plnl, plnK [6], pInJ [1; 6], plnG, plnN [6] and the structural plantaricin
W gene [1]. Amplification was carried out by the parameters proposed by Ben Omar
et al. (2008) [2]. PCR products were detected by electrophoresis in 1.5% agarose. The
markers of molecular weight pUC19/Mspl (501, 404, 331, 242, 190, 147, 111 b.p.) and
pBR322 DNA/AIuI (908, 659, 521,403, 281, 257 b.p.) were used (Fermentas, Lithuania).

To reveal the antagonistic effect, the overnight cultures of lactobacilli were centri-
fuged and filtered through 0.22 pm Millipore filters. Phytopathogens and listerias were
cultivated overnight at 37 °C in LB broth [3], and after used for the preparing of lawns
and testing by the well-diffusion method. The cell-free supernatants both with the initial
low pH and neutralized with 1 M NaOH were brought to the wells. The zones of growth
inhibition were detected after the overnight cultivation at 37 °C.
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Results and Discussion
The next results of the search for the genes responsible for bacteriocin synthesis in
studied L. plantarum strains isolated from the home-made dairy products, were obtained
(Tab. 1).
Table 1

Presence of the genes involved in plantaricin synthesis in L. plantarum strains
from dairy products

Strain plnA | pInB | pInC | pInD | pInEF | pInG | pinl | pinJ | plnK | pInN | pinW
L. plantarum OHY 87 - - - + + + |+ | + + + -
L. plantarum OHY 206 | - - - + + + + + - + -
L. plantarum OHY 991 | - - - + + + | + - - + -

As the obtained data show, none of the studied strains possess all the tested genes of plan-
taricin regulon. Genes of the recognition system responsible for the synthesis of an inducible
peptide-pheromone PInA, a histidine protein kinase PInB and a response regulator PInC
were absent. Also none of the strains contained the p/nl¥ gene. This gene was described in
literature only for the one strain, and it was found out that this sequence is rare in L. plantarum
[7]. Thus, our obtained data coincide with the data of literature.

All the strains possessed the genes of plantaricin synthesis p/nEF and the gene encod-
ing own immunity against it (p/nl) [13], and that allowed us to suppose that the studied strains
isolated from dairy products could produce the bacteriocin (Fig. 1).

In the strains isolated from dairy products, gene p/nK was revealed only in one strain —
L. plantarum ONU 87, but genes p/nD, pInEF, pinN, plnl were found in all of the three strains
mentioned in the table (Fig. 2).

Lack of genes plnA, pInB, p/nC and pinK, but the presence of p/nD allows to sup-
pose that strains L. plantarum ONU 206 and L. plantarum ONU 991 are similar to the strain
L. plantarum J23described in the literature possessing operon p/NCSIF-NCS8HK-D encoding
an inducible peptide PLNCSIF, a hystidine kinase PLNC8HK and response regulator PInD
instead of the regulatory operon p/nABCD. Besides, this strain lacks the gene p/nK [11].

The presence of genetic sequences indicates the potential ability of L. plantarum
strain to produce plantaricin, but in some cases a strain possessing all necessary genes
does not secrete active bacteriocin in a medium, or its synthesis is non-regulatory [9].
To check the ability to synthesize bacteriocins as antagonistic compounds, tests on the lawns
of indicator-strains were carried out. Applying cultural supernatants of the studied strains of
L. ivanovii INRA, Rhizobium radiobacter C58, Ralstonia solanacearum B-1109-UCM,
Erwinia carotovora ZM1, Rhizobium vitis ONU 389, R. vitis ONU 388, R. vitis 379 and
R. rhizogenes 15834 we found out that only the supernatants with initial low pH (4.1-4.3)
caused zones of growth inhibition on the lawns of all indicator-strains.

Neutralized cultural supernatant did not affect the growth of test-strains. This allowed
us to make a conclusion that inhibition of phytopathogens and listerias was the result of
low pH of cultural supernatants.
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Fig. 1. Electrophoregram of amplification products of PCR with primers to genes pinEF
(amplicon size 428 b.p., M — marker of molecular weight pBR322 DNA/Alul, Fermentas,
Lithuania), plnD (amplicon size 414 b.p., M — marker of molecular weight pUC19/Mspl,
Fermentas, Lithuania), p/nN (amplicon size 146 b.p., M — marker of molecular weight
pUC19/Mspl, Fermentas, Lithuania), plnG (amplicon size 453 b.p., M — marker of
molecular weight pUC19/Mspl, Fermentas, Lithuania) and plnl (amplicon size 450 b.p.,
M — marker of molecular weight pUC19/Mspl, Fermentas, Lithuania), with DNA of the
Lactobacillus plantarum strains: 1 —strain ONU 991; 2 — strain ONU 206; 3 — strain ONU 87.
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Fig. 2. Electrophoregram of amplification products of PCR with primers to gene plnkK
(amplicon size 246 b.p., M — marker of molecular weight pBR322 DNA/Alul, Fermentas,
Lithuania) with DNA of the strains Lactobacillus plantarum (1 —strain ONU 87; 2 — strain
ONU 206; 3 — strain ONU 991); gene p/nJ (amplicon size 475 b.p., M — marker of molecular
weight pBR322 DNA/Alul, Fermentas, Lithuania): 4 —strain ONU 87; 5 — strain ONU 991;

6 — strain ONU 206)
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Thus, the presence of genetic sequences indicates the potential ability of the strain
to synthesize bacteriocins but did not allow to make a preliminary conclusion about the
active production of antagonistic substances into a medium.

Fig. 3. Zones of growth inhibition on R. vitis ONU 388 lawn caused by the supernatants of
L. plantarum ONU 87, ONU 206 and ONU 991 (from left to right)

Although the tested strains L. plantarum ONU 87, L. plantarum ONU 206 and
L. plantarum ONU 991 possessed some genes of plantaricin regulon, in investigations
in vitro they caused the inhibition of the phytopathogens and listerias due to the low pH
of the cell-free cultural liquids but not due to the synthesis of bacteriocins.
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BUSABJIEHHSA I'EHIB IIVTAHTAPUIIUHIB ¥ IITAMIB
LACTOBACILLUS PLANTARUM — AHTAT'OHICTIB
®ITOIMATOTEHHUX BAKTEPIA

Pedepar

Memoto Oocniodcenns 6y10 GUABUMIU HAABHICMb 2eHI8 CUHME3Y OAKMEPIOYUHI8 )
wmamig Lactobacillus plantarum, axi maiome eupasxicenuti aHMA2oHICIMUYHULL BNIUB
npomu epamne2amusHux gimonamozenie. Memoou. /[na eusenenns 00uHaoysamu
2eHi6, 3a0iAHUX Y CUHME3 NAAHMAPUYUHIE, BUKOPUCTOBYBANU NONIMEPAZHY TAHYIO208Y
peakyiro. /[is nepesipku 30amHocmi 0o CuHme3sy 6aKmepioyuHie K aHMAazoHICMUYHUX pedo-
BUH 30IICHIOBA/IU MECMYBAHHA HA 2a30Hax mecm-wmanmis Listeria ivanovii INRA, Rhizobium
radiobacter C58, Ralstonia solanacearum B-1109-UCM, Erwinia carotovora ZM1,
Rhizobium vitis OHY 389, R. vitis OHY 388, R. vitis 379 i R. rhizogenes 15834. Pe-
3yremamu. B cenomax oocnioscenux wmamie L. plantarum oyau 6iocymuimu ceHu
plnA, plnB, plnC, pInW, ane npucymmni cenu plnD, pInEF, pinG, pinl, plnN. Hanecenns kynomy-
PANbHUX PIOUH NAKMODAYUIL HA 2A30HU MECI-WUMAMIG NOKA3AIL0, WO JUlle KYIbmypaibHd
piouna 3 nepgunnum Husbkum pH (4,1-4,3) cnpuuunana 30mu 3ampumKy pocmy Ha
2asonax ycix mecm-wmamie. Helimpanizoeana KynvmypanbHa piouHa He 6n1ueana Ha picm
mecm-uimamis. Bucnoeox. J{ocniosceni wimamu L. plantarum OHY 87, L. plantarum
OHY 206 i L. plantarum OHY 991, xoua i micmunu HU3Ky 2eHi8 NIAHMAapUyuH08020
Pe2VIIOHY, ¥ 00CAI0ax in Vitro CnpuyuHAIY npucHiveHHs imonamoaceHie ma aicmepit
34 paxyHoK HU3bLKUX 3Hawenv pH KynemypanoHoi piounu, a ne 3a paxyHox cunmesy
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baxmepioyunis. 3a cKi1a0oM 2eHie NIaHmMapuyunosull pe2yion wmamie L. plantarum
OHY 206 ma L. plantarum OHY 991 6ys natibnuoicue 0o onucanoeo y iimepanmypi wmmamy
L. plantarum J23.

Knwuoei cnoea: Lactobacillus plantarum, anmaeconicmu, 6axmepioyuru,
¢imonamoeenu.
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BbIABJIEHUE 'EHOB IINTAHTAPUIIUHOB Y HLITAMMOB
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Pedepar

Lenvio uccnedosanus 6bin0 GblAGIEHUE HATUYUAL 2€HO8 CUHME3d OAKMEPUOYUHOB )
wmammos Lactobacillus plantarum, komopule umeiom 8blpadcentbvlii aHmazoHucmuye-
ckutl a¢hghexm npomue epammecamuenvix humonamozenos. Memoowt. /{15 svisignenus
OOUHHAOYAMU 2eHOB8, 300eUCMBOBAHNBIX 8 CUHMe3e NAAHMAPUYUHOB, UCHOIb306ANU
NONUMEPA3HYIO YenHYI0 peakyuio. /s npogepku cnocoonocmu Kk cunmesy baxmepuo-
YUHOB KaK AHMASOHUCTNUYECKUX 8eWeCTNE OCYUeCMEISIU MeCMUPOSAHUE HA 2A30HAX
mecm-wmammog Listeria ivanovii INRA, Rhizobium radiobacter C58, Ralstonia
solanacearum B-1109-UCM, Erwinia carotovora ZM1, Rhizobium vitis OHY 389,
R. vitis OHY 388, R. vitis 379 u R. rhizogenes 15834. Pe3ynomamot. B cenomax uc-
cnedogantvlx wmammos L. plantarum omcymemeosanu eenvl plnA, plnB, plnC, plnW,
HO OvLu 6visignenvl eenvl plnD, pInEF, plnG, plnl, pInN. Hanecenue kynvomypanvhvix
JACUOKOCHIEN TAKMOOAYUILT HA 2A30HbL TNECT-WUMAMMO8 NOKA3AI0, YO MOJbKO KY/b-
MypanbHas Hcuokocms ¢ nepsudnvim Huskum pH (4,1-4,3) npusoouna k nosgnenuio
30H 300€pPIUCKU POCA HA 2A30HAX 6ceX mecm-wumammos. Helimpanuzoeannas Kynio-
MYPAbHASL HCUOKOCTL He GNUSLA HA POCH mecm-umammos. Beteoo. Hcciedosannvie
wmammol L. plantarum OHY 87, L. plantarum OHY 206 u L. plantarum OHY 991,
XOMsL U COOepICcanu psid 2eH08 NAAHMAPUYUHOBO20 Pe2yNIOHd, 8 ONbIMAX IN VItro 6bl-
3bL8ANU YeHEemeHUe pOCma (YUMonamo2eno8 u IUCMepull 3a ciem HU3Kux suadenutl pH
KYI6IYPAbHOU HCUOKOCIU, A He 6 pe3yiibmame cunmesa bakmepuoyunos. Ilo cocmagy
2eH06 nianmapuyurosull pe2yion wmammos L. plantarum OHY 206 u L. plantarum
OHY 991 6b1n Onudice k onucannomy 6 tumepamype wmammy L. plantarum J23.

Knwuesvie cnoea: Lactobacillus plantarum, anmaeonucmol, dbaxmepuoyuHol,
Gumonamozerul.
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