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Microbial surfactants (biosurfactants) are multifunctional preparations due to a combination of
physicochemical (reduction of surface and interfacial tension, emulsifying activity) and biological
(antimicrobial and antiadhesive activity, the ability to destroy biofilms) properties. However, the
disadvantage of biosurfactants synthesized as a complex of compounds is the possibility of changing
the biological activity depending on the conditions of producer cultivation. Aim. To study the effect of
potassium and sodium cations on the NADP*-dependent glutamate dehydrogenase activity of cell-free
extract of Acinetobacter calcoaceticus IMV B-7241 with subsequent appropriate modification of the
nutrient medium composition and determination of antimicrobial and anti-adhesive activity of surfactant
synthesized. Methods. A. calcoaceticus IMV B-7241 strain was grown in media containing 2% of sunflower
oil waste as a carbon source, as well as various concentrations of potassium and sodium chloride (basal
— 1.0 g/l NaCl, medium # 1 that did not contains NaCl, medium # 2 in which the concentration of NaCl
was 2.0 g/l, medium # 3 in which the concentration of NaCl and KCl was 1.0 g/l each). The surfactants
were extracted from the supernatant liquid culture with a modified Folch mixture. Anti-adhesive activity
and the degree of biofilms degradation were determined by spectrophotometric method, antimicrobial
activity — by the indicator of the minimum inhibitory concentration (MIC). Activity of enzymes of
surface-active aminolipids biosynthesis (NADP~-dependent glutamate dehydrogenase) and glycolipids
(phosphoenolpyruvate (PEP) carboxylase, PEP-synthetase, PEP-carboxykinase, trehalose phosphate
synthase) were analyzed in cell-free extracts obtained after the destruction of cells by ultrasound. Results.
It was found that potassium and sodium cations in concentrations of 50 and 100 mM are inhibitors
of NADP*-dependent glutamate dehydrogenase, and in lower concentrations (5—20 mM) — activators
of this enzyme, as well as PEP-carboxykinase and PEP-synthetase. The increase in the biosurfactant
concentration to 6.1—7.7 g/l during cultivation of A. calcoaceticus IMV B-7241 in medium # 1 and # 3
was due to the predominant synthesis of glycolipids under such conditions, which was evidenced by the
increase in 1.8—6.5 times in the activity of PEP-carboxylase, PEP-carboxykinase, PEP-synthetase and
trehalose phosphate synthetase compared to the indicators on the basal medium. The concentration of
surfactants synthesized in the basal medium was 3.6 g/I, but such surfactants were characterized by the
highest antimicrobial and anti-adhesive activity. Their MIC against the test-cultures of studied bacteria
(Pseudomonas sp. MI-2, Bacillus subtilis BT-2, Escherichia coli IEM-1, Staphylococcus aureus BMS-1,
Enterobacter cloaceae C-8) and fungi (Candida albicans D-6, Rhizopus nigricans P1, Aspergillus niger
P-3, Fusarium culmorum T-7) were 0.88—56 ug/ml and were by 2—3 orders of magnitude lower compared
to established for surfactants synthesized in modified media # 1-3. In the case of treatment of abiotic
materials with surfactant solutions obtained on the basal medium, the adhesion of bacteria and fungi was
on average 10—20 % lower than after surface treatment by the surfactant synthesized in modified media.
In the presence of 148—296 ug/ml of surfactants obtained in the basal medium, destruction of S. aureus
BMS-1 and B. subtilis BT-2 biofilms was 45—66 %, and C. albicans D-6 yeast — 39—44 %. Under the
action of similar concentrations of surfactants synthesized in modified media, the destruction of bacterial
and yeast biofilms was lower: 6-52 and 20—46 %, respectively. Conclusions. The obtained results are
consistent with the data of our previous studies on the possibility of regulating the antimicrobial and anti-
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adhesive activity of surfactants in the process of producer cultivation by changing the content of cations
in the medium, which are inhibitors/activators of enzymes responsible for the synthesis of components of
the surfactants complex, which have certain biological properties.

Keywords: Acinetobacter calcoaceticus IMV B-7241, surfactants, potassium and sodium cations, bio-

logical activity, biosynthesis.

Despite the fact that today the industrial
production of microbial surfactants is limited to
a dozen campaigns, the interest of researchers in
these multifunctional products is increasing every
year [1].

In comparison with known antimicrobial and
anti-adhesive agents, biosurfactants have a number
of advantages [2—4]: biodegradability and non-
toxicity, which prevents contamination of the
environment and the manifestation of allergic
reactions, as well as the possibility of using them in
a wide range of pH, temperature and other external
factors, this is due to the stability of physical
and chemical properties. At the same time, the
mechanism of biosurfactants action consisting in
the violation of the integrity of the cytoplasmic
membrane reduces the possibility of occurrence of
resistant forms of microorganisms.

Nonetheless, one of the disadvantages of
biosurfactants (then, as other secondary metabolites
synthesized in the form of a complex of similar
compounds) is the possibility of changing
biological properties under various conditions
of producer cultivation. However, until recently,
this problem remained outside the attention of
researchers. Only last year’s works have there
been on the correlation between the chemical
composition and the properties of biosurfactants,
which have been analyzed and summarized by us in
the review [5]. The available literature suggests the
possibility of regulating the antimicrobial activity
of biosurfactants only chemically or as a result of
the improvement of producer strains by genetic or
metabolic engineering. The results of our research
presented in the review [5] showed that there is a
simpler and no less effective way to regulate the
biological properties of surfactants in the process
of cultivating a producer on a modified medium
containing activators of enzymes responsible for
the synthesis of surfactants complex components
with certain necessary properties.

Thus, in Acinetobacter calcoaceticus IMV
B-7241 the key enzyme of aminolipids bio-
synthesis responsible for the antimicrobial
activity of surfactants is NADP*-dependent
glutamate dehydrogenase [6], which is activated
by calcium and magnesium cations. An increase
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in the concentration of activators in the producer’s
cultivation medium was accompanied by increasing
the antimicrobial and anti-adhesive activity of the
synthesized biosurfactants.

Solitary literature and our own experimental
data indicate that the activity of NADP*-dependent
glutamate dehydrogenase in microorganisms
increases in the presence of monovalent cations
[7-9].

In this regard, the aim of this study is to
investigate the effect of potassium and sodium
cations on the NADP"-dependent glutamate
dehydrogenase activity of cell-free extract of
A. calcoaceticus IMV B-7241 with subsequent
appropriate modification of the nutrient medium
composition and determination of antimicrobial and
anti-adhesive activity of synthesized surfactants.

Materials and methods. The main object
of research was a strain of oil-oxidizing bacteria
isolated from an oil-contaminated soil sample
and identified as Acinetobacter calcoaceticus K-4
[10]. A. calcoaceticus K-4 strain is registered in
the Depository of Microorganisms of the D.K.
Zabolotny Institute of Microbiology and Virology
of the National Academy of Sciences of Ukraine
under the number IMV B-7241.

Bacterial (Pseudomonas sp. MI-2, Bacillus
subtilis BT-2, Escherichia coli 1EM-1,
Staphylococcus aureus BMC-1, Enterobacter
cloaceae C-8) and fungal (Candida albicans
1-6, Rhizopus nigricans P1, Aspergillus niger
P-3, Fusarium culmorum T-7) strains from the
collection of live cultures of the Department of
Biotechnology and Microbiology of the National
University of Food Technologies were used as
test cultures in determining the antimicrobial and
antiadhesive activity of surfactants, as well as their
role in the destruction of biofilms.

A. calcoaceticus IMV B-7241 strain was grown
in a liquid mineral medium of the following
composition (g/1): (NH,),CO - 0.35, NaCl —
1.0, Na,HPO,-12H,0 - 0.6, KH,PO, - 0.14,
MgSO,-7H,0 — 0.1, distilled water—up to 1 1,
pH 6.8-7.0. A yeast autolysate — 0.5 % (volume
fraction) and a micronutrient solution — 0.1 %
(volume fraction) containing (g/100 ml): ZnSO, x
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x TH,0 - 1.1; MnSO, x H,0 - 0.6; FeSO,-7H,0 —
0.1; CuSO, x 5H,0 - 0.004; CoSO, x 7TH,0 —0.03;
H,BO, - 0.006; Ki—0.0001; EDTA (Trilon B) - 0.5
were also additionally added to the medium (basal
medium).

Cultivation of the IMV B-7241 strain was also
carried out in the basal medium without NaCl
(medium # 1), in which the NaCl concentration
was 2.0 g/l (medium # 2), in which an additional
1.0 g/l KCI (medium # 3) was added.

Waste sunflower oil after frying potatoes
was used as a source of carbon and energy at
a concentration of 2 % (v/v). Inoculum was a
culture in the middle of the exponential growth
phase, grown in the basal medium with 0.5 %
(v/v) of waste oil. The amount of inoculum
(10*-10° cells/ml) was 5 % of the mediums volume.
Cultivation was carried out in 750 ml flasks with
100 ml of medium on a shaker (320 rpm) at 30 °C
for 120 hours.

The amount of extracellular surfactants was
determined using our modified method of Bligh
and Dyer after extraction with a mixture of
chloroform and methanol (2:1) from the supernatant
of the culture liquid as described in the study [11].
To obtain the supernatant, the culture liquid was
centrifuged at 5000 g for 20 minutes.

The antimicrobial activity of surfactants was
analyzed by the minimum inhibitory concentration
(MIC) index. The definition of MIC was carried out
by dual-fold serial dilutions in meat-peptone broth
(MPB) for bacteria and liquid wort for fungi, as
described earlier [6, 9]. The results were evaluated
visually by the medium turbidity: (+) — tubes in
which the turbidity of the medium was observed
(growth of the testing culture), (—) — there was no
turbidity (no growth). The MIC of the surfactant
solution was defined as the concentration of
surfactants in the last tube where growth was
absent.

The anti-adhesive activity of surfactants was
determined as described in our previous paper [6].
The number of adhering cells (degree of adhesion)
was determined by spectrophotometric method
as the ratio of the extinction of the suspension
obtained from materials treated with surfactant
preparations (tile, steel, glass, polystyrene) to the
extinction of control samples (without surfactant
treatment) and expressed as a percentage.

Studies of the effect of surfactants on biofilm
destruction were carried out as described in our
paper [6]. 200 pl of surfactant preparations of
various concentrations were added to the wells of
the polystyrene microplate with the test-culture
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biofilm previously formed on them, after 24 h of
exposure the wells were washed three times with
200 pl of distilled water and the number of adherent
cells was determined by spectrophotometric
method. The degree of biofilm destruction (%) was
defined as the difference between cell adhesion
in untreated and treated by surfactants wells of
polystyrene plate.

To obtain cell-free extracts, the culture liquid
was centrifuged (5000 g, 20 min, 4 °C). The
resulting cell precipitate was washed twice from
medium residues with 0.05 mol of K*-phosphate
buffer (pH 7.0), centrifuged (4000 g, 15 min, 4 °C).
The washed cells were resuspended in 0.05 mol
of K*-phosphate buffer (pH 7.0) and destroyed by
ultrasound (22 kHz) 3 times for 20 s at 4 °C on
an UZDN-1 device. The resulting disintegrate was
centrifuged (12000 g, 30 min, 4 °C), the precipitate
was separated, and the supernatant was used for
further studies as a cell-free extract.

The activity of the enzymes was determined
as described in our study [12]. The activity of
phosphoenolpyruvate (PEP) synthetase (EC
2.7.9.2) was determined by the rate of pyruvate
formation, which was analyzed by NADH oxidation
at 340 nm in a conjugated reaction with lactate
dehydrogenase, PEP-carboxykinase (EC 4.1.1.49) —
by the formation of PEP and pyruvate during
NADH oxidation, and glutamate dehydrogenase
(EC 1.4.1.4) — by formation of glutamate during
NADPH oxidation at 340 nm, PEP-carboxylase
(EC 4.1.1.31) — after NADPH oxidation at
340 nm. The activity of trehalose phosphate
synthase (EC 2.4.1.15) was analyzed by the
formation of uridine diphosphate, which was
determined spectrophotometrically by the oxidation
of NADH at 340 nm in conjugated reactions with
pyruvate kinase and lactate dehydrogenase.

When studying the effect of monovalent cations
on NADP*-dependent glutamate dehydrogenase
activity, 5-100 mM K" or Na" was added to the
reaction mixture as a solution of KCIl and NaCl
salts.

The enzyme activity was expressed in nmol
of the product per 1 min of reaction per 1 mg
protein. The protein content in cell-free extracts
was determined by Bradford. The activity of
the enzymes was analyzed at 28-30 'C — the
temperature optimal for A. calcoaceticus IMV
B-7241 growth.

All experiments were performed in triplicate;
the number of parallel determination in the
experiments was 3—5. Statistical processing of
experimental data was carried out as described in
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previous papers [6, 9]. The differences in averages
were considered reliable at the level of significance
p<0.05.

Results. At the first stage, the enzymes
activity of surface-active aminolipids biosynthesis
(NADP*-dependent glutamate dehydrogenase)
and glycolipids (PEP- synthetase and PEP-
carboxykinase) in cell-free extract 4. calcoaceticus
IMV B-7241 was analyzed depending on the
concentration of monovalent cations in the reaction
mixture (Table 1). It was found that potassium
and sodium cations at concentrations of 50 and
100 mM are inhibitors of NADP*-dependent
glutamate dehydrogenase, and in the presence
of lower concentrations (5 and 10 mM Na*,
20 and 30 mM K), a 2-fold increase in the activity
of this enzyme was observed compared to that
without monovalent cations. The introduction of
monovalent cations in the reaction mixture at a
concentration of 5-20 mM was accompanied by an

Table 1

increase in PEP-carboxykinase and PEP-synthetase
activity.

The data on the concentration of surfactants
synthesized during cultivation of A. calcoaceticus
IMV B-7241 in media with different content of
monovalent cations are presented in Table 2.
The highest amount of surfactants was observed
when growing producer in medium # 1, which
did not contains potassium and sodium cations,
and medium # 3, in which the concentration
of KCIl and NaCl was 1 g/l. During cultivation
of A. calcoaceticus IMV B-7241 on the basal
medium and medium # 2, in which only sodium
cations as monovalent are present, the surfactant
concentration was significantly lower (3.6 and
2.4 g/1, respectively).

At the next stage, the enzymes activity of
surface-active amino- and glycolipids biosynthesis
during 4. calcoaceticus IMV B-7241 cultivation in
the basal and modified media # 1-3 was determined
(Table 3).

The effect of different concentrations of monovalent cations on key enzymes activity
of surface-active amino- and glycolipids biosynthesis of A. calcoaceticus IMV B-7241

Monovalent | Concentration in the Enzyme activity (nmol-min"'-mg™! of protein)
NADP - dependent .
cations reaction mixture. mM PEP—carboxykmase PEP- synthetase
’ glutamate dehydrogenase
5 385+19 385+19 12308+615
10 385+19 57729 100004500
Na* 20 192+10 769+39 9808+490
30 192+10 192+10 7500+375
50 160+8 n/d n/d
100 10745 n/d n/d
5 192+10 769-+39 11538+576
10 192+10 769-+39 12500+625
K 20 385+19 769+39 6154+308
30 385+19 192+10 4200+210
50 160+8 n/d n/d
100 1377 n/d n/d
Cation free (control) 192+10 192+10 10962+548

Legend: n/a —not determined.

The data shown in Table 3, indicate that in
the process of A. calcoaceticus IMV B-7241
cultivation in media # 1 and # 3, the activity of
PEP-carboxylase (an enzyme that catalyzes
the formation of oxaloacetate, a gluconeogenic
precursors) was 1.8—2.8 times higher than
on the basal medium. At the same time, an
increase in PEP-carboxylase activity correlated
with the activity of PEP-carboxykinase, a
corresponding enzyme of gluconeogenesis, and
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trehalose phosphate synthase, a key enzyme of
trehalose mycolate biosynthesis. Thus, under the
cultivation of the IMV B-7241 strain in media
# 1 and # 3, the activity of these enzymes was
4-6.5 and 2.1-2.6 times higher, respectively,
than on the basal medium. NADP*-dependent
glutamate dehydrogenase activity was increased
compared to that on the basal medium only under
A. calcoaceticus IMV B-7241 cultivation in me-
dium # 1.
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Table 2

The effect of monovalent cations present in the cultivation medium of A. calcoaceticus
IMV B-7241 on the surfactants synthesis

Medium Nag(l)ntent in medium g1/<1 cl Concentration of synthesized surfactants, g/
Basal 1.0 0 3.6+0.18

#1 0 0 6.1+0.30

#2 2.0 0 2.4+0.13

#3 1.0 1.0 7.7+0.35

Table 3

Activity of glyco- and aminolipids biosynthesis enzymes of A. calcoaceticus IMV B-7241
under various cultivation conditions

. e . Cultivation medium
Enzyme activity (nmol-min"-mg™ of protein) basal 01 e i3
NADP *-dependent glutamate dehydrogenase 185+9 364+18 18549 145+7
PEP-carboxylase 385+19 1071+£54 385+19 690+35
PEP-carboxykinase 385+19 1538+77 345+17 2500+125
PEP synthetase 8929+447 11923+£596 | 10690+534 | 119234595
Trehalose phosphate synthase 145 £7 306+15 186+9 370+19

Legend: The composition of modified media # 1-3 is shown in Table 2.

In further studies, the antimicrobial and anti-
adhesive activity (including the ability to destroy
biofilms) of surfactants synthesized in media
with different content of monovalent cations was
analyzed.

Data on the MIC of surfactants obtained on
the basal and modified media are given in Table
4. These results show that under cultivation of
A. calcoaceticus IMV B-7241 in media # 1-3
surfactants were synthesized, the antimicrobial
activity of which in relation to the studied test-
cultures was significantly lower compared to
the activity of surfactants obtained on the basal
medium. Thus, the MIC for bacteria and fungi

Table 4

of surfactants synthesized on modified media
were 2—3 orders of magnitude higher than those
established for surfactants formed on the basal
medium.

The data on the adhesion of bacterial test-
cultures on materials pre-treated with surfactant
solutions synthesized in a medium with different
content of monovalent cations are presented in
Table 5.

It was found that surfactants obtained in
modified media # 1 and # 2 were characterized
by lower anti-adhesive activity than those
synthesized in the basal medium. Thus, in the case
of treatment of abiotic materials with solutions

Antimicrobial activity of A. calcoaceticus IMV B-7241 surfactants, synthesized
in the medium with different content of potassium and sodium cations

Minimum inhibitory concentrations of surfactants (ug/ml ) synthesized

Test-culture in the medium

Basal #1 #2 #3
Pseudomonas sp. MI-2 14 384 18 60
Staphylococcus aureus BMS-1 0.88 24 576 480
Escherichia coli IEM-1 0.88 24 144 480
Bacillus subtilis BT-2 1.75 384 18 60
Enterobacter cloaceae C-8 0.88 48 72 480
Candida albicans D-6 28 > 768 144 > 960
Rhizopus nigricans P1 56 384 > 1152 > 960
Aspergillus niger P-3 0.88 1.5 144 120
Fusarium culmorum T-7 3.5 48 > 1152 240

Legend: the composition of modified media # 1-3 is shown in Table 2. When determining the MIC, the error did not

exceed 5 %.
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of such surfactants, the adhesion of bacteria and
fungi was on average 10-20 % higher than after
surface treatment with surfactants synthesized in a
basal medium. It should be noted that after surface
treatment with surfactant solutions obtained in
medium # 3, the adhesion of test-cultures decreased
by only 3—10 % compared to the using surfactants
synthesized in the basal medium.

The data on the destruction of bacterial and
yeast biofilms by surfactants obtained in basal and
modified media are presented in Table 6. Degree
of S. aureus BMS-1 and C. albicans D-6 biofilm
destruction was the lowest (6-22 %) in terms of the

Table 5

action of surfactant solutions synthesized in medium
# 3, and this pattern was observed for surfactants
in the studied range of their concentrations
(37-296 png/ml). At the same time, in the presence
of such surfactants, B. subtilis BT-2 biofilm des-
truction was the highest and reached 50-53 %.
It should be noted that the degree of test-
cultures biofilms destruction under the action of
surfactants (37—74 pg/ml) synthesized in media # 1
and # 2 differed slightly (only by a few percent)
from destruction in the presence of similar
concentrations of surfactant solutions obtained in
the basal medium.

Bacterial adhesion on abiotic surfaces treated with surfactant solutions synthesized
by A. calcoaceticus IMV B-7241 under various cultivation conditions

Cultivation Adhesion, %
Test-culture . .
medium glass tile steel poly-styrene

Basal 58 71 26 75
#1 58 92 50 90
Staphylococcus aureus BMS-1 i 37 M) 67 95
#3 62 70 36 78
Basal 68 38 26 70
. . #1 78 61 50 83
Bacillus subtilis BT-2 e s 62 61 35
#3 56 48 36 79
Basal 65 53 48 68
. . #1 78 63 68 81
Candida albicans D-6 40 o 70 ’1 29
#3 58 59 57 72
Basal 76 n/d n/d 60
. . #1 90 n/d n/d 79
Aspergillus niger P-3 i 36 wd w/d 75
#3 82 n/d n/d 68

Legend: the composition of modified media # 1-3 is shown in Table 2. When determining adhesion, the error did not
exceed 5 %. The concentration of surfactant solutions is 0.12 pg/ml. n/d — not determined.

Discussion. Data on inhibitory of NADP*-
dependent glutamate dehydrogenase A. calcoa-
ceticus IMV B-7241 activity with potassium and
sodium cations in relatively high concentrations
(over 50 mM, see Table 1) are consistent with
the literature data [13, 14]. Thus, in the presence
of 1 M of potassium chloride, a 30 % decrease in
the activity of the purified enzyme was observed
in hyperthermophilic archaea Thermococcus
waiotapuensis [13], the activity of purified
NADP*-dependent glutamate dehydrogenase of
Pyrobaculum calidifontis was inhibited by 50 % in
the presence of 100-200 mM of potassium chloride
and 100-300 mM of sodium chloride [14].

In this regard, it was suggested that the exclusion
from the cultivation medium of A. calcoaceticus
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IMV B-7241 of sodium cations (medium # 1) will
be accompanied by the synthesis of surfactants with
increased antimicrobial activity, and an increase
in medium of sodium cations (medium # 2) or
potassium and sodium cations (medium # 3) will
be accompanied by the formation of surfactants
with low antimicrobial activity. However, the
results obtained were unexpected: the surfactants
synthesized by IMV B-7241 strain in media #
1-3 were characterized by low antimicrobial
activity in contrast to the surfactants obtained in
the basal medium (see Table 4). Since the basal
medium contains 1 g/l of NaCl (or 17 mM), it
was suggested that at low concentrations, sodium
cations may be activators of NADP*-dependent
glutamate dehydrogenase, a key enzyme in the
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biosynthesis of aminolipids responsible for the
antimicrobial activity of the surfactant complex.
Further experiments confirmed our assumption
(see Table 1): in the presence of 5 and 10 mM Na*

in a reaction mixture, the activity of this enzyme
doubled compared to that without sodium cations,
which can explain the high antimicrobial activity of
surfactants synthesized in the basal medium.

Table 6

The effect of surfactants synthesized by A. calcoaceticus IMV B-7241 under various

cultivation conditions on biofilm destruction

Test cultur Cultivation | Biofilm destruction (%) at surfactant concentration (pLg/ml)
oSt euture medium 37 74 148 296
Basal 36 38 57 66
#1 27 36 35 36
Staphylococcus aureus BMS-1 i 34 31 14 6
#3 6 13 18 21
Basal 19 39 45 46
. 0 #1 23 40 45 48
Bacillus subtilis BT-2 e 2 45 47 45
#3 53 50 51 52
Basal 24 33 39 44
. , #1 24 33 46 47
Candida albicans D-6 e 27 36 45 47
#3 14 20 20 22

Legend: the composition of modified media # 1-3 is shown in Table 2. When determining the destruction, the error

did not exceed 5 %.

Other unexpected results were data on the
concentration of surfactants synthesized under
cultivation of A. calcoaceticus IMV B-7241 in
media with different content of monovalent cations
(see Table 2). It turned out that during the IMV
B-7241 strain cultivation in a medium without
NaCl (medium # 1) and in a medium containing
1 g/l of potassium chloride and sodium chloride
(medium # 3), the surfactant concentration was
the highest (6.1-7.7 g/l1). Since the synthesized
surfactants showed low antimicrobial activity, it
was assumed that under such conditions, surfactant
glycolipids are mainly synthesized. The data
shown in Table 1 indicate that potassium cations
in low concentrations (5 and 10 mM) are activators
of key enzymes of glycolipids biosynthesis
(PEP-carboxykinase and PEP-synthetase). There-
fore, an increase in the concentration of synthesized
surfactants during cultivation of IMV B-7241 strain
in medium 1 (without sodium chloride) may be
precisely because of an increased synthesis under
such conditions of glycolipids. At the same time,
sodium cations in low concentrations (520 mM)
are activators of glycolipids biosynthesis enzymes.
Therefore, an increase in the concentration of
synthesized surfactants when the strain was grown
in medium # 3 (contains 1 g/l of potassium chloride
and sodium chloride) may be due to an increase in
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synthesis under such conditions of cultivation of
both glycolipids and aminolipids (since the activity
of NADP*-glutamate dehydrogenase increases at
low concentrations of sodium cations). However,
since the antimicrobial activity of such surfactants
was low, it can be assumed that the complex is
dominated by glycolipids or neutral lipids, where
monovalent cations in low concentrations can also
be the activator of their synthesis.

Such conclusions were also supported by data
on determining the activity of aminolipids and
glycolipids biosynthesis enzymes during the IMV
B-7241 strain cultivation in media with different
content of monovalent cations (see Table 3).
During A. calcoaceticus IMV B-7241 cultivation
in media # 1 and # 3, the activity of glycolipids
biosynthesis enzymes (PEP-carboxylase, PEP-
carboxykinase, PEP-synthetase, and trehalose
phosphate synthetate) was significantly higher than
on the basal medium.

It should be noted that low antimicrobial
activity of surfactants synthesized by IMV B-7241
strain in the medium # 2 (see Table 4) can also
be explained by an increase in synthesis under
such conditions of glycolipids: the activity of
PEP-synthetase and trehalose phosphate synthase
is 1.2 and 1.3 fold higher than on the basal me-
dium.
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One of the mechanisms underlying the anti-
adhesive activity of surfactants is the antimicrobial
activity of surfactants [2—4]. It is quite probable
that it is precisely the low antimicrobial activity of
surfactants synthesized by 4. calcoaceticus IMV
B-7241 in media # 1-3 is one of the reasons for
the lower anti-adhesive activity of such surfactants
and their ability to destroy biofilms (see Tables 5
and 6).

The results presented in this article are a conti-
nuation of our previous studies [5, 6, 11] on the
possibility of regulating the antimicrobial and
anti-adhesive activity of biosurfactants during the
cultivation of a producer in a modified medium
containing activators/inhibitors of enzymes
responsible for the synthesis of components of
the surfactants complex, which have certain
biological properties. However, in our previous
papers (unlike this article), the point at issue was
increasing the antimicrobial and anti-adhesive
activity of surfactants A. calcoaceticus IMV
B-7241, Rhodococcus erythropolis IMV Ac-
5017 and Nocardia vaccinii IMV B-7405. At the
same time, the data in Table 1 on the activation
of NADP'-dependent glutamate dehydrogenase
of the IMV B-7241 strain in the presence of low
concentrations of monovalent cations, suggestive of
the introduction of less than 1-2 g/l concentrations
of sodium and potassium cations into the
cultivation medium will be accompanied by the
synthesis of surfactants with high antimicrobial and
antiadhesive activity. Our further research will be
devoted to this issue clarification.

In paper [11], we summarized both our own
experimental data on the regulation of the biological
activity of biosurfactants, and some literature data
on the effect of certain cations in nutrient media on
the synthesis of both surfactants and other products
of microbial synthesis.

Let’s briefly analyze the studies that were not
mentioned in our previous papers. We will compare
the results obtained with the literature data in two
directions: the effect of cations on the activity
of NADP'-glutamate dehydrogenase in various
microorganisms and the effect of cations on the
synthesis of microbial-derived surfactants.

It is known from the literature that monovalent
cations can be both inhibitors [13, 14] and
activators of NADP*-glutamate dehydrogenase
[7, 8]. In paper [15] it is noted that the stability
of Escherichia coli glutamate dehydrogenase
increased in the presence of lithium cations at
concentrations from 1 to 10 mM.
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Our studies [11] showed that potassium
and sodium cations are activators of NADP*-
glutamate dehydrogenase in the Nocardia vaccinii
IMV B-7405 surfactant producer. Additional
introduction of 0.5-1.0 g/l of sodium chloride,
potassium chloride or a mixture of them in the
cultivation medium of the strain IMV B-7405
was accompanied by the synthesis of surfactants,
the MIC of which relative to bacterial and yeast
testing cultures were 2—125 and 2-30 fold lower,
respectively, the adhesion of bacteria on abiotic
materials treated with such surfactants is 1.1-1.6
fold lower, and the degree of destruction of yeast
biofilms is 25-48 % higher compared to the
indicators to established for surfactants obtained in
the basal medium.

In the same manner as monovalent, divalent
cations can be both activators and inhibitors of
NADP*-glutamate dehydrogenase activity in
microorganisms [16, 17]. Geotrichum candidum
S12 glutamate dehydrogenase is unique, as it is
characterized by substrate specificity for glutamate,
2-oxoglutarate, hexanol, and isoamil alcohol
(3-methyl 1-butanol) [17]. In the presence of
adenosine diphosphoric acid, Fe?", K*, and Zn*, an
increase in enzymatic activity relative to hexanol
was observed, and in the presence of EDTA, Mn?",
and adenosine triphosphoric acid, its inhibition was
observed. Ferrous cations at a concentration of 1
mM increased the activity of NADP*-glutamate
dehydrogenase in Klebsiella pneumoniae F-5-2 by
10 % [16].

In most studies on the effect of trace elements in
the composition of nutrient media on the surfactant
synthesis, the authors only state one or another
effect of certain cations, without discussing possible
mechanisms of such an effect on the formation of
the final product [18-21].

In literature [22-24], a positive effect of di-
valent cations (ferrum, manganese, magnesium)
on surfactin synthesis by representatives of the
genus Bacillus is reported. Thus, the introduction
of ferrous sulfate (2 mM), magnesium sulfate
(0.8 mM), and manganese sulfate (0.2 mM) into
the cultivation medium of Bacillus subtilis #573
was accompanied by increasing the surfactants
synthesis to 4.829 g/l (in the medium without
these cations — 1.311g/l) [22]. The authors of
this paper note that ferrum, manganese, and
magnesium cations are cofactors of surfactin
biosynthesis enzymes. If the concentration of
manganese cations increases to 0.1 mM in the
B. subtilis ATCC 21332 cultivation medium,
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a 6.2-fold increase in surfactant concentration
(up to 1500 mg/l) was observed due to the
participation of Mn?*" in the mobilization of
glutamate synthase activity, which enhances
nitrogen metabolism, resulting in more free amino
acids formation for surfactin synthesis [23].
Introduction in B. subtilis SZMC 6179] cultivation
medium of manganese, copper, and nickel cations
at a concentration of 1 mM was accompanied by the
synthesis of methyl eterified forms of surfactin and
new variants of this lipopeptide with a C15-C18
chain acyl length [24]. The authors plan to further
study the biological activity of such surfactins.

In 2020, a paper was published [25], which
reports the activation of rhla and rhiB genes of
RHA-C10-C10 monorhamnolipid biosynthesis by
ferrous cations (0.05 g/1).

In data [18-20, 22-25], traditional substrates
(mainly carbohydrates, as well as n-paraffines, corn
steep extract) were used as carbon sources for the
cultivation of surfactant producers. Luo with co-
authors [25] found that the introduction of 6.4 g/l
NaNO, and 3.1 g/l MgSO, into the Pseudomonas
aeruginosa ATCC 9027 cultivation medium with
refried oil allowed to increase the synthesis of
rhamnolipids to 8.5 g/l, which is 1.4 fold higher
than on the basal medium. However, in this paper,
the authors did not explain or discuss possible
mechanisms of the positive effect of magnesium or
sodium cations on surfactant synthesis.

It should be noted that in the available literature
we were not able to find information on the
dependence of the biological activity of surfactants
on the content of monovalent cations in the
producer culture medium.

So, the results of this study are consistent with
the data of our previous studies on the possibility
of regulating the antimicrobial and anti-adhesive
activity of surfactants in the process of producer
cultivation by changing in the medium the
content of cations, which are inhibitors/activators
of enzymes responsible for the synthesis of
components of the surfactants complex, which have
certain biological properties.
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Pesome

MikpoOHi oBepxHeBo-akTHBHI peuoBuHH ([TAP)
€ TIpenaparaMy MyJIETA(QYHKIIOHATEHOTO MTPU3HAYCH-
HSl 3aBJISIKA KOMITIEKCY (Di3MKO-XIMIUHUX (3HUKECHHS
MIOBEPXHEBOTO Ta MXK(A3HOTO HATATY, EMYIbIyBaJIb-
Ha aKTHBHICTH) Ta 010JOTIYHUX (aHTUMIKpPOOHA Ta
AHTHAJre3WBHA aKTUBHOCTI, 3JIaTHICTh JIO PYWHY-
BaHHs OIOIJIIBOK) BiiacTuBOCTEH . [IpoTe HemomikoM
ITAP, 110 CUHTE3YIOThCS Y BUIVIAII KOMIUIEKCY CIO-
JAyK, € MOXJIHUBICTh 3MiHM 010J0T1YHOI aKTUBHOC-
Ti 3aJIC)KHO Bil yMOB KyJIBTUBYBAaHHS IPOIYLIEHTA.
Meta. [locniauTy BIUIMB KaTiOHIB KaJlil0 Ta HATPitO
Ha HAJI® -3anekHy miTyTamaTIeriporeHasHy ak-
THUBHICTh OC3KJIITHHHOTO €KCTPaKTy Acinetobacter
calcoaceticus IMB B-7241 3 HacTyIHOIO BiMOBIJI-
HOIO MO (iKaIl€r0 CKIaly TOKHUBHOTO CEPEAOBHUIIA
1 BU3HAUEHHSAM aHTUMIKpOOHOI Ta aHTHAATre3UBHOT
akTUBHOCTI cuHTe30BaHuX IIAP. Meroau. Illtam
A. calcoaceticus IMB B-7241 BupomiyBaiu y ce-
PEIOBHINAX, IO MICTHIIN SIK JDKEPENOo ByTIemro 2 %
BIAMPAIibOBaHOI COHSIIIIHMKOBOI OJIi1, a TaKOX pi3HI
KOHILIEHTpALlii XJOpHy Kajito 1 HaTpito (6azoBe — 1,0
NaCl r/n, cepenosutie 1, mo He mictuno NaCl, ce-
penoBuie 2, B skoMy koHteHTparist NaCl craHoBuIa
2,0 /11, cepenonuiie 3, B sikomy koHneHTpattiss NaCl
i KCI cranoBuna o 1,0 r/m). [TAP exctparysamu 3
CyNEepHATaHTy KyJIbTYPaNbHOI PITMHH MOTH(iKO-
BaHOW cymimmro Pomava. AHTHAATE3UBHY aKTHB-
HICTh Ta CTYMiHb ACCTPYKIii Oi0IIIBOK BH3HAYAIN
CHEKTPO(GOTOMETPUIYHUM METOJIOM, aHTHUMIKPOOHY
AKTHBHICTh — 3a MOKAa3HHKOM MiHIMaJIbHOI 1HTi0Yy-
rouoi koHnentpanii (MIK). AKTHBHICTh GepMEHTIB
0l0CHMHTE3y MOBEPXHEBO-aKTHBHUX aMIiHOJIIIIB
(HA1D*-3anexxHa mryTamataeriiporenasa) Ta miiko-
ninigiB (pochoenonmipysar(PEIl)-kapbokcunasa,
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OFEIl-cunrerasza, OEII-xapbokcukinasa, Tperanos3o-
¢docdarcunTasza) aHanisyBanu y Oe3KIITUHHUX €KC-
TpaKTax, OACP>KAHUX IICIIs PyHHYBAaHHS KIIITHH YiIb-
Tpa3BykoM. Pesyiabrarn. BecraHoBieHO, 0 KaTioHH
KaJito 1 Harpito y koHreHTpamisx 50 1 100 MM e iHTi-
oitopamu HA JId*-3anexHol TiTyTamMaT/ieriiporeHasu,
a B HIKYMX KOHIEeHTpauisx (5—20 MM) — aktuBaropa-
MU 1IbOTO PepMeHTy, a Takoxk DEIl-kapOokcukinasu i
OEIl-cunrerasu. 30inbmeHHs kKoHnenTpamii [TAP 1o
6,1—7,7 v/n1 mix 9ac KynbTUBYBaHHA A. calcoaceticus
IMB B-7241 y cepenopuii 1 i 3 3yMOBIeHO Tiepe-
BaXHHM CHHTE30M 33 TaKUX YMOB IJIIKOJIII/IB, PO
10 CBiUMIIO TiABUIICHHS B 1,8—6,5 pasiB akTUBHOC-
11 ®EIl-kap6okcunasu, @EII-kapookcukinasu, OEII-
CHHTETAa3M 1 Tperano3opochaTcuHTa3u MOPIBHIHO 3
MOKa3HUKaMH Ha 0a3oBomy cepenouili. KoHrieHTpa-
mist [TAP, cuaTe30BaHUX Ha 0a30BOMY CEpPEIOBHIIIL,
craHoBujia 3,6 /71, IpOTE Taki MOBEPXHEBO-aKTUBHI
PEYOBHHU XapaKTEPHU3yBaJIHUCS HANBUIIOI aHTH-
MiKpOOHOIO Ta AHTHAATE3MBHOIO AKTUBHICTIO. IX
MiHIMaJbHI 1HT10y104i KOHIEHTpaIii 1010 J0CHTi-
JUKYBAaHUX TECT-KyNnbTyp Oaktepiit (Pseudomonas
sp. MI-2, Bacillus subtilis BT-2, Escherichia coli
IEM-1, Staphylococcus aureus BMC-1, Enterobacter
cloaceae C-8) 1 rpubiB (Candida albicans J1-6,
Rhizopus nigricans P1, Aspergillus niger P-3,
Fusarium culmorum T-7) cranoBunu 0,88—56 Mkr/mi
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1 Oy Ha 2—3 MOPAIKY HWKYMMU MTOPIBHSHO 3 MTOKA3-
HUKaMH, BcTaHoBleHUMH Ut [TAP, cuHTe30BaHUX Ha
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OBWIIII, are3is OakTepiii i rpubiB Oysia B CEpEeAHbOMY
Ha 10—20 % HWKYO010, HIXK Micis 0OpOOKU TOBEPXOHb
CHUHTE30BaHUMH Ha MOJIU(IKOBAHHX CEepeOBHINAX
[TAP. 3a nasBHocti 148—296 mkr/mn [TAP, ogepixa-
HUX Ha 0a30BOMY CEpEIOBHINI, CTYIiHb PyHHYBaHHS
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