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EFFECT OF TRYPTOPHANE ON SYNTHESIS

OF CERTAIN EXOMETABOLITES BY BACTERIA
OF GENUS ACINETOBACTER, NOCARDIA,

AND RHODOCOCCUS AND THEIR PROPERTIES

The efficiency of integrated microbial biotechnologies for obtaining several practically valuable metabolites in one tech-
nological process is determined both by the maximum concentration of these substances and their properties. This is
especially true for secondary metabolites, the composition and properties of which vary depending on the cultivation
conditions of the producer. Aim. To research the effect of tryptophan (a precursor of auxin biosynthesis) in the culture
media on the synthesis of certain exometabolites by Rhodococcus erythropolis IMV Ac-5017, Acinetobacter calcoaceticus
IMV B-7241, and Nocardia vaccinii IMV B-7405 as well as their properties. Methods. R. erythropolis IMV Ac-5017, A.
calcoaceticus IMV B-724, and N. vaccinii IMV B-7405 were cultivated in a medium containing refined and waste sun-
flower oil, biodiesel waste, or ethanol as a carbon source. The concentration of tryptophan in the medium was 300 mg/L.
Surfactants were extracted from the supernatant of the cultural liquid with a modified Folch mixture. Phytohormones
were isolated from the supernatant by sequential extraction with organic solvents after surfactant extraction. Thin-layer
chromatography was used for preliminary purification and concentration of phytohormones. Qualitative and quantita-
tive determination of auxins was performed using high-performance liquid chromatography. The antimicrobial activity
of surfactants was analysed by the minimum inhibitory concentration. The activity of enzymes of surface-active glyco-
and aminolipids biosynthesis (phosphoenolpyruvate synthetase, phosphoenolcarboxykinase, and NADP*-dependent
glutamate dehydrogenase) was determined spectrophotometrically during the oxidation of NADH or NADP. Results. It
was found that the presence of tryptophan in the culture medium of the strains under study did not affect the number of
synthesized surfactants, which was 1.80-1.90, 1.55—-1.75, and 1.50—1.65 g/L, respectively. At the same time, cultivation
of R. erythropolis IMV Ac-5017, A. calcoaceticus IMV B-724, and N. vaccinii IMV B-7405 in the media with tryptophan

Citation: Pirog T.P, Piatetska D.V., Zhdanyuk V.I., Leonova N.O., Shevchuk T.A. Effect of Tryptophane on Synthe-
sis of Certain Exometabolites by Bacteria of Genus Acinetobacter, Nocardia, and Rhodococcus and Their Properties.
Microbiological journal. 2022 (6). P. 50—61. https://doi.org/10.15407/microbiolj84.06.050

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2022. This is an open access article under the CC BY-
NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

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



Effect of Tryptophane on Synthesis of Certain Exometabolites by Bacteria of Genus Acinetobacter, Nocardia

increased the number of phytohormones: it was higher than the amount of phytohormones synthesized during cultiva-
tion without a precursor. The introduction of tryptophan into the culture medium of the strains was accompanied by the
formation of surfactants. These compounds showed 2—4 times higher antimicrobial activity against the phytopathogenic
bacteria (Agrobacterium tumefaciens UCM B-1000, Pseudomonas syringae UCM B-10277, Xanthomonas vesicatoria
UCM B-1106, Pectobacterium carotovorum UCM B-1075%, Clavibacter michiganensis IMV B-10, and Pseudomonas
syringae pv. tomato IMV B-9167) than compounds synthesized on a medium without a precursor. The antimicrobial
activity of surfactants synthesized by A. calcoaceticus IMV B-7241 in the presence of tryptophan either did not change
compared to that for surfactants obtained without tryptophan, or increased slightly. Data on the activity of surfactant
biosynthesis enzymes correlated with the indicators of their antimicrobial activity. In the presence of tryptophan in the
culture medium of N. vaccinii IMV B-7405 and R. erythropolis IMV Ac-5017, NADP*-dependent glutamate dehydro-
genase activity in the cells of these strains (a key enzyme for biosynthesis of aminolipids responsible for antimicrobial
activity) increased almost by 1.4 times compared to that on a tryptophan-free medium. Conclusions. As a result of this
work, it was found that the presence of tryptophan in the culture medium of researched strains did not affect the number
of surfactants. The antimicrobial activity of surfactants against phytopathogenic bacteria either increased or remained
unchanged compared to that established for surfactants synthesized without a precursor of auxin biosynthesis. The ob-
tained data testify to the high efficiency of the potential use of surfactants complex preparations and phytohormones in

crop production to stimulate the growth of plants and biocontrol of phytopathogenic bacteria.

Keywords: surfactants, phytohormones, biosynthesis precursor, enzyme activity, antimicrobial activity.

A new direction of biotechnology, which is in-
tensively developing in recent years, is the cre-
ation of so-called integrated biotechnology, in
which simultaneously with the target product,
other practically valuable concomitant metabo-
lites are synthesized [1-4]. Such technologies al-
low one process to be carried out instead of sev-
eral ones, which is clearly cost-efficient. In ad-
dition, if exo- and endometabolites are available
among the target products, such production will
be characterized by practical waste-freeness [5].
In 2019, we published a review [6], which sum-
marized the available at that time literature data
on the production of several practically valuable
metabolites in one technological process. In par-
ticular, microbial technologies of co-synthesis of
exopolysaccharides, amino acids, polyhydroxy-
alkanoates, and surfactants with other metabo-
lites were considered. In this review, we focused
on the ability of the Rhodococcus erythropolis
IMV Ac-5017, Acinetobacter calcoaceticus IMV
B-7241, and Nocardia vaccinii IMV B-7405
strains to synthesize phytohormones (auxins,
cytokinins, gibberellins) simultaneously with
surfactants that have antimicrobial activity.
Currently, there are few reports about the ability
of microbial surfactant producers to synthesize
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phytohormones, and the available literature data
indicate only the synthesis of auxins by surfac-
tant producers, mostly indole-3-acetic acid [6].

Later [7, 8], we found the possibility of increas-
ing the number of synthesized auxins by two
or three orders of magnitude in the case of low
concentration of tryptophan (precursor of their
biosynthesis) introduced in the culture medium
of strains R. erythropolis IMV Ac-5017 and A.
calcoaceticus IMV B-7241 not only with ethanol
but also with industrial waste (biodiesel produc-
tion waste or waste oil). The obtained results are
the basis for increasing the efficiency of the use
of complex preparations with growth-stimulat-
ing and antimicrobial properties against phyto-
pathogenic bacteria in crop production.

However, the disadvantage of microbial sur-
factants is the dependence of their properties on
the growing conditions because surfactants are
secondary metabolites and they are synthesized
as complexes of similar compounds, the compo-
sition and ratio of which can vary under differ-
ent conditions. Therefore, there is no guarantee
that surfactants synthesized under the cultiva-
tion conditions that enhance auxin synthesis
will be characterized by the biological activity
required for practical use.
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In this regard, the aim of the work was to re-
search the effect of tryptophan (a precursor of aux-
in biosynthesis) in the culture medium of R. eryth-
ropolis IMV Ac-5017, A. calcoaceticus IMV B-7241,
and N. vaccinii IMV B-7405 on the synthesis of cer-
tain exometabolites and their properties.

Materials and methods. The main objects of
research were strains R. erythropolis EC-1, A.
calcoaceticus K-4, and N. vaccinii K-8 [9] iso-
lated from oil-contaminated soil samples and
registered in the Depository of Microorganisms
of the D.K. Zabolotny Institute of Microbiology
and Virology of the NAS of Ukraine (ZIMV)
under the numbers IMV Ac-5017, IMV B-7241,
and IMV B-7405, respectively.

Phytopathogenic bacteria Agrobacterium tu-
mefaciens UCM B-1000, Pseudomonas syringae
UCM B-1027%, Xanthomonas vesicatoria UCM
B-1106, Pectobacterium carotovorum UCM B-
1075%, Clavibacter michiganensis IMV B-10, and
Pseudomonas syringae pv. tomato IMV B-9167,
provided by the Department of Phytopathogenic
Bacteria of the ZIMV of NAS of Ukraine, were
used as test cultures to determine the antimicro-
bial activity of surfactants.

Strain R. erythropolis IMV Ac-5017 was grown
in the liquid mineral medium (g/L): NaNO, — 1.3,
NaCl — 1.0, Na,HPO,-12H,0 — 0.6, KH,PO, —
0.14, MgSO,7H,0 — 0.1, FeSO,7H,0 — 0.001,
pH 6.8—7.0. Ethanol, as well as waste sunflower
oil, was used as the carbon and energy source at
a concentration of 2% v/v.

Strain N. vaccinii IMB B-7405 was grown in
the liquid medium containing (g/L): NaNO, —
0.5; MgSO,7H,0 — 0.1; CaCL,2H,0 — 0.1;
KH,PO, — 0.1; FeSO,7H,0 — 0.001; yeast
autolysate — 0.5% (v/v). Refined and waste
sunflower oils were used as carbon and energy
sources at a concentration of 2% v/v.

Strain A. calcoaceticus IMV B-7241 was cultivat-
ed in the liquid medium (g/L): (NH,),CO — 0.35,
MgSO,7H,0 — 0.1, NaCl — 1.0, Na,HPO,, — 0.6,
KH,PO, — 0.14, pH 6.8—7.0. Yeast autolysate —
0.5% v/v and solution of trace elements — 0.1% v/v
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were also added to the medium. Trace elements’
solution contained (g/100 mL): ZnSO,7H,0 —
L1, MnSO,H,0 — 0.6, FeSO,7H,0 — 0.,
CuSO,5H,0 — 0.004, CoSO,7H,0 — 0.03,
H,BO, — 0.006, KI — 0.0001, EDTA — 0.5. Crude
glycerol (waste of biodiesel production, Poltava re-
gion, Ukraine) and ethanol were used as carbon
and energy sources at a concentration of 2.0% v/v.

Cultures in the exponential growth phase
grown on the corresponding liquid media con-
taining 0.5—1% (v/v) of substrate were used
as inoculum. The amount of inoculum (10*—
10° cells/mL) was 5—10% of the nutrient me-
dium volume. Bacteria were cultured in 750 ml
flasks with 100 ml of the medium on a shaker
(320 rpm) at 28—30 °C for 120 h.

The number of extracellular surfactants was
determined using the Bly and Dyer method
modified by us [10] after extraction with a mix-
ture of chloroform and methanol (2:1) from the
supernatant of the culture liquid. To obtain the
supernatant, the culture liquid was centrifuged
at 5000 g for 20 min.

Given that the strains under study synthesize
a complex of polar and nonpolar lipids, whereas
the known Bly and Dyer method [10], used to
isolate surfactants, allows isolating mainly non-
polar lipids, we modified the classical system of
solvents (Folch mixture) by adding 1 M HCI,
which allows us to fully isolate both polar and
non-polar lipids.

In a cylindrical separating funnel with a volume
of 100 mL, 25 mL of supernatant was placed, and
1 N HCl solution was added to achieve pH 4.0—
4.5 (about 5 mL). The funnel was closed with a
ground stopper and shaken for 3 min, then 15 mL
of chloroform and methanol (2:1) was added and
shaken (lipid extraction) for 5 min. The mixture
obtained after extraction was left in a separatory
funnel for phase separation, after which the lower
fraction was drained (organic extract 1), and the
aqueous phase was subjected to re-extraction.
Upon re-extraction, 1 N HCI solution was added
to the aqueous phase to achieve a pH of 4.0—4.5
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(about 5 mL), then 15 mL of a mixture of chloro-
form and methanol (2:1) was added, and the lipids
were extracted for 5 min. After phase separation,
the lower fraction was poured to obtain organic
extract 2. In the third step, 25 mL of a mixture of
chloroform and methanol (2:1) was added to the
aqueous phase, and extraction was performed as
described above to obtain organic extract 3. Ex-
tracts 1—3 were combined and evaporated on a
rotary evaporator IR-1IM2 at 50 °C and absolute
pressure of 0.4 atm to constant weight.

Phytohormones were determined in the su-
pernatant, which was obtained by the culture
liquid centrifugation (5000 g) for 25 min. Resi-
dues of sunflower oil from the culture broth
were removed by triple extraction with petro-
leum ether or hexane (1:1).

Extracellular phytohormones auxins were iso-
lated by the method of redistribution of phytohor-
mones in two phases of solvents that do not mix
with each other, as described earlier [7, 8]. Ethyl
acetate, pH 3.0, was used as an organic solvent.
The obtained extracts were evaporated in a vacu-
um at 40—45 °C. The dry residue was redissolved
in 80% ethanol and transferred to microtubes.
The obtained extracts were stored at —24 °C.

Preliminary purification and concentration of
phytohormonal extracts (accumulative thin-lay-
er chromatography) were performed on plates
with silicagel «Silufol UV . ,» (Chemapol, Czech
Republic) in a mixture of solvents, introduced
sequentially: chloroform, 12.5% aqueous ammo-
nia, and ethyl acetate: acetic acid (20:1).

The qualitative and quantitative compositions
of auxins were analyzed by high-performance
liquid chromatography (HPLC) using an Agilent
1200 liquid chromatograph (Agilent Technologies,
USA) and a mass spectrometry (MS) detector Agi-
lent G1956B. HPLC/MS analysis of auxin extracts
of N. vaccinii IMV B-7405 was performed at the
Center for Collective Use at the ZIMV of NAS of
Ukraine as described in previous works [7, 8].

The antimicrobial activity of surfactants was
analyzed by the minimum inhibitory concen-
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tration (MIC). Determination of MIC was per-
formed by the method of double serial dilutions
in meat-peptone broth for bacteria and liquid
wort for fungi as described previously [11]. The
results were assessed visually by the turbidity
of the medium: (+) — tubes in which turbid-
ity of the medium was observed (growth of the
test culture), (—) — tubes with no turbidity (no
growth). The minimum inhibitory concentra-
tion of the surfactant solution was defined as the
surfactant concentration in the last tube where
there was no growth.

To obtain cell-free extracts, the culture broth
gained after cultivation of all researched strains
in the liquid mineral medium with crude glyc-
erol was centrifuged (4000 g, 15 min, 4 °C).
The cell pellet was washed twice from the re-
sidual medium with 0.05 M K* phosphate buffer
(pH 7.0) by centrifuging (4000 g, 15 min, 4 °C).
The washed cells were resuspended in 0.05 M K+
phosphate buffer (pH 7.0) and destroyed by ul-
trasound (22 kHz) 3 times for 60 s at 4 °C on a
UZDN-1 apparatus. The disintegrated cells were
centrifuged (12000 g, 30 min, 4 °C), the precipi-
tate was discarded and the supernatant was used
as a cell-free extract.

The activity of key enzymes of surface-active
glyco- and aminolipids biosynthesis was ana-
lyzed as described previously [11]. The activity
of phosphoenolpyruvate (PEP)-synthetase (EC
2.7.9.2) was determined by the rate of pyruvate
formation, which was analyzed by oxidation
of NADH at 340 nm in a conjugated reaction
with lactate dehydrogenase; PEP-carboxykinase
(EC 4.1.1.49) — in the formation of oxidation
of NADH, and glutamate dehydrogenase (EC
1.4.1.4) — by the formation of glutamate during
the oxidation of NADPH at 340 nm.

The enzyme activity was expressed in nmol of
the reaction product obtained in 1 min per 1 mg
of protein. The protein content in cell-free extracts
was determined by Bradford. Enzyme activity
was analyzed at 28—30 °C, the optimal tempera-
tures for the growth of researched strains.
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All experiments were performed in 3 repli-
cates, and the number of parallel determinations
in the experiments ranged from 3 to 5. Statistical
processing of experimental data was performed
as described previously [11]. Differences in the
averages were considered significant at a signifi-
cance level of p<0.05.

Results. Table 1 shows the synthesis of sur-
factants and auxins during the cultivation of
all strains on media with different carbon sub-
strates and tryptophan.

These data suggest that the presence of a pre-
cursor of auxin biosynthesis in the culture me-
dium with different growth substrates does not
affect the concentration of surfactants synthe-
sized by all studied strains. Thus, regardless of
the nature of the carbon source and the presence
of tryptophan in the culture medium of A. cal-
coaceticus IMV B-7241 and N. vaccinii IMV
B-7405, the concentration of surfactants was
1.55-1.75 and 1.50-1.65 g/L, respectively. Simi-
lar patterns were observed during the cultiva-

Table 1. Synthesis of surfactants and auxins
by Acinetobacter calcoaceticus IMV B-7241,
Nocardia vaccinii IMV B-7405,

and Rhodococcus erythropolis IMV Ac-5017
in the presence of tryptophan

Producer Growth Tryptophan Concentration of
strain substrate | O™€Mb | surfactants, | auxins,
mg/L gL | ugl
Acinetobacter | Ethanol 0 1.55+0.08 | 220.4
calcoaceticus 300 |1.60+0.08 | 2262
IMV B-7241 | gjodiesel| 0 1.65+0.08 | 175.4
waste 300 | 1.75+0.09| 4851
Nocardia Refined 0 1.50+0.07 | 76.9
vaccinii oil 300 [1.65+0.08| 3144
IMV B-7405 | \wasteoil | 0 1.55+0.08| 13.2
300 | 1.60+0.08 | 2259
Rhodococcus | Ethanol 0 1.50+0.07 | 135.9
erythropolis 300 [1.54+0.07| 5634
IMV Ac-5017 | waste oil | 0 1.8040.09| 9.9
300 |1.90+0.09| 2389
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tion of R. erythropolis IMV Ac-5017 on ethanol:
the surfactant concentration was in the range of
1.50-1.54 g/L. Note that when using waste oil as
a substrate, a slight increase (up to 1.80-1.90 g/L)
was observed in the concentration of surfactants
synthesized by R. erythropolis IMV Ac-5017
strain compared to that on ethanol medium (Ta-
ble 1). At the same time, in the process of grow-
ing R. erythropolis IMV Ac-5017, A. calcoaceti-
cus IMV B-7241, and N. vaccinii IMV B-7405
in media with tryptophan, the phytohormones’
amount formed was orders of magnitude higher
than synthesized during cultivation without a
precursor of their biosynthesis.

In the next stage, the effect of surfactants syn-
thesized in a complex with phytohormones on
phytopathogenic bacteria was researched (Table
2). The introduction of tryptophan into the cul-
ture medium of N. vaccinii IMV B-7405 was ac-
companied by the formation of surfactants that
showed higher antimicrobial activity against
most of the studied phytopathogenic bacteria
than surfactants synthesized on an unprecedent-
ed medium (minimum inhibitory concentrations
were 0.7-45 and 2.8-90 ug/mL, respectively). The
same patterns were observed for surfactants of R.
erythropolis IMV Ac-5017: antimicrobial activity
of surfactants formed in the presence of trypto-
phan was 2—4 times higher than that for surfac-
tants synthesized without a precursor of auxin
biosynthesis. It should be noted that the MIC
values for the studied test cultures, determined
for surfactants N. vaccinii IMV B-7405 and R.
erythropolis IMV Ac-5017, were almost the same.

A slightly different pattern was observed for
surfactants synthesized by A. calcoaceticus IMV
B-7241. First, the surfactants of this strain were
characterized by several times lower antimicro-
bial activity against phytopathogenic bacteria
than surfactants of N. vaccinii IMV B-7405 and
R. erythropolis IMV Ac-5017. Second, the mini-
mum inhibitory concentrations for some surfac-
tants test cultures synthesized in the presence
of tryptophan either didn’t change compared
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with those established for preparations obtained
without a precursor of auxin biosynthesis, or de-
creased slightly (from 90 to 45 pg/mL) (Table 2).

The last stage of research was devoted to the
analysis of the activity of key enzymes of biosyn-
thesis of surface-active amino- (NADP*-depen-
dent glutamate dehydrogenase) and glycolipids
(PEP-carboxykinase and PEP-synthetase) in all
strains grown in media with and without tryp-
tophan (Table 3).

Data on the surfactant biosynthesis enzymes
activity in the studied strains given in Table 3
correlate with the indicators of antimicrobial
activity of the surfactants synthesized by them
enzymes (Table 2). Thus, in the presence of a
precursor of auxin biosynthesis in the culture
medium of N. vaccinii IMV B-7405 and R. eryth-
ropolis IMV  Ac-5017, NADP*-dependent glu-
tamate dehydrogenase activity in cells of these
strains (a key enzyme of aminolipid biosynthe-
sis) increased by almost 1.4 times compared to
that on a tryptophan-free medium (Table 3).

During the cultivation of N. vaccinii IMV
B-7405 and R. erythropolis IMV Ac-5017, sur-
factants with higher antimicrobial activity were
synthesized in a tryptophan medium (Table 2).
Note that the presence of a precursor in the cul-
ture medium of these strains did not affect the
activity of both key enzymes of surfactant glyco-
lipids biosynthesis.

At the same time, in the case of tryptophan
introduction into the culture medium of A. cal-
coaceticus IMV B-7241, the activity of NADP*-
dependent glutamate dehydrogenase did not
change, whereas the activity of PEP-carboxyki-
nase increased by almost 2 times compared to
that without tryptophan (Table 3). These indi-
cators of key enzymes activity of surface-active
amino- and glycolipids biosynthesis in A. calco-
aceticus IMV B-7241 cells grown in the presence
of tryptophan and without it explain almost the
same antimicrobial activity of surfactants syn-
thesized under such conditions of this strain
cultivation (Table 2).

Table 2. Antimicrobial activity of surfactants synthesized by Acinetobacter calcoaceticus IMV B-7241,
Nocardia vaccinii IMV B-7405, and Rhodococcus erythropolis IMV Ac-5017 in the presence of tryptophan

Minimum inhibitory concentrations (pg/mL) relative to
P rodgcer Gtr)owth Tryptophan, Agrobacterium | Pseudomonas | Xanthomonas | Pectobacterium | Clavibacter Pseutjlf)monas
strain substrate mg/L tumefaciens syringae vesicatoria carotovorum | michiganensis p?/ t:rif;o
. T _ . T _ .
UCM B-1000 | UCMB-1027" | UCM B-1106 | UCM B-1075" | IMV B-10, IMV B9167
Acinetobacter | Ethanol 0 90 180 90 90 90 90
calcoaceticus 300 90 180 90 45 90 45
IMVB-7241 | Biodiesel | 0 90 180 90 180 180 180
waste 300 90 180 90 90 90 90
Nocardia Refined 0 5.6 5.6 2255 5.6 90 90
vaccinii oil 300 1.4 1.4 11.3 1.4 22.5 45
IMV B-7405 | Wasteoil |~ 0 90 225 2.8 225 2.8 90
300 45 5.6 0.7 1.4 1.4 22.5
Rhodococcus | Ethanol 0 11.3 90 90 5.6 2.8 2.8
erythropolis 300 5.6 45 45 2.8 1.4 14
IMV Ac-3017  waste ol | 0 113 90 2.8 2.8 2.8 90
300 5.6 45 1.4 1.4 1.4 22.5
Note: when determining the minimum inhibitory concentrations, the error did not exceed 5%.
ISSN 1028-0987. Microbiological Journal. 2022. (6) 55
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Discussion. The choice of test cultures of
phytopathogenic microorganisms to determine
the antimicrobial activity of surfactants R.
erythropolis IMV Ac-5017, A. calcoaceticus IMV
B-7241, and N. vaccinii IMV B-7405 was due to
the following reasons. First, to date, the vast
majority of scientific studies on the effects of
microbial surfactants on phytopathogens have
been related to their antifungal activity [12-17],
and there are significantly fewer reports on the
antibacterial activity of these microbial synthe-
sis products [18-25]. However, today’s problem
is the fight against bacteriosis of crops, which
we focused on in the review [26]. Second, in our
studies, it was found that the treatment of the
root system of tomato seedlings with N. vaccinii
IMV B-7405 exometabolites increased the total
fruit weight by 30-90% relative to control (water
treatment). Third, in Ukraine tomatoes are af-
fected by the bacterial cancer Clavibacter michi-
ganensis subsp. michiganensis, bacterial spot
Pseudomonas syringae pv. tomato, black bacte-
rial spot Xanthomonas vesicatoria, and strains
of Pseudomonas syringae (spot of different plant
species), Pectobacterium carotovorum (rot of
different plant species), and Agrobacterium tu-
mefaciens (galls of different species), which are
polyphagous and common both in Ukraine and
in the world [27].

Table 3. Effect of tryptophan in the culture medium

Our results have shown that the introduction
of tryptophan into the culture medium of strains
R. erythropolis IMV Ac-5017, A. calcoaceticus
IMV B-7241, and N. vaccinii IMV B-7405 was
not accompanied by a decrease in the synthesis
of surfactants (Table 1) and their antimicrobial
activity against phytopathogenic bacteria (Ta-
ble 2). Moreover, surfactants synthesized by R.
erythropolis IMV Ac-5017 and N. vaccinii IMV
B-7405 in the presence of tryptophan showed
higher antibacterial activity than surfactants
formed on a medium without a precursor of
auxin synthesis. In our opinion, this can be ex-
plained by the involvement of exogenous tryp-
tophan in the formation of not only auxins but
also surface-active aminolipids, as evidenced by
the increase in the activity of NADP*-depen-
dent glutamate dehydrogenases (key enzymes
of aminolipid biosynthesis, responsible for an-
timicrobial activity) in cells of R. erythropolis
IMV Ac-5017 and N. vaccinii IMV B-7405. Note
that by the chemical nature, R. erythropolis
IMV Ac-5017 surfactants are a complex of gly-
co- (trehalose mono- and dimycolates), neutral,
phosphor- and aminolipids. Glyco- (trehalose
mono- and dimycolates, trehalose mono- and
diacelates) and aminolipids are contained in the
surfactants of A. calcoaceticus IMV B-7241. N.
vaccinii IMV B-7405 synthesizes a complex of

of Acinetobacter calcoaceticus IMV B-7241, Nocardia vaccinii IMV B-7405,
and Rhodococcus erythropolis IMV Ac-5017 on the enzymes of surfactant biosynthesis activity

Activity, nmol- min'!-mg! protein
Producer strain Growth Tryptophan
N
substrate | content, mg/L | NADP'-glutamate PEP-synthetase PEP-carboxykinase
dehydrogenase

Acinetobacter calcoaceticus | Biodiesel 0 529+26 11780 +580 278 +13
IMV B-7241 waste 300 543427 10500+ 515 543427
Nocardia vaccinii Waste oil 0 850+42 10940 + 540 1700+ 85
IMV B-7405 300 1220+ 61 11350 + 567 1800+90
Rhodococcus erythropolis | Waste oil 0 588+29 4000200 236+11
IMV Ac-5017 300 805 + 40 4023 +200 240+ 12
56 ISSN 1028-0987. Microbiological Journal. 2022. (6)
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neutral, glyco- and aminolipids. Neutral lip-
ids are represented by mycolic and n-alkanoic
acids; glycolipids are represented by trehalose
diacelates and trehalose mycolates [28]. In our
opinion, the different antimicrobial activity of
surfactants synthesized by studied strains may
be due to the difference in the content of amino-
lipids in their composition.

Our data differ from those established in [29]
on the effect of exogenous indole on the forma-
tion of biomass and aminolipids of Bacillus amy-
loliquefaciens Pc3. Indole is formed in bacterial
cells as a by-product of tryptophan biosynthe-
sis from phosphoenolpyruvate and erythroso-
4-phosphate, and indole can be further convert-
ed to tryptophan by tryptophan synthase. Pro-
files of intracellular metabolites required for the
synthesis of B. amyloliquefaciens Pc3 aminolip-
ids, determined on the basis of GC/MS-metab-
olomics, showed a decrease in the asparagines
amount, aspartic acid, glutamine, glutamic acid,
threonine, valine, isoleucine, hexadecanoic and
octadecanoic acid in cells grown in the presence
of indole. The introduction of indole into the
culture medium of the Pc3 strain was accompa-
nied by a change in the direction of metabolism
towards biomass formation and a decrease in
the synthesis of aminolipids due to the lack of
amino acid and fatty acid precursors.

Comparison of antimicrobial activity against
phytopathogenic bacteria of surfactants syn-
thesized by R. erythropolis IMV Ac-5017, A.
calcoaceticus IMV B-7241, and N. vaccinii IMV
B-7405 in the presence of tryptophan showed
that the MICs of the studied surfactants are
comparable with those established for the world-
famous aminolipids [18-21] and glycolipids
[22-25] and even exceed some of them.

In [18], it was found that the MIC of Bacil-
lus subtilis 32a lipopeptides against phyto-
pathogenic bacteria Agrobacterium tumefaciens
C58, Agrobacterium tumefaciens B6, Erwinia
amylovora, Pseudomonas savastanoi ranged
2-156 ug/mL.
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Cao et al. [19] showed that the MIC of lipo-
peptides synthesized by Bacillus velezensis Y6
and B. velezensis F7 strains relative to Ralstonia
solanacearum were 100 and 500 pg/mL, respec-
tively. The researchers also found that the an-
timicrobial activity of the lipopeptide complex
of strains Y6 and F7 increased due to the syn-
ergism of different lipopeptides synthesized by
these two strains and was 75 ug/mL.

Khanh et al. [20] found that the MIC of pelgi-
peptins (PGP) synthesized by Paenibacillus elgii
JCK-5075 ranged from 3.13 ug/mL to 100 ug/mL
against 14 species of plant pathogens. The most
sensitive (MIC 3.13-6.25 ug/mL) to the action of
PGP were A. tumefaciens, Xanthomonas arbori-
cola pv. pruni, Xanthomonas vesicatoria, Xan-
thomonas axonopodis pv. citri and Xanthomonas
oryzae pv. oryzae, and the most resistant were P.
carotovorum subsp. carotovorum and C. michi-
ganensis subsp. michiganensis (MIC 25 and 100
pg/mL, respectively).

In 2020, scientists in China [21] showed that
the MIC for R. solanacearum aminolipids synthe-
sized by B. velezensis FJAT-46737 was 500 pg/mL.

The MIC of B. amyloliquefaciens Arl0 gly-
colipids against pathogens of plant bacteriosis
P. carotovorum 1116, E. amylovora, and Pseu-
domonas aeruginosa ATCC 27853 ranged from
1 to 50 pg/mL [24]. MIC values of surface-active
rhamnolipids for phytopathogenic bacteria were
slightly higher. Thus, in [22] it was found that
the MIC of rhamnolipids synthesized by P. ae-
ruginosa B5 against phytopathogens Erwinia
carotovora pv. carotovora, R. solanacearum, and
Xanthomonas campestris pv. vesicatoria, which
affect most agricultural plants, were >50 ug/mL.
Sanchez et al. [23] showed that the cultivation
of P. syringae pv. tomato DC3000 and P. syrin-
gae pv. tomato AvrRPM1 in the presence of 0.2
and 1 mg/mL rhamnolipids did not inhibit the
growth of phytopathogenic bacteria. In 2020
[25], it was shown that the MIC for X. campes-
tris diramnolipids synthesized by P. aeruginosa
RTE4 on glucose (2%) was 5 mg/mL.
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In addition to the high antimicrobial activity
of surfactants against phytopathogenic bacteria
(Table 2), studied strains R. erythropolis IMV Ac-
5017, A. calcoaceticus IMV B-7241 and N. vacci-
nii IMV B-7405 have another significant advan-
tage compared to producers of amino- and gly-
colipids described in [18—25], namely the ability
to simultaneously synthesize both surfactants
and phytohormones with a stimulating effect.
In the review [6], we have presented the limited
available information about the co-synthesis of
microbial surfactants and phytohormones, in
particular, auxins. In recent years, there have
been several publications on the formation of
surfactants and auxins (mainly indole-3-acetic
acid) by plant-associated bacteria, in particular
members of the genera Bacillus and Pseudomo-
nas [30—33].

Note that only in one research [33], the authors
established antimicrobial activity of synthesized
surfactants against phytopathogenic bacteria.
Thus, in the presence of a surfactant-contain-
ing supernatant, inhibition of the growth of C.
michiganensis subsp. michiganensis PVCT156.1.1
and Xanthomonas euvesicatoria pv. perforans
NCPPB432 was observed, but no indicators of
antimicrobial activity are given in the article.
Simultaneously with the surfactants, the pres-
ence of which was determined by the qualitative
reaction, the strain P. aeruginosa FG106 isolated
from the rhizosphere of healthy tomatoes formed
indole-3-acetic acid (211 ug/mL). The surfactants
described in [30—32] were characterized exclu-
sively by the antifungal activity.
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BIUIVIB TPUIITO®AHY HA CMHTE3 JEAKMX EK3OMETABOJIITIB BAKTEPIIMU
POJIB ACINETOBACTER, NOCARDIA, RHODOCOCCUS TA IXHI BTACTUBOCTI

EcdexTnBHicTD iHTeTpOBaHMX MIKpOOHUX 6i0TEXHOJOTIN, 110 JAIOTh 3MOTY OTPUMATH B OGHOMY TEXHOTOTIYHOMY
nporeci Kifbka MeTaboIiTiB, BU3HAYAETCA He TIMbKM IXHBOK MaKCUMA/TIbHOI KOHIIEHTpAIIi€Io, a i HasBHICTIO
HeOOXiTHMX JI1 IPAaKTUYHOTO BUKOPMCTAHHSA BIACTYBOCTEN LMX LITbOBMUX NPOAYKTiB. OcO6/IMBO 1ie CTOCYEThCA
BTOPMHHVX MeTa0OJITIB, CK/IaJ] i BIACTMBOCTI AKMUX 3MIHIOIOTbCS 3aJI©KHO Bifj YMOB KY/IbTUBYBAaHHSA IIPONYLCH-
ta. Mera. Jocnignty BB TpunrodaHy (IonepegHmk 6ioc1/1HTe3y ayKCVHIB) Y cepefjOBUILi Ky/IbTVBYBaHHS Ha
CUHTe3 flesKux ek3omeTabomitiB Rhodococcus erythropolis IMB Ac-5017, Acinetobacter calcoaceticus IMB B-7241
i Nocardia vaccinii IMB B-7405 Tta ixni BractuBocti. Metogm. R. erythropolis IMB Ac-5017, A. calcoaceticus IMB
B-7241 i N. vaccinii IMB B-7405 BupolyBann y cepefoBMILaX, [0 MICTWIN K IKepeno Byrmeuo padiHoBaHY
a60 BiANpaIlbOBaHy COHANIHUKOBY OJIiI0, BIIXOAM BUPOOHNILTBA biofusento, eraHon. KoHIleHTpalisa TpunTodany
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y cepenoBui cranoBwaa 300 mr/n. IloBepxHeBo-akTuBHI pedoBuHu (IIAP) excTparyBanu 3 cynepHaTaHTy KyJlb-
TypanpHol piguHy MopudikoBanowo cymimiro Pomrda. PiTOropMOHN BUAIMAIN HUIAXOM IIOCII[OBHOI eKCTpaKIii
OpraHiYHUMMM PO3YMHHMKAMMU i3 CyIlepHATAaHTY KY/IbTYPa/JbHOI PiVHM IiC/IA €KCTPAKLII IOBEPXHEBO-aKTUBHUX
pedoBuH. [TonepenHe ounIeHHA i KOHLIEHTPYBaHH:A GiTOrOPMOHIB 37ilICHIOBA/II METOZOM TOHKOIIAPOBOI XpoMa-
torpacii. SIKicHe Ta KiNbKiCHe BUSHaUYeHH: ayKCUHIB IIPOBOJVIIY 3a IOTIOMOT0I0 BICOKOe(peKTUBHOI pifVHHOI XpO-
MaTorpa(bi'i. AHTI/IMiKp06Hy akTuBHicTh ITAP ananisyBanm 3a nokasHMKOM MiHiManIbHOI iHri6onq0'1' KOHIJ€HTparil.
AxTVBHICTb ¢epMeHTiB 6i0CUHTE3Y IOBEPXHEBO-aKTUBHIX IJIiKO- Ta aMinomimnifis (pocdoenonmipysarcunreTasy,
¢docdoenonkapboxcuxinasu, HAJID*-3anexxHOI Iy TaMaT/erifporeHasy) BU3HAYAIN CIEKTPO(YOTOMETPUIHO IIif
vac okucuHenust HAJTH a6o HAJI®H npu 340 um. Pe3ynbraTu. BctaHoB/IeHO, 1110 HassBHICTb TpUITO(AHY Y Cepeno-
BIIIi BUPOIYBaHHA JOCTIIKYBaHMX IITaMiB IIPAaKTUYHO He BIUIMBA/Ia Ha KOHIIEHTpallilo cuHTe30BaHMX ITAP, aka
cTaHoBuIa BignosigHo 1,80-1,90, 1,55-1,75 i 1,50—1,65 /71 He3aneXXHO Bifi yMOB Ky/IbTMBYBaHHA IITaMiB. ¥ TOM
Ke 4ac y mpoueci BupoinyBanHs R. erythropolis IMB Ac-5017, A. calcoaceticus IMB B-7241 i N. vaccinii IMB B-7405
y cepenoBuILax 3 TPUNTO(AHOM KiZIbKiCTh YTBOpeHUX (DiTOrOPMOHIB Oy/a Ha IOPARKM BUILOIO IIOPiBHAHO 3 6io-
CMHTe30M iX 6e3 nonepenHnka. BHecenns TpunrodaHy y cepefoBiuilie Ky/IbTUBYBaHHA HOCTIIXYBaHNUX LITAMiB Cy-
IpOBOKYBanocs yrBopeHHAM ITAP, Axi nposasismy Buiy y 2—4 pasy aHTUMIKpOOHY aKTUBHICTD I[OI0 TOCTIIXKY-
BaHux ¢ironarorennux 6akrepiit (Agrobacterium tumefaciens YKM B-1000, Pseudomonas syringae YKM B-10277,
Xanthomonas vesicatoria YKM B-1106, Pectobacterium carotovorum YKM B-1075%, Clavibacter michiganensis IMB
B-10, i Pseudomonas syringae pv. tomato IMB B-9167), Hixx cunTe30BaHi Ha cepefioBuIli 6€3 momepeaHKa. AHTH-
Mikpo6Ha akTuBHIcTDb ITAP, cunTe30Banux A. calcoaceticus IMB B-7241 3a HasiBHOCTI Tpunrodany abo He 3MiHIO-
BaJIacs MOPIBHAHO 3 TAKOIO JIIA IIPeNapaTiB, OfiepXKaHNUX 6e3 IolepefHNKa 6i0CHHTe3y ayKCHHIB, a60 He3HaYHO
nipsumyBanacs. [Jani mono akTuBHOCTI pepMenTiB 6iocuuTe3y [TAP KopermoBany 3 HOKasHMKaMy IXHbOT aHTVUMi-
KpoOHOI aKTMBHOCTI. 3a HasABHOCTI NONIepeHUKIB 6i0CHHTe3y ayKCUHIB y cepeioBMILi Ky/IbTUBYBaHHA N. vaccinii
IMB B-7405 i R. erythropolis IMB Ac-5017, aktuBHicts HAJIO*-3anexxH0i IIyTaMaterigporenasu (KIo4oBoro
¢depmenTy b6iocuHTe3y aMiHOJMIMIAIB, BiIIOBiTa/IbHIX 38 AaHTUMIKPOOHY akTUBHICTH ITAP KoMITexcy) B KIiTnHAX
LVX IITaMiB MiABMITyBaIacs Maibke B 1,4 pasy MOPIBHSAHO 3 TaKOI Ha cepefoBuii 6e3 Tpunropany. BucHoBku.
Y pesynbrati mpoBefeHol po6OTY BCTAaHOBJIEHO, 10 HASBHICTD TPUITO(AHY Y CepefOBUIL Ky/IbTUBYBAHHS JOCTI-
[DKYBaHMX IITaMiB He BIUIMBa/ia Ha piBeHb cuHTe3y [IAP, a ixusa aHTMMIKpoOHa 100 diTomaToreHHUX 6axTepii
aKTMBHICTD ab0 mifBuIyBanacs, abo sanuiranacs 6e3 3MiH MOPiBHAHO 3 BCTAHOBJIEHOIO JIA IIPeIapariB, CUHTE30-
BaHUX Oe3 monepenHuka 6iocuuTesy aykcuHis. OfepkaHi faHi CBif4aTh IPO BUCOKY eeKTUBHICTb NOTEHIIIHOTO
BUKOPMCTAHHA KOMIUIEKCHUX IIpeIapaTiB IOBepXHEBO-aKTVBHUX PEYOBUH i PITOTOPMOHIB Y POCTMHHULITBI fi/Is
CTUMYIIAL{I POCTY CIbCHKOTOCIIORAPCHKUX KYIBTYP i 6I0KOHTPOJIIO YMCeNbHOCTI (iTomaToreHHNX 6axTepiil.

Kmiouosi cnosa: nosepxeso-axmueHi peuosunu, $imozopmonu, nonepedHux iocunmesy, akmusHicmo pepmeHimis,
AHMUMIKPOOHA aKkmueHicmo.
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