
The elaboration of balanced agroecosystems and the 
maintenance of conditions for their stable development 
is rather a complicated process, related to a wide scope 
of issues. These include the determination of physical, 
chemical and biological processes in soil, the elabora-
tion of modern agrotechnologies, the improvement of 
the specialization of agrarian production systems, the 
optimization of the structure of agricultural landscapes 
and the organization of the territory of land-utilization 
[1, 2]. Ukraine has witnessed some movement in eco-
nomic relations with Western countries which has a 
positive impact on the general state of agrarian produc-
tion; at the same time there are some objective reasons, 
like privatization of land resources, restructuring of 
agricultural enterprises, which often impair the techno-
logical foundation of crop cultivation.

In addition, there is a change in climatic conditions, 
remarkable for speci  c zones of cultivating crops which 
conditions the  uctuation of biodiversity in ecosystems 

[3]. All this increases the danger of the microorgan-
isms, not registered before, penetrating the territory 
of Ukraine and spreading therein. It is noteworthy that 
in these conditions mycoplasma, plant disease agents, 
enhance their aggression and harmfulness, accelerating 
the penetration of phytomycoplasma, regulated by the 
European and Mediterranean Plant Protection Organi-
zation, into Ukraine.

The apple tree proliferation disease, grape yellow-
ing, stolburs, wheat light green dwarf disease are quite 
common in the territory of Europe and conditioned 
by plant damage with phytopathogenic mycoplasma. 
The harmfulness of mycoplasma diseases is a common 
problem, as the infections, caused by mycoplasma, are 
related to catastrophic diseases, which often become 
epiphytoties [4]. 

Mycoplasmas (mollicutes) are the smallest prokaryo-
tic microorganisms, deprived of a cellular wall and 
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capable of independent existence and restoration [5]. 
It was described that the mollicutes, parasitizing on 
plants, are capable of avoiding the non-speci  c defense 
reaction of plants – oxidative stress, which leads to the 
persistence of mollicutes. The scientists even assumed 
that this reaction of plants may somehow promote the 
viability of mycoplasma, but the mechanisms of my-
coplasmosis emergence are yet to be elucidated [5–7].

According to recent notions, the symptomatic mani-
festation of infectious processes depends considerably 
both on the infection agent and the speci  cities of the 
interaction of genetically determined signaling path-
ways in the parasite-host system [8–10]. As for mol-
licutes, a close connection to the membrane of the eu-
karyotic cell may result in masking their antigens and 
in direct biochemical effects which cause local damage 
of the target cell structures. The inhibition and control 
of mycoplasma infections of plants are related to the 
study of molecular mechanisms of mycoplasma inter-
action with plant cells and the persistence principles 
for these microorganisms and the phytopathogenesis, 
conditioned by latter.

Fine mechanisms of mycoplasmosis emergence are 
yet to be studied, as the interaction of cells is a compli-
cated and multi-component process. Therefore, our ef-
forts have been directed at the investigation of transfor-
mations in the living parasite-host complex on the model 
of plant cells, infected with phytopathogenic strains of 
acholeplasma [11]. The dominant of these investigations 
is the analysis of speci  cities of signaling and metabol-
ic relations in the network of molecular interactions of 
mollicutes and cells of the host macroorganism.

Speci  c virulence factors have not been determined 
for plant mycoplasma, which are the agents of cata-
strophic epiphytoties, and the phytopathogenesis is 
caused by mycoplasma persistence and related phyto-
immunity reactions. The damage of plants with phy-
toplasmosis may be manifested in the form of single 
symptoms of mycoplasmosis, and not as epiphytoty, 
for a long time [4–7, 12, 13]. Therefore, it is extremely 
important and urgent to conduct a detailed study of the 
agents of such dangerous diseases and the mechanisms 
of manifestation of their phytopathogenic properties 
to prevent the occurrence of mycoplasma diseases of 
plants, new to Ukraine.

Acholeplasma laidlawii is a mollicute, widely spread 
in the environment, which is found in soil, manure, 
wastewater, cell cultures, tissues of humans, animals, 
and plants [5]. The phytopathogenic representative of 

these mollicutes, A. laidlawii var. granulum st. 118 is 
the agent of wheat mycoplasmosis which is capable of 
causing the outbreaks of the disease and the decrease in 
the yield of infected  elds [12, 13]. 

Among famous biologically active wheat substances 
a relevant role is attributed to wheat germ agglutinins 
(WGA) – the lectin, which may perform the function of a 
plant signaling molecule [14–18]. It promotes the growth 
and development of wheat with simultaneous change in 
the metabolism of symbiotic bacteria as a communication 
factor in the plant-microbe symbiosis. At the same time 
there are data on the increase in WGA level in Triticum 
vulgare L. plants after the abiogenous stresses under the 
impact of drought, osmotic and heat shock. Taking this 
into consideration one of the tasks of our work was to 
study the impact of this lectin on the agent of wheat light 
green dwarf disease – A. laidlawii var. granulum st. 118. 
It was demonstrated that the introduction of WGA to the 
culture medium of acholeplasma causes the pleiotropic 
effect: there is the activation of growth processes, the in-
crease in the total amount of protein compared to the con-
trol, the decrease in hemagglutinating activity which leads 
to the attenuation of adhesive properties of the pathogen. 
We believe that after the direct contact of mollicute glyco-
polymers and a wheat germ lectin the signal is transmit-
ted inside the cell, due to which metabolism is enhanced, 
there is expression of new proteins, and the biomass of 
the microorganism is increased. On the other hand, under 
the impact of WGA the investigated microorganism dem-
onstrates a change in adhesive properties, which may be 
a manifestation of non-speci  c plant protection due to the 
intrusion of the pathogen. It was assumed that it promotes 
the transition of the infection into the latent state and long-
term persistence of acholeplasma in wheat plants.

Cell cultures are widely used as a model to study 
many physiological and biochemical processes in 
plants as it allows having adequate estimation of ex-
change processes in plant cells and their response to 
various irritations of the environment in controlled 
conditions [9, 11, 19–21]. In our opinion the system of 
joint cultivation of the pathogen and cultures of target 
plant cells is a convenient model in the study of speci-
 cities of plant cell response to the infection with phy-

topathogenic mycoplasma, thus it was further used in 
the investigations of stress condition of plants in condi-
tions of developing arti  cial mycoplasmosis.

The infestation of plants with obligate pathogens is 
accompanied with the increase in the energy content of 
cellular processes, in particular, there is the increase in 
breathing intensity which is related to the activation of 
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enzymatic systems of peroxidase, catalase, polyphenol-
oxidase which perform the functions of terminal oxidases. 
The protection of biological molecules and cell organelles 
is carried out by enzymes that catalyze the biotransforma-
tion of primary reactive oxygen species (ROS) and low 
molecular weight compounds of different chemical nature 
that react with these substances [8, 10, 19, 22–25].

There are numerous data in the study of oxidation-
reduction enzymes in conditions of oxidative stress in 
plants, infected with different fungal or bacterial patho-
gens [19, 22–26]. Taking into account the insuf  cient 
amount of publications on the issues of investigating 
these enzymes while infecting plants with mollicutes, 
we analyzed the impact of the phytopathogenic mol-
licute A. laidlawii var. granulum st. 118 on the change 
in the activity of peroxidase and catalase of plant cells 
in standard in vitro conditions (unpublished data).

For this reason we used callus cultures of sugar beet to 
infect them with the mollicute A. laidlawii var. granulum 
st. 118. During the initial contacts of the plant and the 
pathogen the activity of peroxidase and catalase relative to 
the control is increased. Several hours after the infection 
there was a decrease in enzymatic activity, after which the 
indices were stable. The changes, revealed in the activity 
of oxidative enzymes, are related to the induction of de-
fense mechanisms of plant cells as a response to the stress.

It is assumed that polyphenoloxidase (PPO) is activat-
ed in case of infesting plant cells with phytopathogenic 
organisms. Its function is to oxidize phenols to highly 
toxic quinones, inactivating foreign exoenzymes, de-
stroying the cells of pathogens and the host-plant, i.e. 
it is involved in the reaction of plant hypersensitivity 
[8, 22]. The analysis of PPO activity in callus tissues of 
sugar beet demonstrated that A. laidlawii var. granu-
lum strain 118 has a considerable impact on the change 
in enzyme activity which may be compared to the ef-
fect of hydrogen peroxide activity.

Thus, it may be concluded that the infection of sugar 
beet calluses with the cells of phytopathogenic acho-
leplasma leads to the stimulation of defense reactions 
of plant cells – temporary increase at the early stages 
of the activity of peroxidase and catalase enzymes, 
participating in the development of systemic acquired 
sensitivity as well as polyphenoloxidase enzymes. It 
con  rms the literature data, according to which the 
ratio in the activity of different oxidative systems has 
adaptive meaning and may be considered as a nec-
essary condition for the manifestation of plant resis-
tance and the content of enzymes of the system of an-
tioxidative protection and low molecular antioxidants 

in different organisms may be considerably different 
[8, 22–26]. Thus, as seen from the abovementioned, 
the impact of mollicutes on the plant organism may 
be considered to be a biotic stress, as its consequence 
is a considerable disbalance of antioxidants and pro-
oxidants to the bene  t of the latter. The oxidative 
stress results in the accumulation of reactive oxygen 
species, which may act as inducers of corresponding 
defense mechanisms in plant cells.

Therefore, immediately after being infected with a 
phytopathogenic mollicute the plant tissues are in condi-
tions of severe stress, total metabolism is inhibited. On 
the other hand, the stress-induced activation of the en-
zyme indicates its speci  c role in overcoming this stress.

The dynamics in the activity of enzymes of phenolic 
plant metabolism, in particular, phenylalanine-ammo-
nia-lyase (PAL), when they are infected with the repre-
sentatives of Mollicutes class, has not been studied yet 
and is necessary to disclose the speci  cities of patho-
genesis of plant mycoplasmosis. It was determined that 
PAL activity of a plant culture under the impact of A. 
laidlawii var. granulum st. 118 starts increasing one hour 
after the infection, and in two hours its level increases 
4-fold compared to the control. With further cultivation 
of calluses in the presence of the pathogen, the level of 
PAL activity decreases and 6 hours after the infection it 
is only 50 % higher than the indices of the control non-
infected samples. After 24 h of cultivation the PAL ac-
tivity decreases to the initial level and remains the same 
during the whole experiment. Compared to other micro-
organisms, this “outbreak” of activity is non-permanent 
[27, 28]. Acholeplasma may be capable of overcoming 
the defense activity of non-speci  c mechanisms of plant 
cells and/or avoiding hypersensitivity reactions, which is 
a likely constituent of the adaptation of phytopathogenic 
mollicutes to long-term persistence. The increase in PAL 
activity during the infection of sugar beet calluses with 
A. laidlawii var. granulum st. 118 may also be viewed 
as a manifestation of defense reactions of plant cells in 
response to the activity of the pathogen.

Along with other enzymes the phytopathogenic mi-
croorganisms produce extracellular proteases. In many 
cases there is some correlation between the activity of 
extracellular proteases of the phytopathogen and the 
intensity of the plant disease. The proteases of phyto-
pathogenic microorganisms are capable of cleaving the 
antimicrobial proteins of plants and playing a relevant 
role in the destruction of cellular wall proteins [29].

It was assumed that the ability of producing extracel-
lular enzymes may be one of pathogenicity factors for 
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phytopathogenic mollicutes. It was determined that the 
mollicute A. laidlawii var. granulum st. 118 is capable 
of producing proteolytic enzymes along with nucleases 
and some hydrolases into the cultivation medium. It 
was also demonstrated that the complex of proteolytic 
enzymes, which are a part of the preparation, obtained 
by us, is rather manifold and capable of cleaving such 
protein substrates as casein, hemoglobin, and  brin. 

The comparative analysis of structural and function-
al speci  cities of proteases of phytopathogenic mol-
licutes and related representatives of bacilli allowed 
determining a certain level of af  nity of their physical 
and chemical properties and substrate speci  city. It is 
anticipated that in this case the purpose of proteolytic 
enzymes is overcoming defense barriers of plants rather 
than providing mollicutes with peptides and aminoac-
ids, required for the growth and development. Further 
studies will allow de  ning the activation mechanisms 
and determining the source of inhibition of the activity 
of proteolytic enzymes of phytopathogenic mollicutes.

Thus, it may be concluded that when plant cells are 
infected with acholeplasma, a number of signaling in-
teractions and metabolic transformations condition the 
recognition of the pathogen and ensure the aggregate 
response of a plant to stress in the form of defense 
reactions. Some speci  cities of the biology of phyto-
pathogenic acholeplasma determine their avoiding the 
immune mechanisms of plants and promote long-term 
persistence of mollicutes.

The results of our work may be used as a founda-
tion for the elaboration of the concept of decreasing 
the harmfulness of mycoplasma diseases of plants to 
maintain ecological balance in agroecosystems, which 
is in good agreement with modern trends of developing 
sustainable agriculture in Ukraine.
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