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The current data prove total dependence of vital func-
tions of plants on micro organisms in natural conditions
[1]. Molecular-genetic methods revealed considerable
variety of microflora for definite plants [2, 3]. Photo-
synthesis in higher plants provides them with energy
and carbon, while plants may obtain other necessary
macro- and microelements (nitrogen and phosphor, in
the first place) through the interaction with microor-
ganisms in rhizosphere and rhizoplane. For instance,
bacteria of genuses Azospirillum, Azotobacter,
Arthrobacter, Bacillus, Clostridium, Enterobacter,
Gluconoacetobacter,  Pseudomonas,  Rhizobium,
Bradyrhizobium, Mesorhizobium, Sinorhizobium and
Serratia provide plants with nitrogen, and
mycorrhizal fungi ensure assimilation of phosphor, ni-
trogen, as well as a number of other microelements
from soil. Besides, plants obtain phytohormones from
exo- and endosymbionts, while toxins, synthesized by
microorganisms, protect them from pathogenes and
phytophages. Symbionts are also responsible for im-
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proving aqueous and mineral status of plants and
decreasing ethylene amount [4-7].

Micorrhiza — a symbiotic association between
Glomeromycota fungi and the roots of a plant — is the
most typical symbiosis of plants and microbes (up to
90% of plant species). This association is known in
two main variants: simple ectomycorrhiza (fungus does
not penetrate into the plant cells), and endomycorrhiza,
also called arbuscular mycorrhiza (AM), when hyphae
of fungus enter the cells of plant roots. There are also
symbiotic relations with nitrogen-fixing bacteria,
which rhizobia and actinobacteria belong to. Some
flowering plants are capable of cultivating these micro-
organisms in tubercles inside their root cells. Two pos-
sible kinds of such association are as follows:
rhizobia-legume symbiosis (RLS) (with bacteria of
Alphaproteobacteria group) 8, 9] and actinorhiza i.e.
symbiosis with actinobacteria of Frankia genus.
Actinobacteria form mycelial structures similar to fun-
gal mycelia; therefore, they were originally classified
as Actinomycetes [10].
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Symbiotic associations between microorganisms
and plant roots. Arbuscular mycorrhiza (AM). AM 1is
the first and the oldest representative of symbiotic asso-
ciation between plant roots and microorganisms. It ap-
peared about 450 million years ago. Fungal mycelium
is located in intercellular space of the roots; it creates
arbuscules (special trophic organs) which gave the
name to this kind of micorrhiza. This type of symbiosis
is usually obligate. Without association with plants
mycorrhiza fungi may exist in the form of spores only;
their sexual reproduction is yet uncertain; individual
spores may contain hundreds of genetically different
nuclei in the same cell [11, 12]. This association be-
tween microscopic fungi and roots is especially
valuable for those trees, bushes, and plants which have
poor root system [13].

Alike other known associations between bacteria
and plants, there are three stages of AM formation,
namely, chemotaxis, attaching mycelium to the root,
and colonization of surface or internal tissues of plant
organs [14, 15].

AM development starts with preinfection and for-
mation of appressorium with simultaneous germination
of fungal spores, induced by root exudates. Primary
hyphae grow, ramify, and create attachment structures
i.e. appressoria. Later intercellular mycelium
intergrows and infecting hyphae start emerging from
appressoria. Via rhizodermis they penetrate cortex,
where they colonize a cell, creating arbusculas, which,
in turn, form branched structures, penetrating deeply
into plant cells.

Arbusculas are located inside the plant
(periarbuscular) membrane and reduced cell wall; they
form dense knots with occasional emergences inside
cells. They also ensure active exchange of metabolites
between symbionts. While they are being formed, a
matrix is created between walls of plant cells and
hyphae; it contains polysaccharides and enzymes, syn-
thesized by both partners. A number of cytological
changes take place in a plant cell, namely, nucleus is in-
creased and deformed; chromatine transfers to diffuse
state; cytoplasm is characterized by increased amount
of Golgi bodies and endoplasmic reticulum, taking part
in the formation of periarbuscular membrane; vacuole
is considerably decreased or vanishes completely; plas-
tids transform into proplastids and the amount of
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tubulin increases. Off-root hyphae, ensuring adsorp-
tion of nutritious substances from soil, continue their
development; asexual spores for fungus reproduction
are formed [16, 17].

In root tubercles nutritious substances pass via
perisymbiotic membrane, surrounding nitrogen-fixing
bacteroides [18], while, in case of AM, exchange of
dissolved substances takes place in perisymbiotic
membranes, surrounding arbusculas [19]. There are ev-
idences to similarity between epidermal penetration in
case of AM and cortical preinfectious threads, formed
during nodulation [20]; partial concurrent activation of
gene expression was also proven [21]. The above men-
tioned similarity is specifically evident regarding cas-
cades of acceptance and transfer of signals, initiating
nodulation and mycorrhization [22]. The latest elabora-
tions in this field have been analyzed in reviews
[23-25].

Genes, participating in both association types, were
called common symbiosis genes [26]. Analysis of pro-
teins, encoded by these genes, revealed the majority of
them to have conservative structure, present in all the
flowering plants. SYMRK (symbiosis receptor kinase)
was the only registered variable exception. It is a
trans-membrane protein, the extracellular part of which
is of different length. “Long variant” is common for
nodulating plants, and their closest relatives; “middle
variant” is registered for the farthest dicotyledonous
relatives of nodulating plants; “short variant™ is distinc-
tive for monocotyledonous plants (rice and corn). Tu-
bercles of any type (both rhyzobial and actinorhiza) are
observed only in plants with “long variant” of SYMRK
gene. Arbuscular mycorrhiza is revealed for all three
variants of the gene which was proven in experiments
on mutant form of Lotus japonikus, having neither AM
nor RLS. Transfer of “middle variant” of SYMRK gene
of tomato and “short variant” of gene of rice restored
capability of forming AM but not RLS. Transfer of
“long variant” of gene from alfalfa, creating RLS, from
Datisca glomerata, which has symbiotic association
with actinobacteria, and from non-nodulating
Tropaeolum majus resulted in restoration of both AM
and RLS in mutant Lotus. The authors suggested their
hypothesis on capability of genetic programme of AM
to be the foundation of forming actinorhiza and RLS.
Thus, “genetic programme” of rhizobial symbiosis is
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modification of “genetic programme” of arbuscular
mycorrhiza [27].

Proteins, synthesized de novo, emerge in cells,
which participate in symbiosis. Some of them are com-
mon for both AM and rhizobia-legume association.
These are proteins of peri-bacteroid and
peri-arbuscular membranes, some early nodulines
(ENOD2, ENODI11, ENODI12), and a small amount of
leghemoglobin. Formation of both types of associa-
tions is stimulated by lipochito-oligosaccharide
Nod-factors [28].

Investigation on genetic control of AM develop-
ment proved that mutations in genes syms, sym9,
syml9, sym30, sym33, and sym40  disrupt
mycorrhization of Pisum. These genes also stimulate
nodulation in leguminous-rhizobia association [29,
30]. Over-expression of ENOD40 gene results in in-
creased formation of arbuscula [31]. The plant regu-
lates the degree of AM colonization, and there are data
evidencing participation of harl/ gene, coding
HARI1-receptor of kinase, in this process [32]. The
study on L. japonicus showed that introduction of
hyphae into plant cells is promoted by LjSYM4 and
LjSYM15 genes; activation of intracellular assimilation
programme is mediated by LjSYMRK and LjSYM4
genes [33, 34]. Degradation of arbuscula may be con-
trolled by plant gene  Prpl, encoding
glutathione-S-transferase, while Mtagpl gene, which
is located in tonoplasts and encodes aquaporin, is re-
sponsible for restoration of osmotic status of cells, that
was disrupted due to degradation of vacuole [35].

Recent application of transcriptome analysis al-
lowed investigation of hundreds of new genes in dif-
ferent species of plants which are activated as a result
of fungal association with plant roots [36]. There is a
hypothesis concerning possible existence of a genetic
system in legumes that controls development of dou-
ble symbiosis: fungi of arbuscular mycorrhiza —
rhizobia [37].

Activation of processes taking place in a plant cell
in response to penetration of Glomus mycelium is simi-
lar to cell reaction to the attack of pathogens. It also in-
duces synthesis of phytoalexins, callose, peroxidases,
lytic enzymes, protective proteins, and modification of
the cell wall. However, processes taking place in AM
are less intense and more differentiated in space and

time. Activity of lytic enzymes is revealed only in case
of epidermis infecting, while in colonization of cortex
and formation of arbuscula their level decreases to ini-
tial values. Some data testify to probable relation of this
fact to fungal expression of signal factors to repress the
activity of the mentioned enzymes [38, 39].

As of today, symbiosis of legumes and microor-
ganisms, forming both arbuscular mycorrhiza and ni-
trogen-fixing tubercles, has been investigated the
most [40].

Leguminous-rhizobia symbiosis. At the beginning
of 1990s exchange of chemical signals between le-
gumes and rhizobia causing infection of root fibrils
and further formation of tubercles was called “molecu-
lar dialogue” [41]. The development of this symbiotic
association has several stages, namely, pre-infection,
infection of roots, nodulation, and tubercles
functioning as nitrogen-fixing organs.

The process of infecting roots takes place via root
fibrils which curl, taking the form of an “umbrella han-
dle” (Hac stage — Hair curling). A cell wall degrades in
the place of curling which causes protruding of
plasmalemma. Root fibrils seem to capture bacteria
with subsequent emerging of infection thread (IT).
Walls of IT are composed of plant cells, and matrix
content is the common product of plants and bacteria
(Itf stage — Infection thread formation). IT develop-
ment goes along with formation of tubercular
primordium which takes place due to initiation of mi-
totic reactivation, dedifferentiation, and proliferation
of cortex cells by Nod-factors (Ced stage — Cortical cell
division). Histogenesis of primordium leads to apical
meristem, as well as peripheral (surface and conduc-
tive) and central (containing bacteria) tubercular tis-
sues. Growing IT passes through a root fibril and pene-
trates cortex and tubercle. Here the main stage is bacte-
ria transfer inside the cell via endocytosis (Bar stage —
Bacterial release). In this case distal parts of IT trans-
form into special structures — infectious drops without a
cell wall, which open the way for membrane vesicles,
containing bacteria, into plant cytoplasm. Therefore,
bacteria are not located at random within plant cyto-
plasm, but inside peribacteroid membranes (PBM),
created with participation of Golgi apparatus and
endoplasmatic reticulum, which contain bacterial
proteins.
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A Dbacterium, surrounded by PBM, is the main
intracellular unit of symbiosis, — a symbiosome, re-
sponsible for provision of plants with nitrogen [42].
After leaving infectious thread rhizobia preserve their
sizes and rod-like shape for some time; then they trans-
form into special structures — bacteroides (Bad stage —
Bacteroid differentiation). Such transformation of mi-
croorganisms leads to subsidence of some genes, vital
for autonomous existence, and bacteroides cannot
transform info free forms living outside a tubercle any
more [43]. Above mentioned processes result in forma-
tion of a tubercle with the following constituents: api-
cal meristem, providing growth of a tubercle, central
part, where fixation of nitrogen takes place, and
peripheral conductive bundles responsible for two-way
conductivity.

Bacteroides are characterized by synthesis of
nitrogenase (Nif stage — Nitrogen fixation) — the central
enzyme of nitrogen fixation, catalyzing restoration of
molecular nitrogen to ammonium, which is a complex
of structurally and functionally conservative
metalloenzymes. This complex consists of two compo-
nents, namely, iron-containing ATP-depended
nitrogenase reductase (Fe-protein) and dinitrogenase,
containing iron and molybdenum (MoFe-protein).
Dimeric Fe-protein (y°) is a donor of electrons for a
larger heterotetramer MoFe-protein (o’f%), where sub-
units o, B, y are encoded by nifD, nifK, and nifH genes,
respectively. All nitrogen fixers are characterized by
MoFe-nitrogenase system (nitrogenase I), but if the
amount of molybdenum is insufficient and vanadium is
present, vanadium-containing V-nitrogenase
(nitrogenase 1) is expressed, and if these metals are
absent, Fe-nitrogenase, containing iron only
(nitrogenase I1I) is expressed.

It should be noted that the process of nitrogen fixa-
tion is energy-dependent requiring ATP presence [44,
45]. The amount of membrane structures in plant cells
increases with polyploidization and chromatin unwind-
ing which is related to intensification of transcription
activity. This is the time of leghemoglobin synthesis
that is a specific result of symbiosis: prosthetic group is
synthesized by bacteroides, while plants participate in
the synthesis of a protein component. Leghemoglobin
binds oxygen to oxygenated form LbO, and provides
its transportation to symbiosome. At the same time ox-
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ygen is in bound state which enables aerophobic
nitrogenase to work actively in microaerobic
conditions [46].

The process of plant recognition by rhizobia starts
with recognizing flavonoids i.e. secondary metabolites
of plants, expressed by growing seeds and roots of
plants [47]. Flavonoids have a gene-inducing function
which reveals at their micromolar concentrations [48,
49]. There are data evidencing the fact that one
flavonoid may serve as an inductor for some rhizobia
and as an inhibitor — for others. For instance, daidzein
and genistein induce B. japonicum and Rhizobium sp.
NGR234, but are inhibitors for R. leguminosarum bv.
trifolii and bv. viciae [50, 51].

Flavonoids are characterized by considerable va-
riety. About 30 flavonoids, stimulating expression of
nod-genes, were isolated from nine species of le-
gumes [52].

Primary interaction takes place between flavonoids
and protein of nodD gene. NODD protein activates the
system of virulence genes of rhizobia which are re-
sponsible for synthesis of lipochito-oligosaccharide
Nod-factors. Recent studies revealed that Nod-factor
initiates production of cytokinin in the roots of legumes
via calcium-dependent signal ways. In its turn,
cytokinin stimulates division of cortical cells on associ-
ation parts of a tubercle [53].

Special features of molecular structure of Nod-fac-
tors play a significant role in determining specificity of
further interaction as a whole. For instance, endoge-
nous isoflavonoids of soya are capable of inducing
nod-genes of B. japonicum after a bacterium penetrated
root fibrils of a plant [54]. The main nodulation factor
for Sinorhizobium meliloti (NodRm-1) is sulphated and
acylated glycosamine tetrasaccharide [55]. There is a
supposition that NODG, NODE, and NODF proteins
participate in the synthesis of acyl chain, while
NODPQ and NODH take part in sulfation of a
nodulation factor. nod4BC genes are common for all
kinds of rhizobia; they encode cortical part of a
Nod-factor molecule. Other genes, including nodPQ,
nodH, nodEF, and nodX, are species- or even
strain-specific. They control modifications of chemical
structure of Nod-factor, determining specificity of fur-
ther interaction. nodPQ and nodH genes, revealed in le-
gume bacteria of alfalfa (S. meliloti) determine attach-
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ment of a sulphate group, necessary to induce forma-
tion of tubercles, to Nod-factor. Inactivation of these
genes makes bacteria lose their capability to inoculate
alfalfa, but a possibility of causing early symbiotic
reactions in some non-specific host e.g. vetch — still
remains [56].

Flavonoids of plants influence DNA synthesis via
binding with promoter part (Nod-box) of an inducible
gene, therefore initiating RNA-polymerase to start
transcription [57]. However, not all flavonoids initiate
transcription. Among several flavonoids of S.meliloti
only luteolin was capable of causing expression of a
nod-gene [58]. The determination of regulating mecha-
nism showed that 36 nod-genes, induced by flavonoids,
are not expressed at the same time. Nod-factor is the
first to be synthesized, followed by proteins of I1I type,
and lipopolysaccharide (LPS), rich in rhamnose, is
produced later [59].

Similar to nod-genes, nif- and fix-genes also play an
important role in the process of symbiosis. The struc-
ture of the former is homologous to that of nif~genes of
Gammaproteobacteria Klebsiella pneumoniae, nitro-
gen fixation genes of which have been studied for the
first time. These are the genes, necessary for
biosynthesis of nitrogenase and regulatory proteins
[60]. Fix-genes are also essential for nitrogen fixation,
still they may exist in non-nitrogen-fixing organisms as
well. Sequencing and mutational analysis of nif- and
fix-genes revealed both similar structure and functions
of their products in many diazotrophs and some
divergence in their origin [61].

Four years ago it was reported about identification
of'aset of 756 genes, expressed more or less intensively
during infection of root cells, nodulation, functioning
and protective response in symbiotic interaction of
M. truncatula and S. meliloti. Four main groups of
genes with differentiated expression were defined as
follows: 1) genes causing intensive expression in
young and ripe tubercles; 2) genes activated in ripe
nods; 3) genes induced transiently after 3—4 days fol-
lowing the inoculation; 4) genes causing decreased
expression during nodulation [62].

Initiation of nod-genes expression is specific for
non-flavonoid substances as well. Components with
stimulating capacities in lupine seeds are aldonic acid,
erythronic acid, and tetronic acid [63]. Usually the

plant jasmonates are considered as inducers of genes,
acting in response to an injury or attack of pathogens,
but they may also stimulate expression of nod-genes of
B. japonicum both independently and in combination
with a flavonoid inducer [64]. Xanthans initiate tran-
scription of nod-gene of B. japonicum [65].

In common with AM, initiated nod-genes produce
Nod-factors, which are various lipochito-oligosaccha-
rides, enabling rhizobia to penetrate into the roots of le-
gumes. They participate in deformation of root fibrils,
depolarization of membrane plasma, changes in
cytoskeleton of root fibrils, formation of pre-infection
thread, cortical division of cells in parts of nodulation
premordia, inhibition of reactive system of oxygen pro-
duction, disorder of auxin metabolism in roots, induc-
tion of plant nodulins, infection, formation, and
functioning of tubercles in symbiosis [66].

Nod-factors are also involved in the formation of a
thin (1-10 um) layer of amorphous mucous material —
mucigel i.e. biofilm which is a complex substrate with
many components — on the surface of plant roots (root
cap, rhizodermis, root fibrils, etc). Electronic micros-
copy was used to show presence of fibrillar cells in the
point of contact of rhizobia and root surface which
proved the formation of biofilm [67]. The latter con-
sists of extracellular polysaccharides, LPS, K-polysac-
charides, and cyclic glucans, and is vital both for for-
mation of immune response of a plant and for protec-
tion against active oxygen. Besides, the surface of
microorganisms hosts O-specific chains of LPS, inte-
grated into the outer membrane of bacteria. Polysac-
charides of polysaccharide-lipid complexes contain
ramnose, galactose, galacturonic acid, small amounts
of N-acetyl-D-glucosamine, mannose, fucose, xylose,
and glucose in different ratio.

A new high-molecular polysaccharide RBL5523,
isolated recently from R. leguminosarum bv. viciae,
mainly contains glucose, mannose, and a small amount
of galactose and ramnose, and demonstrates high ca-
pacity of binding to lectin of pea and vetch (V. sativa).
The authors suppose this polysaccharide to be impor-
tant for primary attachment to root fibrils [68].

The following stage of symbiotic association of
bacteria and plants is interaction of plant lectins and
bacterial polysaccharides. The ffirst data on exchange
of plant-microbial signals were obtained from investi-
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gation on lectins of legumes as factors of forming
highly specific rhizobial symbiosis [69]. Numerous ex-
perimental data concerning the influence of plant
lectins on metabolism of eukaryotic cells bring evi-
dence to the fact that these carbon-binding proteins
have inherent properties of signal molecules. Bacterial
lectins (agglutinins of cellular surface of associative
and symbiotic microorganisms) participate in the pro-
cess of symbiosis along with phytolectins [70]. Similar
to agglutinins of microorganisms, plant lectins promote
fixation of microorganism of plant tissues and
influence metabolism of a partner [71].

Besides, both AM and rhizobia have several other
components, necessary for successful colonization of
roots and further nodulation or increased growth of a
plant before nitrogen fixation starts. For instance, this
is indolacetic acid (IAA), synthesis of which is
flavonoid-dependent and controlled by Nod-box NB15
in Rhizobium sp. NGR234. Absence of [AA in a mutant
strain makes nodulation more complicated [72].

Pentacyclic triterpenoid lipids — hopanoids — en-
hance resistance of bacteria against biotic and abiotic
stresses and strengthen the membrane. It was deter-
mined that expression of synthetic gene of hopanoid of
Rhizobium sp. NGR234 depends on flavonoid and
NodI-factor and is controlled by Nod-box NB1 which
may determine symbiotic functioning of these compo-
nents [73]. The data on lumichrome of S. meliloti prove
its role in enhancing root breathing and improving
growth of M. sativa [74].

Similar to AM, development of legume-rhizobial
symbiosis is regulated by a host plant, providing opti-
mal amount and biochemical activity of
endosymbionts, which does not allow symbiosis to be-
come a pathogenic process. The function of phenols,
synthesized in tubercles, flavonoids, and active forms
of oxygen is not inhibition of microorganisms, but reg-
ulation of their activity. Presence of a system, control-
ling development of different forms of symbiosis, in
plants may be used in elaborating methods of
biocontrol over pathogens using microbe preparations.

Associative bacteria. Besides above mentioned
symbiotic associations, much attention is currently
paid to interaction of plants and plant growth-promot-
ing bacteria (PGPB), when a specific ecosystem with
morphologically unclear, yet mutually beneficial func-
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tional relations is established. Microbiologists call
these relations associativity, and microorganisms in
such association are called associative, respectively
[75]. This pertains to representatives  of
Azotobacteriaceae, Bacillaceae, Enterobacteriaceae,
Pseudomonadaceae, Spirillaceae genera. These bacte-
ria colonize a number of non-leguminous plants
(Gramineae, first of all), widespread in different
climatic zones.

Formation of PGPB association with a plant fol-
lows stages, similar to those of classic symbiotic asso-
ciations, — chemotaxis, lectin-carbohydrate interaction,
surface colonization (of some internal organs of a
plant, in some cases), and the stage of establishing rela-
tions, determined by the exchange of substances, useful
both for a plant, and for microorganism.

Comparison of associative microflora and symbi-
otic one reveals the former to have lower efficiency of
nitrogen-fixation; however, these bacteria have impor-
tant capacities, vital for growth and development of a
plant, namely, solubilization of phosphates, decrease in
the amount of ethylene, promotion of absorption of po-
tassium, nitrogen, and iron from soil, as well as synthe-
sis of a number of vitamins (riboflavin, thiamine,
pantothenic acid, etc) [5, 14, 76, 77]. Multitude of
PGPB produce substances, inhibiting pathogenic
microflora and promoting formation of induced sys-
temic resistance (ISR) in plants, which protects them
from phytopathogens (viruses, bacteria, and fungi)
[78-80]. Investigation on IRS in the association of
A. thaliana — P. thivervalensis revealed that bacterial
infection leads to the change in the level of expression
of genes of Arabidopsis, which defines response to the
oxidative stress, injury, resistance against diseases, and
also to encoding of proteins with non-determined
functions [81, 82].

The study of aforesaid associations called attention
to microorganisms, belonging to Azospirillum genus.
Besides A4. brasilense, A. lipoferum, and A. irakense,
which were rather well known, a new strain of
Azospirilla — 4. canadense — has recently been isolated
and characterized,; it is capable of fixing nitrogen in as-
sociation with roots of corn [83].

Azospirilla form both surface and intratissue associ-
ations. 4. irakense usually binds with root fibrils of rice,
while A. brasilense is located on the root surface [84].
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The process of A. brasilence attaching to wheat
(Trirucum aestivum) may have two stages [85]. The
first stage is weak, reversible, and non-specific attach-
ment, determined by plant lectins, bacterial surface
proteins, capsule polysaccharides, and flagella. The
second stage of attachment is non-reversible. It is medi-
ated by bacterial surface polysaccharides.

Mobility of bacterial cells is of great importance to
association formation. There are three types of mobility
concerning Azospirilla. They swim in liquid medium
(Fla'-phenotype), group together in more dense media
(Swa'-phenotype) or spread slowly (Gri'-phenotype).
Single polar flagella are formed on cells of all kinds of
Azospirilla in media of different density. Certain de-
gree of viscosity in the medium causes production of
numerous lateral flagella (Laf) in A. brasilense,
A. lipoferum, and A. irakense, which are shorter, thin-
ner, and different serologically compared to polar
flagella [86]. Besides, polar flagellum participates in
adsorption of Azospirilla on plant roots. Insertion mu-
tagenesis revealed that genes of A. brasilense Sp245,
determining collection and work of flagella, are located
in six parts of bacteria genome at least, scattered along
plasmid and chromosome DNA [87].

Adsorption capacity is another criterion character-
izing efficiency of association. This parameter pertains
to the level of producing surface polymers, participat-
ing in contact associations of partners [88]. Some vital
factors controlling this process are pH of medium and
presence of bivalent cations [89].

However, adhesive properties of lectins are sup-
posed to play the main role at the contact of bacteria
and cells of plant roots which reveals in association
with specific polysaccharides of mucigel.

Considerable amount of data on lectins was ob-
tained on the example of wheat sprouts lectin (agglu-
tinin of wheat germs — AWG). In particular, lectin of
wheat is a molecular signal for Azospirilla of A.
brasilense and A. lipoferum, since it initiates pro-
cesses necessary for formation and functioning of
their association [90]. It was determined that similar
to eukaryotes, cellular response of 4. brasilense
Sp245 to AWG is pleiotropic i.e. includes at least 12
separate effects. Lectin initiates processes of nitrogen
fixation, production of IAA, biosynthesis of glutamin
synthase; it also influences growth of bacteria and

non-specific increase in biosynthesis of cellular pro-
teins [91].

Binding of lectin with the surface of bacteria results
in enhanced exposure of hemagglutinin and O-specific
polysaccharide-containing polymers (LPS-protein
complexes and polysaccharide-lipid complexes of cap-
sule and membrane LPS) [92], as well as an increase in
the amount of surface-associated hemolytic factor on
cells of bacteria. It is probable that hemolysin is also in-
volved in the process of bacterial colonization of a host
plant [93].

A great variety of structures were revealed among
investigated O-specific polysaccharides (O-PS). Some
strains have a recurrent pentasaccharide link, others
have hexaoligosaccharides, consisting of rhamnose,
mannose, and substitutes of non-carbohydrate nature
[94]. Polysaccharide complexes are capable of associ-
ating with AWG, and inducing deformation of root fi-
brils of wheat sprouts together with LPS [89]. Two
kinds of O-PS were revealed for 4. brasilense Sp245:
neutral and acid. Lipopolysaccharide Km252 contains
only the neutral kind, while Km018 has only acid
O-PS. Treatment of wheat roots with LPS preparations,
isolated from Sp245 cells and its omegon Lps-mutants,
induced deformation of root fibrils. Deformation activ-
ity of LPS Sp245 was significantly higher compared to
Km252 and KMO018. Use of Lps-mutant of Km252 for
inoculation of wheat sprouts allowed obtaining addi-
tional proof to LPS participation in adsorption of
Azospirilla on the plant roots [94, 95].

It takes some time for Azospirilla to give either
short-term or prolonged response to lectin of plants.
Thus, in 3-4 hours following association there is in-
crease in biosynthesis of cellular proteins and induction
of synthesis of new proteins. Bacterial cells enlarge
[96]. The process of nitrogen fixation is induced due to
activation of nitrogenase complex; transportation of
ammonium from the cell into the medium of bacterium
is enhanced. There is a change in the ratio of acid
phospholipids, phosphatidyl glycerol and phosphatidyl
choline in the membranes of bacteria [97]. Prolonged
symbiotic responses are increased in the amount of
cells due to the influence of lectin and stimulation of
IAA production by Azospirilla [98, 99]. The main con-
dition of IAA synthesis by rhizospheral bacteria is the
availability of its predecessor — tryptophan — in root
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exudates [100]. Inactivation of ipdC gene, encoding
indole-3-pyruvate decarboxylase (key enzyme in one
of the ways of IAA biosynthesis), results in the de-
crease in IAA production by about 10-50% of the wild
type level [101, 102]. It was shown that the protein of
ipdC gene 1is also involved in biosynthesis of
phenylacetic acid, auxin of anti-bacterial activity.
A. brasilense, mutant in ipd gene, shows a considerably
decreased level of phenylacetic acid [103].

It is possible that bacteria use auxin as an element of
plant cell colonization, causing phytostimulation effect
and inhibition of the main protection mechanisms of a
plant [104]. For instance, this phytohormone may
detoxicate some analogues of tryptophan or its
non-physiological concentrations, inhibiting the growth
of bacteria [105]. Inducing role of another
phytohormone — gibberellin acid — was shown in initiat-
ing expression of two genes of rice Oryza sativa [106].

The data on associations between microorganisms
and plant cells in rhizosphere are constantly accumu-
lated. Probably, there is a possibility for future
gene-engineering construction of rhizosphere, for in-
stance, in case of creation of plants with definite com-
position of root exudates, which could draw useful mi-
croorganisms to rhizosphere and inhibit development
of harmful bacteria [107].

Recent 20 years have witnessed significant clarifi-
cation of “the molecular dialogue”, nevertheless, much
is yet to be specified.

The main features of formation of AM, le-
gume-rhizobial association, and associative interaction
of non-legumes and endophytic Azospirilla are similar
stages of forming symbiotic interaction, common mo-
lecular and genetic mechanisms of response (general
genes of symbiosis), appearance of link due to pro-
tein-polysaccharide interaction, biofilm formation, de-
pendence of association on many physiological factors,
etc. Rhizosphere bacteria react to chemoattractants of
root exudates, capable of stimulating nod-genes. Spe-
cific proteins of bacteria play an initiating role in the
interaction, but their functions are yet to be studied
further.

Plant lectins and their association with bacterial
polysaccharides are of great importance to the bacterial
infection of roots. A general hypothesis has been pro-
posed concerning specific lectin recognition, which ex-
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plains molecular mechanisms of bacteria attaching to
plant roots. Though there are many ambiguous data on
a definite role of lectins, there is no doubt about impor-
tance of these proteins for the plant-microorganism
association.

Intensity of symbiotic association depends on
many physiological factors, namely, age of culture,
composition and acidity of medium, cell mobility, etc.,
which may vary considerably and play a decisive role
in the formation of various symbiotic associations.

The data obtained on association of a plant and a
bacterial component of symbiotic and associative com-
plexes prove the efficient and flexible system of mutual
coordination and regulation between them. The result
of exchange of specific signals between microorgan-
isms and plant cells in rhizosphere is molecular-genetic
response as well as biochemical, morphological, and
physiological changes in each symbiont, directed to-
wards optimization of functioning of association
participants as an integral consistent organism.

JI. I'. JIvowuna

KuiTuHHI 1 MOJNIEKYJIIPHO-TEHETHYHI MEXaHi3MHU CUMO103y

Ta acoI[iaTUBHOI B3a€EMO/Iii MiKpOOpPTraHi3MiB 3 POCIUHAMH Y
pusocdepi
Pesome

Poszensinymo pesynomamu 00cniodxcenb 83aEmMo0ii MIKPOOP2aAHiZMIE
i pocaun'y pusocghepi. Ocobaugy ysacy npuoiieno npoyecy KOHmax-
mHoi  acoyiayii KAIMuH MIKpOOp2aHiZmMie i MKAHUH POCIUH 3d
yuacmi KOHKPemHUX MOAEKYIAPHUX CIMPYKMYP, ¥ AKOMY OOMIHA-
HMHA PONb NPUOLIAECMBCS OLIKOBO-8V2Ne600HUM B3UEMOBIOHOCU-
nam. Biosunaueno zaeanvui pucu ma eiominnocmi y opmyeanii
apbyckynapnoi mikopusu, 6060680-pu306ianvnoeo cumbiozy ma
acoyiayii He60O0BUX POCIUH 3 A30CNIPUIAMU.

Knrwuosi cnosa: cumbios, acoyiamusna 63aemoois, apOyckyisap-
Ha MiKopusa, pu3o0ii, azocnipuiu.

JI. I'. JIéwuna

Knerounsie u MOJIEKYJIIPHO-T€HETUYCCKUE MEXaHU3MBI
cuMOm03a U aCCOIMAaTHBHOI'O B3aMMOICHCTBUS MHUKPOOPTaHu3MOB

¢ pacTeHusIMH B puszochepe

Pesrome

Paccmompenvi pesynomamol ucciedo8anuil no cCuMOUOMuYecKomy
U ACCOYUAMUBHOMY 63AUMOOCUCIBUIO MUKDOOP2AHUZMOS U pACTe-
Hutl 8 puzocgpepe. Ocoboe eHumMaHue yOereno npoyeccy KOHMaKm-
HOU accoyuayuu K1emox MUKpOOP2AHUIMOSE U MKAHEl PACMEeHUlL ¢
yuacmuem KOHKPEMHbIX MOICKYIAPHbIX CIPYKMYP, 8 X00e KOmo-
PO20 OOMUHAHMHASA POJb OMEO0OUMCA OENK0BO-Y21e600HbIM 83AU-
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moomuourenuam. Ommeuenvl 00wue uepmvl U pasiuyus npu
Gopmuposanuu apOyCKyIApHOU MUKOpU3bl, 60HO080-pU306UATLHO-
20 cumbuo3a u accoyuayuu Hebob608bIX pacmeHuil U A30CRUPUTLI.
Knrouesvie crnoga: cumbuos, accoyuamusnoe e3aumooeticmeue,
apOyCKynApHAA MUKOPU3A, pu3oouul, a30Cnupuibl.
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