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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 
(3.91±0.32)×109 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)×106 CFU/mL to (1.07±0.07–3.11±0.51)×107 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.
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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 

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): К2HРО4 – 
0.5; KH2PO4 – 0.5; (NH4)2SO4 – 0.5; MgSO4·7H2О 
– 0.3; NaCl – 0.3; KCl – 0.3; MnSO4·5H2О and 
FeSO4 – 0.001 each; CaCO3 – 2.0; gluсose – 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-HCl 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 0C 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-HCl 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-

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 μmol 
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)×109 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)

Table 2
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)×108 5.92

without glucose and 
with sodium phytate

0.5 g/L (3.11±0.51)×107 7.25
1.0 g/L (3.05±0.48)×107 7.36
2.0 g/L (1.07±0.07)×107 7.55

Note: the number of cells before cultivation was (4.12±0.09)×106/mL, the cultivation period was 2 days.

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)

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 

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 

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)× 
106 CFU/mL to (1.07±0.07–3.11±0.51)×107  
CFU/mL. At the same time, the number of 
bacteria was (7.77±0.20)×108 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).
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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 

in the rhizosphere. The obtained results extend the 
understanding of B. subtilis IMV B-7023 influence 
on phosphorus nutrition and development of plants.

РОСТОВА ТА ФІТАЗНА  
АКТИВНОСТІ BACILLUS SUBTILIS 

ІМВ B-7023 ЗА КУЛЬТИВУВАННЯ  
З ФІТАТОМ НАТРІЮ

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, Україна

Ре зюме
Бактерії роду Bacillus відомі здатністю солюбі-

лізувати фосфор з важкорозчинних неорганічних 
фосфатів та мінералізувати органічні сполуки фос-
фору. Фітати становлять до 60–80 % від загально-
го фосфору в рослинах та до 50 % від органічного 
фосфору ґрунтів. В той же час фосфор фітатів є 
недоступним для рослин, а дефіцит доступного 
фосфору є однією з основних проблем сільсько-
господарського виробництва. Представники роду 
Bacillus можуть синтезувати фосфатази як широ-
кого спектру дії, так і вузькоспецифічні фітази, 
які каталізують гідроліз фітатів. Тому метою да-
ної роботи було дослідження ростової та фітазної 
активності бактерій Bacillus subtilis ІМВ B-7023, 
які є компонентом комплексного бактеріального 
препарату для рослинництва Азогран. Методи. 
Ростову активність бактерій досліджували культу-
ральними методами, фітазну активність – шляхом 
вимірювання кількості фосфату, який вивільняв-
ся з фітату натрію в ході ферментативної реакції. 
Результати. Показано, що B. subtilis ІМВ B-7023 
засвоювали фітат в якості джерела фосфорно-
го живлення за культивування на середовищах з 
0,5, 1,0 і 2,0 г/л фітату натрію. Найвищу ростову 
активність цих бактерій спостерігали через дві 
доби культивування в середовищі з 1,0 г/л фітату  
(їх кількість становила (3,91±0,32)×109 КУО/мл). 
В той же час B. subtilis ІМВ B-7023 продемонст
рувала низький рівень асиміляції фітату як джере-
ла вуглецевого живлення. Так, за вмісту в пожив-
ному середовищі 0,5–2,0 г/л фітату та відсутності 
іншого джерела вуглецю через дві доби культиву-
вання кількість бактерій зросла з (4,12±0,09)×106 
КУО/мл до (1,07±0,07–3,11±0,51)×107 КУО/мл. 
Встановлено, що B. subtilis ІМВ B-7023 властива 
фітазна активність, яка була найвищою на першу 
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добу їх культивування в середовищі з неорганіч-
ними фосфатами та склала 221,85±0,12 одиниць/г 
білка. Слід зазначити, що фітазна активність 
B. subtilis ІМВ B-7023 була нижчою за умови їх 
культивування в середовищі з фітатом натрію як 
джерелом фосфорного живлення, ніж у середови-
щі з неорганічними фосфатами. Отриманий факт 
може бути обумовлений гідролізом фітату ши-
рокоспецифічними фосфатазами, які, як відомо 
з попередніх досліджень, активно синтезуються 
даним штамом бацил. Вищі показники фітазної 
активності, отримані на середовищах з фітатом 
натрію як джерелом фосфорного живлення, на 
першу та третю добу культивування бактерій по-
рівняно з другою та четвертою можуть вказувати 
на експресію генів фосфатаз широкого та вузького 
спектру дії лише в потрібний для максимального 
бактеріального розвитку період за недостатньої 
кількості цих білків у середовищі. В той же час 
фітазна активність B. subtilis ІМВ B-7023 після 
дводобового культивування на середовищах з 0,5 і 

1,0 г/л фітату натрію (194,80±0,15 одиниць/г білка 
і 160,90±0,13 одиниць/г білка відповідно) як дже-
рела вуглецю та фосфору була вищою від її по-
казника в середовищі з неорганічними фосфатами 
(137,79±0,10 одиниць/г білка). Це може свідчити 
про синтез в бактеріальних клітинах за наявності 
в середовищі лише фітату в якості субстрату біль-
шої кількості саме специфічних фосфатаз – фітаз. 
Висновки. Штаму B. subtilis ІМВ B-7023 власти-
вий ріст на живильному середовищі з фітатом на-
трію та фітазна активність. Оскільки це ґрунтові 
мікроорганізми, що використовуються як компо-
нент бактеріального добрива Азогран для рослин-
ництва, здатність гідролізувати і засвоювати фітат 
є важливою для їх функціонування в ризосфері. 
Отримані результати досліджень розширюють ро-
зуміння впливу B. subtilis ІМВ B-7023 на фосфор-
не живлення та розвиток рослин.

Ключові слова: Bacillus subtilis ІМВ B-7023, фі-
тат, ростова активність, фітазна активність.
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