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Rezumat
A fost demonstrat, că preparatul antibiotic de natură aromatică 1-oxyphenazine, produs
de Pseudomonas aureofaciens KMBU phz 127/1, induce rezistenţă  sistemică de tip ISR
şi assigură reducerea infectării  legumelor pentru frunze cu Botrytis cinerea în proporţie
de  46.9–56.7 %.
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Introduction
At present, the creation of effi cient and safe biological preparations for plant

protection against crop diseases during cultivation is one of the urgent bioengineering
tasks. The need for maximum replacement of chemical preparations with biological
ones does not admit a doubt and is driven by a number of ecological and economical
factors [5]. Moreover , the use of chemicals for growing crops in greenhouse has been
prohibited or restricted in a number of countries. For example, in the Republic of
Belarus, the indoor application of pesticides and agricultural chemicals is allowed only
in exceptional cases of pest mass reproduction [2].

One of the crop types grown under cover all year round is leafy vegetables. Among
leafy vegetables, wood-lettuce, spinach and basil take the lead in the production volume
of green vegetables. The signifi cance of these cultures is stipulated by high productivity,
early maturation, valuable gustatory and nutritional properties.

Upon indoor growing of vegetables, the ground and construction contamination
appears to be very high by the end of annual rotation. Before starting new rotation, the
soil replacement or disinfection is required. As the soil gets cold, the fungi grow out
from lower horizons into upper ones (disinfected). During 1.5–2 months, the steamed
soil remains phytotoxic that is manifested by dyewood of plants [3].

The use of plant systemic phytopathogen resistance inducers (so called elicitors)
is a new milestone in development of the ecologically safe complex protection of
plants from various diseases. The plants treated with the inducing agents at the early
development stages activate multiple defence responses expressed in formation of
chemical and physical barriers on the way of pathogen penetration and development.
Thus, the plants gain the induced systemic resistance (ISR) to biotic and abiotic factors.
At the same time, the determinants synthesized by bacteria and conditioning the launch
of cascade of defence reactions are not adequately investigated. Data described in
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modern literature were generally related to lipopolyssacharides and some siderophores
[8, 9, 13]. Mechanisms of the systemic resistance induction triggered by non-pathogenic
bacteria known as ISR (induced systemic resistance) are more prospective practically.

This paper deals with induction of resistance to grey rot causal agent in leafy
vegetables using phenazine antibiotics synthesized by rhizosphere bacteriaPseudomonas
aureofaciens KMBU phz 127/11.

Materials (objects) and methods of research
We used the seeds of  leafy vegetables: leaf lettuce Grand Rapids (Lactuca sativa

L.), spinach Matador (Spinacia oleracea), rucola Rococo (Eruca sativa) and basil
Genova (Ocimum basilicum).

Culture of P. aureofaciens KMBU phz 127/11 was incubated in 250 ml Erlenmeyer
bottle containing the medium composed of Difco peptone (2 %), NaCl (0.5 %), KNO

3

(0.1 %), fructose (2 %). Bacteria were cultivated at 28ºC in the dark with aeration for
48 hours. Phenazine antibiotics were extracted according to the scheme suggested by
M. Levitch and E. Stadtman [10].

Phenazine compounds were identifi ed using liquid chromatography with mass-
spectrometer detector LCMS-QP8000α (Shimadzu, Japan). 20 μl sample portion was
applied on reversed-phase column Restec Allure C18 (150×4.6 mm; 5 μm). Elution
was carried out at 0.5 ml/min and at 40°С using mobile phase containing acetonitrile
and 0.1 % acetic acid. Mass spectrometric analysis were carried out using electrospray-
interface adjusted to positive ionization. Upon analysis, electrospray capillary voltage
was 4.5 kV. Flow rate of nitrogen used as spraying gas was 4.5 l/min. Recording was
made in scanned mode of registration of ions with mass/charge ratio in the range of
150–270.

Elicitor activity of bacterial metabolites was analyzed in model system of artifi cial
inoculation of leafy vegetables germs with phytopathogenic fungi. For this purpose
seeds were sterilized and planted out into sterile soil, and on the 5th day after planting
the soil was treated with the studied metabolite solution. The phenazine compound was
dissolved in pure sterile water at a fi nal concentrations 60 µg/mL. After that, in order
to exclude the possibility of phytopathogen interaction with the studied compound,
plants were heavily sprayed with sterile water. On the 8th day for the treatment leafy
vegetables germs were artifi cially inoculated with B. cinerea spores provoking grey rot.
For this purpose the plants were sprayed with suspension of B. cinerea spores (about
5×104 of spores per ml).

The elicitor action effi ciency was evaluated on the 15th day of leafy vegetables
cultivation, based on the percentage of leaf surface covered by necrotic lesions: (1)
no visible blackspot symptoms, (2) leaf with a few isolated small lesion covering
approximately 5 % of the total area, (3) leaf with lesions covering 6-10 % of the total
area, (4) large lesions covering approximately 11-25 %of the leaf area, (5) leaf with
lesions covering 26-50 % of the total area, (6) large lesions covering more than 50 % of
the leaf area. The experiments were repeated three times with similar results.

Results and discussion
It is known that Pseudomonas spp., as well as their metabolites induce systemic

resistance of the plants to phytopathogens, including grey rot causal agent [14]. It was
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also demonstrated that phenazine antibiotics synthesized by P. aurantiaca are able
to induce systemic resistance of agricultural plants to Alternaria blight causal agents
[1, 12]. Therefore, it is interesting to study the properties of phenazines as elicitors
synthesized by P. aureofaciens.

We used the strain of P. aureofaciens KMBU phz 127/11 derived from chemical
mutagenesis of strain P. aureofaciens KMBU phz 127 extracted from bed silt of Halong
Bay (South China Sea, Vietnam) with further sampling for resistance to toxic analog of
metabolites of aromatic pathway – 6-diazo-5-oxo-L-nor-leucine.

Phenazine antibiotics were extracted using trichloromethane. The purifi cation tests
were carried out based on spectrophotometric method and the substance concentration
was assessed. Mass-spectrophotometric analysis of the substance extracted from culture
liquid of P. aureofaciens KMBU phz 127/11 revealed the presence of 1-oxyphenazine
– C

12
H

7
N

2
OH (molecular weight 196 Da, maximum absorption corresponds to 260 and

387 nm). The amount of 1-oxyphenazine synthesized by this strain was 180 mg/l.
Phenazines constitute a large group of nitrogen-containing heterocyclic

compounds produced by a diverse range of bacteria. Phenazines have diverse effects on
eukaryotic hosts and host tissues, including the modifi cation of multiple host cellular
responses. In plants, phenazines also may infl uence growth and elicit induced systemic
resistance [11].

Elicitor activity of 1-oxyphenazine synthesized by P. aureofaciens KMBU phz
127/11 was examined in four different leafy vegetables varieties extensively cultivated
in the Republic of Belarus (lettuce, spinach, basil, and rucola).

In order to study the ability of bacterial metabolites to induce the systemic
resistance of plants, we have chosen the system of germ artifi cial inoculation with
spores of plant pathogenic fungi Botrytis cinerea as a model since grey rot is one of
the most widespread and harmful diseases of leafy vegetables [4]. Infection of plants
in check was observed under microscopy accompanied by description of germinating
spores as well as recording the progression of typical disease symptoms for each plant
variety. The fungus affects leaves, stems, heads of lettuce over a vegetation period,
but this disease is the most severe for plants in industrial ripeness phase. Infection
begins from the edge of lower leaves in places of contact with soil. Brown spots
covered with thick, grey, velvetweed bloom of causal agent and conidial sporulation
appear on the leaves. From the affected leaves, the infection spreads to leaf and stem
angle which then causes rotting.

As infection progresses, the spores of B. cinerea germinated with further penetration
of hyphae into plant tissues and formation of typical necrotic spots on leaves.

It has been established that all studied crop varieties are able to form the
systemic resistance in response to soil treatment with the tested elicitor. Introduction
of 1-oxyphenazine in 30 μg/ml concentration into rhizosphere of plants subsequently
infected with spores of B. cinerea causing grey rot, has resulted in reduction of the
number of the infected plants to 55 % (fi gure 1). The effi ciency of this phenazine
antibiotic preparation on lettuce and basil was 53.86 % and 54.67 %, respectively,
whereas the effi ciency was a little bit lower and reached 46.92 % and 47.46 % for
spinach and rucola, respectively.
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Figure 1. Effect of
1-oxyphenazine synthesized
by P. aureofaciens KMBU
phz 127/11 on vulnerability
of leafy vegetables to grey
rot.

It should be noted that in the seed check, the plants with fungal infection
(fi gure 2А and 2В) and pre-emergence rot were observed, whereas in the plants treated
with 1-oxyphenazine preparation, pre-emergence rot was not seen, and the fungal
infection was of a single character.

Figure 2. Infection of rucola germs with B. cinerea. А – external appearance of rucola
leaf infected with B. cinerea; Б – tissues of healthy rucola leaf; В – spores and mycelia of B.
cinerea in the infected leaf tissue

It is known that cascade of defence reactions triggered upon systemic resistance
induction includes generation of active oxygen forms, accumulation of phytoalexins
and accumulation or improvement of activity of specifi c proteins with hydrolytic
activity (for example, chitinase and glucanase). As upon interaction with a cell,
phenazine antibiotics are able to infl uence on free radical processes, we have made
an assumption that the resistance to grey rot causal agent described in the paper is the
result of induction of leafy vegetables systemic resistance. This hypothesis is supported
by the data of Bas W.M. Verhagen et al. (2009) who have established that treatment of
the grape with suspension of rhizosphere bacteria Pseudomonas fl uorescens CHA0 and
Pseudomonas aeruginosa 7NSK2 synthesizing phenazine antibiotics triggers oxidative
stress in grape cells resulting in induction of plants systemic resistance to grey rot
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causal agent B. cinerea [14]. Moreover, pyocyanin (5-methyl-1-hydroxyphenazinium
betaine)– is a blue phenazine compound– is only produced by Pseudomonas aeruginosa
induces resistance to B. cinerea in tomato [6]. B.R. Kang et al. (2007) showed that
the production of phenazines by Pseudomonas chlororaphis O6 was correlated with
reduced germination of barley and wheat seeds and the level of systemic resistance in
tobacco against Erwinia carotovora [7].

Since our experimental system allows to spatial division of the bacterial elicitors
(1-oxyphenazine) and phytopathogenic agents, the protection of leafy vegetables from
grey rot is due to the induced systemic resistance by bacterial metabolites.

This research was supported by grant of Belarusian-Vietnamese innovative-
educational centre.

Conclusion
It has been found that antibiotic of aromatic nature 1-oxyphenazine synthesized

by Pseudomonas aureofaciens KMBU phz 127/11 is able to induce systemic resistance
and reduce infection of leafy vegetables (leaf lettuce, spinach, basil and rucola) with
plant pathogenic fungi Botrytis cinerea by 46.9–56.7 %.
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