Development of viral infection in model system ‘Nicotiana tabacum – Tobacco
Mosaic Virus’ under the influence of endophytic bacteria
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We present a study of endophytic bacteria influence on the development of viral
infection in model system ‘Nicotiana tabacum – tobacco mosaic virus’. It appears that
the application of Pantoea aglomerans causes a 41 ± 5,3 % decrease of viral antigen
content in plant tissues and results in suppression of phytoviral infection.
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Viral diseases of plants introduce a relevant problem in agriculture because
traditional methods of virus spread control may be not effective enough. Widely used
chemical substances are potentially dangerous for people and the environment.
Therefore, a search for biological agents that could protect plants from virus
invasions is a promising area of research [1].
We suggest endophytic bacteria as possible plant protectants. They are nonpathogenic microorganisms that colonize plant tissues under the natural conditions.
Unlike symbiotic and pathogenic inhabitants, endophytic bacteria are not specific to a
plant and do not cause any anatomical formations, such as root nodules. However,
comparing to symbiotic and non-symbiotic microorganisms, endophytic bacteria
might cooperate more intensively with the host [2].
Biological control of plant pathogens bases on induced systemic resistance
(ISR) that occurs in plants as a response to stimulation factor. Plants possess different
types of defensive mechanisms against pathogen attack. Considering the latest
evidence, a basic resistance depends on the structure of the cell wall while ISR
involves a pathogenic stimulus or the application of chemicals or natural substances
[3].

The investigation of endophytic bacteria as possible triggers of ISR might be
implied for creating the antiviral biological preparations with no use of chemicals.
Aim of Research. Study of endophytic bacteria influence on plants growth
and the development of viral infection in model system ‘Nicotiana tabacum - tobacco
mosaic virus’.
Materials and Methods. As objects of study we used four groups of tobacco
plants grown under the standard conditions. Sterilized seeds were cultivated with
bacterial suspension at 25ºC for 24 hours. The second application of bacteria was
conducted directly on the plants leaves 3 days prior to inoculation with the virus. We
infected plants with TMV on a three-leaf stage using carborundum as an abrasive.
According to a research scheme, uninfected plants from the first, control,
group were untreated with bacteria. The second group presented untreated plants but
infected with virus. On the contrary, plants from the third group were not inoculated
with virus but carried bacteria. And finally, the fourth group included infected plants,
previously treated with studied microorganisms (fig.1).

Fig.1. Study of endophytic bacteria influence on the development of viral
infection in model system ‘Nicotiana tabacum – tobacco mosaic virus’

In the experiment we used Lactobacterium plantarum, Methylibacterium
radiotolerans, Pseudomonas sp., Pantoea aglomerans and a bacterial-fungal
association, called EM, as possible inductors of plant defence. EM included
Lactobacillus casei, Rodopseudomonas palustris, Sacharomyces cerevisiae.
A content of viral antigen in infected plant material was determined by nondirect ELISA, on 405 nm wave length.
Results. To investigate timing and severity of symptoms, we performed a
visual diagnostics of the viral infection in plants treated with endophytic bacteria. It
should be mentioned that there may be no correlation between the time when
symptoms occur and the concentration of viral antigen in plant tissues.
Such symptoms as leaves deformation and system mosaics, appeared in 20
days post inoculation.
Plants treaated with Lactobacterium plantarum and infected with TMV,
demonstrated better growth level than untreated infected plants and those from
control group. Moreover, we noticed differences in the development of rootage.
As for Methilobacterium radiotolerans, EM and Pseudomonas sp,
investigated plants showed severe symptoms of viral infection and the suppression of
growth and development comparing to untreated infected plants. (fig. 2).

Figure 2. Symptoms of viral infection in plants treated with bacteria and
infected with tobacco mosaic virus

1 – untreated infected tobacco; 2 – EM + virus; Lactobacterium plantarum +
virus
According to our observations, infected plants previously treated with
Pantoea aglomerans illustrated a moderation in the development of viral infection.
The symptoms on plants treated with this endophytic bacteria were less severe.
Moreover, we also indicated an acceleration in plants growth (fig. 3).

Figure 3. Influence of endophytic bacteria Pantoea aglomerans on the
development of viral infection
1 – Pantoea aglomerans + virus; 2 – untreated infected tobacco; 3 – Pantoea
aglomerans; 3 – untreated uninfected tobacco
To confirm the results of visual diagnostics we conducted the non-direct
ELISA. This analysis estimated a similar content of viral antigen in infected plants
treated with

, Lactobacterium plantarum, Methilobacterium radiotolerans and

Pseudomonas sp. However, we observed a 41± 5,3% decrease of viral antigen
content in plant material that carried Pantoea aglomerans. It affirmed a moderation
of TMV infection. A diagram below shows the results obtained in the experiment

(fig.4).

Fig. 4 TMV content in infected plants treated with endophytic bacteria
1 – untreated uninfected plants; 2 – untreated infected plants; 3 – EM + virus;
4. Lactobacterium plantarum + virus; 5 – Methilobacterium radiotolerans + virus ; 6
– Pseudomonas sp. + virus; 7 – Pantoea aglomerans + virus
Due to ELISA results, the amount of TMV in plant tissues did not change
under the influence of

, Lactobacterium plantarum, Methilobacterium

radiotolerans and Pseudomonas sp
However, Pantoea aglomerans demonstrated a priming impact on plant
organism. The application of this bacteria prior to inoculation with virus resulted in
suppression of infection in model system Nicotiana tabacum - tobacco mosaic virus.
The mechanism of such activity is possibly dependent on the formation of defensive
response in plants. Considering this, we propose Pantoea aglomerans as a
perspective object for further research.
Conclusions. We investigated the influence of endophytic bacteria on the
development of viral infection in model system Nicotiana tabacum – tobacco mosaic
virus. Such bacteria as Lactobacterium plantarum, Methilobacterium radiotolerans,
Pseudomonas sp and

– association, did not suppress the development of viral

infection. However, treatment with Pantoea aglomerans stimulated growth of

tobacco plants and decreased the amount of virus in infected plants by 41 ±5,3%. The
mechanism of suppression is probably based on the activation of plants resistance
mechanisms.
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