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Abstract: The aim of the research was to study the accumulation of phenolic compounds of nitrogen-fixing
bacteria strain Azotobacter vinelandii IMV B-7076, depending on culture conditions. We used conventional
microbiological, biochemical, physical, chemical and statistical research methods. The accumulation of phenolic
compounds bacteria A. vinelandii IMV B-7076 depends on the duration of cultivation, type and concentration
of the carbon and energy source in the medium. The highest concentration of phenolic compounds (223.0 μg/mL)
was determined by culturing these bacteria in a medium containing 30 g/L of glucose. At cultivation of this strain
Azotobacter in media containing sucrose or mannitol, the content of phenolic compounds decreased. Changing
the concentration of MgSO 4 .7Н2 О in the medium within the 0.05-1.0 g/L had negligible effect on the
accumulation of phenols by these bacteria.
Keywords: Azotobacter vinelandii, phenolic compounds, culture conditions.
INTRODUCTION
The compounds of phenolic nature are the extensive
group of the organic substances, very heterogeneous
in the chemical structure and which contain in their
composition aromatic ring (Ar) with one or several
hydroxyl groups (Ar(OH)n). It is known that
compounds of phenolic nature are produced in large
quantities in plant cells [1-3]. In the plants they
perform structural,
protective and
signaling
functions
involved
in
the
processes
of
photosynthesis and respiration [3,4]. Some
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compounds of this class act as signaling molecules
in plant-microbe relationships [3]. It is known that
some microorganisms are synthesized phenolic
compounds [5-7]. This class of compounds has
powerful antioxidant properties [8]. Phenolic
antioxidants effectively inhibit peroxide, alkoxy,
hydroxyl radicals, superoxide anion-radical, and
singlet oxygen [9]. In addition, found that some
phenolic compounds in microorganisms selectively
inhibit the functioning of individual species of
phytopathogenic mikromycetes, as well as to
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improve the growth and development of agricultural
crops [6,7].
The high-efficiency strains of nitrogen-fixing
bacteria Azotobacter vinelandii IMV B-7076 [10]
and phosphate mobilizing bacteria Bacillus subtilis
IMV B-7023 [11] selected in our previous studies.
Based on their interaction with the clay mineral
bentonite, granulated complex bacterial preparation
for crop production Azogran was created. It has a
stable composition during prolonged storage,
improves nitrogenous and phosphorous nutrition of
plants, stimulates their growth and development by
the biologically active substances of bacterial origin,
protects plants against pathogens and increases their
yield crop on 18-37% [12]. It has been found the
ability of bacteria B. subtilis IMV B-7023
synthesized phenolic compounds [6], including,
depending on the culture conditions [13, 14].
It is known that certain nitrogen-fixing bacteria of
the genus Azotobacter also synthesize phenolic
substances [15]. However, the literature is almost no
information on the accumulation of these substances
by microorganism’s species A.
vinelandii.
Therefore, the aim of the work was to study the
influence of some physical and chemical factors on
the synthesis of phenolic compounds by bacteria
Azotobacter vinelandii IMV B-7076.
MATERIALS AND METHODS
Microorganisms, nutrient media and culture
conditions:
The
nitrogen-fixing
bacteria
Azotobacter vinelandii IMV B-7076 [10] was
isolated at the Department of Microbiological
processes on solid surfaces, Zabolotny Institute of
Microbiology and Virology, National Academy of
Sciences of Ukraine. The strain A. vinelandii IMV
B-7076 was grown in 750 mL Erlenmeyer flasks
with 100 mL of Ashby’s liquid medium (g/L):
sucrose 20.0, K 2 HPO 4 ·3Н2 О 0.2, MgSO 4 ·7Н2 О 0.2,
NaCl 0.2, K 2 SO 4 0.1, CaCО3 5.0, distilled water 1 L.
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This medium was supplemented with 1 mL solution
of
Fedorov
microelements
the
following
composition (g/L): H3 BO 3 5.0, (NH4 )2 MoO4 .2H2 O
5.0, ZnSO 4 .7H2 O 0.2, KI-0.5, NaBr 0.54, Al2
(SO 4 )3 .18H2 O 0.3, distilled water 1 L (рН 7.2-7.3)
[16]. The strain A. vinelandii IMV B-7076 was
grown
in
liquid
Burk’s
medium
(g/L):
.
K2 HPO 4 3H2 O 0.64, KH2 PO 4 0.16, NaCl 0.2,
MgSO 4 .7H2 O 0.2, CaSO 4 .2H2 O 0.05, Fe2 (SO 4 )3
0.005, FeSO 4 .7H2 O 0.003, Na2 MoO4 2H2 O 0.001,
sucrose 20.0, distilled water 1 L (рН 7.0-7.2) [16].
Strain was grown in 750 mL Erlenmeyer flasks with
100 mL of liquid nutrient medium. Flasks were
incubated at 28 °C and 240 rpm for 48 h.
Bacterial growth in the cultural liquid was
determined by method of serial tenfold cultivations
with the subsequent seeding on an Ashby’s agar
medium. The plates having 30-300 CFUs (colony
forming units) were used for calculating the CFU in
the samples. The pH-value of the cultural medium of
A. vinelandii IMV B-7076 was defined by
potentiometry.
Cultural liquid of A. vinelandii IMV B-7076 was
freed from the bacteria as described in the works
[17,18].
The influence of the concentration of the source
of carbonic power and energy in the nutrient
medium on accumulation of the compounds of
phenolic nature by the A. vinelandii IMV B-7076:
A. vinelandii IMV B-7076 was grown in the liquid
Burk’s medium in which concentration of sucrose or
glucose or mannitol was set at the level from 5.0 to
40.0 g/L.
Influence of the source of magnesium ions
concentration on accumulation of the compounds
of phenolic nature by the A. vinelandii IMV B7076: A. vinelandii IMV B-7076 was grown in the
liquid Burk’s medium. The salt MgSO 4 .7Н2 О, which
was introduced into the liquid Burk’s medium at a
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concentration of 0.05 - 1.0 g/L, was used as a source
of magnesium ions.

Microsoft Excel (Microsoft Office 2003, Microsoft
Co.) and Statistics 6 (Stat Soft Inc.2001).

Protein quantification: Protein in the cultural
media of bacteria was quantified using the Bradford
method [19] with bovine serum albumin (Sigma) as
the standard.

RESULTS AND DISCUSSION

Determination of total phenolic compounds: The
content of the soluble compounds of phenol nature
in the cultural medium of A. vinelandii IMV B-7076
was evaluated according to the Folin-Ciocalteu
method [20,21] in the modification of Singleton and
Rossi [22]. A calibration curve was calculated using
pure gallic acid. The total phenol content was
expressed as gallic acid equivalents (GAE) in μg of
gallic acid per ml cultural medium of A. vinelandii
IMV B-7076. Data presented are average of three
measurements.
Statistical analysis: Each result is indicated as the
mean value of at least three independent
experiments ± the standard error of the mean (SEM).
Results were analyzed by means of program packet

Effect of nutrient media on the growth activity of
Azotobacter vinelandii ІМV B-7076: It is shown
that the number of bacteria A. vinelandii IMV B7076 was higher at cultivation in liquid Burk’s
medium, than in Ashby’s medium. At cultivation of
bacteria in Ashby’s medium for two days the CFUs
was (2.7±0.2)×109 cells/mL, while in Burk’s
medium this parameter has reached (1.3±0.1)×10 10
cells/mL. The liquid Burk’s medium has more rich
mineral composition. Availability of enough of a
nutritious substratum leads to switching of the
program of a survival on strategy of "fast" growth
[16]. In both variants of nutrient media, the pH-value
of the cultural liquid of A. vinelandii IMV B-7076
decreased according to the time of cultivation (Table
1). Given that Azotobacter had high growth activity
in Burk’s medium, we have used this particular
environment in the following experiments.

Table 1: Growth activity of A. vinelandii IMV B-7076 in Ashby’s and Burk’s media
Cultivation
time, day

Ashby’s medium
CFU (cells/ml)

рН

CFU (cells/ml)

рН

0

(2.3±0.1)х107

7.5

(2.3±0.1)х107

7.5

1

(1.4±0.1)х108

6.7

(1.3±0.1)х109

7.1

2

(2.7±0.2)х109

6.5

(1.3±0.1)х1010

6.8

3

(3.3±0.2)х108

6.7

(7.1±0.3)х109

5.5

The influence of the concentration of the source
of carbonic power and energy in the nutrient
medium on accumulation of the compounds of
phenolic nature by the A. vinelandii IMV B-7076:
According to literary data, biosynthesis of
compounds of the phenolic nature happens in two
basic
ways-shikimate
and
acetate-malonate
biosynthetic pathways [23]. However, the initial
June-Aug 2016

Burk’s medium

products of the biosynthesis of the phenolic
compounds – phosphoenolpyruvate, erythrose-4phosphate (shikimate biosynthetic pathway), acetylCoA (acetate-malonate biosynthetic pathway) are
formed during glycolysis of sugars [23]. The
availability of carbohydrates is a major factor
affecting secondary metabolic production [24].
Therefore, we investigated the accumulation of
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phenolic compounds by bacteria A. vinelandii IMV
B-7076 depending on the source of carbon nutrition
and its concentration. In these experiments used the
sucrose, glucose and mannitol. They were added to
Burk’s nutrient medium at concentrations from 5.0
to 40.0 g/L.
The effect of sucrose on accumulation of the
compounds of phenolic nature by the
A. vinelandii IMV B-7076: Sucrose is an excellent
source of carbon for bacterial growth and may
involve in synthesis of many secondary metabolites
[25]. In addition, the sucrose content influences the
production of secondary metabolites of the
phenylpropanoid pathway [26].
The results indicate that at cultivation in the medium
with sucrose, the greatest number of viable cells A.
vinelandii IMV B-7076 (1011 cells/mL) was
observed at concentrations of carbohydrate and 30 to

2016

40 g/L. The protein content and the phenolic
compounds in the cultural medium of this strain
reached its maximum value at 20 g/L of sucrose,
while increasing concentration of carbohydrate has
gradually declined.
Thus, when in a nutrient medium the content of
sucrose were 5.0 g/L, bacteria synthesized
59.2 μg/mL of phenolic compounds, 10.0 g/L –
126.8 μg/mL, 20.0 g/L – 149.2 μg/mL and 30.0 μg/L
– 141.2 μg/mL, however at 40.0 g/L – 137.6 μg/mL
of culture medium (Fig. 1). Protein content in these
samples was, respectively: 14.5 μg/mL, 19.8 μg/mL,
25.5 μg/mL, 21.7 μg/mL and 20.5 μg/mL. At
availability
in
nutrient
medium of
these
concentrations of sucrose the pH values of the
samples were respectively 8.1, 7.8, 7.0, 6.9 and
6.8.

Fig. 1: The accumulation of phenolic compounds A. vinelandii IMV B-7076 depending on the type
and concentration of the carbon source of nutrition
Thus, the maximum number of bacteria A. vinelandii
IMV B-7076 was observed at high concentrations of
sucrose in the Burk’s nutrient medium (30-40 g/L).
However this strain accumulated the greatest
quantity of phenolic compounds and protein at
standard concentration of sucrose for this medium 20 g/L. This result indicated that too high
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concentration of sucrose was not contributed to
accumulation of phenolic compounds in cultural
medium of A. vinelandii IMV B-7076. Sugars act as
carbon sources and as osmotic regulators. Osmotic
stress (higher concentrations of sucrose) may
negatively influence the accumulation of phenolic
compounds [27].
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The effect of glucose on accumulation of the
compounds of phenolic nature by the
A. vinelandii IMV B-7076: At cultivation of A.
vinelandii IMV B-7076 in Burk’s nutrient medium
with glucose, maximum number of bacteria (10 9
cells/ml) was observed at a content of glucose 20 –
40 g/L. Correlation between concentration of
glucose and accumulation connections of the
phenolic nature was observed. Thus, the total
amount of phenolic compounds in cultural medium
of A. vinelandii IMV B-7076 was 30.6 μg/ml at the
introduction 5.0 g/L of glucose in the nutrient
medium. The content of phenolic compounds
reached a maximum at 30 g/L of glucose and was,
respectively 223.0 μg/mL but at further increase in
the concentration of carbohydrate the quantity of
phenolics reduced (Fig. 1). Protein concentration in
these variants of the experiment was as follows:
5.6 μg/mL, 8.7 μg/mL, 16.1 μg/mL, 14.3 μg/mL and
11.3 μg/mL. The рН of cultural liquid decreased
with 8.1 up to 7.1. At cultivation of A. vinelandii
IMV B-7076 in Burk’s nutrient medium with
glucose,
bacteria accumulated
the greatest
quantity of phenolic substances at concentration
this carbohydrate 30 g/L, and protein at – 20 g/L.
The effect of mannitol on accumulation of the
compounds of phenolic nature by the
A. vinelandii IMV B-7076: It is established, that at
cultivation of A. vinelandii IMV B-7076 in Burk’s
nutrient medium with mannitol, number of bacteria
in all investigated versions reached 10 9 cells/mL.
The content of phenolic compounds increased with
increasing concentration of the source of carbon
nutrition. At concentration in nutrient medium of
mannitol 5.0 g/L, microorganisms accumulated in
cultural medium of the 43.1 μg/mL of phenolic
compounds. The most pronounced increase in
quantity of the compounds of phenol nature to 131.6
μg/mL was observed by cultivating with 30 g/L of
mannitol. Increasing the concentration of the
carbohydrate was associated with decreased
June-Aug 2016
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accumulation of phenolic compounds in the culture
medium of A. vinelandii IMV B-7076. Mannitol, a
sugar alcohol, is used as an osmotic agent. Vanishree
et al. [28] and Namdeo [29] mentioned that stress
factors can
improve secondary
metabolite
biosynthesis. Protein concentration did not change
significantly and ranged from 18.8 to 22.7 μg/mL.
The pH of the samples with the addition of mannitol
at a concentration of 5.0 to 40.0 g/L was reduced
from 7.7 to 6.5 (Fig. 1).
Influence of the source of magnesium ions
concentration on accumulation of the compounds
of phenolic nature by the A. vinelandii IMV B7076; Precursor in the biosynthesis of phenolic
compounds by shikimate pathway is shikimic acid.
In the biosynthesis of shikimic acid from glucose the
carboxyl and carbon atoms 1 and 2 are derived from
a 3-carbon intermediate of glycolysis, and carbons 3,
4, 5, 6 are derived from tetrose phosphate, generated
via the pentose phosphate pathway [30]. A
significant part of transformations in the glycolysis
is carried out with the participation of Mg2+ ions as
a cofactor [31].
We have investigated the dependence of the
accumulation of phenolic compounds by nitrogenfixing bacteria A. vinelandii IMV B-7076 from the
concentration of Mg2+ source in the nutrient
medium. It was shown, that at cultivation of A.
vinelandii IMV B-7076 in Burk’s nutrient medium
with 0.05 – 1.0 g/L MgSO4·7H2O, the CFUs
increased, reaching a maximum value at 1.0 g/L –
1011 cells/mL. The content of phenolic compounds
in the cultural medium of this strain are not
significantly changed. The pH and protein
concentration also did not differed in variants of
experiment (Table 2).
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Table 2: Effect of different concentrations of Mg2+ ions in Burk's medium on the physiological and
biochemical activity of A. vinelandii IMV B-7076
Concentration of
Mg 2+ ions, mM

рН

CFU (cells/ml)

0,2

6,7

(3,9±0,3)х1010

13,6±0,4

134,0±7,2

0,4

6,7

(4,8±0,6)х1010

14,1±0,1

142,4±6,4

0,8

6,7

(2,9±0,1)х1010

13,6±0,3

140,0±2,8

2,0

6,7

(2,5±0,4)х1010

13,2±0,5

136,4±2,8

4,0

6,7

(2,2±0,2)х1011

14,1±0,3

130,4±3,2

Protein content, Content of phenolic
μg/mL
compounds, μg/mL

Note: The number of bacteria at the beginning of the experiment was 107cells/ml.

In conclusion, the results indicate that the
accumulation of phenolic compounds in the cultural
medium of A. vinelandii IMV B-7076 depends on
the type of carbon source and its concentration in the
medium. The greatest concentration of phenolic
compounds in the culture medium was observed at
cultivation the bacteria with 30 g/L glucose, and it
was 223.0 μg/mL. Changes in the concentration of
Mg2+ in predetermined limits do not affected the
amount of phenolic compounds, which are
synthesized by bacteria A. vinelandii IMV B-7076.
Lack effect of Mg2+ ions on the accumulation of
phenolic compounds may indicate that shikimic acid
apparently is not a major precursor in the
biosynthesis of these substances by these organisms.
Biosynthesis of phenolic compounds in A. vinelandii
IMV B-7076 evidently occurs by acetate-malonate
pathway.
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