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Exopolysaccharides of nitrogen-fixing rhizobial bacteria are potential biopolymers for industry. One of the most important issues
is the possibility of storage of microbial drugs for a long period. The isolate LG 2 is capable of forming 3,2 g/l exopolysaccharides,
which is dominated by the control strain B. japonicum eko/001 by 13,4%, and the isolate LG 5 synthesized EPS in the amount of 2,8 g/1.
Characterized by the rheological properties of culture solutions of isolates (viscosity, optical density). The resulting isolates of nodule
bacteria LG 2 and LG 5, owing to the intensive synthesis of EPS and significant rheological properties, can be used to create mod-
ern preparations of soybean nodule bacteria. Key words: exopolysaccharides, legume-rhizobial symbiosis, soybean Bradyrhizobium
japonicum.

Cunre3 ex3onomicaxapuniB izonsitamu Bradyrhizobium japonicum. I'ymentox LI., I'pysincbkuii C.1O., bposko 1.C.,
Yaoaniok S1.B. Ex3onomnicaxapuan a30TdikcyBanbHUX pU300iadbHUX OaKTepill € MOTCHUIHHUME OlomoniMepamMu sl IPOMHUCIOBOCTI.
OnHUM 13 HAWBaKJIMBIIIMX MUTAHb 3AJUINAETHCS MOXKIMBICTH 30epiraHHs MIKPOOHHX TMpenapaTiB yMPOIOBK TPUBAJIOTO MEPiOLY.
I30msat LG 2 3parHmii yrBOproBaty 3,2 I/11 eK30I0JIicaxapyIiB, 0 MepeBakae KOHTPOIbHHUN eTanoHHui mram B. Japonicum eko/001
Ha 13,4%, a 13omaT LG 5 MaB 374aTHICTh CHHTE3YBaTH €K30MOJICaXapyuan B KiTbKOCTi 2,8 1/11. OxapakTepu3yBaid PeooTiuHi BIacTu-
BOCTI KyJIBTypaJbHUX PO3UHHIB i30sTiB (B’sI3KiCTh, ONTHYHY rycTuHy). OTprMani i3ossTu OyiapboukoBux Oaktepiii LG 2 Ta LG 5
3aBsiky iHTeHcHBHOMY cuHTe3y ETIC Ta 3HauHMM peooridyHUM BIACTHBOCTSIMU MOXYTh OyTH 3aCTOCOBAHI JUIsi CTBOPEHHS Cy4acHHUX
npenapariB Oynp00ukoBUX OakTepiit coi. Knouosi crosa: ex3omnoinicaxapuau, 6000Bo-pu3obiansHuii cum6io3, cost Bradyrhizobium
japonicum.

Cunre3s 3k3ononncaxapuios uszoiasitamu Bradyrhizobium japonicum. I'ymentox U.HU., I'py3unckuii C.1O., bposko U.C.,
Yaodaniok 51.B. Dx3ononmcaxapuisl a30TGUKCHPYIOMNX PU30OHAIBHBIX OaKTepHil SIBISIOTCS MOTEHIIMAIBHEIMI OMOTIOIMMepaMBbI JUIs
MPOMBIIIICHHOCTH. OJHUM M3 BaKHEHIIHMX BOIPOCOB OCTACTCS BO3MOKHOCTh XPAaHEHHS MHUKPOOHBIX MPENapaToB B TCYCHHE [UIH-
TenpHOTO Tepuona. M3omsat LG 2 cocoben 06pa3oBbIBaTh 3,2 I/1 AK30MOIMCAXapHUIOB, YTO MPEBBIIIAET KOHTPOJIbHBIN mTamMM B.
japonicum eko/001 Ha 13,4%, a u3onsat LG S cunreszuposan DI1C B konnuectse 2,8 1/11. OXapaKkTepr30BaId peoJOrnuecKie CBONCTBA
KyJBTYPaJIbHBIX PACTBOPOB M30JISATOB (BSA3KOCTH, ONTHIECKYIO IUIOTHOCTH). [ToydenHbie n301aThl KiTyOeHbKOBEIX OakTepuit LG 2 u
LG 5 Gnmaromaps nuareHcnBHOMY cuHTe3y DIIC M 3HAYMTENFHBIM PEONIOTHUECKUE CBOWCTBAa MOTYT OBITH PUMEHEHBI IS CO3AaHUS
COBpPEMEHHBIX NpenapaToB KIyOeHBKOBBIX OakTepuil cou. Kniouegvie cosa: 3K30MOMMCAXaPUIbI, 0000BO-PU300HATBHBIN CUMONO3,
cost Bradyrhizobium japonicum.

Introduction. In the process of interaction and dur-
ing the transmission of signals in legume-rhizobial sym-
biosis, polysaccharides play a significant role, which
effectively interact with leguminous plants and enhance
their adaptive mechanisms. They are excreted by many
types of soil microorganisms. Bacterial exopolysac-
charides (EPS) are widely used in the food and textile
industry, they can also be used to immobilize microor-
ganisms in gel preparations. In industry, they can serve
as thickeners, gelling agents, stabilizers, for their ability
to increase the viscosity of solutions [1]. EPS of nitro-
gen-fixing rhizobial bacteria are also potential biopol-
ymers for industry, but they are still not widely used.
One of the most important issues is the possibility of
storage of microbial drugs for a long period. This is pos-
sible thanks to the isolation and efficient use of EPS of
nodule bacteria.

Literary review. It is known that rhizobia have the
ability to form several types of surface polysaccharides,

among which are:exopolysaccharides (EPS), lipopol-
ysaccharide (LPS), capsular polysaccharides (CPS),
neutral polysaccharides (NPS), gel-forming polysaccha-
rides (GPS) and cellulose fibrils (CF). EPS has a nour-
ishing, protective and reserve function, and also plays an
important role in adhesion and recognition — the inter-
action with the lectins of the host plant [2]. Microbial
polysaccharides contain the necessary information about
the symbiotic potential of bacteria: specificity, viru-
lence, nitrogen-fixing activity, competitiveness, which
is ensured by the carbohydrate-protein correspondence
of the micro- and macrosymbiont, and the formation of
legume-rhizobial symbiosis (LRS) depends on the level
of lectin-polysaccharide interaction. Bacterial polysac-
charides and plant lectins are responsible not only for
the formation of symbiosis, but also for its functioning
[3;4].

EPS also have a suppressor effect, which is activated
when plants are infected by nodule bacteria [5]. They also
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protect the enzyme nitrogenase of the symbiotic appara-
tus of leguminous plants [6]. In recent years, microbial
EPS have become one of the main object of research
not only because of their importance in the metabolism
of microorganisms, but also due to the diversity of the
physicochemical structure that determines the properties
of these polymers and allows them to be used in indus-
try. Solutions of microbial polysaccharides should have
a high viscosity at low concentration, stability in a wide
temperature range and pH, resistance to mechanical
destruction [7]. Microbial EPS can be used as suspend-
ing, gelling and emulsifying agents, due to their rheolog-
ical properties [8; 9].

Exopolysaccharides of nitrogen-fixing rhizobial bac-
teria are also potential biopolymers for the production
of drugs, because in the culture broth it increases its vis-
cosity and provides for their adaptation to environmental
conditions both in symbiosis with legumes and in a sap-
rophytic status [4; 10; 11]. Rhizobia release a large num-
ber of EPS in the rhizosphere [6; 12]. Therefore, as an
alternative to peat carrier, microbial EPS can be used [14;
15]. Since these are polymers of bacterial cells, they are
synthesized and released into the extracellular environ-
ment, this allows us not to use minerals as a vectorin the
future to produce bacterial preparations [6; 12; 15; 16].

The aim of the study was to identify strains of
Bradyrhizobium — active producers of EPS with a high
rheological ability.

Materials and methods. The object of the study
was isolates of the nodule bacteria Bradyrhizobium sp.,
which forming symbiosis with soy Glycine max (L)
Merril.

Deep cultivation was carried out in 250 ml bottles,
under conditions of constant mixing 180 rpm, and the
temperature of 28 + 1°C. Bacteria were grown on a liquid
mineral nutrient medium of the next composition (g/1):
mannitol — §; yeast extract — 2; glucose — 2; (NH,),SO, —
0,5; K,HPO, - 0,35; KH,PO, - 0,35; MgSO, — 0,2; agar-
agar — 20; pH 7.2. The isolation of the exopolysaccha-
rides began with the separation of the culture fluid from
the biomass, throughcentrifugation at 8,000 rpm for
10 minutes. The isolated culture broth was then added to
isopropyl in a proportion of 5:1. The isolated precipitate
was collected and dried in a vacuumdryingcabinetuntil
complete evaporation of isopropyl [17].

The dynamic viscosity of the cultures was deter-
mined using a capillary viscometer VPZh-2 [18].

To measure the optical density, every 8:00, a sample
of 1 ml was taken at the same time with the biomass
estimate. The resulting liquid culture was centrifuged
at 12,000 rpm for 2 minutes until precipitate, washed
with water and again centrifuged, repeating this proce-
dure three times. Then, 1 ml of distilled water was added
to the resulting precipitate and the optical density was
measured on a PG INSTRUMENTS T60 UV-Visible
spectrophotometer.

Results of the research and discussion. From nat-
ural ecological niches, we isolated several highly active

and competitive isolates of nodule bacteria of soybean.
The range of synthesis of EPS by bacteria was in the
range of 0,09-3,21 g/l. However, two isolates LG 2 and
LG 5 were the best and the number of synthesized EPSs
was at the level of the reference strain B. japonicum
eko/001, as well and above it (Fig. 1).
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Fig. 1. The synthesis of exopolysaccharides by nodule
bacteria of soybean

Among all eleven isolates of soybean nodule bacte-
ria, two were characterized by a high content of EPS.
LG2 isolate is capable of synthezing 3,2 g/l exopoly-
saccharides, which is dominated by the reference refer-
ence strain B. japonicum eko/001 by 13,4%. Also, LG5
isolate was able to synthesize exopolysaccharides in the
amount of 2,8 g/l. Despite the fact that this number of
exopolysaccharides was known at the level of the con-
trol variant, these two isolates were chosen for further
studies. Usually, nodule bacteria synthesize exopolysac-
charides in the amount of 0,5-1,5 g/l [2].

The presence of EPS in modern microbial prepara-
tions is important for the storage of high titer and high
physiological activity of bacterial cells for a long period.
So, based on these data, we can conclude about the effec-
tiveness of the isolates given in our studies. The synthe-
sis of exopolysaccharides by bacterial strains signifi-
cantly contributes to the improvement of soil fertility,
the improvement of plant growth and development, as
well as the formation of an effective symbiosis between
the plant and the bacterium [3].
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Fig. 3. Optical density of culture broth of isolates
Bradyrhizobium

The practical value of EPS is determined by their
rheological properties, the ability to increase the viscos-
ity and plasticity of solutions. Therefore, we checked the
rheological properties of two isolates that produced the
greatest number of exopolysaccharides [19].

During the cultivation of EPS producers (isolates of
soybean nodule bacteria), on the YMA medium showed
an intensive growth of biomass in the variant repre-
sented by LG 2 isolate. It is known that under certain
cultivation conditions the chemical composition of EPS,
the ratio of monosaccharides can change the practical
value of these polymers.

The viscosity of the culture brothof the control var-
iant — strain B. japonicum eko/001, reached 280 mPa-s.

Meanwhile, from the soybean nodule bacteria presented
in our studies, LG 2 isolate had the ability to form exo-
polysaccharides in an amount that exceeded the refer-
ence strain by 7,8% (Fig. 2). The number of synthesized
EPS of LG 5 isolate was within the range of chosen
model strain B. japonicum eko/001. It is important how
the rheological property of EPS as the optical density of
the culture broth of isolates of nodule bacteria changes,
depending on the cultivation time (Fig. 3).

The analysis of the research results shows that the
optical density increases according to the biomass of
the presented experimental variants. Thus, the largest
optical density was characterized by LG 2 isolate, it was
0,93 + 0,06 relative unit.

Consequently, EPS with pronounced rheological
features are an effective stabilizing component when
creating a gel medium for the cultivation of bacteria
Bradyrhizobium. An important technological charac-
teristic of microbial preparations is the duration of their
storage.

Conclusions. Isolates of soybean nodule bacteria
Bradyrhizobium sp. are characterized by intensive syn-
thesis of EPS and significant rheological properties.
Taking into account the results, further testing of the
effect of these isolates on soybean yield and on plant
biometrics will be important. It is necessary to search for
isolates adapted to our conditions of existence, through
their adaptation and ability to influence environmental
indicators.
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