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RHEOLOGICAL FEATURES OF ISOLATES
OF BRADYRHIZOBIUM NODULE BACTERIA

I. Gumeniuk

Buceimaeno, wo énracmueocmi baxkmepianrvhux exzononicaxapuoie (EIIC) daroms 3moey 3a-
cmocogysamu ix y npomuca080cmi 04s iMMo0inizayii Mikpoopeaniamie y eeAbHUX npenapamax.
Y npomucaosocmi éonu moxcyms cayeysamu 3eyusysauamu, eaeymeoposavamu ma cmaoini-
3amopamu, 0cKinbku Maioms 30amHicms NOCUAIO8AMU 8 A3KICMb po3uuHie. Bcmanoeaeno, wo
B8OHU MAKOXNC CPUAIOMb 30epieantto 6aKmepiarsHuxX KAIMuH y npupooHOMy cepedosuuyi ma
cyocmpami Gionpenapamie 045 y00OpeHHS CinbCbK020CN00aPCbKUX KYAbMYpP YAPOO08I’C MpU-
6anoeo nepiody. Izonsm LG 2 mosce ymeoprosamu 3,2 e/n EIIC, wo nepesaicac KoHmpoavruii
wmam inokyasumy Puzoaxmue P na 13,4%, a izonam LG 5 mag 30amuicme cunmesygsamu
EIIC y kinvkocmi 2,8 e/a. Kinvkicruii ymicm (y %) monocaxapudis, ix peonoeiuti é1acmueoc-
mi oyin06anu 3a naowamu nikie na xpomamoepagax. Busnaueno peonoeiuni enacmueocmi
KYAbMYPAAbHUX POZUUHIE OMPUMAHUX [3045mie Oyab00ukosux 6axmepiii coi LG 2 ma LG 5.
Ompumani izonsmu 6yavoouxosux 6axkmepii LG 2 ma LG 5 3a605Kku inmeHcugHomy cunmesy
EIIC ma 3naunum peonoziyHum 81acmugocmsm MoICyms OYmu 3acmoco8ami 05 cmeopeHHs
CYHACHUX npenapamie Ha ix 0CHOGI.

Karwuosi caosa: exzononicaxapuou, Bradyrhizobium japonicum, 606060-pu3obiarsruil
cumbios, cos.

EPS of nitrogen-fixing rhizobial bacteria
are also potential biopolymers for industry,
but they are still not widely used. One of the
most important issues is the possibility of
storage of microbial preparations for a long
period. This is possible thanks to the isolation
and efficient use of EPS of nodule bacteria.
In the process of interaction and during the
transmission of signals in legume-rhizobial
symbiosis, polysaccharides play a significant
role, which effectively interact with legumi-
nous plants and enhance their adaptive mech-
anisms. They are excreted by many types of
soil microorganisms. Bacterial exopolysac-
charides (EPS) are widely used in different
industries, they can also be used to immobi-
lize microorganisms in gel preparations. In
industry, they can serve as thickeners, gelling
agents, stabilizers, for their ability to increase
the viscosity of solutions [1].

It is known that rhizobia have the ability
to form several types of surface polysaccha-
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rides, among which there are exopolysac-
charides (EPS), lipopolysaccharide (LPS),
capsular polysaccharides (CPS), neutral
polysaccharides (NPS), gel-forming polysac-
charides (GPS) and cellulose fibrils (CF).
EPS has a nourishing, protective and reserve
function, and also plays an important role
in adhesion and recognition [2]. Microbial
polysaccharides contain the necessary infor-
mation about the symbiotic potential of bac-
teria: specificity, virulence, nitrogen-fixing
activity, competitiveness, which is ensured by
the carbohydrate-protein correspondence of
the microsymbiont and macrosymbiont, and
the formation of legume-rhizobial symbiosis
most of all depends on the level of lectin-poly-
saccharide interaction [3]. Bacterial polysac-
charides and plant lectins are responsible not
only for the formation of symbiosis, but also
for its functioning [4, 5].
Exopolysaccharides have a large suppres-
sor effect, which is activated when plants are
affected by nodule bacteria [6]. They also pro-
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tect the enzyme nitrogenase of the symbiotic
apparatus of leguminous plants [7]. In recent
years, microbial exopolysaccharides become
one of the main object of research not only
because of their importance in the metabolism
of microorganisms, but also due to the diver-
sity of the physicochemical structure that
determines the properties of these polymers
[8]. Microbial EPS can be used as suspending,
gelling and emulsifying agents, due to their
rheological properties [9, 10].

Exopolysaccharides of nitrogen-fixing rhi-
zobial bacteria are also potential biopolymers
for the production of drugs, because in the
culture broth it increases its viscosity and
provides for their adaptation to environmen-
tal conditions both in symbiosis with legumes
and in a saprophytic status. The microbial
exopolysaccharide can be used as an alterna-
tive to peat carrier for preparations. There
are biopolymers of bacterial cells, they are
synthesized and released into the extracel-
lular environment, this allows us not to use
minerals as a vector in the future to produce
bacterial preparations [11-14].

The aim of the study was to test rheologi-
cal abilities of Bradyrhizobium isolates, which
are active producers of EPS.

MATERIALS AND METHODS

The object of the study was isolates of the
nodule bacteria Bradyrhizobium sp., which are
forming symbiosis with soybean Glycine max
(L) Merril. Deep cultivation was carried out
in 250 ml bottles, under conditions of con-
stant mixing 180 rpm, and the temperature
of 28+1°C. Bacteria were grown in a liquid
mineral nutrient medium yeast mannitol agar
(YMA) of the next composition (g/1): man-
nitol — 8.0; yeast extract — 2.0; glucose —
KH,PO, — 0.35; MgSO, — 0.2; agar-agar —
20.0; pH 7.2 [15].

The isolation of the exopolysaccharides
began with the separation of the culture fluid
from the biomass, through centrifugation at
8.000 rpm for 10 minutes. The isolated cul-
ture broth was then added to isopropyl in
a proportion of 5:1. The isolated precipitate
was collected and dried in a vacuum drying

cabinetuntil complete evaporation of isopro-
pyl [16]

The dynamic viscosity of the cultures
was determined using a capillary viscometer
VPZh-2 [17].

To measure the optical density, every
8 hours 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
procedure three times. Then, 1 ml of distilled
water was added to the resulting precipitate
and the optical density was measured on PG
INSTRUMENTS T60 UV-Visible spectro-
photometer.

The monosaccharide composition of exo-
polysaccharides was determined in the late
logarithmic phase. For this, the bacterial mass
was washed with a physiological solution, pre-
cipitated by centrifugation at 10.000 rpm for
20 minutes and washed twice. Bacterial cells
were dried with acetone and diethyl ether.
The supernatant was diluted with saline in the
ratio of 1:1 and re-centrifuged at 10.000 rpm
for 20 minutes. Exopolysaccharides were
isolated from the supernatant by single pre-
cipitation with ammonium sulphate. The re-
sulting preparation was dialyzed against a
distilled carrier to a full type of SO, ions and
lyophilized [18].

RESULTS OF THE RESEARCH
AND DISCUSSION

From natural ecological niches, we iso-
lated 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/I. However, two
isolates LG 2 and LG 5 were the most active
and the number of synthesized EPS was at
the level of the reference strain of Rizoaktiv R
and also higher (fig. 1).

Among all eleven isolates of soybean nod-
ule bacteria, two were characterized by a high
content of EPS. The LG 2 isolate could syn-
theze 3.2 g/l exopolysaccharides, which is
dominated by the reference strain of Rizoak-
tiv R by 13.4%. Also, LG 5 isolate was able to
synthesize exopolysaccharides in the amount

94

AGROECOLOGICAL JOURNAL - No. 4 - 2018



RHEOLOGICAL FEATURES OF ISOLATES OF BRADYRHIZOBIUM NODULE BACTERIA

4.0 7
3.5 1
3.0 1

[
2.5 1

2.0 1

Exopolysaccharide quantity, g/I

Bradyrhizobium sp.

MRS
&
<

%.

L & xQ <
NN N N

& & & & N

N N NV

< < < <
SN N S TN
\G" x% x% \%0 x%0

Fig. 1. The synthesis of exopolysaccharides by soybean nodule bacteria Bradyrhizobium

of 2.8 g/I. Actually the fact that this number
of exopolysaccharides was known at the level
of the control variant, these two isolates were
chosen for further studies. Well-known fact
that nodule bacteria synthesize exopolysac-
charides in the amount of 0.5-1.5 g/1 [2].

The presence of EPS in modern microbial
preparations 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 synthesis of exopolysaccharides by bac-
terial strains significantly contributes to the
improvement of soil fertility, plant growth
and development, as well as the formation of
an effective symbiosis between the plant and
the bacterium.

The practical value of EPS is determined
by their rheological properties, the ability to
increase the viscosity and plasticity of solu-
tions. 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 represented by LG 2

isolate. It is known that under certain cul-
tivation conditions the chemical composi-
tion of EPS, the balance of monosaccharides
can change the practical value of these poly-
mers.

The viscosity of the culture broth of the
control variant — strain from Rizoaktiv R
inoculant, reached 280 mPa-s. Meanwhile,
from the soybean nodule bacteria presented
in our studies, LG 2 isolate had the ability to
form exopolysaccharides in an amount that
exceeded the reference strain by 7.8% (fig. 2).
The number of synthesized EPS of LG 5 iso-
late was within the range of chosen model

350
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Fig. 2. Viscosity of the bacterial culture broth
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Fig. 3. Optical density of culture broth of Bradyrhizobium isolates
The monosaccharide composition of exopolysaccharides
synthesized by Bradyrhizobium japonicum isolates
Monosaccharides, %
Variants of experiment
Glucose Mannose Galactose Rhamnose
Rizoaktiv R (Control) 51,2 38,2 14,3 0,9
Isolate LG 2 47,5 34,5 17,6 0,4
Isolate LG 5 51,4 32,6 15,4 0,6

Note: the amount of monosaccharides is given as a percentage of the total area of the peaks.

strain of Rizoaktiv R. It is important how
the rheological property of EPS as the opti-
cal 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 experimen-
tal variants. Thus, the largest optical den-
sity was characterized by LG 2 isolate, it was
0.93£0.06 relative unit.

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

The monosaccharide composition of exo-
polysaccharides synthesized by isolates was

nearly the same The dominant monosaccha-
rides of our studied isolates are glucose, man-
nose, and galactose (tabl.).

The number of rhamnosis in the EPS of
all bacteria represented in this study was in a
minor amount, that is, less than 1%. A similar
composition of EPS was in Rhizobium strains,
which were in the studies of Algerian and
French scientists [20].

We consider, that it will be interesting
to use these isolates of slow-growing B. ja-
ponicum bacteria in the future as the basis for
liquid or gel biologics due to the fact that the
qualitative composition of monosaccharides
defined in the studies was at the level of the
production inoculant Rizoaktiv R.

CONCLUSIONS

Isolates of soybean nodule bacteria Brady-
rhizobium sp. are characterized by intensive
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synthesis of EPS and significant rheological
properties. The further testing of the effect of
these isolates on soybean yield and on plant
biometrics will be important. It is necessary
not to forget that these bacteria are isolated

10.

(2012). Microbial exopolysaccharides: main examples
of synthesis, excretion, genetics and extraction. Car-
bohydrate Polymers, 87(2), 951-962 [in English].

from the soil-climatic zone of Ukraine, so
they will be effective in our country, they can
quickly adapt to environment and increase
the soil fertility.
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