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The aim of the work was to study of antimicrobial effect of Nocardia vaccinii IMV B-7405 surfactants,
synthesized in various cultivation conditions, against phytopathogenic bacteria of genera Pseudomonas,
Xanthomonas, and Pectobacterium. The antimicrobial properties of surfactants were determined in
suspension culture by Koch method and also by index of the minimum inhibitory concentration.
Surfactants were extracted from supernatant of cultural liquid using mixture of chloroform and methanol
(2: 1). It has been established that antimicrobial properties of surfactants depend on the nature of the
carbon source in the medium (refined sunflower oil, as well as waste oil after frying potatoes and meat,
glycerol), the duration of the cultivation (5 and 7 days), the degree of surfactants purification (the
supernatant of cultural liquid, purified surfactants solution) and the test culture type. The highest
antimicrobial activity was exhibited by purified surfactants solutions synthesized by IMV B-7405 strain
on the waste oil after potato frying (decreased survival of pathogenic bacteria by 50-95%), and
surfactants formed within 7 days of N. vaccinii IMV B-7405 cultivation on all test substrates (minimum
inhibitory concentration 7—40 pg/ml, which is several times lower than the surfactant, synthesized for 5
days).

These data are promising for the development of ecologically friendly biopreparations to control the

number of phytopathogenic bacteria.
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The last decades saw an increase in
pathogenic microorganisms’ resistance
towards established biocides, which
stimulated on the search for new alternatives
in antimicrobial preparations. According
to [1-3], microbial surfactants are among
such preparations. Due to their overall
environmental safety, their applications
can span medicine, agriculture and food
production [1-5].

In our previous report [6] we researched
the influence of surfactants synthesized
by Rhodococcus erythropolis IMV As-5017,
Acinetobacter calcoaceticus IMV B-7241 and
Nocardia vaccinii K-8 on phytopathogenic
bacteria. It was shown that the survival of
cells (10°-107 in ml) of the Pseudomonas
and Xanthomonas phytopathogenic bacteria
was found to be 0-33% after treatment with
surfactants of the IMV Ac-5017 and IMV
B-7241 strains for 2 h (0.15-0.4 mg/ml).
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In the presence of N. vaccinii IMV B-7405
surfactants (0.085-0.85 mg/ml), the
number of cells of the majority of the studied
phytopathogenic bacteria decreased by
95-100% [6]. The data suggest that microbial
surfactants are a promising base for the
development of environmentally friendly
preparations limiting the abundance of
bacterial phytopathogens.

Microbial surfactants belong to secondary
metabolites and are, as a rule, synthesized
as complexes of similar substances (amino-,
glyco-, phospho- and neutral lipids) [7].
Under different conditions of the producers’
cultivation, the components ratios in the
secondary metabolite complexes can change,
which is followed by changes in their biological
properties [8]. We have also shown [9] the
dependency of the qualitative composition
of glycolipids synthesized by R. erythropolis
EK-1 (IMV Ac-5017) on n-hexadecan, on
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the medium composition and the mass
transfer coefficient. Later we found that the
qualitative composition of neutral, glyco- and
phospholipids produced by A. calcoaceticus
IMV B-7241 on ethanol depended both on pH
of cultivation medium and the nature of the
titrating agent [10]. Using NaOH to maintain
pH within the optimal range (6.0-7.0)
accompanied by a decrease lipid spectrum
compared to titration of KOH solution.
However, in the aforementioned studies[9, 10]
we had not studied the influence of producers’
cultivation conditions on the biological
properties of produced surfactants.

Also, the literature contains fragmentary
reports that some microorganisms under
certain cultivation conditions can produce not
only the surfactants, but other metabolites as
well (enzymes, bacteriocins, polysaccharides,
etc.) [11-14]. It is rather likely that the
properties of such complexes of surfactants
and other metabolites can differ from the
properties of pure surfactants.

With this in mind, the aim of our current
work was to research the antimicrobial
against phytopathogenic bacteria properties
surfactants synthesized under different
cultivation conditions of N. vaccinii
IMV B-7405.

Materials and Methods

Study object. The main study object was the
strain Nocardia vaccinii K-8, registered in the
Depository of microorganisms of the Zabolotny
Institute of Microbiology and Virology of NAS
of Ukraine under the number IMV B-7405.

By the chemical nature, the extracellular
surfactants of IMV B-7405 strain are a
complex of neutral, glyco- and aminolipids [8].

We used phytopathogenic bacteria from
the Ukrainian Collection of Microorganisms
(UCM): Pectobacterium carotovorum UCM
B-1095, Pseudomonas syringae pv. atrofaciens
UCM B-1015, P. syringae pv. coronafaciens —
UCM B-1154, Xanthomonas campestris pv.
campestris UCM B-1049.

We also used the following pathogens from
the collection of the Department of pathogenic
bacteria of the Zabolotny Institute of
Microbiology and Virology of NAS of Ukraine:
Pseudomonas corrugate 9070, Xanthomonas
vesicatoria 7790.

The phytopathogen strains were kindly
given by our colleagues in the Department of
phytopathogenic bacteria of the Zabolotny
Institute of Microbiology and Virology of NAS
of Ukraine.

Composition of medium and cultivation
conditions. Strain N. vaccinii IMV B-7405 was
grown in synthetical medium (g/L): NaNO; —
0.5, MgS0O,7H,0 — 0.1, CaCl,2H,0 — 0.1,
KH,PO, — 0.1, FeSO,7TH,0 — 0.01, yeast
autolysate — 0.5% (v/v). As a source of
carbon and energy we added glycerol at 1.5%
(v/v) and refined sunflower oil “Oleyna”
(Dnipropetrovsk oil extraction plant), waste
oil after frying potatoes and meat (the
McDonald’s network of fast food restaurants,
Kyiv). The content of oil-containing substrates
in the medium was 2% (v/v).

As inoculum we used the cultures in the
exponential growth phase, grown in the media
of the described compositions and containing
1-2% (v/v) of the substrates. The inoculation
material (10%-10° cells/ml) amounted to
5-10% of the volume of the cultivation
medium. The bacteria were cultivated in flasks
of 750 ml with 100 ml of medium on the shaker
(320 rpm) at 28—30 °C during 5 and 7 days,
respectively.

Surfactant extraction. From the cultural
liquid supernatant containing the surfactant
(preparation 1), via extraction with a
chloroform—methanol mixture at a ratio of
2:1 (Folch mixture) we isolated surfactant
(preparation 2). The water phase remained
after the surfactants extraction was termed as
preparation 3.

To obtain supernatant, cultural liquid was
centrifuged (5000 g) for 25 min. We purified
the cultural liquid from the residual sunflower
oil by extracting it three times with petroleum
ether at the ratio of 1:1, as described in [15].

Preparations 1-3 were obtained as
described in our previous reports [6, 16]. The
surfactants concentration in preparations 1
and 2 was established by the weight technique
after extraction with a Folch mixture.

Antimicrobial properties of the
preparations. In the initial suspension of one-
day-old phytopathogenic test cultures grown
in an agar medium (wort and meat peptone
agars at a ratio of 1:1) at 30 °C, the number
of alive cells was assessed by the Koch method
(colony-forming units, CFU/ml). Then, 1.5 ml
of the test culture suspension was placed in
test tubes, and 1.5 ml of preparations 1-3
were added and kept for 1 h at 30 °C; after
that, the number of living cells was assessed.
The survival of phytopathogenic bacteria was
determined as a ratio of the number of cells
in the variants treated with preparations
1-3 to the number of cells in the initial
suspension and was expressed in percentage
points.
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Determination of the minimum inhibitory
concentration (MIC) of the surfactants
was carried out according to the procedure
described in [16, 17]. To determine MIC we
used the method of two serial dilutions in
Gromyko liquid medium (meat-peptone and
wort, 1:1). In aseptic conditions, the medium
was added to ten test tubes at 1 ml. In the first
test tube, we added 1 ml of sterile solution
of the surfactant (preparation 2) a certain
concentration (usually 0.4 mg/ml), mixed it,
1 ml was taken and placed into the next tube.

Similarly, we carried out the dilution in
the next nine test tubes. From the last test
tube, we pipetted out 1 ml. Therefore, the final
volume in every test tube was 1 ml (Gromyko
medium and the surfactant solution), but the
concentration of the surfactant was twice
reduced at every step. As a control we used
1 ml of Gromyko medium without preparation
2. Next, into every test tube 0.1 ml of the test
culture suspension (10°-10° CFU/ml) was
added and the contents were mixed. The test
tubes were incubated for 24 hours at 30 °C. The
results were evaluated visually by the clouding
of the medium: (+) — test tubes in which the
medium became cloudy (the test culture grew),
(=) — no clouding occurred (no growth).
The minimum inhibitory concentration of
surfactant was determined as the mean of the
surfactant concentrations in the last test tube
where the growth was not observed, and the
next one, where it was.

All the experiments were thrice replicated;
the number of parallel determinations in
the experiments was 3 to 5. The statistical
treatment of the experimental data was
carried out as described previously [6, 16]. The
differences between the means were considered
significant at P < 0.05.

The specifics of determination and
calculation of the bacterial survival and the
minimum inhibitory concentration are such
that in the tables and the figures, we cannot
separately present the control data since they
were used in the formulae to calculate the
parameters. While all data in the tables and
on figures are statistically significant and
should be tagged with an asterisk (¥*), for ease
of reading we carried the (*) to the Survival
column (Tables 1 and 2), MIC column (Table 3),
and to the ordinate axis (Fiig. 1 and 2, Survival
parameter) as characterizing all the shown
data. In the tables and figures legends we also
stated the results from control (the number
of test culture cells before the addition of
surfactant preparations).
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Results and Discussion

Currently, fighting the diseases of
agricultural plants is seen as substantial
contribution towards the solution of global
food production problems [18]. Application
of biological agents to control the spread of
the phytopathogens is an important condition
of the stable development of agricultural
systems [19]. The literature on microbial
surfactants contains some data on inhibiting
mostly phytopathogenic fungi [5]. However,
bacterial infections of plants problem remain
so far an urgent problem, as well [20]. And
yet there are few data on the capability of
microbial surfactants to inhibit the growth
of phytopathogenic bacteria. It is known
that surfactants produced by rhizospheric
isolates of Pseudomonas and Bacillus showed
antimicrobial action on the soft rot pathogens
Pectobacterium and Dickeya spp. [21]. The
authors of [22] showed the possibility of
using the cells of Bacillus subtilis 6051,
as well as their metabolites (surfactin)
to fight the phytopathogenic bacteria of
Pseudomonas syringae pv. tomato DC3000,
which infects the roots of Arabidopsis. Iturin
and surfactin (lipopeptides of B. subtilis
OG) at the concentration of 5 mg/ml were
revealed to have antimicrobial effect towards
Xanthomonas campestris and Xanthomonas
axonopodis [23]. The preparations we studied
recently, surfactants of N. vaccinii IMV
B-7405, synthesized in the medium with
purified glycerol, were quite efficient against
the phytopathogenic bacteria X. campestris
pv. campestris UCM B-1049 in lower
concentrations (0.85 mg/ml) [6].

In our present work for study the
dependence of the antimicrobial properties of
the surfactants on the cultivation conditions of
IMB B-7405 strain we used preparations with
the concentrations of 0.4 mg/ml.

The influence of the nature of the carbon
source in the cultivation medium of N. vaccinii
IMV B—7405 on the antimicrobial properties
of the surfactants. The data presented in
Table 1 are evidence that preparations 2
(solutions of surfactants synthesized on
all studied growth substrates) proved to be
more efficient antimicrobial agents than the
corresponding preparations 1 (the cultural
liquid supernatant). Thus, after treating
test cultures of the phytopathogenic bacteria
belonging to the genera Pseudomonas,
Xanthomonas and Pectobacterium with
preparation 2, their survival was 20-75,
38—-71 and 44-85%, respectively. The most
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significant antimicrobial effect against
almost all of the studied bacteria, with the
exception of X. campestris pv. campestris
UCM B-1049, was found in preparations
2, synthesized on waste sunflower oil after
potatoes frying (Table 1). These results
indicate that using industrial waste (fried
sunflower oil) allows not only to reduce cost of
N.vaccinii IMV B-7405surfactant biosynthesis
but also to obtain the final product with high
antimicrobial properties. Besides, the data in
Table 1 show that the antimicrobial properties
of the surfactants of IMV B-7405 strain
depend on the nature of carbon source in the
medium, and also on the type of test culture.
So, for example, the survival of X. campestris
pv. campestris UCM B-1049 was 38—42% after
treating the cells with preparations 1 and 2,
obtained after cultivation of N. vaccinii IMV
B-7405 on glycerol, and was 1.4-2.4 times
lower than in the presence of surfactants
obtained on oil-containing substrates.
Meanwhile, after treating the suspension
of P. syringae pv. coronafaciens UCM B-1154
and P. corotovorum UCM B-1095 with
preparations of surfactants synthesized on
glycerol, cell survival remained quite high
(75-97%) (Table 1).

All studied preparations 3 (water phase)
practically did not influence on survival
of Pseudomonas bacteria, but did show
antimicrobial effect against X. campestris pv.
campestris UCM B-1049 (Fig. 1). Preparations,

obtained after cultivating N. vaccinii IMV
B-7405 on oil-containing substrates, turned
out to be more efficient antimicrobial agents
(the survival of cells of UCM B-1049 strain
was 70-82% ) compared to those obtained on
glycerol (growth stimulation) (Fig. 1).

The treatment of Pectobacterium
carotovorum UCM B-1095 suspension with
preparation 3, obtained after growing IMV
B-7405 strain on waste oil after potatoes
frying, was accompanied by the dying
25% of cells, while in the presence of other
preparations 3 — only 3—5%.

In our previous work [6] we established
that after treatment with preparation 3,
synthesized under N. vaccinii IMV B-7405
cultivation on glycerol, the survival of
phytopathogenic bacteria belonging to the
genera Pseudomonas, Xanthomonas and
Pectobacterium was not exceeded 0.2-1%.
After surfactant extraction from the cultural
liquid supernatant, the liquid did not have
surface-active properties, and this led us to
conclude that in preparations 3, surfactants
are absent. In our study [6] we supposed that
N. vaccinii IMV B-7405 synthesized other
antimicrobial metabolites, beyond surfactants,
for example, antibiotics, as do many of bacteria
in the genus Nocardia.

The data presented here differ from our
previous findings [6] and are evidence of the
absent or insignificant antimicrobial action
of preparation 3. The differences in the

Table 1. Influence of the nature of carbon source in the medium of N. vaccinii IMV B-7405 cultivation
on the antimicrobial properties of the surfactants

E g Survival*,%
Carbon source in | © E _ - _
the medium e.g g P. syringae pv. P. syringaepv. | p corrugate | X. vesicato- X. campestrl{s P. caroto-
= o'| coronafaciens atrofaciens 9070 ria 7790 |PV: campestris| vorum UCM
“ 2| UCMB-1154 | UCM B-1015 UCM B-1049 B-1095
Waste oil after | 1 22.8 82.8 84.2 79.0 92.0 63.0
frying potatoes | 9 20.1 53.2 47.5 61.5 50.0 43.5
Waste oil after| 1 74.4 90.5 90.1 83.0 83.1 89.1
frying meat 2 60.3 69.0 74.7 71.0 54.7 65.2
Refined sun- 1 60.1 90.0 88.3 90.0 89.3 71.7
flower oil 2 56.4 63.4 63.8 69.0 62.8 63.0
1 97.0 91.3 71.7 86.0 41.7 91.3
Glycerol
2 74.9 74.0 53.2 63.2 37.7 84.8

Notes. N. vaccinii IMV B-7405 was cultivated for 5 days. Tables 1 and 2: surfactant concentration in
preparations 1 (cultural liquid supernatant) and 2 (surfactant solution) was 0.4 mg/ml; exposition time
1 hour; when determining the cell survival the error did not exceed 5% ; the amount of cells of the
strains UCM B-1154, UCM B-8291, 9070, 7790, UCM B-1049, and UCM B-1095 before the addition
of the surfactant preparations was in the range of 4.5-5.0-10°> CFU/ml (control); here and hereafter

* stands for P < 0,05 relative to control.
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Fig. 1. The effect of preparations 3, obtained after cultivating N. vaccinii IMV B-7405 on oil-containing
substrates (1—3) and glycerol (4) on the survival of X. campestris pv. campestris UCM B-1049:
1 — waste oil after potatoes frying; 2 — waste oil after frying meat; 3 — refined sunflower oil.
Duration of cultivation was 5 days. Number of the cells of X. campestris pv. campestris UCM
B-1049 before the addition of the preparation was 4,5:10% CFU/ml (100% — control)

biological properties of N. vaccinii IMV B-7405
metabolites can be explained by different
cultivation conditions of the producer: while
in [6] the glycerol content in the medium for
inoculum obtaining was 0.5% , here we added it
at the concentration of 1% (v/v). Quite likely,
the physiological state of the inoculation
material used in the studies was different, too.
The data suggest that not only the nature of
the carbon source in the medium cultivation
of surfactant producers, but the concentration
of the substrate and the method of inoculum
preparation could influence on the biological
properties of the synthesized extracellular
metabolites.

Unfortunately, the literature almost
totally lacks data on the effect of producer
cultivation conditions on the properties of
synthesized surfactants. Study [24] notes that
on dextrose, saccharose or glycerol Bacillus
amylofaciens AR2 produced a mixture of
lipopeptides (surfactin, iturin, fengicin),
while on maltose, lactose and sorbitol — only
iturin. The maximal antifungal activity
against micromycetes of the genera Fusarium,
Cladosporium, Alternaria etc. was shown
for surfactants produced on saccharose and
dextrose.

Another study [2] established that Bacillus
subtilis SK.DU.4 produces two antimicrobial
peptides (bacteriocin-like peptide and iturin-
like lipopeptide), for which the maximal
synthesis and antimicrobial properties are
found if the strain is grown in the medium
containing glucose, meat extract, yeast extract
and pepton, optimal pH 7.2. The complex
of surfactants and bacteriocin had much
higher antibacterial and antifungal activity
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against the bacteria of the genera Bacillus,
Staphylococcus, Listeria, Micrococcus and
fungi Asperigillus terreus Lab isolate, than
separate peptides [2]. The report [2] is the
first to show the ability of the bacteria of the
genus Bacillus to simultaneously synthesize
bacteriocin and surfactants. Recently, there
was a information about Lactobacillus casei
MRTLS3 synthesizing both surfactants and
bacteriocin [13]. The authors of [2, 13] note
that the ability of the strains to produce a
complex of biologically active metabolites
significantly widens the range of their
practical applications, in particular as
antimicrobial agents.

Strain B. subtilis B38 synthesizes a complex
of three bacillomycin D-like lipopeptides
(a;, a5 and ag), with antimicrobial properties
against pathogenic species Candida albicans
[25]. It was established that the fatty acid
chain length in the lipopeptides influences
on their antifungal properties. The most
efficient antimicrobial agent was lipopeptide
ag, containing 16 carbon atoms in the acyl
radical: minimum inhibitory concentration
for different pathogenic species of C. albicans
was 7.38-59.07 mM, while the MIC of
lipopeptides a; and a, (14 and 15 carbon atoms
in the fatty acid chain) — 60.68-970.87 and
60.68—-485.43 mM, respectively.

B. subtilis CMB32 also synthesizes a complex
of lipopeptides (iturin A, fengicin and surfactin
A), inhibiting the growth of anthracnose
infectious agent Colletotrichum gloeosporioides
and other phytopathogenic fungi (Botrytis
cinerea KACC 40573, Fusarium oxysporum
KACC 40037, Rhizoctonia solani AG-2-2 (II1IB)
KACC 40151, Phytophthora capsici KACC
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40157, Fusarium solani KACC 40037, F. solani
KCTC 6328) [26]. The fractions of iturin A
and fengicin had the antifungal properties,
while surfactin A showed a synergistic effect,
strengthening the antimicrobial properties of
iturin A. Unfortunately, the authors of [25,
26] did not study the effect of B. subtilis B38
cultivation conditions on the composition and
antimicrobial properties of the lipopeptide
complex.

Quite probably, the difference in the action
on phytopathogenic bacteria of surfactants
produced by N. vaccinii IMV B-7405 on
glycerol, refined and waste sunflower oil
(Table 1) is based on the changes in the
qualitative and quantitative composition of the
surfactant complex depending on the nature
of the carbon source. We shall dedicate our
following studies to clarify these regularities.

The dependence of antimicrobial properties
of the surfactants on the cultivation duration
of N.vaccinii IMV B—7405. The antimicrobial
properties of the surfactants synthesized
by the strain IMV B-7405 on various carbon
substrates after 5 and 7 days of cultivation
are represented in Table 2. Regardless of the
nature of the oil-containing substance (refined

or waste oil) and the degree of surfactant
purification (supernatant, surfactant
solution), increasing the duration of N. vaccinii
IMV B-7405 cultivation to seven days was
accompanied by production of the surfactants
with more prominent antimicrobial properties
against the phytopathogenic bacteria compared
to the surfactants obtained if the producer was
cultivated for only five days.

Regardless of cultivation duration, the
surfactant solutions turned out to be more
efficient antimicrobial agents compared to the
corresponding supernatants (Table 2).

Fig. 2 shows the effects of preparations
3 (water phases after surfactant extraction
for the five- and seven-days-long cultivation
periods) on the survival of P. syringae pv.
coronafaciens UCM B-1154 cells.

As for preparations 1 and 2, increasing
the duration of N. vaccinii IMV B-7405
cultivation was followed by a rise in the
antimicrobial activity of preparations 3. The
levels of surfactants synthesized by the strain
IMV B-7405 during seven days on all oil-
containing substrates were 20-25% higher,
than the concentration obtained after five
days. The data, presented in Table 2 and on

Table 2. Effect of cultivation duration of N. vaccinii IMV B-7405 on antimicrobial preparations
of the surfactants

.8 —‘_.;, 2 Survival*,%
= ° 3
Carbon | 3 :8 k] X cam
source in| E ® o g' P. syringae pv.| P.syringae pv. P. corrugate| X. vesicato- es-;fris v P. caroto-
the o g -E .2 | coronafaciens atrofaciens : 9070 1:'a 7790 fam es-fr'.s vorum
medium | 2 2 gg UCM B-1154 | UCM B-1015 ' UCMpB-10519 UCM B-1095
Q B
5 22.8 82.8 84.2 79.0 92.0 63.0
1
Waste
oil after 7 11.9 69.9 67.5 67.0 54.5 57.5
frying 5 20.1 53.2 47.5 61.5 50.0 43.5
potatoes 9
7 5.0 40.5 39.7 51.0 31.0 32.3
5 74.4 90.5 90.1 83.0 83.1 89.1
1
Waste
oil after 7 28.2 72.4 77.3 69.0 67.9 73.9
frying 5 60.3 69.2 74.7 71.0 54.7 65.2
meat 9
7 20.3 57.0 59.1 49.0 42 .4 57.5
5 60.1 90.0 88.3 90.0 89.3 71.7
. 1
Refined 7 49.5 80.0 75.6 82.5 79.1 54.3
ﬂ‘(’)Vi‘ier 5 56.4 63.4 63.8 69.0 62.8 63.0
2
7 44.2 51,4 50.8 43.1 54.2 43.7
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Fig. 2. Dependence of antimicrobial properties of preparations 3 against P. syringae pv. coronafaciens UCM B-1154
on cultivation duration of N. vaccinii IMV B-7405 on oil-containing substrates:
A — waste oil after potatoes frying; B — waste oil after meat frying; C — refined sunflower oil. Cultivation
duration (days): I — 5; 2 — 7. Number of P. syringae pv. coronafaciens YKM B-1154 cells before addition
of the preparation 4,9-10% CFU/ml (100% — control)

Fig. 2, can be evidence that prolongation of
the process leading to increasing production
of both surfactants and non-surface-active
metabolites with pronounced antimicrobial
properties.

Determination of the minimum inhibitory
concentration of N. vaccinii IMV B-7405
surfactants. A criterion of activity of a
preparation with antimicrobial properties
is MIC — the minimum concentration of the
preparation which induces total inhibition of
the test culture growth, visible with the naked
eye [17]. This is an independent parameter,
which can be used to compare the efficiency of
many antimicrobial agents at once. Compared
to other analysis techniques of the same
preparations, MIC has a number of advantages:
simplicity and speed of the analysis, the
possibility to simultaneously evaluate several
test cultures and varying concentrations of
the preparations, the possibility to compare
the efficiency of different preparations
or preparations of different degrees of
purification [17].

Data for the MIC of the preparations 2
(surfactant solutions), produced in varying
conditions of N. vaccinii IMV B-7405
cultivation, against phytopathogenic bacteria,
are shown in Table 3. The results are evidence
that the most efficient antimicrobial agents
are surfactants, synthesized when the strain
IMV B-7405 was cultivated in the medium
with waste oil after potatoes frying, for seven

14

days: the MIC for the phytopathogenic bacteria
under study, was 7—20 pg/ml.

The MIC of surfactants synthesized for
seven days on all oil-containing substrates, was
lower (sometimes, by an order of magnitude)
than surfactants obtained during five days of
N.vaccinii IMV B-7405 cultivation (Table 3).

The literature contains but few studies
where the authors determined the MIC of
microbial surfactants against phytopathogenic
bacteria. For example, in [22] it was shown
that the MIC of surfactin, produced by
B. subtilis 6051, against P. syringae pv. tomato
DC3000, was 25 ng/ml. In [27] the researchers
presented data for MIC of microbial glycolipids
(rhamnolipids, sophorolipids, mannosyl-
erythritol lipids) against a number of
pathogenic bacteria (Enterobacter aerogenes,
Klebsiella pneumoniae, Staphylococcus aureus,
Proteus vulgaris, Staphylococcus epidermidis,
Escherichia coli, Pseudomonas aeruginosa,
Serratia marcescens) and fungi (Chaetonium
globosum, Candida albicans, Cryptococcus
terreus), including phytopathogens. Thus,
MIC of microbial rhamnolipids against the
phytopathogenic fungi Fusarium solani,
Penicillium funiculosum, Alternaria was
16-75 png/ml, sophorolipids against Glomerella
cingulata — 50 ng/ml [27].

Hence, the results show that substituting
traditional substrates for N. vaccinii IMV
B-7405 cultivation (purified glycerol,
refined sunflower oil) with waste (fried)
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Table 3. Minimum inhibitory concentration of preparations 2 (surfactant solutions),
synthesized under varying cultivation conditions of N. vaccinii IMV B-7405

o MIC¥, pg/ml

Carbon ._g g . ng/

e | £S5 parnsoer Poarintsens | p oy | oo | Koot | cormio

medium | 25 | UCMB-1154 | UCMB-1015 | 4%¢ 9070\ ria 7190 | “yenp 1049 | UCM B-1095
Wasteoil | 100 14 110 100 16 52

frying
potatoes 7 7 8 20 7 8 15
Waste oil 360 85 93 360 52 90

af‘ger

frrnS;l;ltg 7 38 40 55 38 16 16
Refined | 5 21 25 156 21 21 85
sunflower| 7 12 16 100 12 13 30
Glycerin | 5 21 80 38 21 19 75

Note: while determining MIC, the error did not exceed 5% . The control was the concentration of
surfactants in the last test tube where the growth of test cultures was observed.

oil allowed not only cutting the costs of the
biosynthesis process, but also strengthening
the antimicrobial action of the synthesized
surfactants against phytopathogenic bacteria
belonging to the genera Xantomonas,
Pectobacterium and Pseudomonas. We
determined the dependency of antimicrobial
properties of the surfactants not only on the
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BIIJINB YMOB KYJbTHBYBAHHSI
HA AHTUMIKPOBHI BJIACTHBOCTI
IIOBEPXHEBO-AKTHBHHNX PEYOBHH
Nocardia vaccinii IMV B-7405
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K. B. ITanaciox*
JI. B. Hukumiok!
I. 0. Iymuncvra®

'Hanionansanit YHiBEPCUTET XapuoBUX
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MeToio po6oTHu GYyJIO HOCHiMKeHHA aHTUMIi-
KpoOHOI Aii mMOBEepXHEBO-aKTUBHUX PEYOBUH,
CUHTE30BaHUX 34 Pi3HUX YMOB KYJbTUBYBAHHSA
Nocardia vaccinii IMB B-7405, mjomo ¢gito-
natToreHHux OakTtepiint poxmiB Pseudomonas,
Xanthomonas i Pectobacterium. Ixui anTumi-
KpOoOHi BJIaCTUBOCTI BU3HAYAJIN Y CYCIeH3iMHIN
KyJabTypi 38a meTonom Koxa, a TaKo’K 3a IIOKa3-
HUKOM MiHiManbHOI iHTiOyI0U0i KOHITeHTpaIrii.
IloBepxHEeBO-aKTUBHI PEUYOBUHU €KCTPAryBaau
i3 cymepHaTaHTa KyJbTYPaJbHOI PiAMHY CyMiIII-
mio xjaopodopmy i meranoay (2:1). Beranosie-
HO, III0 aHTUMiKpOOHiI BJIACTUBOCTI 3ajerKanu
Bil mpuUpoaM AiKepeJia BYTJIEII0 B CePeqOBUII
(padinoBaHa, a TaKOK BigmpaliboBaHa IIicJa
CMasKeHHs KapTOIlJi Ta M’sica COHANIHUKOBA
oJifA, TJaiIepos), TPUBAJIOCTI KyJIbTUBYBaHHA
(51 7 gi6), crynens ounineHHsa (CylnepHATAHT
KYJAbTYypaJdbHOI pPiAMHUU, PO3UUH IIOBEpPX-
HEeBO-aKTUBHUX PEUYOBUH) i THUIY TECT-KYJb-
Typ. MakcumasbHy aHTUMiKpOOHY Hif0 BH-
SBJSAJN PO3BUYNHU MMOBEPXHEBO-aKTUBHUX
peuYoBMH, CUHTE30BAHUX HA BiAIpalboBaHii
oJiii micaa cMasKeHHSA KapToOIJai (3HUMKEeH-
HA BUJKUBaHHA (iTomaroreHHux OaKTepii
Ha 50-95%), a TakoX YyTBOPIOBAHUX YIPO-
moB: 7 mi6 KyabTuByBaHHA mrTamy IMB
B-7405 ma Bcix pmocaim:kyBaHuUX cybcTpa-
Tax (MiHiManbHa iHriOyoua KOHIIEHTpAIlisd
7—40 MKr/mJ, 110 B KiJibKa pasiB HUIKYE, HilK
Y PEUYOBUWH, CHHTE30BAHUX YIPOLOBX 5 mi6).
PesysnbpTaTy € mepCHEeKTUBHUMU [AJSA PO3PO-
OJIeHHA eKOJIOTiuHO Oe3meuHuUX Oiompemaparis
s KOHTPOJIIO UMCEJbHOCTi (piTomaToreHHMX
GakTepiii.

Karouosi crosa: Nocardia vaccinii IMB B-7405,
HOBerHeBO-aHTI/IBHi pevYoOBUHU.

BJIUSIHUE Y CJOBUI
KYJbTHBHUPOBAHUSA
HA AHTUMHUKPOBHIE CBOVICTBA
IIOBEPXHOCTHO-AKTUBHBIX BEIIECTB
Nocardia vaccinii IMB B-7405
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lHaI_II/IOHaJIBHBIfI YVHUBEPCUTET IMUITEeBbIX
TexHoJoruii, Kues, Ykpauna
2I/IHCTHTyT MHUKPOOMOJIOTUY 1 BUPYCOJIOTUU
uMm. I1. K. 3a6omoraoro HAH Vkpaunsl, Kues

E-mail: tapirog@nuft.edu.ua

ITenwvio paboTsl O6BITO MCCIETOBaAHUE AHTU-
MUKPOOHOTO AEHCTBUA MOBEPXHOCTHO-aKTUBHBIX
BEIIeCTB, CUHTe3UPOBaHHBIX Nocardia vaccinii
IMB B-7405 B pa3iMuHBIX YCIOBUAX KYJIbTUBU-
poOBaHUA, IO OTHOIIEHMWIO K (PUTOIATOTeHHBIM
baxkTepusaMm ponoB Pseudomonas, Xanthomonas
u Pectobacterium. IXx aHTUMUKPOOHBIE CBOICTBA
OIIPe/IeJIAIN B CYCIIeH3MOHHOM KYJIbType II0 MeTO-
ny Koxa, a Takske 1o moxasareja0 MUHUMAJIbHOM
uHTuOUpyoIeii KoHieHTpanuu. IloBepxHOCT-
HO-aKTUBHBIE BEI[eCTBA dKCTPArupoBaIU U3 CY-
IepHATAHTA KYJIbTYPAJbHOMN KUIKOCTU CMECHIO
xJjiopoopma u meranoJia (2:1). YeraHOBIIEHO, UTO
AHTUMUKPOOHBIE CBOIICTBA 3aBUCEJU OT IIPUPOIBI
HUCTOYHUKA yriiepoaa B cpefie (padMHNPOBAaHHOE, a
TaKKe OTpabOTaHHOE IOCe KapKU KapTodesasa u
MsAca MOCOJTHEYHOE MACJIO, TJINIEPOJI), TIUTEIh-
HOCTH KyJbTHUBUPOBaHUA (5 u 7 cyT), cTemeHuU
OYHUCTKU (CyImepHATAHT KYJIbTYPaJbHOU JKUIKO-
CTU, PACTBOP MOBEPXHOCTHO-aKTUBHBIX BEII[€CTB)
U TUIIA TECT-KYyJAbTYyp. MaKcuMaJbHOE aHTHU-
MUKPOOHOEe [ecTBUE MPOSABIAIN PACTBOPHI IIO-
BEPXHOCTHO-aKTUBHBIX BEIIECTB, CHUHTE3UPOBAH-
HBIX Ha 0TPabOTaHHOM IIOCJe KapKu Kaprodes
Macje (CHUMKeHUe BBIXKMBAeMOCTHY (DUTOIIATOTEH-
HBIX OaxTepuii Ha 50—-95%), a Tak:Ke obGpasye-
MBIX B TeUeHHte 7 CYT KYJIbTUBUPOBAHUS IIITAMMA
IMB B-7405 Ha Bcex ucciaeqyeMbIX cyOcTpaTax
(MUHHUMAaJIbHAS UHTUOUPYIONTaaA KOHIIEHTPAIIU S
7—40 MKr/mJj, 4TO B HECKOJIbKO pas3 HUXKe, UeM
Y BeIlecTB, CHHTE3UPYEeMbIX B TeueHue 5 cyT). Pe-
3yJIbTaThI ABJIAIOTCA NEePCIEKTUBHBIMU AJIA pas-
paboTKU SKOJOTrMUecKU 0e30IacHbBIX GroIrpenapa-
TOB JIJIA KOHTPOJIA YNCIEHHOCTU (DUTOIATOTEHHBIX
barkTepui.

Knrouesvie cnoea: Nocardia vaccinii IMB
B-7405, moBepXHOCTHO-aKTUBHEIE BEIIlECTBA.
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