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The increasing antibiotic resistance is a severe concern for humanity. Co-cultivation of micro-
organisms is a promising method for obtaining new secondary antimicrobial metabolites. An effective
strategy for co-cultivation of microorganisms involves the usage of certain biological inductors.

The aim of this review is to summarize existing scientific research in the literature related to the
influence of physiologically different types of biological inductors on the synthesis and biological
activity of microbial secondary metabolites.

An analysis of the literature has shown that in such studies, either live or inactivated cells of the
inductor are added to the culture medium at significantly lower concentrations compared to the
producer cells of the final metabolites, or the supernatant (filtrate) after cultivation of a competitive
microorganism is used as an inductor.

According to the literature and our own experimental studies, the using inductors is an effective
approach not only for intensifying the synthesis of bacteriocins, surfactants, and antibiotics, but
also for increasing their biological activity. Additionally, it often leads to the production of novel
antimicrobial compounds that are not typical for the producer.

However, the mechanisms of effect of inductors on the synthesis of biologically active secondary
metabolites require further research, as the literature suggests that their introduction into the
cultivation medium of producer does not always lead to an intensification of the synthesis of the
final product. Moreover, the biological activity of secondary metabolites depends on the cultivation
conditions of the producer, including the presence of biological inductors in the culture medium.
Therefore, it is essential to conduct further research on the interaction between producers and
competitive microorganisms to regulate the biological activity of the synthesised metabolites. In
addition, there is a necessity to search for more cost-effective substrates for the biosynthesis of
secondary metabolites, optimize the composition of the culture medium and expand the range of
both pro- and eukaryotic inductors.
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In our previous publication [1], it was
mentioned that the increase in antibiotic
resistance of pathogenic microorganisms in
recent decades has led the scientific community
to research for novel environmentally friendly
antimicrobial metabolites of natural origin
with stable properties. One of the ways to solve
this issue was the strategy of co-cultivation
of microorganisms, in which the producer of
practically valuable metabolites is cultivated
together with competitive microorganisms.

This is considered to be an effective strategy
to induce producing by microorganisms
secondary metabolites with increased
antimicrobial activity or/and will stimulate
the production of bioactive secondary
metabolites, which cannot be obtained in the
corresponding pure culture[1, 2].

Studies on the influence of competitive
microorganisms on the synthesis of
antimicrobial compounds can be divided into
three categories:
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1) both strains (the producer and the
competitive microorganism) are introduced
into the culture medium of antimicrobial
metabolites producer in a 1:1 ratio, i.e. in
almost the same concentration [2, 3];

2) live or inactivated inductor cells are
added to the medium at a significantly lower
concentration compared to the cells of the final
metabolite producer [4—23];

3) the supernatant (filtrate) after
cultivation of a competitive microorganism is
used as an inductor [4, 21, 22, 24—-29].

For each of these three categories of
experiments, the corresponding terminology
is used. The first category is the classical
co-cultivation of two microorganisms, the
cultivation of artificial microbial associations
(consortia). Competitive microorganisms
(or their supernatants) used in the second
and third categories are called inductors or
elicitors.

Related to the above stated, the aim of this
review is to summarize current literature data
on the effect of physiologically different types
of biological inductors on the synthesis and
biological activity of microbial metabolites.

Heat-inactivated inductors

There is information in the literature on
the effect of heat-inactivated inductors on
the synthesis and properties of bacteriocins
[4], microbial surfactants [6—7], pigments
[8-10], antibiotics [11], and other secondary
metabolites [12—-15].

Bacteriocins. It was found in [4] that
the introduction of heat-inactivated
Staphylococcus aureus ATCC 43090 cells
(2 and 3% v/v) or Bacillus sp. cells (3% v/v)
into the culture medium of the bacteriocin
producer Bacillus subtilis NK16 was
accompanied by a 2-4-fold increase in the
synthesis of the final product compared
to that established for the NK16 strain.
The scientists suggested that one of the
mechanisms for the increase in bacteriocin
synthesis could be the recognition of certain
proteins or receptors on the surface of
inactivated inductor cell fragments and the
implementation of a protective mechanism
against a competitive microorganism. This
was supported by the results of determining
the antimicrobial activity of the synthesised
bacteriocins against inductor cells
(S. aureus ATCC 43090, Bacillus sp.): the
growth inhibition zone was 25 and 23 mm,
respectively. At the same time, without
inductor cells, the growth inhibition zone
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was from 5 to 15 mm after treatment with the
obtained bacteriocins.

Microbial surfactants. The researchers
found [5] that the introduction of inactivated
Listeria monocytogenes ATCC 7644 or
Aspergillus niger IFL5 cells into the culture
of Bacillus sp. P34 increased the synthesis of
the antimicrobial lipopeptide iturin A by more
than 2 times compared to that established
for the P34 strain, but had virtually no
effect on the synthesis of fengycins A and
B. An interesting fact was that, despite the
increased synthesis of lipopeptides, their
antimicrobial activity was twice as low as that
of those synthesized in the medium without
inductor.

In the work [6], it is reported that
the synthesis of iturin A by the Bacillus
amyloliquefaciens P11 strain was increased
by 0.5 and 3 times in the presence of heat-
inactivated cells of S. aureus ATCC 25923
or Aspergillus parasiticus (strain number
not provided), respectively. Furthermore,
the introduction of inductors into the
cultivation medium of B. amyloliquefaciens
P11 was accompanied by the synthesis of
new compounds not typical for the producer,
such as subtilosin A and fengycin. However,
the researchers did not specify their
concentrations.

When inactivated Candida albicans SC
5314 yeast cells were added to B. subtilis RLID
12.1 culture medium, a 3—4-fold increase
in the concentration of cyclic lipopeptides
AF3 and AF5 was observed [7], which
were characterized by high antifungal activity
against Candida auris yeast, with minimum
inhibitory concentrations (MIC) of 4—16 1ug/ml.

Pigments. The effect of inactivated
prokaryotic and yeast inductors on the
synthesis of the antimicrobial pigment
prodigiosin by actinobacteria of the genus
Streptomyces and bacteria of the genus
Serratia was studied by a few authors [8—10].

For example, researchers [8] found that
the presence of inactivated Escherichia coli,
B. subtilis or Saccharomyces cerevisiae cells
(2-3%) in the culture medium of Serratia
marcescens S23 was accompanied by a 7-9-
fold increased production of this pigment
compared to that of the S23 strain, moreover,
the concentration of prodigiosin did not
depend on the nature of the inductor (pro- or
eukaryotic). The authors assumed that one of
the mechanisms of induction is direct contact
between the producer and the inductor cells, as
they found no evidence of the participation of
certain signal molecules in this process.
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The authors in the study [9] demonstrated
a 30-100% concentration increased of
prodigiosin synthesis by S. marcescens (strain
number not given) in the presence of the
corresponding inductors (E. coli, B. subtilis,
or S. cerevisiae), but compared to the studies
described in work [8], the maximum induction
of prodigiosin synthesis was observed in the
presence of bacterial inductors.

The authors reported [10] that the
introduction of heat-inactivated Lactobacillus
rhamnosus LGG cells (0.5—1%) into the culture
medium of actinobacteria Streptomyces
coelicolor (strain number not given) was
associated with an increased synthesis of
prodigiosin up to 9.8 mg/l, which is 7 times
higher than without the inductor. The authors
hypothesised that the lactic acid bacteria
lysis products could work as a precursor
to the synthesis of the final product. It
should be noted that the synthesis ability of
S. coelicolor is significantly lower than that of
S. marcescens [8, 9].

Antibiotics. The authors in the study
[11] managed to significantly enhance the
synthesis of the antibiotic phenazine by
Pseudomonas aeruginosa (strain number
not given) up to 43-300% by adding heat-
inactivated E. coli, B. subtilis, and S. cerevisiae
cells to the medium. S. cerevisiae yeast cells
proved to be the most effective inductor,
in the presence of which the phenazine
concentration increased up to 30 mg/l. The
determination of the antimicrobial activity of
phenazine against the inductor cells showed
that the growth inhibition zones of E. coli,
B. subtilis and S. cerevisiae were 1.6, 2.9 and 4.3
mm, respectively.

Other secondary metabolites. During
the cultivation of Streptomyces sp.
RKND-216 in the presence of inactivated
cells of Alteromonas sp. RKMC-009 or
Mycobacterium smegmatis ATCC 120515, the
production of two novel alkaloids was found:
N-carbamoyl-2-hydroxy-3-methoxybenzamide
and carbazoquinocin G [12]. The obtained
metabolites did not show antimicrobial
activity, but carbazoquinocin G was
characterised by cytotoxic activity against
breast cancer cell lines MCF7 and HTB26 (ICs,
was 3.07 and 3.67 uM, respectively).

It was found in the work [13] that the
introduction of heat-inactivated S. aureus cells
into the culture of Streptomyces sp. MH-133
was accompanied by the synthesis of a complex
of unidentified antibacterial metabolites that
inhibited the growth of S. aureus, E. coli,
Klebsiella pneumonia, Enterobacter cloacae

(growth inhibition zones were 24, 22, 24 and
16 mm, respectively).

It is reported in studies [14, 15] about the
effect of heat-inactivated inductors on the
production of antimicrobial metabolites by
micromycetes.

Six mnovel 16-residue peptaibols
(acremopeptibodies A-F) were obtained from
the culture of the micromycete Acremonium
sp. IMB18-086 cultivated in the presence of
autoclaved Pseudomonas aeruginosa cells
[14]. Acremopeptabolites A and F showed
antimicrobial activity against S. aureus,
B. subtilis, P. aeruginosa, Candida albicans:
the growth inhibition zones were 15, 16, 10
and 12 mm, respectively.

Other studies [15] showed that the
introduction of autoclaved P. aeruginosa
cells into the culture of Chaetomium sp. led
to the production of four novel butenolide
derivatives, as well as two analogues of
shikimic acid (chetoisochorismine, shikimeran
B), which were not observed in either the
micromycete or inductor culture.

In Table 1, we summarised the data on the
influence of heat-inactivated inductors on the
production and the antimicrobial activity of
secondary metabolites. These data indicate that
the use of these inductors is a technologically
simpler and effective method of not only
intensifying the production of bacteriocins,
surfactants, and antibiotics, but also increasing
their biological activity, and is often accompanied
by the synthesis of novel antimicrobial metabolites
not typical for the producer.

Live inductors

There is scientific data showing that live
cells of prokaryotic and eukaryotic inductors
can affect the production and properties of
bacteriocins [4, 16], surfactants [17, 18],
pigments[8, 9, 19], antibiotics[11, 20—22] and
other secondary metabolites [23].

Bacteriocins. It was shown in the work
[4] that the introduction of live cells of
S. aureus ATCC 43090 (0.5%), E. coli (0.2%)
or A. niger (0.75%) into the culture medium
of the bacteriocin producer B. subtilis NK16
caused an increase in the synthesis of the final
product by 4-8 times compared to the rates
without inductors. The produced bacteriocins
exhibited high antimicrobial activity against
S. aureus ATCC 4309, E. coli and A. niger cells:
the growth inhibition zones were 27, 22 and
24 mm, respectively, and were 20—-50% higher
than when using bacteriocins synthesised
without inductor.
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Other authors [16] found that paracin
1.7 production by Lactobacillus paracasei
strain HD1-7 increased by almost 75%
in the presence of live cells of B. subtilis
ATCC11774.

Microbial surfactants. There is
information in the literature about the
effect of live cells of prokaryotic [17] and
eukaryotic [18] inductors on the synthesis
of surfactants.

In work [17], the emulsifying
activity of S. marcescens surfactants
(strain number not given) was increased
by 1.7-3.5 times when introduced
into the culture medium of live E. coli
or S. aureus cells. The surfactants
synthesised in the presence of inductors
showed antimicrobial activity against
the test cultures of S. aureus, K. pneu-
monia, E. coli, B. subtilis: the growth
inhibition zones were in the range of
14-16 mm.

The synthesis of iturin A by the
producer B. amyloliquefaciens CX-20
increased by an average of 10% in the
presence of live cells of the micromycetes
Aspergillus oryzae 92011 or Trametes sp.
48424 [18].

Pigments. A number of studies
reported the influence of live prokaryotic
[8, 9, 19] and yeast [8, 9] inductors on the
synthesis of pigments by bacteria of the
genus Pseudomonas and Serratia.

The level of prodigiosin synthesised
by S. marcescens S23 increased by 1.4-7
times by adding to the culture medium
E. coli, B. subtilis, or S. cerevisiae cells
[8], and the highest concentration of
this particular metabolite (3.1 g/1) was
achieved with the introduction of a yeast
inductor.

In the study [9], it was found that
the addition of live S. cerevisiae cells
to the S. marcescens culture medium
increased the synthesis of prodigiosin to
170 mg/ml, which is 70% above the
level obtained when the producer was
cultivated without an inductor. The
use of prokaryotic inductors (E. coli,
B. subtilis) resulted in an increasing
of the final product synthesis by
S. marcescens strain to 220-250 mg/ml,
which is 50% higher than in case of
using yeast inductors.

The authors in the work [19] found
that the addition of live S. aureus (0.5,
0.75%), K. pneumonia (0.5, 0.75%),
or B. subtilis (0.25, 0.5%) cells to the

Table 1 (End)

N.d.

7
Growth inhibition
zone of 16 mm
(100 pl/disc)
Growth inhibition
zone of 15 mm
Growth inhibition
zone of 16 mm
Growth inhibition
zone of 12 mm
Growth inhibition
zone of 10 mm

Enterobacter cloacae
(strain number not given)
Staphylococcus aureus
ATCC 33591
Bacillus subtilis
ATCC 6633
Candida albicans
ATCC 10231
Pseudomonas aeruginosa
ATCC 27853

Shikimeran B**

( shikimic acid analogues)
Notes. N.d. - not determined; * — activity was determined as the last dilution giving a growth inhibition zone and indicated in units of

(16-residue peptaibols)
activity per millilitre; ** — synthesis of new compounds not typical for monoculture.

Acremopeptaibols A-F#*
Hetobutenolide A, C**
Methyl ester WF-3681**
(butenolide derivatives)
Hetoisochorismine*#*

3
Pseudomonas
aeruginosa ATCC 27853
Pseudomonas
aeruginosa
(strain number not
given)

2
Rice
Rice

1
Acremonium
sp. IMB18-086
Chaetomium
sp.
(strain number
not given)
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P. aeruginosa culture medium increased
the synthesis of the pyocyanin pigment in
2.3 times compared to the cultivation of the
producer in the medium without inductors.
Pyocyanin showed high antimicrobial activity
against S. aureus, K. pneumonia, B. subtilis,
and E. coli cells: growth inhibition zones were
in the range of 26—-38 mm.

Antibiotics. There is available data
in literature about the influence of live
prokaryotic cells [20, 11], yeast [20, 21, 11]
and micromycetes [21, 22] on the synthesis
of antibiotics by actinobacteria of the genus
Streptomyces.

For instance, researchers [20] found that
in the presence of live Bacillus cereus or S.
cerevisiae cells, the production of valinomycin
by Streptomyces lavendulae strain ACR-DA1
increased for 34—-62% compared to the levels
observed without inductor.

In the study [21], the concentration
of rimocidin was increased by 42% by
introducing the yeast inductor S. cerevisiae
into the culture medium of the producer
Streptomyces rimosus M527. When the
micromycete Fusarium oxysporum f. sp.
cucumerinum was used as an inductor,
the antibiotic concentration almost twice
increased compared to the values obtained
without the inductor.

The authors reported [22] that the
introduction of live cells of A. niger AS
3.6472 (0.2%) or Penicillium chrysogenum
AS 3.5163 (0.4%) into the culture medium
of Streptomyces natalensis HW-2 increased
the production of the antibiotic natamycin by
25-36% compared to that of the HW-2 strain
grown without micromycetes.

Other researchers [11] demonstrated
that in the presence of live cells of the
prokaryotes B. subtilis, E. coli and the yeast
S. cerevisiae, the concentration of phenazine
synthesised by P. aeruginosa was 80-145%
higher than in the case of cultivation of
the producer without inductors. The most
effective inductor was E. coli cells, in the
presence of which the concentration of
phenazine increased to 18.8 mg/l, which
is 2.5 times higher than without inductor.
Phenazine showed antimicrobial activity
against the inductor cells of B. subtilis,
E. coli, S. cerevisiae: the growth inhibition
zones of the tested cultures were 2.9, 1.6,
4.3 mm, respectively.

Other secondary metabolites. During the
cultivation of Saccharopolyspora erythraea
ATCC 31772 in the presence of cells of the
micromycete Fusarium pallidoroseum ATCC

74289, three novel analogues of decalin-type
tetraminic acids (N-demethylophiosetin,
pallidorosetin A, pallidorosetin B) were
identified [23].

In Table 2, we summarised the influence
of live cell inductors on the synthesis
and antimicrobial activity of secondary
metabolites. These data indicated that the use
of both prokaryotic and yeast and microbial
inductors can increase the synthesis of
bacteriocins, surfactants, antimicrobial
pigments and antibiotics. The synthesis
and the activity of the induced metabolites
increased with the addition of live inductor
cells, but almost did not depend on their
nature (pro- or eukaryotic). In addition, the
use of micromycetes as inductors proved to be
an effective way to increase the synthesis of
antibiotics.

Supernatant after cultivation
of inductors

There is limited information in
the literature regarding the impact of
supernatant after cultivation of biological
inductors on the synthesis and antimicrobial
activity of secondary metabolites. Most
of the research focuses on the induction of
bacteriocin synthesis [4], pigments [24],
surfactants [25], antibiotics [21, 22, 26—-28],
and other secondary metabolites [29].

Bacteriocins. In the study [4], it was
found that the addition of supernatant
after the cultivation of S. aureus ATCC
43090 (2 and 3%), Bacillus sp. ATCC
6633 (2 and 3%), A. niger (2 and 3%), or
S. cerevisiae (3% ) into the culture medium
of bacteriocins producer B. subtilis NK16
was accompanied by a 2—4-fold increase
in the synthesis of the final product
compared to the controls without inductors.
Bacteriocins exhibited high antimicrobial
activity against cells of the inductor strains
(S. aureus ATCC 43090, Bacillus sp. ATCC
6633, A. niger, and S. cerevisiae): the
growth inhibition zones were 27, 25, 25 and
21 mm, respectively.

Pigments. It was reported in the research
[24] that the addition of supernatant after
cultivation of the lactic acid bacteria
Leuconostoc mesenteroides or Lactobacillus
plantarum to the culture of S. coelicolor
led to the production of the pigment
prodigiosin, which is not typical for that
microorganism.

Surfactants. The authors in the
study [25] reported a 107.4% increase in
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synthesis of new compounds not typical for monoculture.

Notes. N.d. — not determined; *

were synthesized, minimum inhibitory
concentrations of which against B. subtilis
BT-2 and S. aureus BMC-1 were 5.6-11
times lower compared to those obtained for
biosurfactants synthesized in a medium
without the inductor.

In the study [32], it was found that the
introduction of live B. subtilis BT-2 cells
into the R. erythropolis culture medium
with ethanol (2%, v/v) was accompanied
by the synthesis of surfactants that were
characterized by higher antimicrobial
activity than surfactants synthesized in the
medium without inductor. The minimum
inhibitory concentrations against test-
cultures of these biosurfactants were 6
pg/ml, which were 8 times lower than the
values established for the preparations
obtained without the inductor. In further
research [33], heat-inactivated cells of B.
subtilis BT-2 were used instead of live cells
of the inductor. It was established that
the antimicrobial activity of surfactants
synthesized under such cultivation
conditions was 16-32 times higher than
that of preparations formed during the
cultivation of IMV As-5017 strain in
medium without an inductor.

The summarized information on the
effect of live and inactivated B. subtilis
BT-2 cells on the antimicrobial activity of
N. vaccinii IMV B-7405, A. calcoaceticus
IMV B-7241 and R. erythropolis IMV
AS-5017 biosurfactants is shown in
Table 4.

These data showed that the antimicrobial
activity of surfactants (R. erythropolis IMV
Ac-5017 [32, 33], N. vaccinii IMV B-7405
[80] and A. calcoaceticus IMV B-7241 [31])
was almost unaffected by the physiological
state of the inductors (live or inactivated
cells).

It should be noted that there are only
few reports on the influence of inductors in
various physiological states on the biological
activity of microbial surfactants (see Tables
1-3). In contrast to those described in the
available literature, the synthesis of the
surfactants we have studied is based on
low-cost substrates, including industrial
waste (crude glycerol, used sunflower oil).
Additionally, synthesized in the presence
of biological inductors biosurfactants by R.
erythropolis IMV Ac-5017, N. vaccinii IMV
B-7405, and A. calcoaceticus IMV B-7241
showed exceptionally high antimicrobial
activity (MIC values ranging from 0.85 to
20 ng/ml, see Table 4).
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lipopeptide synthesis (name not given) by
Streptomyces bikiniensis strain HD-087 in
the presence of supernatant after cultivation
of Magnaporthe oryzae Guyll. The authors
suggested that one of the mechanisms
of induction is the presence of fungal
intermediates in the supernatant, which are
precursors to the biosynthesis of fatty acids,
the components of lipopeptides.

Antibiotics. The influence of the
supernatant after inductor cultivation on the
synthesis of antibiotics by actinobacteria of
the genus Streptomyces was studied in [21,
22, 26—28]. Most of the articles are devoted to
the synthesis of natamyecin, and micromycete
supernatant was used as an inductor in these
studies.

For instance, the authors of [21] showed
that the introduction of F. oxysporum f. sp.
cucumerinum or S. cerevisiae supernatant
into the S. rimosus M527 culture medium
was accompanied by an increase in rimocidin
synthesis by 42 and 72%, respectively,
compared to the values without inductors.

In the work [22], it was found that the
synthesis of natamycin by strain S. natalensis
HW-2 increased by 1.3 to 3 times with the
addition of supernatant of micromycetes
A. niger AS 3.6472 (1.5 and 2%) or P.
chrysogenum AS 3.5163 (1.5 and 2%). At
the same time, the presence of S. cerevisiae
AS 2.2081 supernatant (2.5% ) in the culture
medium of the producer had practically no
effect on the synthesis of the antibiotic.

In the study [26], the synthesis of
natamycin by S. natalensis HW-2 strain
was increased by 32% when P. chrysogenum
AS 3.5163 supernatant was added to the
culture medium, which was caused by
overexpression of the ilvH gene in the
antibiotic producer under such culture
conditions. In addition, the method of
RNA sequencing showed changes in the
transcriptome of S. natalensis HW-2 under
the influence of the inductor supernatant.
In further studies [27], it was found that
when the concentration of P. chrysogenum
AS 3.5163 supernatant was increased to
6%, and introduced into the S. natalensis
HW-2 cultivation medium after 24 h from
the start of the process, the concentration of
natamycin doubled compared to cultivation
without inductor.

In the presence of the supernatant after
the cultivation of A. niger or P. chrysogenum
(5%) in the cultivation medium of
Streptomyces natalus N5, there was a 1.7-
to 2-fold increase in the concentration of

natamycin was observed compared to the
values without inductors [28].

Other secondary metabolites. In 2020
[29], researchers isolated, but did not
characterise, a group of antibacterial
metabolites from the culture of
Promicromonospora kermanensis DSM
45485 in the presence of P. aeruginosa
UTMC 1404 supernatant. The obtained
compounds exhibited antimicrobial activity
against S. aureus UTMC 1401: the growth
inhibition zone was 23 mm.

In Table 3, we summarised the effect
of the supernatant after cultivation of
biological inductors on the production
and antimicrobial activity of secondary
metabolites. As well as in the presence of
live (see Table 1) or inactivated (see Table 2)
inductor cells, the use of the supernatant
led to an intensification of the synthesis of
bacteriocins, surface-active lipopeptides,
and antibiotics.

The effect of prokaryotic inductors
on the antimicrobial activity of microbial
surfactants of Nocardia vaccinii
IMYV B-7405, Acinetobacter calcoaceticus
IMYV B-7241 and Rhodococcus erythropolis
IMV AS-5017

Our own experimental studies [30—33]
have shown the possibility of regulating
the antimicrobial activity of surfactants of
N.vaccinii IMV B-7405, A. calcoaceticus IMV
B-7241 and R. erythropolis IMV AS-5017
by introducing live and inactivated cells of
B. subtilis BT-2 and E. coli IEM-1 into the
medium with ethanol and industrial waste
(waste sunflower oil, crude glycerol).

In the study [30], it was observed that
the presence in medium of N. vaccinii IMV
B-7405 cultivation with sunflower oil
(2% v/v), both live and inactivated cells
of B. subtilis BT-2 led to the production
of biosurfactants, antimicrobial activity
of which against test cultures (B. subtilis
BT-2, S. aureus BMC-1) was 3-6 times
higher compared to the levels established
for biosurfactants synthesized under
cultivation of strain IMV B-7405 without
the inductors.

Similar patterns were demonstrated
in studies with another biosurfactant
producer — A. calcoaceticus IMV B-7241 [31].
The results showed that live cells of B. subtilis
BT-2 were more effective inductors: in their
presence in a cultivation medium containing
crude glycerol (5% v/v), biosurfactants

27



BIOTECHNOLOGIA ACTA, V. 16, No 6, 2023

(eprjoso8ur wnuiwnono *ds
R auakyod) /3120 . Z [o}TuuBw LGGIN SNSow1L
1e PN T /3e0/9¢g UTPTOOWTY J wniodsfixo wniivsny / ¢INo[y ueaqAog saofiwoida.ys
I q%%oEMMo Pt : 9D18112.499 $22AU0LDYIIDS & q
sonoqruy
S /3w g 1eg /3w 9°¢gg 1T40H ‘ 2,80-QH s1sua1u1y1q
g¢ P'N soprpdadodry soprpdadodry ovzfilo ayjiodouso p\y 9800N{8 “YoIe}s saofiwoida.ls
S1UR}ORIINS [RIQOIITIN
(uoAr3 (uaA1d
(USAIS 10U UOT)RIJUSIUO0D) 10U JOqUINU UTE.X)S) auojdad j0u aoo_EEw ureuxjs)
124 N | e : ; wnuviunid snJ190q01ODT ¢ :
»UISOLSTPOIJ / 8210407122 ULI}Xo(q 1070211209
oe“wo:coam@ soofiwoydons
[ StuewS1d BIQOIOTWIIUY
(os1p/T 00T) 1281u
wWw [g JO 9U0zZ snypsaadsy
UOT}IQIYUT Y3MO.LH
(os1p/T 00T) oDIS109.499 (uoA13
WW GZ JO 9UO0Z PR m&o.;scuuam. 10U J9qUINU UTRJI)S)
UOT}IqTYUT [}MO.IL) w/ / J£281U sny18.1adsy /|
I \D< OWH w/Nv 08 9D18112.499 $22AU0ADYIIDS 5S011X5 913N
v (os1p/11 00T) €609 0oLV | oot | supouojoeg / £899 DLV ped s1112qns snj1ovg
wut ¢g o euoz A PoLstoRd ds sn)j1og / 06087
uonIqryur yimoay ’ OOLV sna4nv
$n20201fiydnig
(os1p/111 00T) gooer
wuI )7 JO 9uozZ SnounD
UORIQIYUL AMOIH $1220207fiydnis
SUTO0LI9}ORYg
8 L 9 ¢ 4 € 4 !
Ayanoe 010n0 - Jojonpurt
[eIqoJoTwI)U®e 103onpur Ure Moy M
Sooted Ayanoe Surururie)ep : J10}onput [esrsojorg 991108 J90npoag
-oJod [elqo-HdIUmuY ’ “Sm S911[0qB)oUW AIBPUOIIS o ) uoqred
S0aN)[NI-1S3J, Jo A%e.?_aomv UO0I)BI)UIIUO))
S911[0qB)9U AIBPUO0IAS JO A}IAI}IE [RIQOIITWIIUR PUE SISIYJUAS 91} UO SIO}ONPUI JO UOI}BAI}[NI J9}Je Jue)eusadns Jo 199)J
€219v.L

28



Reviews

Table 3 (Continued )

™ © 0 - )
N N N ™ N
g
B E
-—150
2=
. < | 9 | ENT
z Z. Z. z pol- =
+ 0o
282
o R
&)
\S]
. , . . SE
: : : : SPo
I | I | 'Su;ﬂl
! ' : : 235
S
S 3
{;’JB
G4y
. = o
Ex-5% |85~ §3 |5<| | 2%
[S] — e [S] [S] [S]
>;©,§E=<5 S| =0 | > g§
E‘_‘tﬁp:_a o g~ Eo 3
I>S®em | 3N 3~ | 3¢ =
R = © — < < SN | o gs
zZo e“ p4 Z:} Z 2 -2§
=| ‘oo
B o —
s| 2.8
e s°g
E= | 5-| E< |E_|E| =28
[S] (] (] SR
5. o Sw| Sw | | o g%
£ Ewv| 8w | 84| 5| 52
< < 00 < 00 N | < =8
- © - - - 1| =]
cvso <O T O < = (SR
Z Z Z Z 3 ﬁ
[«]
wn
RS g =8 g ol
Bl 3 - s | <] 8
25 § |S€8|§ |8 £
3 D 9 Yy ALo| %
SoSTRm| 3w JgB| 3w 23
=N Q‘ﬂ‘ 20 o
SS Ho DO S \Ne] ~ 3 O L
17 o N e N m:.p N 3'_4
SE2IkSi| S| BST| SR @
S W Im ) ﬁ%": ) 32
< Sdg 8 g RS s =
o)) )] o ) S
SS®X 3 3 3383 [
SSREET|E7|55E|E8Y | 5P
R G2T [T | BSER 3
[NJE = NS: o~ =
275 |5 |3587|3 s
AN <R | N &
IS ]
2% 2 3 2
o Q - o Q <
o X < Q Q ey
ek S| 2 | 2 7
o 8 ) @) a
(AN} [a\] [N I.§
« € ) € Q
= $2| S | €8 S
ST ST 2 | ST Egﬂ
S w S S o Sw S £
S % S S 3 S5 SE
S 28| B3 | &8 N =
2 2| 23 | 2= £E<n
5 22 Z° £ e 2A
Q23 ng| « 2 WS
N N N 2

Notes. N.d. — not determined; * — synthesis of new compounds not typical for monoculture.

fkk

Analysis of the published literature on
the effect of biological inductors of various
physiological states on the synthesis of
antimicrobial secondary metabolites (see
Tables 1-3) showed that the mechanisms
responsible for increasing the synthesising
ability of antimicrobial compound producers
are currently unclear. The researchers
identified some of them:

1) an increase in the synthesis of
antimicrobial compounds as a protective
mechanism against a competitive
organism; the producer recognised
particular proteins or receptors of
inactivated inductor cells [4];

2) the presence of heat-inactivated
inductor cells affected the expression
of genes related to the synthesis of
antimicrobial peptides [6];

3) the mechanism of interaction may be
due to direct contacts between the cells [8];

4) inactivated inductor cells contain
lysed compounds that can perform the role
of precursors for metabolite production
[10];

5) production of specific metabolites
by fungi that stimulated transcriptional
activation of a silent cluster of biosynthetic
genes for the biosynthesis of antimicrobial
compounds [27].

The available literature on the effect
of biological inductors on the synthesis of
antimicrobial compounds is much less than
the literature concerning co-cultivation of
microorganisms [1-3]. At the same time,
the using biological inductors to obtain
novel antimicrobial metabolites [12-15, 23,
29], increase the synthesis or activity of
already known ones [4—-11, 16—-22, 25-28]
is more technologically advanced, as such
processes are easier to scale and implement
(in particular, using inactivated inductor
cells).

At the same time, it is necessary to pay
attention to the costly growth substrates
used for the biosynthesis of secondary
metabolites. Obviously, the next stage
of research should be devoted to finding
lower-cost substrates for biosynthesis
and optimising the composition of culture
media. In addition, different scientists have
often used the same biological inductors for
different producers of various secondary
metabolites. Expanding the range of both
pro- and eukaryotic inductors should also be
taken into account in further studies.
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BIIJINB BIOJIOTTYHUX IHAYRTOPIB HA CHHTES TA BIOJIOITYHY ARTHBHICTD
MIKPOBHHUX METABOJIITIB

T.II.IIupoz L2 M. C. Isanos!

'Hayionanvruii YHigepcumem xapio6ux mexHoso2iil
2Inemumym mixpoGionozii i eipyconozii im. JI. K. 3a6oromuozo HAH Yrpainu

E-mail: tapirog@nuft.edu.ua

3pocTaioua aHTHO0iIOTUKOPE3NCTEHTHICTD € CePH03HO0I0 TPodaeMoro 1Jis JioacTBa. Cinbae (koMOiHOBaHE)
KYJIbTUBYBAHHA MiKPOOPraHisMiB € MepCIeKTUBHUM METOJOM AJIA OTPUMAHHA HOBUX aHTUMiIKDPOOHUX
MeTabosiTiB. IlepcrieKTUBHUM BapiaHTOM CIiJIBHOTO KYJbTHUBYBAHHSA MiKPOOPTaHi3MiB € BUKOPUCTAHHSA
TaK 3BAHUX 010JIOTIUHUX iHAYKTOPiB.

Mema ornsany — ysarajJlbHeHHS HASBHUX Y JIiTepaTypi HAYKOBUX HOCIi:KeHb, 1[0 CTOCYIOThCSA BILJIUBY
(disiosoriuno pisHuxX TUOIB GiosoriuHMx iHAYKTOPiB Ha cuHTE3 Ta 6i0JOTriUuHY aKTHBHICTH MiKpPOOHUX
BTOPUHHUX MeTaboJIiTiB.

Amanis gaHux JgiTepaTypu IoKasaB, IO ¥ TaKUX AOCTiMKeHHIX KUBi a00 iHAKTUBOBaHI KJIITUHU
iHAYKTOpa BHOCATH y CEPEIOBUIIE Yy 3HAYHO HUIKYiMl KOHIIeHTPAIlil TOPiBHAHO 3 KJIITUHAMU IIPOAYIIEHTA
IiJILOBUX MeTa00JiTiB, a00 AK IHAYKTOP BUKOPUCTOBYIOTH cymepHATaHT ((iabTpaT) micas BUPOITyBaHHA
KOHKYPEeHTHOTO MiKpooprauismy.

3rifHo JaHuUX JIiTepaTypH i BJIaCHUX eKCIepUMEeHTAJbHUX MOCHi:KeHb BUKOPUCTAHHA iHAYKTOPIB €
eeKTUBHUM CIIOCOO0M He TiTbKU iHTeHcudikaIlii cuHTe3y 6aKTePioUHIB, TOBEPXHEBO-aKTUBHUX PEYOBUH,
aHTHOIOTUKIB, a ¥ MiABUIMEHHS IX 0i0JOTiUYHOI aKTUBHOCTI, a TAKOMK YaCTO CYIIPOBOMKYETHCA YTBOPEHHAM
HOBUX aHTUMiKPOOHUX CIIOJNYK, HE XapaKTEePHUX AJA IPOLYIeHTA.

PasoMm 3 TuM moTpebyOTh IOJAJBIINX MOCHIKeHb MeXaHisMu il iHAYKTOPiB Ha cuHTe3 0i0J0TriuHO
AKTUBHUX CIOJIYK, OCKiJIbKM 3a JAHUMHU JIiTepaTypu iX BHECEHHA y KYJAbTYPY NPOAYIIEHTA He 3aBXKIU
CYIIPOBOKYBaJIOoCS iHTeHcu(iKallielo CUHTE3y MiJboBUX MPOoAyKTiB. Kpim Toro, Giosoriuna akTUBHICTH
BTOPUHHUX MeTabOJIiTiB 3aJI€KUTH Bii YMOB KyJbTUBYBaHHSA IPOAYIIEHTA, Y TOMY UHMCJi Bif HaaBHOCTI
GiosoriuHMX iHAYKTOPiB ¥ cepemoBuIili. ToMy BaKJIUBUM € IPOBEAEHHS MOMAJBINNX AOCTIMKEHDb IT0I0
B3a€MO/Jil IPOAYIIEHTIB 3 KOHKYPEHTHUMHU MiKpoopraHisMamMu AJsd KOHTPOJIO 0iosoriunoi akTHBHOCTI
CUHTe30BaHUX MeTaboaiTiB. HeoOXigHMM € TAKOK MOIIYK OeIleBIINX cyOcTpaTiB AJasa OiocuHTe3y
BTOPUHHUX MeTa00JIiTiB, ONITHMIi3allid CKIaLy HOKUBHUX CEPEIOBUII i POSIIUPEHHS CIEeKTPY AK IIPO-, TaK
i eykapioTUYHHX iHTYKTOPiB.

Knawuosi cnosa: crinbHe KyJIbTUBYBAaHHS; iHAYKTOP; (isiosmoriunmit cTraH iHAYKTOpAa; aHTUMiKPOOHi
MeTaboJIiTH.
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