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Bacteria of the genus Bacillus are known for their ability to mineralize organic phosphorus compounds.
Phytates constitute up to 60—80 % of the total plant phosphorus and almost 50 % of soil organic
phosphorus. Phytates phosphorus is unavailable for plants. Bacillus can synthesize phosphatases both
wide spectrum of action, and highly specific phytases that catalyze the hydrolysis of phytates. Therefore,
the aim of this work was to study the growth and phytase activity of Bacillus subtilis IMV B-7023, which is
the component of the "Azogran” complex bacterial preparation for plant growing. Methods. The growth
activity of bacteria was studied by cultivation methods, the phytase activity — by measuring the amount
of phosphate released from sodium phytate during the enzymatic reaction. Results. It was shown that
B. subtilis IMV B-7023 assimilated phytate as the source of phosphorus nutrition during cultivation in
media with 0.5, 1.0 and 2.0 g/L of sodium phytate. The highest growth activity of these bacteria was
observed after two days of cultivation in medium with 1.0 g/L of phytate. The number of bacteria was
(3.9140.32) x10° CFU/mL under these conditions. At the same time, B. subtilis IMV B-7023 demonstrated
a low level of phytate assimilation as a source of carbon nutrition. Thus, after two days of cultivation the
number of bacteria increased from (4.12+0.09) x10° CFU/mL to (1.07+0.07-3.11+£0.51)x 10" CFU/mL
in the presence of 0.5-2.0 g/L phytate in the medium and the absence of another carbon source. It was
determined that strain B. subtilis IMV B-7023 had phytase activity, the highest activity (221.85+0.12 U/g)
was on the first day of their cultivation in medium with inorganic phosphates. It should be noted that
B. subtilis IMV B-7023 phytase activity was lower during cultivating in medium with sodium phytate as a
source of phosphorus nutrition, than in medium with inorganic phosphates. The obtained fact may be due
to phytate hydrolysis by widespecific phosphatases. Higher rates of phytase activity obtained on the first
and third days compared to the second and fourth days of bacterial cultivation may indicate the expression
of phosphatases genes only in the period required for maximum bacterial development, in the absence of
these proteins in the media. At the same time, the phytase activity of B. subtilis IMV B-7023 after 2 days
cultivation in a media with 0.5 and 1.0 g/L of sodium phytate (194.80+0.15 U/g and 160.90+0.13 U/g,
respectively) as the source of carbon and phosphorus was higher compared to the activity of bacteria on
medium with inorganic phosphates (137.79+£0.10 U/g). This may be caused by the synthesis of a larger
number of highly specific phosphatases (phytases) in bacterial cells at the presence of only phytate in the
medium as a substrate. Conclusions. B. subtilis IMV B-7023 strain is characterized by growth on nutrient
medium with sodium phytate and phytase activity. Because they are soil microorganisms used as the
component of the "Azogran” complex bacterial preparation for plant growing, the ability to hydrolyze and
assimilate phytate is important for functioning of this strain in the rhizosphere. The obtained results extend
the understanding of B. subtilis IMV B-7023 influence on phosphorus nutrition and development of plants.

Keywords: Bacillus subtilis IMV B-7023, phytate, growth activity, phytase activity.

Bacteria of the genus Bacillus are known for
their ability to solubilize phosphorus from hard
soluble inorganic phosphates and to mineralize
organic phosphorus compounds. Such properties
are caused by bacterial synthesis of organic acids
and phosphatases both wide spectrum of action,
and highly specific, which activity is directed on
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certain substrates [1, 2]. Phytases (myoinositol
hexakisphosphate phosphohydrolases) are one of
these phosphatases [3]. These enzymes catalyze
the phytic acid or its salts (phytates) hydrolysis
to form lower inositol phosphates (which contain
less than six phosphate groups), inositol, inorganic
phosphate, and release phytate-related cations [4].
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It is known that phytates constitute up to
60—-80 % of the total plant phosphorus [5]. These
substances can also constitute almost 50 %
of soil organic phosphorus, depending on soil
types and its use [6]. At the same time, phytates
phosphorus is unavailable for plants, and available
phosphorus deficiency is one of the main problems
of agricultural production. Therefore, the role
of bacterial phytases is extremely important for
phosphorus providing of plants. In view of the
above, the aim of this work was to study the
growth and phytase activity of bacteria Bacillus
subtilis IMV B-7023, which are the component of
the ”Azogran” complex bacterial preparation for
plant growing.

Materials and methods. Strain B. subtilis
IMV B-7023 was the object of research [7].
These bacteria were isolated from the soil by the
employees of the department of microbiological
processes on solid surfaces of D.K. Zabolotny
Institute of Microbiology and Virology NAS of
Ukraine [8]. Strain B. subtilis IMV B-7023 was
cultivated in liquid Menkina’s medium of the next
composition (g/L of distilled water): K, HPO, —
0.5; KH,PO, -0.5; (NH,),SO, - 0.5; MgSO,-7H,0
- 0.3; NaCl - 0.3; KCI - 0.3; MnSO,5H,0 and
FeSO, —0.001 each; CaCO, - 2.0; glucose — 10.0;
pH 7.2. The study of sodium phytate different
concentrations effect on B. subtilis IMV B-7023
growth was performed in the modified Menkina’s
medium prepared on Tris-HCI buffer (pH 7.2).
When phytate was used as a phosphorus source,
inorganic phosphate was replaced by sodium
phytate (0.5, 1.0, 2.0 g/L in different variants).
The modified medium did not contain glucose
for the study of phytate as a source of carbon and
phosphorus. Cultivation temperature was 28 °C.

For determination of B. subtilis IMV B-7023
extracellular phytase activity bacteria were
precipitated by centrifugation at 10000 g, 4 °C to
get cell-free supernatants. Phytase activity assays
were performed by measuring the amount of
inorganic phosphate released from sodium phytate
during the enzymatic reaction [9, 10]. The reaction
mixture (50 mM Tris-HCI buffer (pH 7.2), 2 mM
sodium phytate and cell-free supernatants) was
incubated for 40 min at 28 °C. This temperature
was used because it is optimal for the growth of
these bacteria and approximate to their functioning
conditions in soils. The reaction was stopped
with 10 % trichloroacetic acid. The amount of
inorganic phosphate was determined by Fiske-
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Subbarow method with ammonium molybdate
at wavelength 590 nm. The amount of protein in
cell-free supernatants was determined by Bradford
assay. One unit of phytase activity was the amount
of crude enzyme that catalyzes the sodium
phytate hydrolysis with the formation of 1 umol
of inorganic phosphate in 1 minute under assay
conditions. The results were presented as specific
activity, the amount of activity units per gram of
cell-free supernatant protein (U/g).

Data were statistically analyzed using variation
statistics methods [11].

Results. It was shown that B. subtilis IMV
B-7023 assimilated phytate as a source of
phosphorus nutrition (Table 1) and grew worse
in a culture medium with a low concentration
(0.5 g/L) of sodium phytate compared to media
with 1.0 and 2.0 g/L of this substance. The highest
growth activity of these bacteria was observed
after two days of cultivation in medium with
1.0 g/L of sodium phytate. The number of bacteria
was (3.91£0.32)x10° CFU/mL under these
conditions. The growth activity of B. subtilis IMV
B-7023 in media with sodium phytate in most
cases exceeded their growth activity in the control
variant in the medium with inorganic phosphates.
This could be due to the greater acidification of
the culture medium in the control, while in the
experimental variants it was more moderate, and,
accordingly, created more favorable conditions for
bacterial growth (Table 1).

It was determined that strain B. subtilis IMV
B-7023 had phytase activity and its maximum
in all media variants was observed on the first
day of bacterial growth (Fig. 1). Phytase activity
decreased after the second day of cultivation also
in all studied variants. Phytase activity increased on
the third day of bacteria cultivation in Menkina’s
medium with inorganic phosphates and with 1.0
and 2.0 g/L of sodium phytate, and on the fourth
day — decreased again. At the same time, the
phytase activity of bacteria on medium with 0.5 g/L
of sodium phytate gradually decreased on the third
and fourth days of cultivation. It should be noted
that when bacilli were cultivated with phytate as
phosphorus source, phytase activity was lower than
during cultivation with inorganic phosphates, and
ranged from 6.38+0.18 U/g to 74.13+0.10 U/g. The
highest B. subtilis IMV B-7023 phytase activity
(221.85%0.12 U/g) was on the first day of their
cultivation in Menkina’s medium with inorganic
phosphates.
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Fig. 1. B. subtilis IMV B-7023 phytase activity during cultivation in Menkina’s medium with
inorganic phosphates (0) and with sodium phytate as phosphorus source (0.5, 1.0, 2.0 g/L)

It was shown that B. subtilis IMV B-7023
grew slightly with phytate as source of carbon
and phosphorus nutrition. Thus, with the content
in the culture medium of 0.5-2.0 g/L phytate, the
number of bacteria increased from (4.12+0.09)%
10° CFU/mL to (1.07+0.07-3.11£0.51)x10’
CFU/mL. At the same time, the number of
bacteria was (7.77+£0.20)x10* CFU/mL at their
cultivation during the same period in the medium
with inorganic phosphates (Table 2). This study
was last only for 2 days, because on media with
inorganic phosphates and with sodium phytate
as a phosphorus source B. subtilis IMV B-7023
showed maximum growth at this time (Table 1).
The phytase activity of B. subtilis IMV B-7023
cultivated for 2 days in a medium with 0.5 and
1.0 g/L phytate as the source of carbon and
phosphorus was higher compared to the activity
of bacteria on Menkina’s medium with inorganic
phosphates (Fig. 2).

Table 2
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Fig. 2. B. subtilis IMV B-7023 phytase activity
during cultivation in Menkina’s medium
with inorganic phosphates (0) and with sodium
phytate as carbon and phosphorus source
(0.5, 1.0, 2.0 g/L)

B. subtilis IMV B-7023 growth activity during cultivation in Menkina’s medium with
sodium phytate as carbon and phosphorus source

Variant of Menkina’s medium CFU/mL pH

with inorganic phosphates (7.77+0.20)x 108 5.92

b | d 0.5 g/L (3.11+0.51)x107 7.25

without glucose an 1.0 g/L (3.050.48)x107 7.36
with sodium phytate

2.0 g/L (1.07+0.07)x107 7.55

Note: the number of cells before cultivation was (4.12+0.09)x10%mL, the cultivation period was 2 days.

Discussion. The ability to hydrolyze phytic acid
and phytates is proper to different representatives of
the soil microbiota, in particular micromycetes and
bacteria [5]. Among the bacterial microbiota, this
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property is most common in members of the genus
Bacillus. For example, B. subtilis KPS-11 showed
both extracellular and cell associated phytase
enzyme activity [2], B. licheniformis ATCC 14580
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synthesized highly thermostable phytase [12],
B. subtilis VTT E-68013 produced extracellular
highly specific phytase [13]. According to the
results of our studies, strain B. subtilis IMV B-7023
also used sodium phytate as a source of phosphorus
nutrition and showed strong growth (Table 1).
However, it is possible to conclude that 0.5 g/L
of phytate is insufficient in the culture medium,
because at this concentration less bacterial cells
grew compared to media with 1.0 and 2.0 g/L of
this substance. We observed the tendency to gradual
decrease of B. subtilis IMV B-7023 phytase activity
from first to fourth day of cultivation in medium
with 0.5 g/L sodium phytate, while phytase activity
increased on the third day in media with 1.0 and
2.0 g/L of this substance, which may indicate
depletion in such conditions of phytate as a
substrate. At the same time, the growth of B. sub-
tilis IMV B-7023 was minor during cultivation in
the medium with sodium phytate as the source of
carbon and phosphorus nutrition (Table 2). This
indicates a low level of phytate assimilation as a
source of carbon nutrition by these bacteria.

It should be noted that B. subtilis IMV B-7023
phytase activity was lower during cultivating
in medium with sodium phytate as a source
of phosphorus nutrition, than in medium with
inorganic phosphates. The obtained results may
be due to phytate hydrolysis by widespecific
phosphatases, which, as shown in [14], are
synthesized by B. subtilis IMV B-7023 actively.
Higher rates of phytase activity obtained on the
first and third days of bacterial cultivation may
indicate the expression of phosphatases genes
only in the period required for maximum bacterial
development in the absence of these proteins in
the media, as it was observed for B. licheniformis
[15]. At the same time, B. subtilis IMV B-7023
phytase activity during cultivation in medium
with sodium phytate as carbon and phosphorus
source was similar (2.0 g/L phytate) or higher
(0.5 and 1.0 g/L phytate) from this activity during
bacterial cultivation in the medium with inorganic
phosphates. This may indicate the synthesis of a
larger number of specific phosphatases (phytases)
in bacterial cells at the presence in the medium of
only phytate as a substrate.

Thus, B. subtilis IMV B-7023 strain is charac-
terized by growth on nutrient medium with sodium
phytate and phytase activity. Because these are
soil microorganisms used as the component of the
”Azogran” complex bacterial preparation for plant
growing, the ability to hydrolyze and assimilate
phytate is important for functioning of this strain
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in the rhizosphere. The obtained results extend the
understanding of B. subtilis IMV B-7023 influence
on phosphorus nutrition and development of plants.

POCTOBA TA ®ITA3HA
AKTUBHOCTI BACILLUS SUBTILIS
IMB B-7023 3A KYJIbTUBYBAHHS
3 ®ITATOM HATPIIO

H.B.Yyiixo, A.FO. Hob6omapwvos, 1.K. Kypouw

ITnemumym mikpooionoeii i 8ipyconoeii
im. JI.K. 3abonomnoco HAH Ykpainu,
8y1. Axademika 3abonomuoeo, 154,
Kuis, 03143, Vkpaina

Pesome

Bakrepii pony Bacillus BizoMi 31aTHICTIO COTFO0I-
nizyBatd Hochop 3 BAKKOPO3UMHHUX HEOPraHIYHUX
(ocdaris Ta MiHepai3yBaTH OpraHiuHi coyku goc-
¢dopy. Gitatu ctanoBsTh 10 60-80 % Bix 3araabHO-
ro pocdopy B pocimHax ta 10 50 % Bix opraHigHOTO
docdopy rpyHTiB. B Toif %€ "ac docdop ditaris €
HEJOCTYITHUM JIJISl POCIIHH, a JAeIlUT JOCTYITHOTO
(bochopy € OHIE 3 OCHOBHUX MPOOJIEM CLIbCHKO-
TOCIIONAPCHKOTO BUPOOHUIITBA. [IpencTaBHUKU POy
Bacillus moxyTh cunTesyBaru (ocdarasu sk mwupo-
KOTO CHEKTpy Aii, Tak 1 By3pkocmenu¢idni ¢irasmu,
SIK1 KaTaji3yroTh Tigpoi3 ¢irari. Tomy MeTor0 na-
HOT po0OOTH OYIIO TOCITI/PKEHHS pOCTOBOI Ta (iTa3zHOT
aKTUBHOCTI Oaktepiit Bacillus subtilis IMB B-7023,
SIKI € KOMITOHEHTOM KOMIUIEKCHOTO OaKTepiaTbHOTO
npenapary A pocauHHuNTBA A3orpaH. Meroau.
PocToBy akTHBHICTB OaKTepiii JOCTIIKYBaIN KyJIbTY-
paJBHUMU METOAaMH, (PiTa3Hy aKTUBHICTh — IUIIXOM
BHUMIPIOBaHHS KUTBKOCTI (ocdary, sikuii BUBUIbHSB-
cs1 3 iTaTy HATPitO B X0/ (hepMEHTATUBHOI peaKIlii.
Pesyabraru. [lokaszano, mwo B. subtilis IMB B-7023
3acBoroBanu (itar B SKOCTi mxepena GochopHo-
r0 YKUBJICHHS 3@ KyJbTUBYBAaHHs Ha CEPEIOBHUINAX 3
0,5, 1,0 1 2,0 r/x1 ¢itary Harpito. HaliBumny pocTtoBy
AKTHUBHICTh IIUX OaKTepiil crocTepirany depes JBi
J00M KyJIBTUBYBaHHS B cepenoBuii 3 1,0 /i ditary
(Tx xinbkicTh cranoBmia (3,91+0,32)x10° KYO/mi).
B Toii xe ywac B. subtilis IMB B-7023 npoaemMoHCT-
pyBasia HU3BKHUH PiBEHb aCUMUIIALIT (iTaTy sIK JHKepe-
JIa BYTJICTIEBOTO JKMBIICHHA. Tak, 3a BMICTY B TIOJKUB-
HOMy cepenoBuii 0,5-2,0 r/i itaTy Ta BiICYyTHOCTI
IHIIOTO [HKEpeta BYINISIIO Yepe3 1Bl 100U KyJIbTHBY-
BaHHS KiTBKICTh OakTepiit 3pocia 3 (4,12+0,09)x10°
KYO/mn no (1,07+0,07-3,114+0,51)x10" KYO/mu.
Bceranosaeno, mo B. subtilis IMB B-7023 Biactusa
(hiTazHa aKTUBHICTH, KA Oylia HAHBHIIOIO Ha TIEPIITY
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00y iX KyJIBTUBYBaHHS B CEpPEIOBHII 3 HEOpPTraHiy-
HuUMH (ocparamu Ta ckiana 221,85+0,12 oquHUIE/T
Oinka. Cnig 3a3HauuTH, 10 ¢iTa3HA AKTHBHICTh
B. subtilis IMB B-7023 Oyna HMX40I0 32 YMOBH iX
KyJbTHBYBAHHS B CEPEIOBUIII 3 (ITATOM HATPIIO 5K
JoKepesioM (GoCcHOPHOTO KHUBIICHHS, HIXK Y CepPeIOBH-
i 3 HeopranivauME Gocdaramu. OTpuMaHuil Gaxt
Moxe OyTH 0OyMOBIEHUI TifpoiizoM ¢itary mu-
poxocnenudiuanmu docdarazamu, gki, sIK BiOMO
3 MOTEPEHIX JOCIiKeHb, aKTUBHO CHHTE3YIOThCS
JAHUM ITaMoM Oarui. Buimi mokasHHKHU ¢iTa3HOT
AKTHBHOCTI, OTPUMaHI Ha cepeloBHUIIax 3 (iTaToM
HATPIiO SK JKepenoM (HochOpHOTO KUBICHHS, HA
HepIly Ta TPEeTo 100y KyIbTUBYBaHHS OakTepiil mo-
PIBHSIHO 3 APYTOIO Ta YETBEPTOIO MOXKYTh BKAa3yBaTH
Ha eKCIIpeciio reHiB (ocdaras MUPOKOTro Ta BYy3bKOTO
CHIEKTpy Jii JIUIIe B OTPIOHUH JIJIsT MAaKCUMAaIbHOTO
0aKTepiaIbHOTO PO3BHUTKY IIEPiof 32 HEAOCTATHHOT
KUIBKOCTI X O1NIKIB y cepenoBuili. B Toil ke yac
¢itazHa akTUBHICTb B. subtilis IMB B-7023 micns
JIBOZI0OOBOTO KyJIBTUBYBaHHS Ha cepefoBumiax 3 0,5 i
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