3AI'AJIBHA MIKPOBIOJIOI'TA

Cinbcpkorocrnonapebka Mikpobiosnorist. — 2015. — Bumn. 22. — C. 3-8.

ISSN 1997-3004

UDC 579.24:579.64:579.66

INFLUENCE OF NANOCARBOXYLATES
OF MICROELEMENTS ON RHIZOBIUM RADIOBACTER 204
GROWTH-REGULATING ACTIVITY

S. F. Kozar', E. P. Symonenko', V. O. Lynnyk’, V. H. Kaplunenko’

'Institute of Agricultural Microbiology and Agroindustrial Manufacture, NAAS
97, Shevchenka str., Chernihiv, 14027, Ukraine; e-mail: neo 7676(@bigmir.net

*Ukrainian State Research Institute of Nanobiotechnologies and Resource Saving
84, Malevycha str., Kyiv, 03150, Ukraine; e-mail: info@ndiresurs.gov.ua

The results of studies of the influence of nanocarboxylates (citrates) of microelements on
Rhizobium radiobacter 204 growth-regulating activities are presented. It was found that increasing
bacteria growth-regulating activity is achieved by the content of citrates of Zinc (Zn), Copper (Cu),
Manganese (Mn), Iron (Fe) and Molybdenum (Mo) in culture medium in complex. It was shown
that the use of nanocarboxylates of microelements while cultivating the investigated strain contri-
butes to the increase of bacterial cells titre in a liquid culture medium by 1 billion/cm’. It was re-
vealed that the cultivation of R. radiobacter 204 under the action of citrates of microelements helps
extent the exponential growth phase of these bacteria by 12 hours. According to the research re-
sults an optimized liquid culture medium was proposed for bacteria culturing.
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All living organisms, including bacteria, re-
quire for their development a number of chemi-
cal elements and compounds necessary for con-
structive metabolism, transportation systems
operation, activation of enzymatic processes [1].
Some of these elements act as major (Mg, Ca,
K, Fe), and other — minor (Zn, Mn, Mo, Cu, V,
Ni, Co). The importance of both major and mi-
nor elements is determined by the fact that they
are part of basic cellular metabolites, and thus
take part in vital functions of organism [2—4].

The solubility of compounds of microele-
ments in biological environments is quite high.
At this their toxicity and biological compatibi-
lity with the organism as part of inorganic salts
should be taken into account.

In Ukraine, a new form of compounds of
microelements — nanocarboxylates (metal cit-
rates) were created using nanotechnology tech-
niques. Such a form of microelements was cre-
ated by ablation of metallic granules in water,
which is characterized by a much greater degree
of digestibility and efficiency of interaction with

biological objects than counterparts in the form
of organic salts. As only water, carboxylic acid
and metal source are used in the production, the
created product is characterized by a high de-
gree of environmental friendliness [5—6].

Today nanocarboxylates of microelements
are widely used in agricultural production, par-
ticularly in livestock farming as antiseptics,
stimulants of digestive processes of cattle, in
healing of wounds and post-operative scarring
in cattle [7]. In agriculture nanocarboxylates are
used as microfertilizers for agricultural crops
and have high stimulating impact on plant
growth [8]. It is possible to explain the mecha-
nism of action of these compounds through the
fact that they activate useful soil microflora,
which, in turn, stimulates and improves the nu-
trition of crops. But the impact of nanocarboxy-
lates on the representatives of rhizosphere mi-
croorganisms, including nitrogen-fixing bacteria
was studied fragmentarily.

Based on the above, the objective of our
study was to investigate the features of di-
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azotrophs growth under the action of nanocar-
boxylates of microelements on the example of
Rhizobium radiobacter 204 (bio-agent of mi-
crobial preparation Diazofit).

Materials and methods. Objects of study:
R. radiobacter 204 [9], obtained from the col-
lection of useful soil microorganisms of the In-
stitute of Agricultural Microbiology and Agro-
industrial Manufacture of NAAS, nanocarboxy-
lates of microelements — Zinc (Zn), Copper
(Cu), Manganese (Mn), Iron (Fe) and Molybde-
num (Mo). We express our sincere gratitude to
the strain authors for a kindly provided object
for the study.

Microelements were obtained by interaction
of metal, metal oxide or metal hydroxide with
citric acid in an aqueous colloidal solution with
low (less than 10° wt. %) content of chlor-,
nitrate- and sulphate-ions. At this, metal, metal
oxide or metal hydroxide stay in colloid solution
in the form of metal, metal oxide or metal hy-
droxide nanoparticles obtained by ablation of
metallic granules in water, and the ratio of the
mass of metal carboxylate to nanoparticles mass
amounts to at least 1000 [5; 10].

To determine the growth-regulating activity
of the studied strain under the influence of cit-
rates of microelements the following ranges of
their concentrations in the medium were taken
as the basis for cultivation, that not inhibit
microbiological processes, growth and deve-
lopment of bacteria, according to published data
[11; 12]. However, the concentrations of nano-
carboxylates in our study were expanded to such
an extent (mg/dm’), Zinc (Zn) — 0.0005-1000,
Copper (Cu) — 0.03—100, Manganese (Mn) —
0.002-100, Iron (Fe) — 0.1-1000, Molybdenum
(Mo) — 0.001-10.

R. radiobacter 204 bacteria were grown
under the conditions of periodic cultivation in
microbiological rotator at 220 rpm at the tem-
perature of 28.0 £2.0 °C for 72 hours in liquid
pea culture medium [13]. Nanocarboxylates we-
re added to culture medium before autoclaving.

Planning and conducting experiments on
the study of metal citrate complexes impact on
R. radiobacter 204 growth-regulating activity
were performed according to the matrix of ex-
periment planning at 5 factors and 5 levels of
their interaction according to the scheme 5i5k
[14], microelements acted as factors, and their
concentrations — as levels. The changes in the
number of bacteria in the culture fluid were de-
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termined by generally accepted microbiological
methods [15].

To study the dynamics of growth the bacte-
ria were grown with such metal citrate concen-
tration in the culture medium (mg/dm’), which
most positively influenced their growth-regula-
ting activity: Zinc (Zn) — 0.0005, Copper
(Cu) — 0.3, Manganese (Mn) — 0.2, Iron
(Fe) — 10, Molybdenum (Mo) — 0.01. At this,
during 72 hours of cultivation cells titre was
calculated every 12 hours. The initial number of
bacteria was 4 - 10° cells/cm’ of culture me-
dium. The obtained data made a curve of growth
for periodic bacteria culture, on the basis of
which the change of growth dynamics of studied
strain was determined under the action of nano-
carboxylates.

For the processing of experimental data
computer software Statistica 10.0, and possibili-
ties of electronic spreadsheets MS Excel were
used.

Results and discussion. During the studies
of the impact of nanocarboxylates on changing
the number of bacteria in culture medium it was
found that R. radiobacter 204 is able to with-
stand higher concentrations of studied com-
pounds than previously described as for other
microorganisms. It was defined that this strain
does not reduce growth-regulating activity un-
der the content of Copper (Cu) in the medium at
the concentration of 100 mg/dm’ (Fig. 1), Mo-
lybdenum (Mo) — 10 mg/dm’ (Fig. 2).

It was defined that the number of bacteria
does not change under the concentration of Zinc
(Zn) — 100 mg/dm’ (Fig. 3), Manganese
(Mn) — 10 mg/dm’ (Fig. 4), Iron (Fe) —
100 mg/dm’ (Fig. 5) in the culture medium.
However, the number of R. radiobacter 204
bacteria is reduced by 2.32 billion/cm® (33 %)
under the content of Zinc (Zn) in culture me-
dium in the concentration of 1000 mg/dm’
(Fig. 3), by 1.32 billion/cm® (17 %) under the
content of Manganese (Mn) in the concentration
of 50-100 mg/dm’ (Fig. 4), by 0.81 billion/cm’
(11.8 %) under the content of Iron (Fe) in the
concentration of 1000 mg/dm’ (Fig. 5). There
was no increase in the number of bacterial cells
of the studied strain under the action of indivi-
dual microelements.

Since, according to the obtained data, the
increase in the number of bacteria in the culture
fluid was not achieved under the content of any
one nanocarboxylate in the culture medium,
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Fig. 5. Impact of Iron (Fe) nanocarboxylate
on R. radiobacter 204 bacteria titre

then using the experiment planning matrix con-
sisting of 5 factors and 5 levels of interaction, a
number of options with different combinations
of concentrations of studied elements in the cul-
ture medium were modelled (Table. 1).
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The conducted studies under simulated op-
tions indicate that the combination of Zinc (Zn),
Copper (Cu), Manganese (Mn), Iron (Fe) and
Molybdenum (Mo) nanocarboxylates in the cul-
ture medium made it possible to increase the
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Table 1. Impact of complexes of nanocarboxylates on the number of R. radiobacter 204 in

a liquid medium

Concentration of nanocarboxylate, i
Ne mg / dn” of culture medium billoer? | billionren? 1nGtr1?rvth %
Zn Cu Mn Fe Mo
1 0 0 0 0 0 6.47 £0.26 0 0
2 0.0005 | 0.03 | 0.002 | 0.1 | 0.001 | 6.74+0.27 0.27 4.2
3 0.001 0.03 | 0.02 | 05| 0.01 6.96 £ 0.23 0.49 7.6
4 0.05 0.03 0.2 1 0.1 6.73 £0.25 0.26 4.1
5 0.1 0.03 2 5 0.3 6.83 £0.25 0.36 5.5
6 0.5 0.03 5 10 10 6.78 £0.24 0.31 4.8
7 0.0005 0.1 0.02 1 0.3 7.04 +0.27 0.57 8.8
8 0.001 0.1 0.2 5 1 7.10 £0.27 0.63 9.7
9 0.05 0.1 2 10 | 0.001 | 6.88 +0.26 0.41 6.4
10 0.1 0.1 5 0.1 | 0.01 6.92 £0.25 0.45 7.0
11 0.5 0.1 0.002 | 0.5 0.1 7.11 £0.25 0.64 9.8
12 0.0005 0.3 0.2 10 0.01 7.46 £0.27 0.99 15.4
13 0.001 0.3 2 0.1 0.1 7.16 £0.27 0.69 10.7
14 0.05 0.3 5 0.5 0.3 7.19 £0.27 0.72 11.1
15 0.1 0.3 | 0.002 1 1 6.85+0.27 0.38 5.9
16 0.5 0.3 0.02 5 0.001 | 6.94+0.28 0.47 7.3
17 | 0.0005 1 2 0.5 1 7.07 £0.27 0.60 9.2
18 0.001 1 5 1 ] 0001 | 7.15+0.26 0.68 10.5
19 0.05 1 0.002 5 0.01 6.78 £0.27 0.31 4.7
20 0.1 1 0.02 10 0.1 6.88 £0.26 0.41 6.4
21 0.5 1 0.2 0.1 0.3 6.60 £0.27 0.13 2.0
22 0.0005 3 5 5 0.1 7.08 £0.27 0.61 9.4
23 0.001 3 0.002 | 10 0.3 6.97 £0.26 0.50 7.7
24 0.05 3 0.02 | 0.1 1 6.81 £0.25 0.34 5.2
25 0.1 3 0.2 0.5 | 0.001 | 6.68+0.26 0.21 3.2
26 0.5 3 2 1 0.01 6.57 £0.24 0.10 1.6
number of cells of microorganisms by impacts R. radiobacter 204 growth activity, in-

0.57-1 billion/cm’ from the initial titre (Table. 1).
In course of studies the dynamics of R. ra-
diobacter 204 growth was analysed under the
action of studied compounds. It was found that
under the action of the complex of microele-
ments in culture medium, which most positively
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crease of the duration of exponential growth
phase of studied strain by 12 hours is observed
that directly affects the increase of bacterial
cells (Fig. 6).

Thus, we can conclude the feasibility of
nanocarboxylates use for the optimization of
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Fig. 6. R. radiobacter 204 growth dynamics under the action of nanocarboxylates

culture media for culturing diazotrophs. Com-
plex application of Zinc (Zn), Copper (Cu),
Manganese (Mn), Iron (Fe) and Molybdenum
(Mo) citrates, obtained with the help of nano-
technology, for culturing R. radiobacter 204
allows to increase bacteria titre by 1 billion/cm’
while increasing the duration of bacteria expo-
nential growth phase.

According to the obtained data we can con-
clude that R. radiobacter 204 bacteria strain is
relatively resistant to high concentrations of cer-
tain nanocarboxylates contained in the medium,
though high content of Zinc (Zn), Manganese
(Mn) and Iron (Fe) somewhat inhibits the
growth of bacteria. There was no impact of
Copper (Cu) and Molybdenum (Mo) on R. ra-
diobacter 204 growth-regulating activity.
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BIIJIUB HAHOKAPBOKCHUJIATIB
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RHIZOBIUM RADIOBACTER 204
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B. O. JIunuux’, B. T Kan.ﬂyﬂemco2

'THCTHTYT CinbehKOroconapehKkoi MikpoGionorii Ta
arpornpoMucioBoro BupooHuirea HAAH,

M. UepHiris

2YKpa'l'HCI)Iq/H‘/'I JIepKaBHUI HAyKOBO-TOCTITHUH
THCTUTYT HaHOO10TEXHOIOT i}

Ta pecypco3oepexerns, M. Kuip

Ilpeocmasneno pezyromamu  00CAiOHCEHD
8NIUBY HAHOKApOOKcuiamis (yumpamis) Mikpo-
ejleMenmie Ha pocmogy akmuenicmo Rhizobium
radiobacter 204. Busaeneno, wo niosuwenHs po-
cmogoi” axmuenocmi 6axmepiti 00csA2aemMbCs 3a
BMICMY 8 HCUBUILHOMY CepedosUUi Yumpamis
Lunky (Zn), Kynpymy (Cu), Manearny (Mn), @e-
pymy (Fe) ma Moniboeny (Mo) 6 xomnuexci.
Ilokazano, wo 3acmocysanHs HAHOKAPOOKCU-
J1ami8 MiKpoeieMeHmie npu Ky1bmuey8aHHi 00-
CHLIOHCYBAHO20 WIMAMY CHPUSIE NIOBUUJEHHIO HA
1 mapo./er® mumpy xnimun 6axmepiii vy pio-
KOMY JHCUBULHOMY cepedosuwyi. Bussneno, wo
kynomusyeanus R. radiobacter 204 3a 0ii yum-
pamie MIKpoeiemMeHmié Cnpuse Nnoo008HCEHHIO
MPUBAIOCMi eKCnoHeHyitiHoi ¢asu pocmy yux
baxmepit Ha 12 200un. 3a pezyrbmamamu 0oc-
JI0JCEeHb 3aNPONOHOBAHO ONMUMIZ08AHE piOKe
HCUusUIbHe cepedosuwye 0N KVIbMUBY8AHHs
baxmepiil.

Kirouosi cnoBa: Rhizobium radiobacter 204,
HAHOKapOOKcuramu Mikpoeiemenmis, yumpamu
Memanis, cepedoguuje, KyJlbmMueyeaHHs, ONmu-
mizayis.
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BJIUAHUE HAHOKAPBOKCUJIATOB
MUKPODIJIEMEHTOB

HA POCTOBYIO AKTUBHOCTD
RHIZOBIUM RADIOBACTER 204

C. ®. Ko3ap', E. II. Cumonenko',
B. O. JIunuux’, B. T Kan.ﬂyﬂemco2

"MHCTHTYT CebCKOXO038HCTBEHHON MUKPOOHOIOTHH
Y arponpoMBIIIIeHHOTo mpon3BoacTBa HAAH,

r. UepHuros

*YKpauHCKHMIi TOCYIaPCTBEHHbIH HAyJHO-
WCCIIEIOBATENLCKUI HHCTUTYT HAHOOMOTEXHOIOTUH
U pecypco3oepexenus, r. Kuer

IIpeocmasnenvl  pezynomamsl ucciedosa-
HUL N0 U3YYeHUIO 8IUAHUA HAHOKAPOOKCULAMO8
(yumpamos) MuKpodI1eMeHMO8 HA POCMOBYIO
akmusHocmov Rhizobium radiobacter 204. Bui-
SA6]IEHO, UMO NOBbIULEHUE DOCMOBOU AKMUBHO-
cmu bakmepuii 00CmMu2aemcst Npu Co0epIHCaHuu
yumpamos Lunxa (Zn), Meou (Cu), Mapeanya
(Mn), Keneza (Fe) u Monuboena (Mo) 6 numa-
menvHoU cpede 6 komniekce. Iloxazano, umo
npuUMeHeHue HAHOKApOOKCUIAmue MuKpo3Jie-
MEHMO8 NpuU KYIbMUBUPOBAHUU UCCTIE0YeMO20
wmamma cnocobcmeyem noevlueHU0 mumpa
KIemoK Oaxmeputi 6 MHCUOKOU NUMAameibHOU
cpede na 1 mapo./em’. Obrapyoiceno, 4mo Kyio-
musuposanue R. radiobacter 204 noo oeticmsu-
emM Yumpamoe MUKpOoIIeMeHmo8 cnocoocmayem
NPOONEHUIO NPOOOIHCUMENTLHOCINU IKCHOHEHYU-
anvHou ¢azvl pocma smux 6axmepuii Ha 12 ua-
coe. Ilo pezynbmamam uccnedoganuil npeoso-
HCEHA ONMUMUIUPOBAHHAS IHCUOKASL NUMAmens-
Has cpeda 0 KyIbmueupo8anusi Oakmepui.

KnroueBwie cnoBa: Rhizobium radiobacter
204, Haumoxapboxcunamol MUKPOIIEMEHMOS,
Yumpamol Memanios, cpeod, KyIbmusuposaHue,
ONMUMUZAYUSL.
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