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ABIOTIC FACTORS INFLUENCE
ON BACILLUS SUBTILIS IMV B-7023 PHYTASE ACTIVITY

Bacteria of the Bacillus genus can synthesize specific phytase enzymes. This property is especially important for soil
bacteria. It helps to mineralize phytin and phytates and to provide these bacteria and plants (in the root zone of which
they live) with the available phosphorus. Our previous studies have demonstrated that the Bacillus subtilis IMV B-7023
strain exhibits a phytase activity and can use phytate as a nutrition source. It is a component of the «Azogran» complex
bacterial preparation for crop production. As known, abiotic environmental factors can influence the phytase activ-
ity of bacteria. In particular, the phytase activity changes significantly under different pH and temperatures. Solid soil
particles, including nanosized minerals, can also influence bacteria’s enzymatic activity. The influence of abiotic factors
on Bacillus subtilis IMV B-7023 phytase activity has not previously been studied, so this was the aim of our research.
Methods. The phytase activity of bacteria was studied by measuring the amount of phosphate released from sodium
phytate during the enzymatic reaction, and the nanomaterials’ influence on growth — by cultivation methods. Results.
The highest B. subtilis IMV B-7023 phytase activity was observed at 28 °C. Also, there was no B. subtilis IMV B-7023
phytase activity at pH 4—6. However, this activity increased at pH 7 and did not change significantly with increasing
the buffer system pH to 12. Silicon dioxide influence on the B. subtilis IMV B-7023 growth activity during cultivation in
a media with phytate as a phosphorus source depended on the nanomaterial concentration. Thus, at 0.05 and 0.5 g/L
of silicon dioxide in the medium, this strain growth activity increased by 8—18%, and at 5.0 g/L of these nanoparticles,
bacteria growth inhibition by 19% was observed. At the same time, clay mineral bentonite did not affect the B. subtilis
IMV B-7023 growth under the studied cultivation conditions. In addition, silicon dioxide and bentonite stimulated
B. subtilis IMV B-7023 phytase activity at all studied concentrations. So, phytase activity increased by 1.82—3.34 times
upon adding silicon dioxide and by 2.54—5.83 times upon adding bentonite into the medium. Since the optimal values
for phytase activity of most genus Bacillus bacteria are within neutral pH values and temperatures within 50—55 °C, a
property of B. subtilis IMV B-7023 to show maximum phytase activity at alkaline pH and lower temperatures (28 °C)
and also stimulation of this activity by soil minerals increases competitiveness of this strain as a component of a bacte-
rial preparation for crop production. Conclusions. Abiotic environmental factors influence the B. subtilis IMV B-7023
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growth and phytase activity. Optimal physicochemical factors for the phytase activity of these bacteria are temperature
28 °C and pH 7—12. The concentrations 0.05, 0.5, and 5.0 g/L of silicon dioxide and bentonite increase B. subtilis IMV
B-7023 phytase activity. The effect of these nanoscale minerals on the B. subtilis IMV B-7023 growth depends on their
type and concentration during cultivation in the medium with phytate as a phosphorus source. The obtained results in-
dicate the potential ability of the B. subtilis IMV B-7023 strain to effectively assimilate phytates in neutral and alkaline
soils, especially due to the interaction of these bacteria with bentonite and silicon dioxide nanoparticles. This expands
the possibility of using B. subtilis IMV B-7023 in agricultural technologies.

Keywords: Bacillus subtilis IMV B-7023, abiotic factors, phytase activity, growth activity, bentonite, silicon dioxide,

nanoparticles.

Bacteria of the Bacillus genus can synthesize
phytase enzymes [1—4]. These specific enzymes
hydrolyze mio-inositol 1,2,3,4,5,6-hexakisphos-
phate (phytate) to form less phosphorylated inosi-
tol derivatives. This property is especially impor-
tant for soil bacteria because it helps to mineralize
phytin and phytates and to provide the bacteria
and plants (in the root zone of which they live)
with the available phosphorus. Our previous
studies have demonstrated that the strain Bacillus
subtilis IMV B-7023 has phytase activity and can
actively use phytate as a nutrition source [5]. It is
a component of the complex bacterial preparation
«Azogran» used for crop production.

It is known that abiotic environmental factors
can influence the phytase activity of bacteria.
In particular, it changes significantly under dif-
ferent pH and temperature [2, 3]. Solid soil par-
ticles, including nanosized minerals, can also
influence bacteria’s enzymatic activity [6]. In ad-
dition, many preparations for crop production
contain various minerals, for example, benton-
ite, vermiculite, and silica [6—8]. The influence
of abiotic factors on B. subtilis IMV B-7023 phy-
tase activity has not previously been studied, so
this was the aim of this research.

Materials and methods. Strain B. subtilis
IMV B-7023 was the study object [9]. The bacte-
ria were isolated from the soil at the Department
of microbiological processes on solid surfaces
of the Zabolotny Institute of Microbiology and
Virology, NAS of Ukraine [10]. Strain B. subtilis
IMV B-7023 was plated onto a phytase screen-
ing medium of the following composition: 2%
sucrose, 0.4% sodium phytate, 0.2% CaCl,, 0.5%

4

(NH,),S0,, 0.05% KCl, 0.05% MgSO,-7H,0,
0.001% FeSO,-7H,0, 0.001% MnSO,-5H,0,
1.5% agar (pH 7.0) [11, 12]. Bacteria were culti-
vated in a liquid medium (in Tris-HCI bufter,
50 mM, pH 7.2) of the following composition
(g/L): 1.0 sodium phytate, 0.5 (NH,),S0O,, 0.3
MgSO,-7H,0, 0.3 NaCl, 0.3 KC, 0.001 Mn-
$O,-5H,0, 0.001 FeSO, -7H,0, 2.0 CaCO,, and
10 glucose. Bentonite or silicon dioxide (0.05,
0.5, 5.0 g/L) was added to the media to study the
influence of nanomaterials on B. subtilis IMV
B-7023’s growth and phytase activity. The bac-
teria were cultured for 2 days at 28 °C, since the
previous studies have demonstrated their maxi-
mum growth under the same conditions [5].

The natural mineral bentonite and synthetic
silicon dioxide were used in the research. Benton-
ite was selected from the Dashukovskyi deposit
of bentonite clays (Cherkasy region, Ukraine). It
was ground in a porcelain mortar and then was
homogenized by an ultrasonic disintegrator to
obtain a fraction with a not more than 100 nm
particle size. Silicon dioxide is provided by the
Chuiko Institute of Surface Chemistry, NAS of
Ukraine. Its particle size was 5—20 nm.

To determine the B. subtilis IMV B-7023 ex-
tracellular phytase activity, bacteria were pre-
cipitated 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 phy-
tate during the enzymatic reaction [4, 13]. The
reaction mixture consisted of 50 mM Tris-HCl
buffer (pH 7.2) or another buffer (see below),
2 mM sodium phytate, and cell-free superna-

ISSN 1028-0987. Microbiological Journal. 2022. (6)



Abiotic Factors Influence on Bacillus subtilis IMV B-7023 Phytase Activity

tants. For investigation of the temperature effect
on the phytase activity, the mixture was incu-
bated at 20 °C, 28 °C, 37 °C, 50 °C, and 60 °C
for 40 min. All other assays were performed at
28 °C. The pH effect on B. subtilis IMV B-7023
phytase activity was studied in the following
buffer systems: pH 4 — sodium citrate/HCI,
pH 5, 6 — sodium citrate/NaOH, pH 7, 8 — Tris-
HCI, and pH 9—12 — glycine/NaOH. The reac-
tion was stopped with 10% trichloroacetic acid.
The amount of inorganic phosphate was deter-
mined by the Fiske-Subbarow method with am-
monium molybdate at a wavelength of 590 nm
[14]. The amount of protein in cell-free superna-
tants was determined by the Bradford assay [15].
One unit of phytase activity was the amount of
crude enzyme that catalyzes the sodium phytate
hydrolysis with the formation of 1 pmol of inor-
ganic phosphate for 1 min under the assay con-
ditions. The results were presented as the specific
activity, that is, the number of activity units per
milliliter of cell-free supernatant (U/mL).

Statistical analysis for the data obtained was
performed using the Minitab statistical soft-
ware (Minitab Inc.). All experiments were made
in triplicate.

Results. It was shown that B. subtilis IMV
B-7023 grew on a phytase screening medium
with a halo zone (4—10 mm) around the colo-
nies (Fig. 1). This clearly indicates phytate-de-
grading properties by these bacteria.

It was found that B. subtilis IMV B-7023
phytase activity depends on physicochemical
parameters of the reaction medium. Thus, the
highest phytase activity in the Tris-HCI buffer
system and glycine buffer was observed at 28 °C
(Fig. 2). At further temperature increase, B. sub-
tilis IMV B-7023 extracellular phytase activity
decreased expressively. It should be noted that
at 20 °C, 28 °C and 37 °C, the phytase activity in
a glycine buffer was lower than in the Tris-HCl
system. In addition, the level of B. subtilis IMV
B-7023 phytase activity was almost the same in
the above two buffer systems at 50 °C and 60 °C

ISSN 1028-0987. Microbiological Journal. 2022. (6)

Fig. 1. Phytate hydrolysis assay for B. subtilis IMV B-7023

(Fig. 2). Since the phytase activity of bacteria
was higher in Tris-HCI buffer at most studied
variants, this buffer system was used in the fol-
lowing assays.

While studying different pH effects on the
B. subtilis IMV B-7023 phytase activity, it was
found that at pH 4—6, this activity was not ob-
served (Fig. 3). However, the phytase activity
increased to 5.67 U/mL at pH 7. The further in-
crease in the buffer system pH to 12 units did
not lead to substantive changes in the bacterial
phytase activity (Fig. 3).

It was shown that silicon dioxide influences
the B. subtilis IMV B-7023 growth activity dur-
ing cultivation in media with phytate as the
phosphorus source depends on the nanomate-
rial concentration (Table 1). Thus, at 0.05 and
0.5 g/L of silicon dioxide in the medium, this
strain growth activity increased by 8—18%, and
at 5.0 g/L of the nanoparticles, bacteria growth
inhibition by 19% was observed (Table 1). At the
same time, the clay mineral bentonite did not af-
fect the B. subtilis IMV B-7023 growth under the
studied cultivation conditions. Thus, when ben-
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Fig 2. The temperature influence on B. subtilis IMV
B-7023 phytase activity in Tris-HCI buffer (pH 7.2) and
glycine buffer (pH 7.0)
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Fig 3. The pH influence on B. subtilis IMV B-7023
phytase activity at 28 °C
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Fig. 4. Nanomaterials” influence on the B. subtilis IMV
B-7023 phytase activity cultivation with phytate as a
phosphorus source
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tonite was added to the medium with sodium
phytate with the same concentrations, B. subtilis
IMV B-7023 number remained at the same level
as the control variant (Table 1).

In addition, silicon dioxide and bentonite
stimulated B. subtilis IMV B-7023 phytase activ-
ity at all studied concentrations. So, upon adding
silicon dioxide to the medium, the phytase activ-
ity increased by 1.82—3.34 times, whereas upon
adding bentonite — by 2.54—5.83 times (Fig. 4).

Discussion. Since B. subtilis IMV B-7023
phytase activity was noted at pH 7—12 and it
did not change within these limits, it was rea-
sonable to conclude that the optimal pH val-
ues for phytases of these bacteria were neutral
and alkaline pH. The optimal temperature for
the B. subtilis IMV B-7023 phytase activity was
28 °C. Regarding the other members of the ge-
nus, it is known that, for example, the strain
B. subtilis VITE-68013 phytase is active in the
pH range from 2.5 to 9 and temperatures from
25 °C to 80 °C. However, the optimal values of
physicochemical factors for the phytase activity
of these bacteria were pH 7.5 and temperature
55 °C [16]. The B. nealsonii ZJ0702 phytase activ-
ity increased with temperature increasing from
20 °C to 50 °C and reached a maximum value

Table 1. Nanomaterials’ influence on B. subtilis
IMV B-7023 growth activity during cultivation
in media with phytate as a phosphorus source

The number %
Medium of bacteria to
(CFU/mL)* control
with phytate (control) (6.03+0.24)-10% | 100
with phytate and

silicon dioxide, g/L | 0.05 | (6.55+0.18)-10% | 108
0.5 | (7.12+0.25)-10% | 118
50 | (4.86£0.27)-108 | 81
bentonite, g/L 0.05 | (6.07+0.22)-108 | 100

0.5 | (5.77+0.25)-10% | 96
5.0 | (6.17£0.24)-10% | 102

Note: * the start number of cells was (7.8 £0.1) - 106/mL.
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at 55 °C. At higher temperatures the enzyme
activity decreased rapidly. It varied depending
on pH and was the highest at pH 7.5 [3]. The
B. subtilis DR6 phytase activity was determined
at pH 3.5—8.5 and temperature 20—70 °C, and
pH 5.5 and temperature 50 °C were revealed to
be optimal [13]. The highest B. subtilis B.S.46
phytase activity was observed at temperature
56.5 °C and pH 7.3 [4].

Accordingly, the optimal values for the phy-
tase activity of most genus Bacillus bacteria are
in the range of neutral pH and 50—55 °C tem-
peratures. It should be noted that the strain
B. subtilis IMV B-7023 does not lose phytase ac-
tivity even at alkaline pH and has a lower tem-
perature optimum (28 °C). Based on the fact that
B. subtilis IMV B-7023 is a component of the
«Azogran» complex bacterial preparation for
crop production, such its properties will expand
the possibilities of using it for soils in agricul-
tural technologies.

Studied nanomaterials differently influenced
the growth and phytase activities of B. subtilis
IMV B-7023 during cultivation in a medium
with phytate as a phosphorus source. In par-
ticular, bentonite had no impact on the growth
whereas silicon dioxide stimulated the growth
at 0.05 and 0.5 g/L concentrations and inhib-
ited it at 5 g/L. Previously, it has been shown
that B. subtilis IMV B-7023 growth activity in-
creases during cultivation in a medium contain-
ing 0.11 g/L of PO,* and 0.1—1.0 g/L of silicon
dioxide. But it has been observed that the num-
ber of viable cells at 5.0—20.0 g/L of this nano-
material decreases. Moreover, silicon dioxide
stimulated B. subtilis IMV B-7023 growth at
0.1—0.5 g/L and 10.0 g/L concentrations and
inhibited it at 1.0 and 20.0 g/L concentrations
during bacteria cultivation with 0.56 g/L PO,*
in the medium [17]. Given that the media with
sodium phytate at 0.5, 1.0, and 2.0 g/L concen-
trations contain 0.072, 0.144, and 0.288 g/L of
PO, it is possible to note a similarity of the
obtained in this work dependence of B. subtilis
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IMV B-7023 growth in the medium with silicon
dioxide. That is, the same but differently created
conditions for B. subtilis IMV B-7023 cultivation
in a medium with low phosphate concentration
(0.05—1.0 g/L) were accompanied by an increase
in bacilli growth activity. However, under the
same conditions and at a content of 5.0 g/L of
silicon dioxide, the growth decreased. It can be
assumed that this decrease is due to an increase
in the availability of nutrients for bacteria that
can be sorbed on nanomaterialparticles, or due
to changes in the permeability of bacterial mem-
branes [18].

The phytase activity of B. subtilis IMV B-7023
increased under the influence of nanosized silicon
dioxide and bentonite. It is known that the cata-
lase activity of another strain of B. subtilis increas-
es in the presence of titanium dioxide and copper
nanoparticles [19]. The stimulation of the phytase
activity of B. subtilis IMV B-7023 by bentonite
can also be explained by the effect of cations con-
tained in this mineral. According to the database
webmineral.com, bentonite may contain ions of
sodium, aluminum, iron, zinc, magnesium, so-
dium, potassium, and calcium. As known, metal
ions can stimulate the activity of phytases [4, 20].
However, the mechanisms of most of the obtained
dependences are not yet known and need further
study. Basing on the above data, we can conclude
that to improve the mineralization of phytates by
strain B. subtilis IMV B-7023, it is advisable to use
these bacteria in crop production together with
mineral preparations of bentonite and silicon di-
oxide or with these materials as a basis for bacte-
rial preparations.

The obtained results expand the understand-
ing of the influence of abiotic environmental fac-
tors, such as temperature, pH, and soil minerals,
on the B. subtilis IMV B-7023 growth and phy-
tase activity. They indicate the strain B. subtilis
IMV B-7023’s potential ability to effectively as-
similate phytates in neutral and alkaline soils, in
particular due to the interaction of these bacteria
with nanosized bentonite and silicon dioxide.
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BIUIVIB ABIOTMYHIVX ®AKTOPIB HA ®ITA3SHY AKTMBHICTD BACILLUS SUBTILIS IMB B-7023

Baxkrepii poxy Bacillus Moy T cuHTe3yBaTi crerpudiuni pepmentn-¢irasn. Taka BIacTUBICTb 0COOMNBO BaXX/INBa
UL IPYHTOBMX OaKTepiit, OCKiIbKY [JO3BOJAE IM MiHepamisyBaty QiTuH Ta GiTaTyt, TAKUM YMHOM 3a0e3Meuyoun
pocTynHUM (ochopoM fAK caMyx cebe, TakK i pOCIMHY, B KOpPEHeBiil 30Hi AKMX BOHM MellKaloTb. Hammu morme-
penHiMM JoCTimpKeHHAMY OYII0 TT0Ka3aHo, o Oakrepii Bacillus subtilis IMB B-7023, sxi € KOMIOHEHTOM KOMILIEK-
CHOTo 6aKTepia/IbHOTO Ipemapary Jyid POCIMHHULITBA A30TpaH, MaloTh (iTasHYy aKTUBHICTb Ta MOXYTb BUKOPYC-
TOByBaTH (DITAT B SKOCTI XKepesIa KUBJIEHHs. BifoMo, 1[0 Ha akTUBHICTh 6aKTepiaIbHUX BiTas MOXKYTh BIUIMBATI
abioTnuHi aKTOpyU HABKOMUIIHBOTO CEpefoBMIIA. 30KpeMa, 3a pisHux pH Ta TeMmmepaTypu ¢irasHa aKTUBHICTb
3HAYHO 3MiHIOETbCA. TBepfi YacTKM I'PYHTY, cepef] AKMX € HAHOPO3MipHi MiHepanM, TaKoXX MOXKYTb BIUIMBATU Ha
(dbepMeHTaTUBHY aKTUBHICTD 6akTepiit. Brmus abioTnunux daxrtopis Ha ditasHy aktusHicTb B. subtilis IMB B-7023
6yB paHillle He JOCTIKEHWIT, TOMY Lie CTA/I0 MeTO0 faHoI po6oTu. Metogu. PitasHy akTMBHICTb 6aKTepiit BU3Ha-
Yaji 3a KinbKicTio dpocdary, 10 BUBIIBHABCA 3 diTaTy HaTpito B X0ofi pepMeHTaTMBHOI peakiiii, a BIUIMB HaHOMaTe-
pianiB Ha picT — KynbTypanbHuMu MeTofami. PesynbraTu. BcTaHOBIeHO, 10 ¢diTasHa akTUBHICTD B. subtilis IMB
B-7023 3anexxana Bix ¢pisuko-xiMiyHMX HaKTOPIB cepefoBNUILa, B AKOMY IPOBOAIN (epMEHTaTUBHY peakiilo. Tak,
HayBuIy ¢iTasHy aKTUBHICTD cIlocTepiramm 3a temmeparypu 28 °C. 3 mopanpmuM 361IbIIeHHAM TeMIIepaTypu
¢ixcyBamy piske SHVDKEHHS aKTUBHOCTI MO3aKmiTUHHMX ¢itas B. subtilis IMB B-7023. [locmifKeHHs BIUIUBY pi3-
HUX 3HavyeHb pH Ha ditasHy akrusHicTb B. subtilis IMB B-7023 mokasaro, mo 3a pH 4—6 BoHa He IPOSIB/IIACA.
Opnak, 3a pH 7 ¢itasHa akTUBHICTD 6aluiI pisko 3pocTaina i BKe He 3MiHIoBanacs 3 mifBuieHHsM pH 6ydepHoi
crctemn o 12 opmunns. [TokasaHo, 10 BIUIMB SiOKCUAY KPEMHII0 Ha POCTOBY akTUBHIcTD B. subtilis IMB B-7023
3a YMOB KY/IbTUBYBAaHHS B CepellOBUII 3 (iTaToM fAK KepernoM (HochOpPHOTO KUBIEHHSA 3ajleKaB Bifi KOHI[eH-
Tpauii HaHoMarepiany. Tak, 3a BMicTy B cepemosuii 0,05 Ta 0,5 r/1 HAHOPO3MipHOTO HIOKCHALY KPEMHII0 POCTOBA
aKTVBHICTD Gamyt 3pocTtana Ha 8—18 %, a 3a BmicTy 5,0 I/1 criocTepiranu npurHideHHa pocTy 6akrepiit Ha 19 %.
BopHowac, rmMHNCTHIT MiHepa 6EHTOHIT 3a JOC/II/PKEHNX YMOB KY/IbTUBYBaHH: He BIuBaB Ha pict B. subtilis IMB
B-7023. Tlopspn 3 UM, FiOKCU KPeMHiIo i 6eHTOHIT B yciX JOCIimKeHNX KOHIeHTpalisax cTumyoBamm (itasHy
akTuBHICTD B. subtilis IMB B-7023. Tak, 3a mofaBaHHs JiOKMIY KPEMHIIO B CepeloBMIle KyIbTUBYBaHHs (iTasHa
AKTUBHICTD Oaru 3pocTana B 1,82—3,34 pasu, a 6eHTOHITY — B 2,54—5,83 pasu. OCKinbKM ONTHMaNbHi 3HAYeHHS
¢iTasHol aKTMBHOCTI A5t 6ibLIOCTI 6aKTepiit pony Bacillus 3HaX0ATHCS B MeXXax HeliTpanbHux pH Ta Temnepa-
Typu 50—55 °C, BractusicTb B. subtilis IMB B-7023 nposBiaT MakcuManbHy (iTasHy aKTMBHICTD 3a TY)KHUX 3HA-
4yeHb pH Ta HIDK40I TeMmeparypu (28 °C), a TaKOX CTUMY/IIOBaHHA 11i€l aKTVBHOCTI IPYHTOBMMIY MiHepajiaMu Iifi-
BUII[Y€ KOHKYPEHTOCIPOMOXHICTD IIbOr0 LITaMy K KOMIIOHEHTa 6aKTepiaTlbHOTO Ipelapary A/ pOCIMHHALTBA.
BucHoBku. A6iotTiyni (paKTOpy HABKOMUIIIHBOTO CEPEOBNIIA BIUIMBAIOTh Ha (piTasHy aKTUBHICTS i picT B. subtilis
IMB B-7023. OntumapHuMY 3Ha4eHHAME (Bi3uKO-XiMidHNX GaKTOpiB /st PiTasHOI aKTUBHOCTI LMX OaKTepiit €
temneparypa 28 °C ra pH 7—12. 0,05; 0,51 5,0 r/n giokcuay KpeMHilo i 6eHTOHITY MiBMUIYIOTH BiTa3Hy aKTUBHICTD
B. subtilis IMB B-7023. Brtus 11X HaHOPO3MipHMX MiHepaniB Ha picT B. subtilis IMB B-7023 3a KynbTHByBaHHS
B cepenoBuii 3 GiTaTOM SIK €NUMHMUM KeperioM GochOPHOTO KMUBIEHHS 3a/IOKUTD Biff IX TUIY Ta KOHIJEHTpALil.
OTpuMaHi pe3ynbTaTyl CBifYaTh PO HOTEHIIHY 34aTHICTD miTamMy B. subtilis IMB B-7023 edexTuBHO acuminioBa-
i GiTaTV B HEMTPAIbHYX i Ty>KHUX IPYHTaX, 0COOMMBO 3a B3a€MOiI IIUX OaKTepiil 3 HAHOYACTMHKaMM OEHTOHITY
Ta JJIOKCUIY KPEMHIIO, 1[0 PO3IIMPIOE MOXXIMBOCTI 10r0 BUKOPUCTAHHS B arPOTEXHO/IOTIAX.

Kmiouosi cnosa: abiomuuni ¢axmopu, Bacillus subtilis IMB B-7023, ¢pimasna axmusHicmp, pocmosa akmueHicmo,
benmonim, 0iokcud KpemHito, HaHOUACTMUHKU.
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