ISSN: 2312-3370, Agricultural Science and Practice, 2015, Vol. 2, No. 1

UDC 579.887 + 577.1 + 577.15

RECENT DATA ON THE CAUSATIVE AGENT OF PALE GREEN
DWARF (ACHOLEPLASMA LAIDLAWII VAR. GRANULUM
INCERTAE SEDIS) IN UKRAINE: PATHOGENICITY
AND VIRULENCE FACTORS AND HOST REACTIONS
K. S. Korobkova, V. P. Patyka

D. K. Zabolotny Institute of Microbiology and Virology, NAS of Ukraine
154, Zabolotnoho Str, Kyiv, Ukraine 03680

e-mail: kkorobkova@ukr.net

Received on December 3, 2014

Contemporary state of the distribution of mycoplasma diseases of cultivated crops in Ukraine was analyzed.
The changes of the physiological state of plant cells under the impact of mollicutes were investigated. It
was demonstrated that there is temporary increase in the activity of peroxidase, catalase, polyphenoloxidase,
phenylalanine-ammonia-lyase at the early stages of interaction. The adhesive properties are changed in the
mollicutes under the impact of plant lectin; there is synthesis of new polypeptides. It was determined that the
phytopathogenic acholeplasma is capable of producing a complex of proteolytic enzymes into the culture me-
dium. It was concluded that when plant cells are infected with acholeplasma, a number of signaling interactions
and metabolic transformations condition the recognition of pathogenesis and ensure the aggregate response of
a plant to stress in the form of defense reactions. It was assumed that some specificities of the biology of phy-
topathogenic acholeplasma determine their avoiding the immune mechanisms of plants and promote long-term

persistence of mollicutes.
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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 specific zones of cultivating crops which
conditions the fluctuation of biodiversity in ecosystems
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[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-specific 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 specificities 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 specificities of signaling and metabol-
ic relations in the network of molecular interactions of
mollicutes and cells of the host macroorganism.

Specific 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
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these mollicutes, 4. 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 fields [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 — 4. 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-specific 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-
ficities 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 artificial 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 insufficient
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
confirms 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
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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 benefit 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 specific 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 specificities of patho-
genesis of plant mycoplasmosis. It was determined that
PAL activity of a plant culture under the impact of A4.
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-specific 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 4. 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 fibrin.

The comparative analysis of structural and function-
al specificities of proteases of phytopathogenic mol-
licutes and related representatives of bacilli allowed
determining a certain level of affinity of their physical
and chemical properties and substrate specificity. 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 defining 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 specificities 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.

Hogi nani npo 30ynHuka 0J1i10-3€1€H01 KapJInKOBOCTI
3epHoBuX (Acholeplasma laidlawiivar.granulum incertae
sedis) B YkpaiHi: (pakTopy NaToreHHocTi, BipyJ1eHTHOCTI

Ta peakiii pocJIMHU-TOCTIOAAPS
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IHcTUTyT MikpoOioTorii i Bipycomorii
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Byn. Axagemika 3abonorHoro, 154, Kuie, Ykpaina, 03680

3po0JIeHO aHali3 Cy4yacHOTO CTaHy PO3IOBCIO/KEHHS MiKO-
IIa3MOBUX XBOPOO CLTBCHKOIOCIIONAPCHKHUX KYJIBTYp B YK-
paini. JlocnimkeHo 3MiHM (i310JI0TIYHOTO CTaHy KIITHH
POCIUH il BIUIMBOM MOJIiKyTHOI iH(pekmii. [Toka3ano, mo
Ha paHHIX eranax B3a€MOJil THMYacOBO 30UIBIIYETHCS aK-
TUBHICTb TIEPOKCHA3H, KaTayasu, MoaieHoNIoKenaasu, ge-
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HilanaHiH-aMiaK-Tia3u. Y MOIIKYTIB MiJ Ji€0 POCIHMHHOTO
JIEKTHHY 3MiHIOIOTHCS aATre3UBHI BIACTUBOCTI, BiIOYBa€ThCSA
CHHTE3 HOBHUX IOJINeNnTHAiIB. BcTaHOBIEHO 3MaTHICTE (hiTo-
[IATOTeHHOT axoJeIIa3MH IMPOLYKYBAaTH Yy KyJIBTypalbHe
CepeIoBHUIIe KOMIUIEKC MPOTEOMITUIHNX (pepMeHTiB. 3pob-
JIEHO BHCHOBOK, II[0 HM3Ka CHTHAJILHUX B3a€EMOJIN 1 MeTa-
OOMYHUX TepeTBOPEHb 3a iH(IKyBaHHSA KIITHH POCIHH
axXoJIeTIa3MOI0 OOYMOBIIOIOTH PO3MI3HABAHHS IMATOTEHY 1
3a20e3MeuyroTh CyMapHy BiATIOBiAb POCIHHH HA CTPEC Y BH-
ST peakiiid 3axucty. BUcyHyTO MpumyIieHHs, mo MeBHi
ocoOmMBOCTI Gi0J0Tii (PITOMATOTEHHUX axXoJeria3M BU3Ha-
Yal0Th YHUKAHHSI JIii MEXaHi3MiB IMYHITETY POCJIHH 1 CIIPH-
SIFOTh TPUBAIIIH MEPCUCTEHIIT MOJIKYTIB.

KurouoBi ciioBa: MikoruiazMo3, ()iTONMATOTCHHI aXOJEILIa3MH,
MEPCUCTEHILIS, (PEPMEHTH.

Hosble 1annbie 0 Bo30ynuTe1e 0J1e1HO-3eJICHOM
KapJIMKOBOCTH 3epHOBBIX (Acholeplasma laidlawiivar.
granulum incertae sedis) B Ykpanne:
(hakTOpHI MATOreHHOCTH, BUPYJIEHTHOCTH
U peaKluH PACTEHUSI-X03SIHHA
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[Ipoanannm3npoBaHO COBPEMEHHOE COCTOSHHE PAaCHpOCTpa-
HEHNSI MUKOIUTA3MEHHBIX OOJIE3HEH CeNbCKOX03SHCTBEHHBIX
KynbTyp B Ykpaune. MccienoBansl n3MeHeHus (Gpru3noiIoru-
YECKOTO COCTOSIHUS KJIETOK PAacCTEHH MOJ BIMSHHEM MOJI-
mukyTHOH wHpekunu. [TokasaHo, 4To Ha paHHUX 3Tamax
B3aUMOJICHCTBHS BPEMEHHO YBEJIMUNBACTCSI AKTUBHOCTH T1e-
POKCHIa3bl, KaTanasbl, MOMH(EHOIOKCHIA3hI, (peHMIaIaHuH-
aMMHAaK-JIMa3bl, Yy MOJUIMKYTOB MOA AECHCTBUEM PACTHTEIb-
HOTO JIEKTHHA W3MEHSIOTCS a[Te3MBHBIE CBOWCTBA, MPOUC-
XOOUT CHHTE3 HOBBIX MOJUMIENTHIOB. YCTAHOBJIEHA CIO-
COOHOCTH (PUTOTIATOTEHHOI aXOJeruIa3Mbl MPOAYLIHPOBATH
B KyIbTypaJIbHYI0 Cpely KOMIUIEKC MpPOTEOIUTHIECCKUX
(epmenToB. CrenaH BBIBOA O TOM, YTO PsAJ CUIHAIbHBIX
B3aMMOACHCTBHIA W META0OIMUYECKUX MPEBPAIICHHA IPH
HHOHUIMPOBAHUK KJICTOK PACTCHHH axoJeriasMoi orpe-
JICTSTIOT PAcTIO3HaBaHME TMATOTeHa M 00ECHEUMBAIOT CyMMap-
HBIM OTBET PacTEHMsI Ha CTPECC B BUAE PEAKLMI 3aIUTHI.
BbBIIBUHYTO TIPEANONOKEHNE, YTO ONpeeeHHbBIE 0COOCH-
HOCTH OHMOJIOTMH (DPUTONATOTEHHBIX axoleria3M O00YCIIOBIIH-
BalOT M30eKaHUEe NEHCTBHUS MEXaHM3MOB MMMYHHUTETA pac-
TEHUH M CHOCOOCTBYIOT JUIMTEIbHOW MEPCHCTEHIMU MOJI-
JINKYTOB.

KiroueBble ciioBa: Mukoruia3amo3, (PUTONATOTEHHBIE axoJie-
IUIA3MBbl, HEPCUCTEHIHS, (PEPMEHTBI.
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