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ABIOTIC FACTORS INFLUENCE 
ON BACILLUS SUBTILIS IMV B-7023 PHYTASE ACTIVITY
Bacteria of the Bacillus genus can synthesize specifi c phytase enzymes. Th is 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 infl uence the phytase activ-
ity of bacteria. In particular, the phytase activity changes signifi cantly under diff erent pH and temperatures. Solid soil 
particles, including nanosized minerals, can also infl uence bacteria’s enzymatic activity. Th e infl uence 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. Th e phytase activity of bacteria was studied by measuring the amount of phosphate released from sodium 
phytate during the enzymatic reaction, and the nanomaterials’ infl uence on growth — by cultivation methods. Results. 
Th e 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 signifi cantly with increasing 
the buff er system pH to 12. Silicon dioxide infl uence 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. Th us, 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 aff ect 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 infl uence the B. subtilis IMV B-7023 
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Bacteria of the Bacillus genus can synthesize 
phytase enzymes [1—4]. Th ese specifi c enzymes 
hydrolyze mio-inositol 1,2,3,4,5,6-hexakisphos-
phate (phytate) to form less phosphorylated inosi-
tol derivatives. Th is 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 infl uence the phytase activity of bacteria. 
In particular, it changes signifi cantly under dif-
ferent pH and temperature [2, 3]. Solid soil par-
ticles, including nanosized minerals, can also 
infl uence 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] . Th e infl uence 
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]. Th e 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% CaCl2, 0.5% 

(NH4)2SO4, 0.05% KCl, 0.05% MgSO4 · 7H2O, 
0.001% FeSO4 · 7H2O, 0.001% MnSO4 · 5H2O, 
1.5% agar (pH 7.0) [11, 12]. Bacteria were culti-
vated in a liquid medium (in Tris-HCl buff er, 
50  mM, pH  7.2) of the following composition 
(g/L): 1.0 sodium phytate, 0.5 (NH4)2SO4, 0.3 
MgSO4 · 7H2О, 0.3 NaCl, 0.3 KCl, 0.001 Mn-
SO4 · 5H2О, 0.001 FeSO4 · 7H2O, 2.0 CaCO3, and 
10 gluсose. Bentonite or silicon dioxide (0.05, 
0.5, 5.0 g/L) was added to the media to study the 
infl uence of nanomaterials on B.  subtilis IMV 
B-7023’s growth and phytase activity. Th e 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].

Th e 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]. Th e 
reaction mixture consisted of 50 mM Tris-HCl 
buff er (pH  7.2) or another buff er (see below), 
2  mM sodium phytate, and cell-free superna-

growth and phytase activity. Optimal physicochemical factors for the phytase activity of these bacteria are temperature 
28 °C and pH 7—12. Th e concentrations 0.05, 0.5, and 5.0 g/L of silicon dioxide and bentonite increase B. subtilis IMV 
B-7023 phytase activity. Th e eff ect 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. Th e obtained results in-
dicate the potential ability of the B. subtilis IMV B-7023 strain to eff ectively assimilate phytates in neutral and alkaline 
soils, especially due to the interaction of these bacteria with bentonite and silicon dioxide nanoparticles. Th is 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.
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tants. For investigation of the temperature eff ect 
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. Th e pH eff ect on B. subtilis IMV B-7023 
phytase activity was studied in the following 
buff er systems: рН 4  — sodium citrate/HCl, 
pH 5, 6 — sodium citrate/NaOH, pH 7, 8 — Tris-
HCl, and pH 9—12 — glycine/NaOH. Th e reac-
tion was stopped with 10% trichloroacetic acid. 
Th e amount of inorganic phosphate was deter-
mined by the Fiske-Subbarow method with am-
monium molybdate at a wavelength of 590 nm 
[14]. Th e 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 μmol of inor-
ganic phosphate for 1 min under the assay con-
ditions. Th e results were presented as the specifi c 
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). Th is 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. Th us, the 
highest phytase activity in the Tris-HCl buff er 
system and glycine buff er 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 buff er 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 buff er systems at 50 °C and 60 °C 

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

While studying diff erent pH  eff ects 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. Th e further in-
crease in the buff er system pH  to 12 units did 
not lead to substantive changes in the bacterial 
phytase activity (Fig. 3).

It was shown that silicon dioxide infl uences 
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). Th us, 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. Th us, when ben-

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



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

N.V. Chuiko, A.Yu. Chobotarov, I.K. Kurdish 

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. Th e 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 VTTE-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]. Th e B. nealsonii ZJ0702 phytase activ-
ity increased with temperature increasing from 
20  °C to 50  °C and reached a maximum value 
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Fig 2. Th e temperature infl uence on B.  subtilis IMV 
B-7023 phytase activity in Tris-HCl buff er (pH 7.2) and 
glycine buff er (pH 7.0)

Fig 3. Th e pH  infl uence on B.  subtilis IMV B-7023 
phytase activity at 28 °C

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

Medium
Th e number 
of bacteria 

(CFU/mL)*

% 
to 

control

with phytate (control) (6.03 ± 0.24) ∙ 108 100
with phytate and

silicon dioxide, g/L 0.05 (6.55 ± 0.18) ∙ 108 108
0.5 (7.12 ± 0.25) ∙ 108 118
5.0 (4.86 ± 0.27) ∙ 108 81

bentonite, g/L 0.05 (6.07 ± 0.22) ∙ 108 100
0.5 (5.77 ± 0.25) ∙ 108 96
5.0 (6.17 ± 0.24) ∙ 108 102

Note: * the start number of cells was (7.8 ± 0.1) ∙ 106/mL.

Fig. 4. Nanomaterials’ infl uence on the B. subtilis IMV 
B-7023 phytase activity cultivation with phytate as a 
phosphorus source
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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]. Th e 
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]. Th e 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 diff erently infl uenced 
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 PO4

3– 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 PO4

3– 
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 
PO4

3–, it is possible to note a similarity of the 
obtained in this work dependence of B. subtilis 

IMV B-7023 growth in the medium with silicon 
dioxide. Th at is, the same but diff erently 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].

Th e phytase activity of B. subtilis IMV B-7023 
increased under the infl uence 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]. Th e stimulation of the phytase 
activity of B.  subtilis IMV B-7023 by bentonite 
can also be explained by the eff ect 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.

Th e obtained results expand the understand-
ing of the infl uence of abiotic environmental fac-
tors, such as temperature, pH, and soil minerals, 
on the B. subtilis IMV B-7023 growth and phy-
tase activity. Th ey indicate the strain B.  subtilis 
IMV B-7023’s potential ability to eff ectively as-
similate phytates in neutral and alkaline soils, in 
particular due to the interaction of these bacteria 
with nanosized bentonite and silicon dioxide. 



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

N.V. Chuiko, A.Yu. Chobotarov, I.K. Kurdish 

REFERENCES 
  1. Borgi MA, Boudebbouze S, Mkaouar H, Maguin E, Rhimi M. Bacillus phytases: Current status and future pros-

pects. Bioengineered. 2015; 6(4):233—236. https://doi.org/10.1080/21655979.2015.1048050
  2. Kerovuo J, Lauraeus M, Nurminen P, Kalkkinen N, Apajalahti J. Isolation, characterization, molecular gene clon-

ing, and sequencing of a novel phytase from Bacillus subtilis. Appl Environ Microbiol. 1998; 64(6):2079—2085. 
https://doi.org/10.1128/AEM.64.6.2079-2085.1998

  3. Yu P, Chen Y. Purifi cation and characterization of a novel neutral and heat-tolerant phytase from a newly isolated 
strain Bacillus nealsonii ZJ0702. BMC Biotechnol. 2013; 13:78. https://doi.org/10.1186/1472-6750-13-78

  4. Rocky-Salimi K, Hashemi M, Safari M, Mousivand M. A novel phytase characterized by thermostability and high 
pH tolerance from rice phyllosphere isolated Bacillus subtilis B.S.46. J Adv Res. 2016; 7(3):381—390. https://doi.
org/10.1016/j.jare.2016.02.003

  5. Chuiko NV, Chobotarov AYu, Kurdish IK. Growth and Phytase Activities of Bacillus subtilis IMV B-7023 During 
Cultivation with Sodium Phytate. Mikrobiol Z. 2021; 83(6):13—19. https://doi.org/10.15407/microbiolj83.06.013

  6. Kurdish IK. Interaction of Microorganisms with Nanomaterials as a Basis for Creation of High-Effi  ciency Biotech-
nological Preparations. In: Prasad R, Kumar V, Kumar M, Choudhary D, editors. Nanobiotechnology in Biofor-
mulations. Nanotechnology in the Life Sciences. Springer, Cham; 2019. p. 259—287. https://doi.org/10.1007/978-
3-030-17061-5_11

  7. Sahebi M, Hanafi  MM, Siti Nor Akmar A, Rafi i MY, Azizi P, Tengoua FF, Nurul Mayzaitul Azwa J, Shabanimofrad 
M. Importance of silicon and mechanisms of biosilica formation in plants. Biomed Res Int. 2015; 2015:396010. 
https://doi.org/10.1155/2015/396010

  8. Deng Q, Yu T, Zeng Z, Ashraf U, Shi Q, Huang S, Lian T, Chen J, Muzaff ar W, Shen W. Silicon Application Modu-
lates the Growth, Rhizosphere Soil Characteristics, and Bacterial Community Structure in Sugarcane. Front Plant 
Sci. 2021; Aug 20; 12:710139. https://doi.org/10.3389/fpls.2021.710139

  9. Roi AA, Reva ON, Kurdish IK, et al. Biological Properties of the Phosphorus-Mobilizing Bacillus subti-
lis Strain IMV V-7023. Applied Biochemistry and Microbiology. 2004; 40:476—481. https://doi.org/10.1023/
B:ABIM.0000040671.26369.19

10. Patent of Ukraine №54923 A. [Strain of bacteria Bacillus subtilis for bacterial fertilizer obtaining for plant grow-
ing]. Kurdish IK, Roy AO. Published in 2003. Bul. №3. Ukrainian.

11. Suleimanova AD, Beinhauer A, Valeeva LR, Chastukhina IB, Balaban NP, Shakirov EV, Greiner R, Sharipova 
MR. Novel Glucose-1-Phosphatase with High Phytase Activity and Unusual Metal Ion Activation from Soil Bac-
terium Pantoea sp. Strain 3.5.1. Appl Environ Microbiol. 2015 Oct;81(19):6790—6799. https://doi.org/10.1128/
AEM.01384-15

12. Sasirekha B, Bedashree T, Champa KL. Optimization and partial purifi cation of extracellular phytase from Pseu-
domonas aeruginosa p6. European Journal of Experimental Biology. 2012; 2 (1):95—104.

13. Singh NK, Joshi DK, Gupta RK. Isolation of Phytase Producing Bacteria and Optimization of Phytase Pro-
duction Parameters. Jundishapur J Microbiol. Online ahead of Print. 2013; 6(5):6419. https://doi.org/10.5812/
jjm.6419

14. Fiske C, Subbarow Y. Th e colorimetric determination of phosphorus. J of Biol Chem. 1925; 66 (2):375—400. 
https://doi.org/10.1016/S0021-9258(18)84756-1

15. Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of protein utiliz-
ing the principle of protein-dye binding. Analytical Biochemistry. 1976; 72 (1—2):248—254. https://doi.
org/10.1016/0003-2697(76)90527-3

16. Guerrero-Olazarán M, Rodríguez-Blanco L, Carreon-Treviño JG, Gallegos-López JA, Viader-Salvadó JM. Ex-
pression of a Bacillus phytase C gene in Pichia pastoris and properties of the recombinant enzyme. Appl Environ 
Microbiol. 2010; Aug;76(16):5601—5608. https://doi.org/10.1128/AEM.00762-10

17. Chobotarjov AYu, Gordienko AS, Samchuk AI, Kurdish IK. [Infl uence of silicon dioxide and saponite on growth 
of Bacillus subtilis IMV B-7023]. Microbiol Z. 2010; 72(4):33—39. Ukrainian.

18. Fletcher M. Eff ect of solid surfaces on activity of attached bacteria. Bacterial adhesion. New York, London: Ple-
num press; 1985. p. 339—326. https://doi.org/10.1007/978-1-4615-6514-7_12

19. Metryka O, Wasilkowski D, Nowak A, Adamczyk-Habrajska M, Mrozik A. Impact of an Engineered Copper-
Titanium Dioxide Nanocomposite and Parent Substrates on the Bacteria Viability, Antioxidant Enzymes and 
Fatty Acid Profi ling. Int J Mol Sci. 2020; Nov 29; 21(23):9089. https://doi.org/10.3390/ijms21239089



ISSN 1028-0987. Microbiological Journal. 2022. (6) 9

Abiotic Factors Infl uence on Bacillus subtilis IMV B-7023 Phytase Activity

20. Pal Roy M, Mazumdar D, Dutta S, Saha SP, Ghosh S. Cloning and Expression of Phytase appA Gene from Shigella 
sp. CD2 in Pichia pastoris and Comparison of Properties with Recombinant Enzyme Expressed in E. coli. PLoS 
One. 2016; 11(1):e0145745. https://doi.org/10.1371/journal.pone.0145745

Received 7.06.2022

Н.В. Чуйко, А.Ю. Чоботарьов, І.К. Курдиш
Інститут мікробіології і вірусології ім. Д.К. Заболотного НАН України,
вул. Академіка Заболотного, 154, Київ, 03143, Україн а

ВПЛИВ АБІОТИЧНИХ ФАКТОРІВ НА ФІТАЗНУ АКТИВНІСТЬ BACILLUS SUBTILIS ІМВ B-7023

Бактерії роду Bacillus можуть синтезувати специфічні ферменти-фітази. Така властивість особливо важлива 
для ґрунтових бактерій, оскільки дозволяє їм мінералізувати фітин та фітати, таким чином забезпечуючи 
доступним фосфором як самих себе, так і рослини, в кореневій зоні яких вони мешкають. Нашими попе-
редніми дослідженнями було показано, що бактерії Bacillus subtilis ІМВ B-7023, які є компонентом комплек-
сного бактеріального препарату для рослинництва Азогран, мають фітазну активність та можуть викорис-
товувати фітат в якості джерела живлення. Відомо, що на активність бактеріальних фітаз можуть впливати 
абіотичні фактори навколишнього середовища. Зокрема, за різних рН та температури фітазна активність 
значно змінюється. Тверді частки ґрунту, серед яких є нанорозмірні мінерали, також можуть впливати на 
ферментативну активність бактерій. Вплив абіотичних факторів на фітазну активність B. subtilis ІМВ B-7023 
був раніше не досліджений, тому це стало метою даної роботи. Методи. Фітазну активність бактерій визна-
чали за кількістю фосфату, що вивільнявся з фітату натрію в ході ферментативної реакції, а вплив наномате-
ріалів на ріст — культуральними методами. Результати. Встановлено, що фітазна активність B. subtilis ІМВ 
B-7023 залежала від фізико-хімічних факторів середовища, в якому проводили ферментативну реакцію. Так, 
найвищу фітазну активність спостерігали за температури 28  °C. З подальшим збільшенням температури 
фіксували різке зниження активності позаклітинних фітаз B. subtilis ІМВ B-7023. Дослідження впливу різ-
них значень рН на фітазну активність B. subtilis ІМВ B-7023 показало, що за рН 4—6 вона не проявлялася. 
Однак, за рН 7 фітазна активність бацил різко зростала і вже не змінювалася з підвищенням рН буферної 
системи до 12 одиниць. Показано, що вплив діоксиду кремнію на ростову активність B. subtilis ІМВ B-7023 
за умов культивування в середовищі з фітатом як джерелом фосфорного живлення залежав від концен-
трації наноматеріалу. Так, за вмісту в середовищі 0,05 та 0,5 г/л нанорозмірного діоксиду кремнію ростова 
активність бацил зростала на 8—18 %, а за вмісту 5,0 г/л спостерігали пригнічення росту бактерій на 19 %.
Водночас, глинистий мінерал бентоніт за досліджених умов культивування не вливав на ріст B. subtilis ІМВ 
B-7023. Поряд з цим, діоксид кремнію і бентоніт в усіх досліджених концентраціях стимулювали фітазну 
активність B. subtilis ІМВ B-7023. Так, за додавання діокиду кремнію в середовище культивування фітазна 
активність бацил зростала в 1,82—3,34 рази, а бентоніту — в 2,54—5,83 рази. Оскільки оптимальні значення 
фітазної активності для більшості бактерій роду Bacillus знаходяться в межах нейтральних рН та темпера-
тури 50—55 °С, властивість B. subtilis ІМВ B-7023 проявляти максимальну фітазну активність за лужних зна-
чень рН та нижчої температури (28 °С), а також стимулювання цієї активності ґрунтовими мінералами під-
вищує конкурентоспроможність цього штаму як компонентa бактеріального препарату для рослинництва. 
Висновки. Абіотичні фактори навколишнього середовища впливають на фітазну активність і ріст B. subtilis 
ІМВ B-7023. Оптимальними значеннями фізико-хімічних факторів для фітазної активності цих бактерій є 
температура 28 °C та рН 7—12. 0,05; 0,5 і 5,0 г/л діоксиду кремнію і бентоніту підвищують фітазну активність 
B. subtilis ІМВ B-7023. Вплив цих нанорозмірних мінералів на ріст B. subtilis ІМВ B-7023 за культивування 
в середовищі з фітатом як єдиним джерелом фосфорного живлення залежить від їх типу та концентрації. 
Отримані результати свідчать про потенційну здатність штаму B. subtilis ІМВ B-7023 ефективно асимілюва-
ти фітати в нейтральних і лужних ґрунтах, особливо за взаємодії цих бактерій з наночастинками бентоніту 
та діоксиду кремнію, що розширює можливості його використання в агротехнологіях.
Ключові слова: абіотичні фактори, Bacillus subtilis ІМВ B-7023, фітазна активність, ростова активність, 
бентоніт, діоксид кремнію, наночастинки.
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