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OPTIMIZATION OF ISOLATION AND PURIFICATION
OF THE BACTERIOCIN FROM ENTEROCOCCUS
ITALICUS ONU 547 BY ANION-EXCHANGE
CHROMATOGRAPHY

Aim. The aim of the work was to optimize isolation and purification of the
bacteriocin from E. italicus ONU 547, which has biotechnological potential
by low pressure anion exchange chromatography. Methods. Anion exchange
chromatography by the BioLogic LP system with the cartridge Bio-Scale Mini
Macro-Prep High Q was used for isolation of the bacteriocin from the culture
liquid and for its partial purification. Two-step and three-step elution protocols
were tested in order to increase yield of the bacteriocin and its purity. Results.
The bacteriocin from culture liquid of E. italicus ONU 547 (320 AU/mL) was
isolated and partially purified by anion-exchange chromatography with low-
pressure system. The slightly alkaline hydrogen potential (pH = 8.0) of culture
liquid and mobile phase was suitable for effective binding of the bacteriocin to
the column with a positive charged matrix. The two-step (10% and 100% Buffer
B with 1 M NaCl) elution procedure resulted in 4.4% yield of the bacteriocin,
while three-step elution (10%, 50% and 100%) — 5%. The simplified procedure
for bacteriocin isolation and purification is proposed. Conclusions. Low pressure
anion-exchange chromatography with pH 8.0 of the mobile phase is effective for
isolation of the bacteriocin directly from culture liquid of E. italicus ONU 547 and
for its partial purification. Three-step elution procedure with 10%, 50% and 100%
IM NaCl leads to higher purity and yield of the bacteriocin.

Key words: bacteriocin, Enterococcus italicus, anion exchange chromatogra-
phy, peptide purification.

The problem of antibiotic resistance due to growing number of bacterial
strains which are not sensitive to known antibiotics is one of the most important
challenges in modern medicine worldwide which leads to 700000 deaths every
year [1]. Among the infections caused by bacterial strains resistant to antibiotics,
skin and wound infections, including with purulent complications are especially
spread. The major pathogens are methicillin-resistant Staphylococcus aureus,
Pseudomonas aeruginosa and Acinetobacter baumannii [8, 11].

The increasing problem of antibiotic resistance in pathogenic bacteria led to
search their possible alternativei and ones of the most important among them are

© A.T. Mepmiu, H. B. baunncekuii, K. C. Ilerpenko, I. B. Jlictotin, B. O. IBanu, 2025
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bacteriocins from lactic acid bacteria (LAB) [1, 10]. Bacteriocins are antimicrobial
peptides or proteins which are synthesized by ribosomes and show inhibitory
activity against different species of bacteria [10].

In our previous research the bacteriocin from the strain Enterococcus italicus
ONU 547 was partially purified and characterized. It showed promising inhibitory
activity against some opportunistic pathogens, including wound infections.
However, the tested classical four-step purification procedure, which included
precipitation by 70% ammonium sulfate, ion-exchange chromatography and
hydrophobic chromatography performed by Sep-Pak vacuum cartridges followed
by reversed-phase high performance liquid chromatography, was not effective
to obtain this antimicrobial compound [9]. Moreover, this procedure is complex
and rather expensive. Unlike this approach, the ion-exchange chromatography
alone looks much simpler and according to the literature data can result in high
bacteriocin yield [10].

The information on bacteriocins from E. italicus species is scarce and only
several publications can be found in scientific literature [5, 9]. To study bacteriocins
from a theoretical and practical point of view their purification always is needed
[10]. Moreover, one of the major drawbacks for usage of bacteriocins in clinical
practice is low yield and high price of bacteriocin preparations. To make bacteriocin
production possible in large-scale and cost-effective the known purification
procedures have to be simplified [1].

Thus, the aim of this work was to optimize isolation and purification of the
bacteriocin from E. italicus ONU 547, which has biotechnological potential by low
pressure anion exchange chromatography

Materials and methods

The LAB strain E. italicus ONU 547 was used as a bacteriocin producer.
This strain was isolated in our previous work from fermented plant material and
for which the ability to produce a bacteriocin with a biotechnological potential was
established [9].

As an indicator strain to determine the activity of the bacteriocin before and
after purification, Lactobacillus sakei subsp. sakei JCM 1157 was used with known
sensitivity to this antimicrobial compound [9].

The strains were stored at — 80 °C with 20% glycerol and activated by
subculture in MRS (de Man, Rogosa and Sharpe) broth at 37 °C for 24 hours [3].

To obtain culture liquid from E. italicus ONU 547 with the bacteriocin the
producer strain was inoculated in 200 mL and cultivated at 37 °C for 24 hours.
After incubation, the culture was centrifuged at 10,000 x g (+4 °C, 10 min). The pH
of the collected supernatant (CFS) was adjusted to 7.0 using 1 M NaOH [7].

The activity of the bacteriocin in the CFS was determined by the agar well
diffusion assay against L. sakei subsp. sakei JCM 1157 (10° cells/mL) with two-
fold serial dilutions in 0.2 M potassium phosphate buffer according to [6]. The
same phosphate buffer and MRS broth were used as controls.

The amount of arbitrary units of the bacteriocin activity per mL (AU/mL)

was determined by the following formula: AU
T (1000+V)x D
m )
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where: V — volume of the sample poured into the well (50 uL), D — the last dilution
that still results in the appearance of inhibitory activity against the indicator strain
[6].

The isolation of the bacteriocin directly from the CFS and its purification
were carried out using anion exchange chromatography with a BioLogic LP
chromatography system and a Bio-Scale Mini Macro-Prep High Q Cartridge
(BioRad, USA). Liquid chromatography was performed according to [4, 6] with
significant modifications.

The Buffer A (20 mM Tris-HCI, pH 8.0) and the Buffer B (20 mM Tris-
HCI, 1 M NaCl, pH 8.0) were used as the mobile phase at a flow rate of 1 mL/min
[4]. The pH of the prepared buffers was adjusted to 8.0 with concentrated HCI.
Then, the prepared solutions were filtered and degassed using an acetate filter and
a Bunsen flask with a New Aspiret vacuum pump (Ca-Mi, Italy).

Thereafter, the pH of the CFS was adjusted to 8.0 using 1 M NaOH to provide
the bacteriocin with a surface negative charge and filtered through a MillexGS MF-
Millipore MCE Membrane syringe filter (Merck, Germany) with a pore diameter
0f 0.22 um.

The chromatographic system was first washed with deionized water, then the
Buffer A was passed through the system to measure its conductivity. After that, the
column was activated with the Buffer B and equilibration was performed with the
Buffer A. After stabilization the conductivity parameters, 2 mL of the filtered CFS
were loaded into the sample loop and introduced to the column by the Buffer A.
The same buffer was also used to wash the column

In order to optimize purification process the two elution protocols were tested.
The first one was the two-step elution procedure with 10% Buffer B followed by
100%. The second elution protocol included three-step elution with 10%, 50%, and
100% Buffer B.

Each time after the increase in optical density, 1 mL samples were collected
using a fraction collector into plastic microtubes and concentrated twice by
evaporation using a TECHNE concentrator (Cole-Parmer, Germany) at 60 °C and
nitrogen. As controls, CFS was used, which was loaded into the column, as well as
Buffers A and B. After concentration, the samples were cooled, adjusted to neutral
pH and tested for antimicrobial activity by the agar well diffusion assay, as described
above. The active fractions after elution were pooled, two-fold serially diluted and
tested for inhibitory activity to determine AU/mL, which depends on the protein
concentration, as mentioned above. Yield of the bacteriocin was calculated based
on sample volumes and AU/mL. The experiments were performed three times.

Results and discussion

Preparaition of CFS containing bacteriocin

At the beginning of the study, 200 mL of CFS from E. italicus ONU 547
with inhibitory activity 320 AU/mL against L. sakei subsp. sakei JCM 1157 were
obtained. The CFS with inhibitory activity of the same level was obtained in our
previous work [9] indicating stable bacteriocin synthesis of this enterococci strain,
even after long storage.

8 —— ISSN2076-0558. Mixpobionoeis i 6iomexnonoeisn. 2025. Ne 2. C. 6-15 —
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The presence of inhibition against L. sakei subsp. sakei JCM 1157 in our
experiments indicated only the activity of the antibacterial peptide, as was confirmed
in our previous study by treatment of CFS with Proteinase K [9]. The AU/mL can
allow suppose concentration of a bacteriocin without other sophisticated methods.
This approach is standard in the study of LAB bacteriocins [6, 7]. It is known
that bacteriocins, which are proteins or peptides by their chemical nature, exhibit
antibacterial properties [2].

Isolation and purification of the bacteriocin by the ion-exchange
chromatography with two-step elution

In order to optimize the purification of the bacteriocin from E. italicus
ONU 547, the anion exchange chromatography method with the BioLogic LP
chromatography system was used. The Bio-Scale Mini Macro-Prep High Q
Cartridge column (BioRad, USA) was chosen as the stationary phase. Two elution
options were tested: the first involved two steps, which were performed with 10%
and 100% Buffer B, and the second involved three steps, performed with 10%, 50%
and 100% of this solution.

As aresult of the two-step elution procedure a chromatogram with four peaks
was obtained (Fig. 1). The first peak, with a Rt of 0-5 min, corresponds to the
stage of sample loading, the second and third with a time of 25 and 35 min — to
the first elution (10% Buffer B), and the fourth, which was the largest peak and
which appeared at 40 min of the experiment, corresponded to the second elution
performed with 100% Buffer B.

The fractions were collected when increase in absorbance was observed on
the chromatogram (green dots) and their antimicrobial activity was tested against
L. sakei subsp. sakei JCM 1157 in order to detect the bacteriocin. It was found that

Al
s

oo '
\ 10%B  100%B T
b I ——E e (V4 NI Y )
R ... ..., S B ELL S
L_Y_}k v A T H_/
1 2 3 4

Fig. 1. Chromatogram of the purification process of the bacteriocin from E. italicus
ONU 547 by anion exchange chromatography with two elution steps
Footnote: 1 — sample loading step, 2 — washing step, 3 — first elution step,
4 — second elution step
absorbance, conductivity
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the highest antimicrobial activity and, accordingly, the highest concentration of the
bacteriocin, were present in fractions Nel18 and 19 collected at 42 and 43 min of the
experiment, respectively (Fig. 2). These fractions were collected at the second step
of elution, which was carried out with 100% Buffer B. Therefore, only part of the
fourth peak corresponds to the studied bacteriocin, and the rest of it is represented
by other contaminant proteinaceous compounds, which were eliminated during the
purification process.

N
R

Fig. 2. Results of testing the antimicrobial activity of fractions obtained after anion
exchange chromatography with two-step elution (10%, 100% Buffer B) against L. sakei
subsp. sakei JCM 1157
Footnote: 1-6: sample loading step, 7—10: first elution step, 14, 16-20: second elution step; MRS
— MRS broth, A — Buffer A, B — Buffer B (controls); I — zones of growth inhibition
of the sensitive indicator strain

In addition, antimicrobial activity and, accordingly, the bacteriocin were
absent in two peaks corresponding to the first elution step, which indicates that they
are represented by other peptides or proteins. The absence of an increase in optical
density during the washing step indicates a strong binding of this biomolecule
under the study conditions to the column matrix by electrostatic interactions and,
accordingly, the correct selection of the pH value of the CFS and buffers to provide
the bacteriocin with a surface negative charge, which was slightly alkaline (8.0).

The two active fractions were pooled together resulted in a sample “EI” of
0.35 mL volume with 80 AU/mL.

Partial purification of the bacteriocin by the three-step elution procedure

The second variant of ion-exchange chromatography involved three elution
steps by sequentially passing through the system 10%, 50%, and 100% Bufter B, As
aresult of the experiment, three peaks were observed on the obtained chromatogram,
corresponding to the elution steps (Fig. 3).

10 ——  ISSN 2076-0558. Mixpo6ionozin i 6iomexnonozia. 2025. Ne 2. C. 6-15 _



OIITUMIBALIA BUJUUIEHHA TA OYMCTKH BAKTEPIOLIMHY ...

10 ,\
. N é
0B f \
[\ 100% B
a4 r;,/\ 1 0% B |l.I 50% BR I!,"\‘\
0z _f"f ) - B . ""-"_/}(.__.___
| geesse 90000 99060000 oem
o o o l. ,ti,: Rt {min}y k “ Jr w\—Y—} =
1 2 3 4 5

Fig. 3. Chromatogram of the purification process of the bacteriocin with three elution steps
Footnote: 1 — sample loading step, 2 — washing step, 3 — first elution step,
4 — second elution step, 5 — third elution step
absorbance, conductivity

The first elution peak, presented by compounds eluted from column by 10%
Buftfer B, appeared at 25-30 min of the experiment and was, as in the previous
elution protocol, small. The second highest peak, appeared at approximately 40 min
of the chromatography by passing 50% Buffer B, and the third peak, eluted from
the column by 100% buffer B, had a retention time (Rt) of 50—52 min.

After testing the antimicrobial activity against L. sakei subsp. sakei JCM
1157, the bacteriocin was detected in fractions Ne18, 19 and 20, which corresponded
to the main peak area of the second elution step (50% Buffer B). The Rt of the
bacteriocin in this protocol was 40—42 min. The absence of antimicrobial activity
in the first and third elution peaks indicate that they correspond to contaminants.

As in the previous elution procedure, the active fractions (Nel8, 19 and 20)
were pooled in one tube. The resulted volume of the purified bacteriocin (“EII”)
after the three-step elution was 0.8 mL and the antimicrobial activity — 40 AU/mL,
which were compared with the results of the two-step elution procedure (Table 1).
The obtained results in this work are much better than in previous one, when the
classic four-step purification procedure was applied, which resulted only in 20 AU/
mL [9].

Table 1
Antimicrobial activity of the bacteriocin fractions obtained by anion exchange
chromatography with two and three elution steps

Sample Volume, mL AU/mL Yield, %
CFS 2 320 100
EI (two-step elution) 0.35 80 44
EII (tree-step elution) 0.8 40 5
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It was found that the yield of purified antimicrobial compounds after the first
variant of the experiment was 4.4%, and after the second — 5%. The results of this
work are in agreement with the data of other scientists who also carried out the
purification of enterococcal bacteriocins. Thus, it was reported that after a five-step
purification procedure, which is much more complex, the yield of enterocins was
4% [6]. The further experiments on improvement of our results are now in progress.

To our knowledge, this is the first report on effective isolation and purification
of a bacteriocin from the E. italicus species by anion-exchange chromatography.
The purification procedure of other bacteriocins produced by the strain E. italicus
GGN 10 was realized by precipitation with 60% ammonium sulfate followed
by two steps of reversed-phase chromatography. However, yield of the purified
compounds was not determined [5].

As for the purity of the obtained fractions, the bacteriocin sample obtained
after anion exchange chromatography with three elution steps (EII) looked much
clear compared to the control, which was used throughout the work as CFS. In
addition, it should be noted that both obtained elution samples were transparent,
unlike CFS, in which even after the filtration, undissolved particles were observed,
which may be components of the MRS medium that were poorly dissolved as well as
aggregated peptides. In our further work we plan to perform protein electrophoresis
to additionally assess the purity of the bacteriocin after mentioned chromatography
procedures.

Thus, the purification process of the bacteriocin from E. italicus ONU 547
was optimized using anion exchange chromatography with the BioLogic LP system
and the Bio-Scale Mini Macro-Prep High Q Cartridge column from BioRad (USA).
As a result of the tested two protocols of step elution it was found that the best
bacteriocin yield, which was 5%, and the highest level of purity were observed after
using a three-step elution, which involves the step passage through the system of
10%, 50% and 100% Buffer B containing 1M NacCl. This isolation and purification
procedure is simple, does not require preliminary concentration and purification
stages, and can be used to obtain purified samples of the bacteriocin from E. italicus
ONUS547 for its further study and application in biotechnology.

A. T. Mepuiu, H. B. baunncskuii, K. C. Ilerpenko,
I'. B. Jliciotin, B. O. IBanuus
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OIITUMIBALIA BUJIJIEHHS TA OUUCTKH
BAKTEPIOUMHY ENTEROCOCCUS ITALICUS _
OHY 547 3A JOIOMOI' OO0 AHIOHOOBEMIHHOI
XPOMATOTI PA®II

Pe3rome
Mema. Memoro pobomu 6yra onmumizayis 6UOLIeHHs. Ma OYUUjeHHs bakmepio-
yuny 3 E. italicus OHY 547, sixuili mae 6iomexHono2iuHuil nNomenyia, 3a 00nomo-
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2010 aHiOHO0OMIHHOI Xpomamoepa@ii Huzbkoeo mucky. Memoou. s eudirenns
bakmepioyuny 3 KyIbmypaibHoi piouHu ma 1o2o 4dcmko8020 OYUUeHHs BUKO-
PUCMOBYBANU AHIOHOOOMIHHY Xpomamozpagito, wo 30ilUCHIO8anU 3a 0ONOMOZOI0
cucmemu BioLogic LP 3 kapmpudacem Bio-Scale Mini Macro-Prep High Q. /[ns
30inbUen s 8UX0JY Dakmepioyuny ma 1o2o yucmomu 6y10 unpooysano npomo-
KOU 080X KPOKOBOI ma mpbox kpokoeoi enioyii. Pezynomamu. Baxmepioyun 3
rkyaemypanonoi piounu E. italicus OHY 547 (320 BO/mn) 6yno eudineno ma ua-
CMKOBO OYUWEHO 3d OONOMO20I0 AHIOHOO0OMIHHOL Xpomamoepadii 3 cucmemoro
Huzvkoeo mucky. Cnabonyxcrnuii 6ooneguil nomenyian (pH=8,0) kyremypanovnoi
piounu ma pyxomoi gpazu 6ye npuoamuum Oiisi epeKmueHo20 36'13y6ants 6aK-
mepioyuHy 3 NO3UMUBHO 3APAOHNCEHUM MAMPUKCOM KONOHKU. J{eocmynenesa npo-
yeoypa emoyii (10% ma 100% oygepy B 3 1 M NaCl) npussera 0o euxody bax-
mepioyuny 4,4%, mooi six mpucmynenesa enioyis (10%, 50% ma 100%) — 5%.
3anpononosano cnpoweny npoyedypy UOiNeHHs MA oYU eHHA 6AKmMepioyuHis.
Bucnosku. Anionooominna xpomamozpagis nuzvrko2o mucky 3 pH 8,0 pyxomoi
Gasu e echexmusnoio ons 6udinenns bakmepioyuny 6e3nocepeorvo 3 KyJbmypaib-
noi piounu E. italicus OHY 547 ma 0ns tioeo uacmrosoeo ouuwjenns. Tpucmyne-
nesa npoyeoypa emnroyii 3 10%, 50% ma 100% 1 M NaCl npuzeooums 0o euuyoi
yyucmomu ma euxo0y Oaxkmepioyuny.

Knwuogi crnosa: 6axmepioyun, Enterococcus italicus, anionoobminna xpoma-
moepagis, ouuwenns nenmuois.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. Almeida-Santos A.C., Novais C., Peixe L., Freitas A.R. Enterococcus spp.
as a producer and target of bacteriocins: a double-edged sword in the
antimicrobial resistance crisis context / Antibiotics. — 2021. — V. 10: 1215.
Doi: 10.3390/antibiotics10101215

2. Bemena L.D., Mohamed L.A., Fernandes A.M., and Lee B.H. Applications of
bacteriocins in food, livestock health and medicine // International Journal of
Current Microbiology and Applied Sciences. — 2014. — V. 3. — P. 924-949.

3. De Man J.C., Rogosa M., Sharpe M.E. A medium for the cultivation of
Lactobacilli // Journal appl. Bacteria. — 1960. — V. 23(1). — P. 130-135.

4. Frank D. SQP: anion exchange chromatography of green fluorescent protein
(GFP) using the AKTA Pure system. — 2016. — P. 15. Pexxum moctymy:
https://biomanufacturing.org/uploads/files/125829292942807316-anion-
exchange-chromatography-of-green-fluorescent-protein-gfp-using-the-akta-
pure-system.pdf

5. Gaaloul N., Braiek O.B., Berjeaud J.M., Arthur T., Cavera V., Chikindas M.,
Hani K., Ghrairi T. Evaluation of antimicrobial activity and safety aspect of
Enterococcus italicus GGNI10 strain isolated from Tunisian bovine raw milk
// Journal of Food Safety. — 2014. — V. 34. — P. 300-311. Doi: 34. 10.1111/
jfs.12126

6. H-Kittikun A., Biscola V., El-Ghaish Sh., Jaffres E., Xavier D., Pillot G.,
Haertle T., Chobert J.-M., Hwanhlem N. Bacteriocin-producing Enterococcus
faecalis KT2W2G isolated from mangrove forests in southern Thailand:
Purification, characterization and safety evaluation // Food Control. — 2015.
—V.54. —P. 126—134. Doi: 10.1016/j.foodcont.2014.12.037

— ISSN 2076-0558. Mixpobionozis i 6iomexnonoeia. 2025. Ne 2. C. 6-15 —— 13



A. T. Mepuiy, H. B. Baunncekuii, K. C. Ilerpenko, I'. B. Jliciotin, B. O. IBanuns

7. Hwanhlem N., Chobert J.-M., H-Kittikun A. Bacteriocin-producing lactic acid
bacteria isolated from mangrove forests in southern Thailand as potential
bio-control agents in food: Isolation, screening and optimization // Food
Control. — 2014. — V. 41. — P. 202-211. Doi: https://dx.doi.org/10.1016/j.
foodcont.2014.01.021

8. Ilyas F, James A., Khan S., Haider S., Ullah S., Darwish G., Taqvi S.A.H.R.,
Ali R., Younas Q., Rehman A. Multidrug-resistant pathogens in wound
infections: a systematic review // Cureus. — 2024. — Ne 16(4). — ¢58760.
Doi: 10.7759/cureus.58760

9. Merlich A., Galkin M., Choiset Y., Limanska N., Vasylieva N., Ivanytsia V.,
Haertlée T. Characterization of the bacteriocin produced by Enterococcus
italicus ONU547 isolated from Thai fermented cabbage // Folia Microbiol
(Praha). —2019. — V. 64. — P. 535-545. Doi: 10.1007/s12223-019-00677-4

10. Pingitore E.V., Salvucci E., Sesma F., and Nader-Macias M.E. Different
strategies for purification of antimicrobial peptides from lactic acid bacteria
(LAB) // Communicating Current Research and Educational Topics and
Trends in Applied Microbiology. — 2007. — P. 557-568.

11. Rakotondraoelina L.M., Rakotovao-Ravahatra Z.D., Rafaramalala S.S.,
Rakotovao A.L., Rasamindrakotroka A. Antibiotic resistance and associated
factors with purulent skin infections due to Staphylococcus aureus //
Archives of Microbiology and Immunology. — 2022. — Ne 6. — P. 289-293.
Doi: 10.4081/jphia.2023.2307

REFERENCES

1. Almeida-Santos AC, Novais C, Peixe L, Freitas AR. Enterococcus spp. as a
producer and target of bacteriocins: a double-edged sword in the antimicrobial
resistance crisis context. Antibiotics. 2021; 10: 1215. Doi: 10.3390/
antibiotics10101215

2. Bemena LD, Mohamed LA, Fernandes AM, and Lee BH. Applications of
bacteriocins in food, livestock health and medicine. International Journal of
Current Microbiology and Applied Sciences. 2014; 3: 924-949.

3. De Man JC, Rogosa M, Sharpe ME. A medium for the cultivation of
Lactobacilli. Journal appl. Bacteria. 1960; 23(1): 130-135.

4. Frank D. SQP: anion exchange chromatography of green fluorescent protein
(GFP) using the AKTA Pure system. 2016: 15. https://biomanufacturing.org/
uploads/files/1258292929428073 16-anion-exchange-chromatography-of-
green-fluorescent-protein-gfp-using-the-akta-pure-system.pdf

5. Gaaloul N, Braiek OB, Berjeaud JM, Arthur T, Cavera V, Chikindas M,
Hani K, Ghrairi T. Evaluation of antimicrobial activity and safety aspect of
Enterococcus italicus GGN10 strain isolated from Tunisian bovine raw milk.
Journal of Food Safety. 2014; 34: 300-311. Doi: 34. 10.1111/jfs.12126

6. H-Kittikun A, Biscola V, El-Ghaish Sh, Jaffrés E, Xavier D, Pillot G, Haertlé
T, Chobert J-M, Hwanhlem N. Bacteriocin-producing Enterococcus faecalis
KT2W2G isolated from mangrove forests in southern Thailand: Purification,
characterization and safety evaluation. Food Control. 2015; 54: 126—134.
Doi: 10.1016/j.foodcont.2014.12.037

14 ——  ISSN 2076-0558. Mixpo6ionozia i 6iomexnonozia. 2025. Ne 2. C. 6-15 _—



OIITUMIBALIA BUJUUIEHHA TA OYMCTKH BAKTEPIOLIMHY ...

7.

10.

I1.

Hwanhlem N, Chobert J-M, H-Kittikun A. Bacteriocin-producing lactic acid
bacteria isolated from mangrove forests in southern Thailand as potential bio-
control agents in food: Isolation, screening and optimization. Food Control.
2014; 41: 202-211. Doi: https://dx.doi.org/10.1016/j.foodcont.2014.01.021
Ilyas F, James A, Khan S, Haider S, Ullah S, Darwish G, Taqvi SAHR, Ali R,
Younas Q, Rehman A. Multidrug-resistant pathogens in wound infections: a
systematic review. Cureus. 2024;16(4): €58760. Doi: 10.7759/cureus.58760
Merlich A, Galkin M, Choiset Y, Limanska N, Vasylieva N, Ivanytsia V,
Haertlé T. Characterization of the bacteriocin produced by Enterococcus
italicus ONU547 isolated from Thai fermented cabbage. Folia Microbiol
(Praha). 2019; V. 64: 535-545. Doi: 10.1007/s12223-019-00677-4
Pingitore EV, Salvucci E, Sesma F, and Nader-Macias ME. Different strategies
for purification of antimicrobial peptides from lactic acid bacteria (LAB).
Communicating Current Research and Educational Topics and Trends in
Applied Microbiology. 2007: 557-568.

Rakotondraoelina LM, Rakotovao-Ravahatra ZD, Rafaramalala SS,
Rakotovao AL, Rasamindrakotroka A. Antibiotic resistance and associated
factors with purulent skin infections due to Staphylococcus aureus. Archives
of Microbiology and Immunology. 2022; 6: 289-293. Doi: 10.4081/
jphia.2023.2307

Crarts Haniinma no penakuii 12.09.2025 p.

— ISSN 2076-0558. Mixpobionozis i biomexnonoeis. 2025. Ne 2. C. 615 —— 15



DOI: https://doi.org/10.18524/2307-4663.2025.2(64).337010
VIIK: 579.[266:504.06+222:577.15+64]+546.3

0. JI. MacaoBcbka, C. SI. KomniikeBuy, B. I. Bynsk,
O. M. Mopos, C. O. I'natym

JIbBiBCHKMH HalliOHANBHHUI yHIBepcuTeT iMeHi [Bana dpanka,
ByiL. ['pymeBcekoro, 4, M. JIbBiB, 79005, Ykpaina,
e-mail: svitlana.hnatush@lnu.edu.ua

PITOCTUMYJIIOBAJIBHI BJTACTUBOCTI
METAJIOPE3UCTEHTHUX BAKTEPIH, BUILIEHUX
3 PUBOCDEPU COLOBANTHUS QUITENSIS (KUNTH)

BARTL. (O. ZECEIIIIH, MOPCBKA AHTAPKTHUKA)

Bpaxosyrouu sminu kaimamy, 3a0pyOHeHHsA TPYHMIE 8HACAIOOK OIANbHOCHI 00U~
HU, 30KpemMa BiliCbKO8UX Oitl, BUOLIeHHs CMIUKUX 00 YUHHUKIE cepedosuuyd MiKpo-
opzanizmie 3 imocmumyniosanrbhumu eracmugocmamu € akmyanbuum. Cepedo-
BUA 3 EKCIMPEMATILHUMU YMOBAMU € 0AHCEPETOM OISl BUOLTEHHA MIKPOOP2AHIZMIE,
SAKI MOXCYMb MaAmuy Nepcnekmusy uKopucmanus 6 oiomexnonozii. Mema poéo-
mu: docnioumu 30amuicms MemaiopesUCmMeHmHUX 2a10MoLePAHMHUX (301Mmi8
baxkmepitl, sudinenux i3 sonu pusocepu C. quitensis (Kunth) Bartl. (o. [lecenun,
Mopcvka Aumapkmuxka), cunmesysamu cudepogopu i ayKCuHOnoOiOHI CnoyKu,
@ixcyeamu MoneKyIAPHULL a30m, COMoDINI3Y6amu CROLYKYU YUHKY, CUHME3VEamu
oesxi hepmenmu ma cmumynrogamu picm apoi nuwenuyi Triticum aestivum copmy
Tybalt, a maxoarc 6idibpamu nepcnekmugHi wimamu 05 i0eHmugikayii ma exio-
YeHHs1 00 CK1ady MIKpoOHUX npenapamis. Mamepianu i memoou. Buoinenns izo-
asmie baxmepii ma 00CHiOHCeHHs IXHIX gracmugocmeti NPOBOOUNU KIACUYHUMU
MikpobionoziuHumu Memooamu. 30amuicms npodyKyeamu cuoepodopu euUAIAIU
3 BUKOPUCIMAHHAM Xpomazypory S i eekcadeyuimpumemuiamonitl 6pomioy, ayk-
cuHonoodibni cnonyku — 3 peaxmusom Canvkoscvkozo. Hacinna nwenuyi iHoky-
J08AU CYcneH3iAMY bakmepiti ma sucisanu y IpyHm. J{ocaiodxcysanu cxoxcicms
HACIHHA, 80102ICMb, CYXY MACY, 6MICI NieMeHMI8 V JTUCKAX, MOPPHOMEempuyHi
nokazuuxku npopocmkie. Pesynomamu. [llicmo 3 19 gioibpanux earomonepanm-
HUX Memanope3uUcmeHmuux i3onamie oaxmepit, sKi ymeoprosanu cudepogopu,
AYKCUHONOOIOHI CRONYKU Ma 34 HAABHOCMI eH3umamuyHoi akmusnocmi (D388 i
D391 — aminasnoi, D389 i D394 — npomeasnoi, D390 — ninasnoi, D395 — npo-
measHoi, aminazHoi, 1ina3Hol, 1eyumuHazHol, yenonazHoi) 8ioiopaiu 011 0ocii-
0dicenHs 6naU8y Ha picm nuienuyi. 3azanvrutl emicm xa0poginy 0ye Hatbinbuum
y aucmkax nueHuyi, oopoobnenoi izonamamu D389 i D388. Bmicm xaopoghiny a y
aucmkax nuenuyi, oopoobnenoi izonamamu D389, D395 i D388 oye na 13,4-28,7%
BUWUM, NOPIGHANO 3 Konmpoaem. Havisuwuii emicm cudepoghopie suseneno y ce-
peoosuwi Kynomuegysanusa izonamy D388 (10,94+1,2 ym. 00.), aykcuHonoOdionux
cnonyk (10,93+1,0 mxe/mn) — izonamy D387. Bucnoeku. Memanopesucmenmui
eanomonepanmui izonamu baxmepii i3 puzocghepu C. quitensis eusagiaoms Qimo-
CMUMYTIOBANLHULL BNAUG HA PICM NueHuYyi. 3a 30amuicmio cunme3yeamu cuoepo-
opu, aykcunonodioni cnonyku, gixcysamu N, comodinizysamu ZnQO, cmumynio-
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samu picm T. aestivum, HAS6HICMIO AMINA3HOT aKMUHOCMI OISl [0enmu@ikayii
ma nepegipxu y cxnadi bakmepiinoco npenapamy gioiopanu izonsim D388.

Knwuoei crosa.: anmapkmuyHi MiKpOOpeanizmu, Qimocmumyniosaibhi dax-
mepii, cudepogopu, aykcunonodioni CROIYKU, Memanope3ucmenmui Mikpoopeaa-
HIZMU.

Puzocdepa — 30Ha rpyHTY B Mekax KIJTbKOX MUTIMETPIB, 1[0 OTOYYE KOPIH-
Hs1 pociuH. Ii XapakTepusye miaBuIieHa 6ioJoriyHa aKTUBHICTh 3aBJSKM BILTHBY
PI3HUX CHOJNYK, K1 BUIUIAIOTH KOPEHEBA CUCTEMa POCIMHY Ta MikpobioTa. Mikpo-
Oprasi3Mu puzocqepu BIUTUBAIOTh Ha KUTTEAISUIbHICTh pociuH. Cepen HUX € sIK
MaTOTeHHI, TaK 1 ¢piTocTumyitoBanibHi. Y puzocdepi Colobanthus quitensis (Kunth)
Bartl. nepeBaxkators npencraBuuku Proteobacteria, Acidobacteria, Bacteroidota,
Chloroflexi, Verrucomicrobia 1 Actinobacteria [22].

BuxopucranHsg mnpenapaTiB Ha OCHOBI MIKpOOpPraHi3miB 3 (piToCTHUMYIIIO-
BAJIbHUMH BJIACTHBOCTSIMHM € CY4aCHUM IMIJXOJOM JI0 IMOKPALIEHHS POIIOYOCTI
IPYHTY, 3aXMCTy POCJIMH B (ITONATOTeHIB Ta HECTIPHUATIMBUX YMHHMKIB cepe-
nosumia [11]. MexaHi3M Mo3uTHBHOI A1 (PITOCTUMYIIIOBAIBHUX MIKPOOPraHi3MiB
OB’ A3aHUH 13 IXHBOIO 3/IATHICTIO (PIKCYBAaTH a30T, PO3UMHATU CHOIYKH (pepymy,
docdopy, LMHKY, KaJlif0 Ta IHIIUX €JIEMEHTIB, IPOAYKYBaTH (HITOTOPMOHH, IIPUTHI-
qyBaTH PO3BUTOK (DITOMATOrEHIB 1 CHHTE3yBaTH PEUOBUHHU, 1110 MiIBULIYIOTh CTiH-
KICTh POCJIMH JI0 CTPECiB, COPUYMHEHUX abloTMUHUMM yMHHHUKaMmu [13, 20]. [e-
KOTp1 (ITOCTUMYITIOBAJIbHI MIKPOOPraHi3MH, OKpiM 0e310cepeIHbOro BIUIMBY Ha
POCIIHHY, TaKOXK 3a0€3MeUyIOTh PO3IIETUICHHS IECTUIU/IIB 1 IETOKCUKAIIIIO CTIONTYK
Ba)XKHX MeTatiB [21]. BpaxoBytoun moGanbHi 3MiHU KJIiMaTy, 3a0py/JHEHHS I10CIB-
HUX TUION] PI3HOMAHITHUMH MOJIOTaHTAMHU YHACHTIIOK aHTPONOTEHHOI AisUTbHOCTI
1 BIMICBKOBHX JI1{i, aKTYaJIbHOIO € MOTpeda BUAUIECHHS CTIMKUX /10 YUHHHUKIB cepe-
JOBHUIIA (PITOCTUMYIIOBATBHUX MiKpoopraHi3MiB. CepeioBHILa 3 HECTIPUSTIMBUM
YMOBaMH ICHYBaHHS 4acTo € JUKEPEJIOM /ISl BUJIIEHHS 010TEXHOJIOTIYHO MePCIIeK-
TUBHUX IITaMiB MiKpoopradi3Mis. Tomy MeToro poOotu Oysio JOCHIAUTH 3/1aTHICTh
METaJIOPE3UCTEHTHUX IaJIOTOJICPAHTHUX 130JIATIB OaKTepiil, BUALICHHX 13 30HU PH-
3octepu C. quitensis (Kunth) Bartl. (0. lecenn, Mopcbka AHTapKTHKa), CHHTE-
3yBatu cuaepoopu i ayKCHHOIOIOHI CIIONIyKH, (DIKCYBaTH MOJIEKYJISIpHUM a30T,
COJIOOLTI3YBaTH CIIOJMYKH LIMHKY, CHHTE3yBaTH JIesiKi (PEPMEHTH Ta CTUMYIIIOBATH
pict sipoi mmenutti Triticum aestivum copty Tybalt, a Takox BimiOparu mepcrek-
TUBHI IITaMH JJ14 iIeHTH(IKAIlT Ta BKIIOYEHHS 10 CKJIay MIKpOOHHUX Mpemnaparis.

Marepiauamu i meToaun

VY po6oTi BUKOPUCTOBYBAJIM 3pa3Ku IPYHTY 3 30HU pusochepu C. quitensis
(0. HecernmH, Mopcbka AHTapkTuka, -62.982130, -60.518980). [nst BupineHHsS
MIKpOoOprasi3miB 10 1 r rpyHTy 13 30HU puzoctepu C. quitensis nopasaau 9 mi
0,9% pozunHy HaTpiil xjopuay. PerenbHO mepeMimiaBIiiy, OTpUMaHy CYCIEH31I0
BUTpUMyBainu 20 XB, MicJst 4OTro ii 3HOBY CTPYIIyBaJId Ta POOMUIM PO3BEIEHHS 1
BuciBanu 0,1 M Ha cepenoBuia: TpuntoH-coeBuit arap (TCA) (Merck, Millipore)
JUIS BUJUIEHHSI MIKPOOPTaHi3MiB, sIKI METa0O0Mi3yI0Th HITPOIeH OPraHIYHUX CIIONYK;
TCA, pos3senenuit y 10 pa3iB, a1 BUJIUICHHS OJIrOTpO(HUX MIKPOOPTraHi3MiB;
KpOXMaJIbHO-aMia4He Cepe0BUIIE — JJIsi MIKPOOPIaHi3MiB, sIKI METa00i3y0Th Hi-

ISSN 2076-0558. Mixpobionoecis i 6iomexnonoeis. 2025. Ne 2. C. 16-31 —— 17



0. [I. MacaoBcbka, C. 51. Kommiikesuy, B. I. Bynsik, O. M. Mopo3s, C. O. 'natym

TPOTE€H HEOPTraHIYHHUX CHONYK; cepenoBuile Embi s omiroHitpoiabHUX, Y T. 4.
azoTtodikcyBanbHUX OakTepiit; cepenoBuiie Cadypo (Merck, Millipore) — st mi-
KPOCKOMIYHUX rpuliB; cepenoBuia BUHOrpaachKoro — Ajasi MiKpoOOpraHi3miB, sKi
3a0e3neuyroTh nepry 1 apyry ¢asu Hitpudikarii; cepemonuie [TikoBcbkol — s
MIKpOOPraHi3MmiB, sIKi 31aTHI COMOO1TI3yBaTH HEOpraniuHi GocopoBMicHI cromy-
KU; cepenoBuile MeHKIHOT — /Uil MIKpOOpraHi3MiB, siki MeTaboIi3yI0Th OpraHidHi
docdarosmicHi cnonyku [2, 16, 17]. Mikpoopranizmu BuporryBanu 5—10 mi6 3a
aepoOHUX yMOB Ta Temneparypu +20+2 °C.

YucTi KyabTypy OTPUMYBAIIH TiCTsl KUTbKapa30BUX MEPECiBIB HA PO3BEICHE Y
10 pasiB TCA meromom 30i1HEHOTO ITpUXa. YUCTOTY KyNBTYpH MEPEBIpsUIN Bi3y-
aJBbHO 32 MOP(OJIOTI€I0 KOJIOHIH, (POPMOIO KITITHH Ta IXHIMH pOo3MipamMu (MiKPOCKOII
KRUSS A. MBL2000).

J1yis BU3HAYCHHS CTIMKOCTI MIKpPOOPTaHi3MiB 10 CIIOIYK BaKKUX METAJIB BU-
KopucToByBasu po3Benenuil y 10 pasiB TCA, no sikoro nqofaBaiy pi3Hi KOHIIGHTPA-
uii manran(Il) xmopuny rerparigpary (1,0; 5,0; 7,5; 10,0; 15,0; 20,0 MM), depym(IT)
cynbdary renrariapary (0,5; 2,0; 7,5; 10,0; 15,0; 20,0 MM), kob6anst(Il) xnopumy
rekcarigpary (0,5; 1,0; 2,0; 3,0; 4,0; 5,0 MM), kaaMmiii XJIOpPHUIY TeMIIICHTAriApaTy
(0,0002; 0,01; 0,2; 0,3; 0,4; 0,5 MM), xynpym(II) xmopuny aurigpary (1,0; 2,0; 3,0;
4,0; 5,0; 6,0 MM), kamiii quxpomary (0,1; 0,5; 1,0; 3,0; 5,0; 7,5; 10,0 mM). Jlns
BU3HAUEHHS CTIMKOCTI MikpoopranizmiB 10 NaCl BUKOpHCTOBYBaU PO3BEICHUI
y 10 pazis TCA, 10 sikoro Aomany HATpid XJIOpU[ y Pi3HUX KOHIEHTpamisx (2,0;
2,5;5,0;7,5;10,0; 15,0; 20,0%). CepenoBuia crepriizyBaiu 3a 121 °C ynpomgosxk
20 xB, micJIs YOTO 3/IMCHIOBAIM TOCIB KYJIBTYp. bakTepii BUpolyBain BIpOIOBK
TphoX-1’siTH 110 3a 20+2 °C.

Jlyis BUSIBJICHHS 3[JaTHOCTI MIKpOOpPraHi3MiB CHHTE3yBaTu cuaepodopu Bu-
KOPHCTOBYBQJIM CEPENOBHILE 13 XPOMazypojoM S 1 TreKcaIelITPUMETHIIaMO-
Hill Opomizom [15]. [30asTH BHCIBaIM IITPUXOM 1 BUPOIIYBAIU 33 TEMIEpaTypu
+20+2 °C ynponosx 5—10 ni6. 3natHicTh CUHTE3yBaTH cUAEpO(OpHU OLIHIOBAIH 32
YTBOPEHHSIM KOBTO1 (cHAepOPOpH O-T1APOKCUKAPOOKCHIATHOTO THITY ) YU POXKEBOT
(opraHiuHi KUCJIOTH) 30HH HABKOJIO IITPHUXiB AOCTIKYBaHuX 130yATiB [18]. Heski
['pam-i03uTHBHI OakTepii € YyTIUBUMH 10 TeKCAJACHMITPUMETUIAMOHIN OpoMi-
1y, TOMy MH BHKOPHUCTOBYBaJIM MOAM(]DIKOBaHY METOAWKY BHU3HAUEHHS 34aTHOCTI
cuHTesyBaru cunepodopu. bakrepii BupomryBanu Ha cepenoBuiri MM9Y, a tomi
IITPUXU 3aJIMBATH PO3YMHOM OapBHUKIB Y 0,9% pozumHi araposzu. Criocrepiranu
3a YTBOPEHHHSIM KOBTOTO 200 POKEBOTO 3a0apBICHHS HABKOJIO IITPUXIB 130JI5TiB,
3aNexHo Bij Uiy cuaepodopis [19]. [ns KiTbKiCHOTO BU3HAYEHHSI BMICTY CHJIE-
podopiB BUKOPUCTOBYBAIM METO/I, OMUCAHUN Y POOOTI [8].

JIytst ToCITiJKEHHS 31aTHOCTI OaKTepiil CHHTEe3yBaTH ayKCUHOIIONI0H] CTIOMTY-
KM, IX BUPOIIYBaJIA BIIPOIOBK TPhOX 1i0 3a Temmneparypu 20+2 °C y KUBUIBHOMY
Oynbitoni 3 0,15 r Tpuntodany Ha 1 1 cepenoBuina [12]. BmicT aykcuHomonioOHux
CHOJYK BU3HAYaJIHM, BUKOPUCTOBYIOUM MOAM(DIKOBAHY METOIUKY 3 IOJJABAHHSAM pe-
akTuBy CaJIbKOBCHKOTO, Ta 00pPaxX0OBYBAJIH 32 KaliOpyBaJIbHOIO KpUBOH. [l moly-
JIOBH KPUBOi BUKOPHCTOBYBAJIA PO3YMH 1HAOILIONTOBOT KHCI0TH (1-30 MKr/min).

Jlns BU3HA4YEHHA 31aTHOCTI OakTepii dikcysaru N, ixX iHKyOyBaau y piikomy
cepenosuiii Emoi Bipogosxk cemu n1i6 3a remmeparypu 20+2 °C. [TosiBa moMyTHiHHS
B cepeoBHUIIi Oyiia 03HAKOIO 37aTHOCTI OakTepiit 10 ¢ikcallii a3oTy 3 moBiTps [2].
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Jlnist BUSIBIIGHHSI 1IEJTIOJIA3HOT aKTUBHOCTI OakTepii BUPOILYBaU HA Cepeo-
BHIIII 13 KAPOOKCHMETHIIIICITION030k0 ciM 1i0. JIJ1s BU3HAYCHHS 31aTHOCTI OakTepii
TiIPOMi3yBaTH LENI0I03y CEPEeOBHIIE 3aIMBAIM Po3drHOM Jltoroms. Y pasi pos-
HICTUICHHS KapOOKCUMETHIIIICIION03M HABKOJIO KOJIOHIW OakTepill yTBOPHOBAJIUCS
npo3opi 30HU. [HAeKe en3uMatnyHOi akTuBHOCTI (IE) BH3Hawamu 3a dopmyrnoro:
IE = (A-B) / B, ne: A — mgiamMeTp 30HU TiAPONi3y LENI0N03u, MM; B — niameTp ko-
JIOHI1 OakTepii, MM [7].

Jlnst BU3HAYCHHS 3aTHOCTI OakTepii comoOimizyBaru ZnO ix BUpOLIyBaIu
Ha CepeloBUILI TaKoro ckiany (r/m): rmokosa — 10,0; amoniit cynedar — 1,0; kamii
xmopua — 0,2; mukaniii rigpodocdar — 0,1; marnito cynbdary renrarigpar — 0,2;
arap — 20,0; muctriboBana Boga — 1,0 1. ZnO (0,1%), crepuizyBanu okpemo [9].
V pasi 3gatHOCTI mTamy cooOimizyBaru ZnO HABKOJIO KOJIOHIN Ticist ceMu Ai0
BUPOIIYBaHHsI yTBOPIOBAIUCS MPo30pi 30HU. [Haeke comobinizaii (IS) Bu3Havamm
3a popmyioro: IS = (A-B) / B, ne: A — niameTp 30Hu comoOinizanii ZnO, mm; B —
JiameTp KosoHii 6akTepiit, M [10].

Jlnist BUSIBNICHHS JIiMA3HO1 aKTMBHOCTI MIKPOOPraHi3MHU BHPOIIYBaJIH YIIPO-
JIOBXK IT’TH J1i0 Ha cepeaOBHIII Takoro ckiany (r/mn): mentoH — 10,0; HaTpii XJ1o0-
pun — 5,0; kanpmii xiaopua rexcariapar — 0,1; arap — 20,0; Bojga AMCTUILOBaHA
— 1,0 m, pH 7,2-7,4. ITicas cTepuiizaliii 10 cepe0BHINA BHOCUIM BOAHHA PO3YHH
TBiHy-20 (momiokcieTuieH-20-copditanMmononaypar) y konrenrpauii 10 /. 3a Ha-
SIBHOCTI JIil1a3 HaBKOJIO IITPUXIB JOCIHIHKYBAaHHX MIKPOOPTraHi3MiB YTBOPIOBAIACs
HENpOo30pa 30HA KAJIbLIE€BUX COJIECH KUPHUX KHUCIIOT, SIKi BUBUIBHSIHCA 13 TBiHY-20
[2].

[IpoTeoniTHYHy aKTUBHICTb JTOCIIHKYBAaHUX OaKTepiil OIIIHIOBAIH 33 IXHBOIO
3JATHICTIO PO3PIIKYBATH JKEIATHH MICIs MOCIBY CYCHEH3i1 JOCTiKYBaHOTO IITa-
My OakTepiil yKoJIOM y CTOBITYMK TPUITOH-cO€BOTO Oyibitony (Merck, Millipore) 3
xenaruHoM (12,5%). bakrepii kynsruByBanu 3a temneparypu 20+2 °C ciM-aecsaTb
1i6. Po3pimkeHHs jxenaTuHy a0o BiCYTHICTH Ii€i O3HAKH OLIHIOBAJH Bi3yallbHO,
peeECTPYIOUN IHTEHCUBHICTH Ta (hopMy pO3pimKeHHs [2].

Jlnst BUSIBJICHHSI JICLIUTUHA3HOI aKTUBHOCTI OakTepii BIPOAOBXK ITSTH [0
KyJBTUBYBaJM Ha cepeloBHIli MeHKiHOI Takoro ckiany (1/m): mirokosa — 10,0;
amoHii cynbdar — 0,5; marnito cynasdary renrarigpar — 0,3; kamiii xiaopun — 0,3;
Mmanras cyabdT — 0,001; dhepym cynbdar — 0,001; kanbuiii kapoonat — 5,0; coeBuit
neuutuH — 3,5; arap — 20,0; quctunsoBaHa Boga; pH 7,0—7,2. YTBOpeHHS Mpo30-
poi 30HM HABKOJIO KOJIOHIH OakTepiil CBIAYMIIO MPO IXHIO JEIUTUHA3HY aKTHBHICTh
[16].

Jlnist BUSIBIIGHHS 30@THOCTI AOCHIKYBaHUX OaKTepiil CHHTE3yBaTH aMijasu,
BHUKOPHUCTOBYBAJIM METO/] IOCIBY Ta30HOM Ha arapu30BaHe )KUBHJIbHE CEPEIOBHUIIIE,
ske MicTuTh 1-2% kpoxmanro. PicT omiHroBanu BizyaidbHO Micisi ceMu Ai0 BUPO-
nryBaHHs. [yl BU3HAYCHHS CTYIEHS TiAPOJI3y KPOXMAJI0 aMijla3aMH KyJIbTypu
MIKpOOpraHi3miB ii KosoHii 3anuBanu po3unHoM Jlroroms. CepenoBuiiie 3 Kpoxma-
nieM 3a0apBIIOBAIOCs B CHHIHM KOJIIp, @ 30HH, A€ BiOYI0CS PO3LICTUICHHS KpOXMa-
JI10, 3aJUIIAIKNCS CBITIUMHE, a00 3a0apBiIrOBaIUCS B YepPBOHO-OypHii Komip (peak-
i Ha JAeKCTpuHM). Bu3Havyanu iHaekc aminasHoi aktuBHOCTI (IA) 3a hopmyioro:
IA = (A-B) / B, ne: A — nmiameTp 30HU TiIpoiizy Kpoxmaiw, MMm; B — niametp
KOJIOHIT OakTepiit, Mm [14].
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Jis mociipKeHHsT BIUIMBY MIKPOOPTaHI3MIB Ha MOKa3HUKU MPOPOCTAHHS
MIICHUI, HACIHHS 3aMOYyBaJI HA HiY y cycrieH3ii OakTepiii ryctuHor 5,0 3a Mak-
®dapnanaom, Miciasi Y0To BUCIBAIN y BOJIOTUH IPYHT (Maca IPpyHTY JUIs KOXKHOT IpoOu
450+20 r). s npurotyBaHHs cycrieH3ii BukopucroyBaiu 0,9% HaTpild xmopun i
KyJIBTYpY OakTepii i3 cramioHapHoi ¢a3u pocty, Bupomieny Ha TCA (po3BeaeHHs
y 10 paziB). /s nermoro migpaxyHKy HACIHHS MMOMIIIAJIA Y TOBILY IPYHTY psiaKa-
MU Ta CKporuntoBanu Bonoto. ll{oneHHo y rpyHT BHOCHH 50 MII BOIHU 3 BOJIOTO-
Hy. [T1IIeHUII0 BUPOLIYBaIN BIPOJOBK YOTUPHAIISTH Ai0, MICIS 4OTO MPOBOIUIN
BU3HAUEHHS BMICTY MITMEHTIB 1 CyXOi Macu POCIMHH BaroBUM MeTooM [5]. Cxo-
JKICTh HACIHHSI MIIICHUII BU3HAYAIM BIIPOJIOBK BOCHMHU J1i0 pocTy [3]. s KibKic-
HOTO BU3HAYCHHS IMIrMEHTIB HABAXKKY CBDKOTO pocimHHOTO Marepiany (0,3-0,5 )
po3Tupanu y GapdopoBiit CTyIIll 3 HEBETUKOIO KIIBKICTIO Kpeau y 96% po3uunHi
etanony (2—3 mu). Ilicns HACTOIOBAaHHS YNPOAOBXK JBOX—TPhOX XBHIIUH €KCTPAKT
¢inbTpyBanu. EKCTpakiito MirMeHTiB MPOJOBKYBAIH HEBEIMKUMU MOPLISIMU Y-
CTOrO pO3YMHHUKA HAa (PUIBTPI aX 10 MOBHOTO BUIUIEHHS MirMeHTiB. EkcTpakTu
KUTBKICHO MEPEHOCHIIN B MipHY KOJIOY Ha 25 Mil 1 00’ €M BUTSATY JOBOIMIIH IO MiT-
ki 96% po3unHOM eTaHoIy. [l KiIbKICHOTO BU3HAUEHHS MITMEHTIB YaCTUHY OT-
PUMaHOTO €KCTPaKTy HaJuBalu Yy KioBery crekrpodoromerpa (UV/Vis P3 cepis
Precision, ontuunuii nuiax 10 mm). [Hnry xroBety 3anoBHioBasin 96% po3dunHOM
eTaHoxy (KOHTpOJIb). BU3Ha4anu onTuYHy TyCTUHY BUTATY. MakCHMyM MOTJIUHAH-
HS1 [T XJI0pO(LTy @ crocTepiraiy 3a JOBKHHU XBUIIL 665 HM, a 171t xiopodiny b —
649 um. KonuenTparii mirmMeHTiB pozpaxoBysaiu 3a popmynamu: C =13,70-D,
5,76:D,,, (Mxr/mm); C, = 25,80-D,,, — 7,60-D . (Mxr/mn); C . =6,10D + 20,04
D, (Mkr/mm). Ilicas BCTaHOBJIEHHS BMICTY HITMEHTIB Y BUTATY, BU3HA4YaIH HOIO
BMICT y JIOCTiIHOMY Matepiaii 3a popmynoro: A= C x V /P x 1000, ne 4 — BmicT
HIrMEHTY B POCIMHHOMY Marepialli, MKI/T Macu cupoi pedoBuHH; C — KOHIIEHTpPa-
I1is1 TITMEHTIB, MKI/MJT;, V' — 00’ €M BUTATY MIrMEHTIB, MJT; P — HaBa)KKa POCIMHHOTO
marepiany, T [5].

CraTHCTUYHI PO3paxXyHKH PE3YNIbTATiB JOCIIKEHb MPOBOIWINA 3 BUKOPHUC-
taHHsAM mporpam “Microsoft Excel 2016, a moGynoBy rpadikiB — i3 OriginPro
8.5. Pesynbraru mpeAcTaBieHi K CepelHE 3HAYCHHS 3 MOMPABKOIO HA CTaHIAPT-
He BigxuieHHs (x+SD). JIoCTOBIpHICTh NaHUX 1 Pi3HMIII MK HUMH OLIIHIOBaJIH 32
koedimienTom CthioneHTa. JJ0CTOBIpHOIO BBAXKAM PI3HUIIIO 32 PIBHS 3HAYUMOCTI
p=<0,05 [4].

Pe3ysabTaTH Ta iX 00roBOpeHHs

MikpoopraHi3mMu, sIKi MeTa0OMi3yIOTh HITPOT€H OPraHIYHUX CIOIYK
(1,03 x 10°+ 5,16 x 107 KYO/r cyxoro IpyHTy), € HAWYHUCEIBHIIIOK TPYIIOK Mi-
KpoopraHizmiB 30HH puszochepu C. quitensis. YACETbHICTh OTITOTPOPHUX Mi-
Kpooprasi3mis Oyia B 5,3 pa3a HUKYOIO, MOPIBHSHO 3 HUMU. MEHII YHCeTbHUMU
Oy MIKpOOpTaHi3MH, SIKi MEeTaOOoIi3yIOTh HEOPraHiuHi CIIOJYKH HITPOTEHY, HeE-
opraHiyHi ¢ocdaTroBMiCHI CHOITYKH, OJITOHITPO(DIIBHI, Y T. 4. a30TO(iKCyBaIbHI
MiKpOOpraHismu, HiTpudikyBaabHi MiKpOOPraHi3MH, MiKpOCKOIiuHi rpubu. Ixns
qucenbHICTh Oyna Big 4,2 X 107 mo 8,2 x 107 KYO/r cyxoro rpyHTty. XiMidHUi
CKJIaJ] IPYHTY, UMOBIpHO, 3yMOBJTIOE TIEPEBAXKAHHS CEPE/l MIKPOOPTaHi3MiB THX, SIKi
3parHi okucHIoBaTH NO,', TIOPIBHAHO 3 YUCENBHICTIO MIKDOOPraHi3MiB, SIKi OKHC-
norote NH, " (puc. 1).
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KYO (x10)/r cyxoro rpyHTy

UncenbHICTh MIKpPOOPraHi3MiB,
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1 2 3 4 5 6 7 8
I'pyma mMikpoopraHi3miB

Puc. 1. YuceabHicTs rpyn Mikpooprasismis 30uu pusocdepu Colobanthus quitensis:
1 — MikpoopraHizmu, sKi MeTadOJi3yIOTh HITPOT€H OpPraHiuHHX CIONYK; 2 — OJirorpodHi
MIKpOOpraHi3Mu; 3 — MIKPOOPTaHi3MH, sKi MeTaOoNi3yloThb HEOpraHiuHi HITPOTCHOBMICHI
CroNyKH; 4 — OJIroHITPO(UILHI MIKPOOPraHi3Mu; 5 — MIKpOOPraHi3MH, sIKi 311HICHIOIOTH HIepIy
¢a3y HiTpudikanii; 6 — MIKpoopraHi3Mu, siKi 31IHCHIOIOTH Apyry ¢a3y Hitpudikamii; 7 —
MIKpOOPTaHi3MH, sIKi MeTaboIIi3yI0Th HeopraHiuHi poc(aToBMICHI CIIOTYKH;
8 — MiKpoCKoIIiuHiI rpudn

Fig. 1. Numbers of microorganisms of diferent groups in the rhizosphere zone of Colobanthus
quitensis:
1 — microorganisms that metabolise nitrogen from organic compounds; 2 — oligotrophic
microorganisms; 3 — microorganisms that metabolise inorganic nitrogen-containing compounds;
4 —oligotrophic microorganisms; 5 — microorganisms that carry out the first phase of nitrification;
6 — microorganisms that carry out the second phase of nitrification; 7 — microorganisms that
metabolise inorganic phosphate-containing compounds; 8 — microscopic fungi

JXonHa KoIOHIs, sIKa BUPOC/IA Ha cepeloBHIl MEHKIHOI, He yTBOpIOBaja
30HM PO3ILEIUICHHS J1eUnuTHHY. Lle 103BoJIsie cTBEpKYBaTH, 1110 MIKPOOPIaHI3MIB,
SIK1 METa0OoIMI3yI0Th OpraHivHi (hochaToBMiCHI CIIONYKH, Y 3pa3Ky He OyIo.

V pe3ynbTari NEpBUHHOIO CKPUHIHTY JI€B’ ITHALATh 130JI5TIB MIKpOOpraHi3-
MiB, AKi BIAPI3HAINCS 32 MOP(OIIOTIEI0 KOJIOHIH 3a pocTy Ha cepenouiax ITikos-
cbKoi, Emi6i Ta cepenoBuiil 3 KapOOKCHMETHIILEION03010, OyJIM BUJUIEHI Y YUCTI
KyabTypu. KiiTHHM BICIMHAILATH 130J14TIB 3a0apBIIOBAJINCS HEFATUBHO 33 METO-
noMm I'pama 1 Oynu nanuukononiOHumu Oaxrepismu. Opun 130T (D388) cnabo
3abapBiroBaBcs 3a [paMoM. Y Ma3Ky HOTO KIITHHU PO3TAlIOBaHi MOMApHO i Gop-
MyBanu V- a00 Y-1oJiOH1 CKyIueHHs.

VY pizHux 6ioTomax AHTapKTHIU (PIKCYyIOTh BHCOKI KOHIIEHTpALl CIIOIYK
BaXKUX METAIIB Ta IHIIMX 3a0py/IHIOBauIB, X04a BOHA € reorpagiqHo 130JIbOBa-
HUM KOHTHHEHTOM Ta HE 3a3Ha€ 3HAYHOTO BIUIMBY AisuibHOCTI jroneit [9]. Cepen
JeB’ITHAALUATH AOCTIIKEHUX 130J1TiB 3 puszochepu C. quitensis CIMHaIUATh 130-
JISATIB CTIMKI A0 BIUIMBY Kauiid 6ixpomarty (0,5 MM), I’ st — 10 BItuBy Kynpymy(1I)
xyopuny nuriapary (6,0 MM), Tpu — no BriiuBy manras(Il) xinopuay Terpariapary
(20,0 MM), nBa — o BrumBy pepyMm(Il) cynpdary renrariapary (20 MM), nBa — 10
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BIUTMBY KajaMiid xiopuny nuremiriapary (0,1 MM), onus — 1o BruuBy koOanbst(1)
xyopuay rekcarigpary (5,0 MM) [1].

OHi€I0 3 TOJOBHUX MPUYMH JIErpajallii IPYHTIB CUTLCHKOTOCIIOAAPCHKOTO
NpU3HAYCHHS € TXHE 3acoiieHHs. Lle 3yMOBIEHO SIK MPUPOIHUMH MPOIECAMH, TaK
1 TSUTBHICTIO JIOMMHU. HaaMipHa COJOHICTH CEpeIOBHINA CIPHYUHSIE OCMOTHY-
HUI CTpeC Ta HEraTUBHO BIUIMBAE HA PICT pOCIUH. POCIMHY 3/1aTHI HAKOITUYYBaTU
OCMOJIITH 1 MATPUMYBaTH HU3bKUH piBeHb Na™ BCepeauHi KIIITHH IS 3SMEHIIICHHS
BIJIUBY BHUCOKOT KOHIIEHTpaIlii comi. Cum06103 3 MikpoOioMoM pusochepu Takox €
OJTHMM 13 MEXaHi3MiB CTIKOCTI POCIIMH JJO OCMOTHYHOTO cTpecy [6]. Cepen Bumi-
nenux i3 puzochepu C. quitensis 130514TiB OaKTepiil TpUHAALATE Oy TOMIPpHUMU
rayiodinamu, sIKi 37aTHI POCTH 3a HASBHOCTI B cepeloBuIli 2,5% Harpiit XJIopuny,
1ricTh — OyJu 371aTHI POCTH 3a HASIBHOCTI B cepenoBuILi 7,5% Harpiit xmopuuy. [30-
st D386, D387, D388 i D391 pocau Ha cepenoumti 3 10,0% HaTpiit Ximopumy.
[3onsar D391 GyB ekcTpeManbHuM Tanodisaom, sikuid pic 3a BuBy 15,0% Hatpiid
xyaopuny [1].

I30omat D388, D389, D390 Tta D384 3 pusochepu C. quitensis Oynu 31aTHI
CUHTE3yBaTu cuaepodopu, KIMOBIPHO, 0-T1IPOKCUKAPOOKCHUIATHOTO THUITY, OCKiJIb-
KU CEepe/IOBUINE HABKOJIO MITPUXIB 3a0apBIIOBAIIUCS Y KOBTHH Koiip. HalBummmii
BMICT cuaiepodopiB BHUSBICHO Y CEPEIOBHUIIl KyJIbTUBYBAaHHS 130JATIB OakTepiid
D388 (10,94+1,2 ym. on.) Ta D389 (5,6+0,5 yMm. 011.), @ HAHHIKYKN — y CEPEIOBUILI
kyneTuByBanHsg D384 (0,26 = 0,02 ym. ox.) (puc. 2).

Vei BiniOpani 3 300U pusochepu C. quitensis 130J19TH OaKTEPiid yTBOPIOBAIN
ayKCMHONOAIOHI crionyku. Ix maitBummuit Bmict (10,93+1,0 mxr/mi, 8,24+0,8 Mkr/

: l
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= 104
=
=
(a¥ -~
E B
=
2 6
2 |
= |
O 54
l_ I
1
0

1 1 1 1
D390 D388 D389 D384
I3onsATH GakTepiii

Puc. 2. Bmict cuaepodopiB y cepemnoBuii KyJITHBYBaHHSI OakTepiii 3 pusocdepu
Colobanthus quitensis (x+SD, n = 3)

Fig. 2. Siderophore concentration measurement in the culture medium of bacteria strains
isolated from the rhizosphere of Colobanthus quitensis (x+SD, n = 3)
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M, 6,93+0,6 MKr/mi1,) BUSIBJICHO y CEPEIOBHIII KyIbTUBYBaHHS i30isTiB D387,
D393, D395. Haitamxuwuii (1,1340,1 MKr/min) — y cepeaoBuIlli KyIbTUBYBaHHS 130-
aary D391 (puc. 3).
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Puc. 3. BmicT aykcHHONOAIOHNX CNIOJIYK Y cepeloBHIIi BUPOIYBAaHHA i30J14TiB OakTepiii 3
pusochepu Colobanthus quitensis (x+SD, n = 3)

Fig. 3. Content of auxin-like compounds in the culture medium of bacterial isolates collected
from the rhizosphere of Colobanthus quitensis (x£SD, n = 3)

JlecATh 3 AeB’ ITHAIIIATH 130JIATIB OaKTepii, BUIICHUX 3 pu3ochepu C. qui-
tensis (D384, D388, D389, D391, D393, D395, D398, D400, D401 i D402), 3natHi
¢ikcyBatu Monekymsipauii a30T. ComooinizyBanu ZnO izomsti D388, D395, D396,
D397, D400. dnsa i3omsary D400 Oyno Bu3HadyeHo HauBummid ingekc (2,5+0,2)
comoOimizarii ZnO, a HaitHwkawii (0,6+0,05) — s 13omaty D397.

TpuHa IATH 13079TIB pO3pimKyBanu xenaruH. [3omstu D386, D388, D391,
D395, D396, D397,D399, D400, D401, D402 BUSBIISsUIA aMIJIOTITHYHY aKTHBHICTb.
HatiBumuii iH1ekc eH3uMarndHoi aktuBHOCTI (1,5+0,13) BU3HAYCHO AJI 130J8TY
Oaktepiit D399, a HaliHmxunil — Ju1s 130Ty Oaktepii D396 (0,5+0,045). Innekc
€H3UMATUYHOT aKTUBHOCTI B 1HIIKX 13075TiB OyB y Mexax 0,8—1,2.

[3omatu D386, D387, D390, D395, D399 i D400 BuSABIAIOTH JiiNa3Hy
aKTUBHICTB (3AaTHi rigponizyBaru TBiH-20). [3omstr D395, D396, D400 BUSIBIISAIOTH
JeIMTUHA3HY aKTUBHICTbh. L{emrona3u yreoproBanu i3omsatu D395 ta D400. Tnaexc
€H3UMATUYHOI aKTUBHOCTI y KX 130114TiB OyB y Mexax 1,0-1,8.

Criliki 10 BIUTMBY CIIOJNYK BXKUX MeTaliB i30s1TH OakTepiit D388, D389,
D390, D391, D394, D395, siki yTBOprOBaJIM ayKCHHOTIOA10HI CIIOJYKH, CUIEPOdOpH,
Ta BUSBISUIM €H3UMATUYHY aKTUBHICTH, BIIOpamu AJsi JOCTIDKCHHS BIUIMBY Ha
pict sipoi mmenuni 7Triticum aestivum copty Tybalt. HaciHHs nimeHUIl ynpomaoBx
12 ronmuH OakTepu3yBajM CYCHEH3ISIMH JOCITIDKCHUX 130JSTIB OakTepii, micis
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YOro BUCIBaJIM Y TPYHT. 32 KOHTPOJIb OyJia MIICHUIS, HACIHHS SIKOT BUTpUMYBau 12
ronuH y 0,9% pozunni NaCl. [Tenuio BuponryBanu ynpoaosx 14 ni6. Ha 3-tio
1 8-My 100M pOCTY MIICHUII BU3HAYAIN CXOXKICTh HACiHHS, a Ha 14 100y pocty —
BOJIOTICTh, MOP(GOMETPUYHI MMapaMETPH, BMICT MIrMEHTIB Y JIUCTKAX MTPOPOCTKIB.

[HOKYyIIAIIISI HACIHHS MIICHMIII 1301sTaMu OakTepii 3 pusochepu C. quitensis
MO3UTHUBHO BIUIMBAaja Ha OKPEMi MOKA3HHUKH. Y pa3i IHOKYJISIIl HACIHHS MIISHHUL
i3omsatamu Oakrepiii D388 i D391 He3HauHO 30iibIIyBasiacsi CXOXKICTh HACIHHS
MIICHUII, TTOPIBHIHO 3 KOHTpoJIeM. [HOKyIsIIist HaCiHHS MIneHuul i3omstom D395
i D389 He 3ymoBiroBasia 3HauHUX 3MiH cxoxkocTi. [licis oOpoOneHHs HaciHHS
nueHuni 3osromM Oaktepiit D390 cxokicTh HACiHHS TMINEHMIN 3HUXKYBaiacs,
MOPIBHSHO 3 KOHTpoJsieM (Tadm. 1).

Tabmurs 1

CxokicTh HACiHHS, BOJIOTICTh Ta cyXa Maca JIMCTKIB sapoi nmennui 7riticum aestivum

copty Tybalt, inokyaboBaHoi i30JsiTaMu 0akTepiii, BUAlJIeHMMH 3 pu3ochepu
Colobanthus quitensis (x=SD, n = 3)

Table 1

Seed germination, moisture content and dry weight of leaves of spring wheat Triticum
aestivum cultivar Tybalt, inoculated with bacterial isolates collected from the rhizosphere

of Colobanthus quitensis (x+SD, n = 3)

BoasTH OakTepiii CxoxicTb, % BoJoricTs, % Cyxa maca, %
KouTposb 84+3 87,0+£2,61 12,6+0,38
D388 88+4 98,7+2,96 9,4+0,28
D389 78+6 88,0+2,64 12,2+0,43
D390 58+2 89,0+£2,67 11,5+0,37
D391 89+3 89,8+2,69 7,7+0,23
D39%4 7243 88,6+2,66 11,5+0,34
D395 80+3 87,9+£2,64 11,2+0,34

BomoricTs Ta cyxa Maca mpopoCTKiB MIIIEHUITI, HACIHHSA K01 OYyJI0 1HOKYIJIbO-
BaHe JIOCITIDKEHUMH 130JITaMH, HE3HAYHO BiAPI3HSUTHCS BiJl TOKA3HHUKIB TIIIICHHUIT],
00pobaenoi 0,9% NaCl.

JloxuHa kopeHs 14-mo00BHX NPOPOCTKIB TMiIeHumi, obpodmenoi 0,9%
NaCl, e nepeunryBana 170 mm, a goBxuHa narona — 200 mm. J{oBxnHa KOpeHS
TMIIIICHHMIII, HACIHHS 501 Oyi10 00pobieHo i3omsatamu Gakrepiit D391, D388, D395,
D394 1 D390, Oyna na 5-15% HmK4010, HOPIBHAHO 3 KOHTposieM. OOpobieHHs
HACIHHS TIICHHUIII 13051siToM Oaktepiit D389 3ymoBimtoBano He3HauHe 301TBIICHHS
JIOBKWHU KOPEHS, TIOPIBHSAHO 3 KOoHTpojeM. OTke, ToBKHHA rmaroHa 14-m000Bux
MPOPOCTKIB TIICHHMIT, HACIHHS K01 00poOmIN i305aTamMu OakTepiit 3 puzochepu
C. quitensis, He 3HAYHO BINpi3HsIACS Bl KOHTPOIIO (puc. 4). 3araabHUN BMICT
xyopodiny y nmuctkax 14-Tu 7000BHX MPOPOCTKIB MIIEHHUITI Y KOHTPOJII CTAHOBUB
800455 MKT/T cupoi Macu pociuaHA (puc. S).
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Puc. 4. [loB:xnHa kopeHs Ta marona Triticum aestivum copty Tybalt, Hacinus sikoi 00poouIn
i3oasitamu 6akrepiii 3 puzocdepu Colobanthus quitensis (x+SD, n=3)

Fig. 4. Root and shoot length of Triticum aestivum cultivar Tybalt, whose seeds were treated
with bacterial isolates from the rhizosphere of Colobanthus quitensis (x+SD, n=3)
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Puc. 5. Bmict nirmeHnTiB y inctkax Triticum aestivum copty Tybalt, Hacinus sikoi 00poouin
i3onsaTamu dakrepiii 3 puszocdepu Colobanthus quitensis
(x£SD, n =3, * — p < 0,05 — BiporijiHi 3MiHU BMICTY XJIOPO]1iJTy, TOPIBHSIHO 3 KOHTPOJIEM)

Fig. 5. Pigment content in leaves of Triticum aestivum cultivar Tybalt whose seeds were

treated with bacterial isolates from the rhizosphere of Colobanthus quitensis (x+SD, n = 3,
* — p <0.05 — probable diferences in chlorophyll content compared to the control)
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3aranbHuil BMICT xJopodiny OyB HaHOILIBIINM Yy JHCTKAX MIICHHUL, 00pO-
6nenoi i3omsatamu D389 ta D388. BMmict xnmopodiny ¢ y IUCTKax MIIEHUI, 00-
pobienoi i3omsatamu D389, D395 1 D388 OyB Ha 13,4-28,7% BUIUM, TOPIBHSIHO
3 KoHTpoJeM (puc. 5). Bmict xiopodiny b y nucTKax mineHui, 6akrepu30BaHOi
ycima i3omsatamu, okpim D395, Oynu BUIITMMH, TOPIBHSIHO 3 KOHTPOJIEM.

TakuM 4MHOM, Yy pe3yibTari poOOTH BUAUTWINA METAJIOPE3UCTEHTHI rajoTo-
JepaHTHI 130715t OakTepiit i3 puzocdepu C. quitensis, siKi BUABISIOTh (ITOCTH-
MYJTIOBAJIbHUI BIUTMB Ha PICT MIIEHUII. 3a 3/1aTHICTIO CHHTE3yBaTu cuaepodopu,
AyKCHHONOAI0HI CcrioyKu, (pikcyBaTu MOJEKYISIpHUN a30T, comobinizyBatu ZnO,
CTUMYITIOBATH PicT . aestivum, HaBHICTIO aMiJIA3HOT aKTUBHOCTI JUTS i/IeHTU(IKA-
il Ta MepeBipKu y CKiIali OakTepiitHOTOo mpenapary Bigiopamu izomst D388.

Asemopu 60suni ooxm. 6ion. nayx 1. FO. Ilapnixosi 3 Hayionanvhozo anmapx-
muunoeo yenmpy MOH Yxpainu 3a 6i06ip anmapkmuunux 3paskie ma npuean-
Homy nionpuemcmaey «3axionuti byey (Jlesiscvka obnacme, Ykpaina) 3a naoanms
nacinns T. aestivum copmy Tybalt.

Poboma euxonana 3a /lepicasnoro yinbo8ow HAyKOBO-MEXHIYHOIO Npocpa-
MO0 nposedents 0ocniodicenv 6 Aumapxmuyi na 2011-2025 poku.

O. D. Maslovska, S. Y. Komplikevych, V. H. Buniak,
0. M. Moroz, S. O. Hnatush

Ivan Franko National University of Lviv,
4, Hrushevsky Str., Lviv, 79005, Ukraine,
e-mail: svitlana.hnatush@lnu.edu.ua

PLANT GROWTH-PROMOTING PROPERTIES
OF HEAVY METAL RESISTANT BACTERIA ISOLATED
FROM THE RHIZOSPHERE OF COLOBANTHUS
QUITENSIS (KUNTH) BARTL. (DESEPTION ISLAND,
MARITIME ANTARCTICA)

Summary

Considering climate change and soil pollution caused by human activity, including
hostilities, the isolation of plant growth-promoting microorganisms resistant to
environmental factors is a current issue. Environments with extreme conditions
are a source for the isolation of microorganisms that may have potential for
use in biotechnology. Aim of the study: to study the ability of metal-resistant
halotolerant bacterial isolates from the rhizosphere of C. quitensis (Kunth) Bartl.
(Deception Island, Maritime Antarctic) to synthesize siderophores and auxin-
like compounds, fix molecular nitrogen, solubilize zinc compounds, synthesize
certain enzymes, and stimulate the growth of spring wheat Triticum aestivum of
the Tybalt variety, as well as to select promising strains for identification and
inclusion in microbial preparations. Materials and methods. Bacterial isolates
were purified, and their properties were studied using classical microbiological
methods. The ability to produce siderophores was detected using chromazurol S
and hexadecyltrimethylammonium bromide, while auxin-like compounds were
detected using Salkovsky's reagent. Wheat seeds were inoculated with bacterial
suspensions and sown into the soil. Seed germination, moisture content, dry
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weight, pigment content in leaves, and morphometric parameters of seedlings
were studied. Results. Six of the 19 selected halotolerant metal-resistant bacterial
isolates that produced siderophores, auxin-like compounds, and enzymatic activity
(D388 and D391 — amylase, D389 and D394 — protease, D390 — lipase, D395 —
protease, amylase, lipase, lecithinase, cellulase) were chosen for study of their
effect on wheat growth. The total chlorophyll content was the highest in wheat
leaves treated with isolates D389 and D388. The chlorophyll a content in wheat
leaves treated with isolates D389, D395, and D388 was 13.4-28.7% higher
than in the control. The highest content of siderophores was found in the culture
medium of isolate D388 (10.94+1.2 conventional units), and auxin-like compounds
(10.93+1.0 ug/ml) — in isolate D387. Conclusions. Metal-resistant halotolerant
isolates of bacteria from the rhizosphere of C. quitensis have a growth-promoting
effect on wheat. Based on their ability to synthesize siderophores, auxin-like
compounds, fix N, solubilize ZnO, have amylase activity, and stimulate the growth
of T. aestivum, isolate D388 was selected for identification and testing as part of
a bacterial preparation.

Key words: Antarctic microorganisms, plant growth-promoting bacteria,
siderophores, auxin-like compounds, metal-resistant microorganisms.
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ONTUMIBALIA CXEMUM CTEPUIIBALIL
EKCIIVIAHTIB TA ®ITOI'OPMOHAJIBHOI'O CKJIALY
ZAKNUBUJIBHOI'O CEPEOBHIIA JUIs1 BBEJAEHHSA
KYKYPVY/31 B KYJIBTYPY IN VITRO

Mema podoomu: onmumizyeamu cxemy cmepunizayii eKCnaaHmis 3 6UKOPUCMAH-
HAM NPOMUSPUOKOBUX A2eHmMI6 Ma GUAGUMU BNIUE (iMO2OPMOHANLHO20 CKAAOY
JHCUBUTILHO2O CePe0osUa HA pe2eHepayitini npoyecu Y KYKypyO3u 8 KyIbmypi in
vitro. Mamepianu i memoou. Ha emani 86ederHts HACIHHA KYKYPYO3U 8 KYIbmypy
in vitro 6y10 npomecmosano Homupu cxemu cmepunizayii 3 BUKOPUCMAHHAM QyH-
2iyuoie ma 6e3 Hux. Buznauanu eniue (imocopmoHie yumokiHiH08020 ma ayK-
CUHO08020 psdy: 6-6enzunaminonypury (6-BAII) inooninoymosoi kuciomu (IOK)
Ha npoyecu pezenepayii KyKypyosu 6 Kynemypi in vitro. Pesynemamu. Buseneno,
W0 HatoinbWULl 8UXIO CMEPUTbHUX eKCHIAHMIE Y KYIbmypi in vitro 3abe3neyuna
06pobxa npenapamamu «Xopycy (83,8%) ma «Xinoson» (95,2%). 3a nokaznuxom
ACUMMEIOAMHOCTIE NPOPOCMKIE MA O0BAHCUHOIO KOPEHIE KpAWwyi NOKASHUKY OYIU Y
sapianmi 3 npenapamom «Xopycy (na 15% i 45% b6invue 3a KOHmpons 8i0N0Gio-
Ho). Bemanosneno, wo cepedosuuge MS 3 IOK 2 me/n ma 6-BAII 0,5 me/n naiikpa-
we 6NAUBAN0 HA NPUNCUBTIOBANICG eKcnaanmie (84%), na npoyecu ymeopenns
kanycy (47%) ma na puszoecenes (30 %), a na cmumynayito naconoymeopenns — MS
3 6-BAIl 2 me/n ma IOK 0,5 me/n. Bucnoeok. Onmumanvroio cxemoro 0ns cme-
punizayii HaAciHHA KYKYpYO3U 5K eKCHAAHmMIE OJi KYIbMypu in Vitro €: npomuska
MUTHUM PO3UUHOM (5 X8), NPOMUBKA NPOMOUHOIO 600010 (5 X8), 06podKa 8i00I-
mosauem «binusna» (NaOCI 10,5 2/n, 15 x8), npomugxka cmepuivbHuUM OUCHIUILA-
mom 08iui, 06pooka npenapamom «Xopyc» (1,4 e/n, 15 x8), npomuexa cmepuio-
HUM oucmuasamom mpudi. Bcmanoeneno, wo kpawum 0 npoyecie 66e0ents 6
cmepuibHy Kyibmypy 0yio sxcuguivhe cepedosuuje MS: 3i 30inbuienum emicmom
aykcunie (I0OK 2 me/n) — 014 iHOYKY8auHA KALYCi8 i pusoeenesy, YumokKininie (6-
BAII 2 me/n) — ona cmumynayii opeanoecenesy.

Knrwuoei cnosa: cmepunizayis excnianmis, Zea mays L., ¢pimozopmonu, scu-
8UIbHe cepedosuye, KYIbmypa in vitro.

VYkpaiHa — moTeHIiiHuNA Jigep arpapHoro BupoOHuITBA. OnHi€IO 3 Haid-
NEPCIEKTUBHIIMINX CITbCHKOTOCTIONAPCHKUX KYJIBTYP € KyKypyasa (Zea mays L.).
3 KOKHUM POKOM ITUTAHHS 301UIbIIEHHS 11 BUPOOHUIITBA ITOCTAE Bee rocTpite [14].
[onoBHE KEpeso MiIBUIICHHS BPOXKAHHOCTI — €)EeKTUBHE BUKOPUCTAHHS HOBHX
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riOpuiB, s CTBOPEHHS SKMX HEOOXiTHUI IIMPOKHIA CHEKTp 3HAHb y raiysi ce-
JIEKIIiT, Ta O10TEXHOJIOT].

OcTtaHHIM 4acoM Bce OiibIlie 3HaY€HHS MAalOTh POCIUHH, CTBOPEHI Ta BUPO-
LICHI 3a OTIOMOT0I0 010TEXHOJIIOTIYHUX METO/IB, 10 0a3yI0ThCSl HA BUKOPUCTAHHI
KYJBTYp in vitro. 1le 103BOIsIE OTPUMATH BEJIUKY KIJIBKICTh POCIUH 3 OTHOPIAHUM
TEHOTUIIOM Ta 3HAYHO MPHCKOPUTH CeNEKLiiHui mpouec. [IpoTe mprkuBiIrOBa-
HICTh Y CTEPUJIBHHX YMOBaX Bapilo€ HE JIMIIE cepell Pi3HUX POCIUH, a i y Mexax
ogHoro Bupay. [0710BHOIO MPOOIEMOIO € BiACYTHICTh YHIBEpCaJbHHX MPOTOKOJIB
KyJBTUBYBaHHS, OCKIJIbKM HEOOXiqHA 1X onTuMi3alist ab0 po3poOKa HOBHX METO-
JIUK 3aJIC)KHO BIJI THITY 1 JDKEpelia eKCIUIAHTIB, BAMOT POCIUHHUX 00’ €KTIB JI0 KH-
BUJIBHOTO CEpEeIOBHIIA, MOTpeda y MEBHUX KOHIICHTPAIISIX PEryasTopiB pocty [5].

OnHuM 3 HABaKJIMBIIIUX €TaIliB Yy 010TEXHOJIOTIi POCIUH € BBEJCHHS €KC-
IUTAHTA B KYIBTYpY in vitro. Ha 11boMy eTamni KpUTHYHHM € TOTPUMAHHS CTEPUITb-
HOCTI Ta CKJIaJl )KUBWJIBHOTO cepenoBuiia. [lepiue ycyBae HEraTUBHHI BIUIUB Mi-
KpOOPraHi3miB, CIIOTBOPEHHSI HUMH PE3YJIBTaTiB €KCIIEPUMEHTY Ta 3a0e3medye 03-
JIOPOBJICHHS pOCIUHU. J[pyre 103BOJIsi€ KOHTPOIIOBATH PICT Ta PO3BUTOK POCIHHH,
a nogaBaHHA (DITOTOPMOHIB — Ja€ MOXKIIUBICTh HAIIPABUTH POCIMHHI TKAHWHU 32
MIEBHUM LUISIXOM PEreHepallii, OTPUMYIOUHN KaJlyCH JJIsl CyCIIeH31MHUX KYJIBTYp 200
po3ranykeHi maroHu JIsl KIIOHAJTbHOTO MiKPOPO3MHOKEHHSI.

Bimomo, 110 3amo0irtu KOHTaMiHaIii B KYJIBTYpI in Vitro MOXKHA 3aBISIKU pe-
TeJbHIN cTepuIti3allii eKCIUIaHTIB, 00JaHAHHS, JKUBUILHOTO CEpPEeIOBHUIIA TOIIIO.
Jlnst 0OpoOKM €KCIIAHTIB MiIOMPAIOTh TaKi KOHIICHTpALii CTepuIIi3aliiHuX arcH-
TiB Ta 4ac eKCMOo3ullii, 100 3a0e3reunT! HalMEeHIINK piBeHb 3a0pyIHEHHS TpU
HaWOUIBIIIN IPYKUBIIIOBAHOCTI Y KYJIBTYpi in vitro [8].

Jnst crepunizanii HaCiHHS KyKypy[A3U HaldacTillle B HAyKOBUX MyOJiKaIisax
MIPONOHYIOTh BUKOPHUCTOBYBATH T1IIOXJIOPU/] HATPIIO TA €TAHOM Y PI3HUX CITiBBiIHO-
meHHsx [6; 15]. OqHak neski aBTOpU 3a3HadallM, 10 MOKAa3HUKH CXOXKOCTI HACIH-
Hsl Ta piBHI IPUOKOBOTO 3a0pYIHEHHS IIMPOKO BAPIIOBAIH 3AJI€KHO BiJ T€HOTHUITY
Ta reorpadiyHOro MOXOMKEHHS HACiHHs. ToMy JUIsl IESKUX €KCIUIAHTIB KyKypya3u
Oyna morpeba y AOBIII cXxeMi cTepuitizalii 3 JonaBaHHsIM (QYHTIUIHUX Tpernapa-
TiB [12].

He MeHm BaxIMBHM Y TMpoleci BBEIEHHs KyKYPYIA3HU B KyJBTYPY in Vitro
€ mia0ip ONTUMAaBbHOI KOHIIEHTPALlii OCHOBHHX (DITOTOPMOHIB Y KUBUIBHOMY Ce-
PEIOBHILI SIK Ui OTPUMAHHS KalyCHOI TKaHWHH, TaK 1 JUIs MPOLECIB OpraHOTeHe-
3y. Bizomo, 110 BUCOKa KOHIIEHTpAIlis ayKCHHIB 3arajioM CIIPHsIE€ KOPEHEYTBOPEH-
HIO, a IMTOKIHIHIB — CIIPHSIE pereHepallii maroxis. Y 1iei sxe yac 6aganc 000X TUITIB
TOPMOHIB TPU3BOJIUTH 10 PO3BUTKY KaiyciB [7]. Byno 3asBieHo, mo ais iHayKuii
PO3BHUTKY KallyCiB Y 3€pHOBHX JOIIIBHO BUKOPHCTOBYBaTH KOMOiHAIi ayKCHHIB
13 UTOKIHIHAMH, MIEPEBAKHO 3 BUIIMMHU KOHIEHTPAIISIMU ayKCUHIB, TOMI SIK AJIS
pereHepariii naroHiB €)eKTUBHUMHU € iX MMOE€THAHHS 3 IEPEBAKAHHAM [IUTOKIHIHIB
[10; 13].

Tak, n1s1 KyIbTUBYBaHHS KYKYPYI3H i1 Vitro HaldacTille 3aCTOCOBYIOTh ayK-
cuH: 2,4-nuxnopheHokcionToBy Kucioty (2,4-J1) y konuentpanii 2—10 mr/m, iH-
nomunouroBy kucioty (IOK) — y Bumiiii 1031 yepe3 MEHIIy aKTUBHICTh; @ TAKOXK
LIUTOKIHIH 6-0eH3unaminonypu (6-BAIl) y mexax 0,5-3 mr/n [1; 9]. Pexomenna-
1ii 11010 BUKOPUCTAHHS THX YW IHIIUX PETYIATOPIB POCTY Ta iX KUIBKOCTI AyXKe
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PI3HATHCS, €AMHOT TYMKH TIOKU IO HEMAE, TOMY JAOCITIKCHHS B IbOMY HAIPSIMKY
noTpeOyIOTh BiANPALIOBAHHS Ta y3arajlbHEeHb.

MeTto10 po6oTH OyJI0 ONTHMI3yBaTH CXEMY CTEpUITi3allii €KCIUIAHTIB 3 BHKO-
pUCTaHHSM (DYHTIIMIHUX areHTIB Ta BUSBUTU BIUTUB (HiTOTOPMOHAJIBLHOTO CKJIa-
Ny KUBHJIBHOTO CEpEeIOBUINA HAa pereHepalliiiHi Mporuecu KyKypya3H B KYJIbTypi
in vitro.

B mutan gociikeHb BXOIUIIO:

— ONTHUMI3YBaTH CXeMY CTEepHIIi3alii eKCIUIAaHTIB KYKypyA3H 3a JOTOMOTOI0
GyHTIIUIIB;

— OLIIHUTH BIUIUB (DITOrOPMOHAILHOTO CKJIAy >KUBUJIBHOTO CEpeIOBUINA HA
CTUMYJISIIIIO KalTyCOTeHe3y Ta Mpoiti)epallito MaroHiB i yTBOPEHHs KOPEHIB y KYJb-
Typi in vitro;

— BCTAHOBHUTH €(DEKTHBHI KOMOIHAIIT ayKCHHIB Ta IUTOKIHIHIB JJIT CTUMYJISI-
11ii KOHKPETHUX MUISXiB MOP(POTCHE3Y.

Marepiajau i MmeToan

MarepianoM Uit €KCIIEPUMEHTY 3 MOIIYKY KpaIloi CXeMH CTEepUIIi3alii eKc-
TUTAHTIB KyKYpYI3U CIIyTyBaJlo HaciHHA riopuay «Xairioy» (TM Syngenta Seeds,
Hinepnanau). ocnimkenHs npoBoawin Ha 6a31 HaykoBoro meHTpy Mopchkoi 0i-
ostorii Ta 6ioTexHoorii O1IeChKOro HaliOHAILHOTO YHiBepcuTeTy imMeHi 1. 1. Med-
HUKOBA.

Jlyis TOCSITHEHHS MOCTABIICHUX 3aB/IaHb OyJI0 IPOBEIEHO JiBa OJIOKU eKcIie-
PUMEHTIB:

1. TecTyBaHHS Pi3HUX CXEeM CTepWIIi3allii 3 JOJaBaHHIM (YHTILUIHUX arcH-
TiB;

2. MOCIHi/DKEHHS BIUIMBY Pi3HUX KOMOiHaIii iTOrOPMOHIB Ha PICT i PO3BU-
TOK 3apOJIKiB KyKYPYII3H B YMOBAX in Vitro.

J11s1 BUSIBIICHHS! BIUTUBY (DYHTILIM/IIB Ha BUXI]l CTEPHIBbHUX CKCILIAHTIB, )KUT-
TE€3IATHICTH Ta PO3BUTOK KYKYPY/A3H B KYJBTYPI i1l Vitro BAKOPUCTOBYBAIU PO3YHHU
npemnapartiB «Xopye» (1,4 r/i), «Xinozom» (2 r/m) Ta «Dynnazom» (1 r/m). Konnen-
Tpauii Ta 4ac eKCIO3uIlii CTepUiTi3alliiHIX areHTiB OOMpaIl Ha OCHOBI PEKOMEH-
Jariii BUpoOHUKIB, a Takoxk 3a H. B. Turapenko Ta iH. [4]. BukopucroByBanu TaKy
CXEMY JTOCIIKEHb:

1. [IpoMuBKa MUJIBHUM PO3YMHOM (5 XB), MPOMHUBKA MPOTOUYHOKO BOJIOIO
(5 xB), 00poOKa po3BeACHUM PO3YMHOM BigOiUIIOBaua «biTn3Hay 3 KOHLEHTpAIIE0
rinoxaopuny Harpito NaOCI 10,5 r/n (15 xB), npoOMHUBKa CTEPHILHOIO AUCTHIIBO-
BaHOIO BOJIOKO JBidi, 00poOka mpemnaparom «Xopyc» (1,4 r/m, 15 xB), nmpoMuBKa
CTEpWJIBHUM JUCTHIIATOM TPUYI.

2. IlpoMuBKa MUJIBHUM PO3YMHOM (5 XB), MPOMHUBKA MPOTOYHOIO BOJOIO
(5 xB), 006poOKa 3acobom «binmzHa» (15 XB), IPOMHUBKA CTEPUIBLHUM IUCTHIISITOM
IBivi, 00poOka «XiHo30m» (2 1/71, 15 XB), MIPOMUBKA CTEPUILHUM JUCTUIISITOM TPH-
i,

3. [IpoMHBKa MWJIBHUM PO3YMHOM (5 XB), MPOMHBKA MPOTOYHOKO BOIOIO
(5 xB), 006poOka BinOimoBayeM (15 XB), MPOMHUBKA CTEPUIIBHUM JUCTHIISTOM JIBiui,
00pobka npenapatom «Dynnazom» (1 r/m, 15 XB), MpOMHUBKA CTEPUIIBHUM JTUCTH-
JSITOM TPHYI.
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4. TIpoMuBKa MUJIBHMM PO3YMHOM (5 XB), MPOMHUBKA MPOTOYHOIO BOJOIO
(5 xB), 06poOka 3acobom «binu3Ha» (15 XB), MPOMHUBKA CTEPHILHUM JAUCTHIISITOM
JIBIYl — KOHTPOJIb.

CrepuibHe HaCiHHA KyKypYI3H y JIaMiHApHOMY OOKCI MEPEHOCHIIN Ha KH-
BUiIbHE cepenouiie Mypacire i Ckyra (MS). KynbTuByBaiu eKCIlaHTH B yMOBax
KyJabTypanbHOi KiMHatH (t =25 °C, BigHOCHA BosoricTh moBiTpst = 60—70%, dhoto-
nepion 16/8, inTencuBHICTh ocBiTiaeHH = 2500 11K). [IprKuUBIIOBaHICTB T PICT KY-
Kypya3u QikcyBanu Ha 4-uii, 7-uil, 14-uii Ta 21-uil 1HI eKCIEpUMEHTY. Y mpoueci
JOCTIKEHb MPOBOIMIA OOTIKH BUXOAY CTEPUIIBHUX €KCIUIAHTIB MPHIKUBIIIOBAHO-
CT1 €KCIUIAHTIB, JIOBKUHU MaroHiB Ta KOPEHIB.

Jlnist BUSIBJICHHSI BIUTMBY (DiTOTOPMOHATIBHOTO CKIIAAY KHBHIBHOTO CEpeo-
BHUII[A HA CTUMYJISILIIIO KallyCOTEHE3y Ta MaroHOYTBOPEHHS Y KYKYPYA3HU B KYJIbTYpi
in Vitro SK €KCIUIaHTH BUKOPHCTOBYBAJIM 130J1b0BaHi 3apoaku riopuny DCS 1541,
o OyB Haganuii arponoMoM rocnogapctsa TOB Jlioposa, A.C. Janummtokom. Jlo-
HOPHI POCJIMHU BUPOUIYBAIKCS B KIIIMaTHUYHUX yMOBax JlicocTenoBoi 30HU Ha Ci-
pHUX JICOBUX I'PYHTaX 3a CyMapHOi KiIbKOCTI mo3uTuBHHX Temreparyp 2800 °C.
[30ms111i10 3apO/IKIB MPOBOAMIM B TaMiHAP-00KCi 32 TOTIOMOTOO CKAJIBIIEIIO Ta Mpe-
napyBajbHOI roiKu [2].

VY ekcriepuMeHTI BUKOPUCTOBYBAJIM TBEP/IC JKUBWIbHE cepenoBuine MS, 1o
SIKOTO, 3T1JTHO 3 IaHUMH HAYKOBUX JKEPEJ, J01aBaIH (iTOTOPMOHHU IIUTOKIHIHOBO-
ro Ta ayKCMHOBOTO psixy. CxeMa TOCIiKeHb BKIIIOUaia BapiaHTH:

1 6-BAII 2 mr/im ta IOK 0,5 mr/m.

11 10K 2 mr/a ta 6-BAIT 0,5 mr/m.

MS k  Konrtponb — 6e3 qomaBaHHs iTOrOPMOHIB.

[301p0BaH1 3apO/IKH MTOMIIANIA B KOHTPOJIBOBaHI YMOBH KYJBTYpPaIbHOI KiM-
HaTH Ta BEJIU CIIOCTEPSKCHHS Ha 3-Til, S-Tuil, 7-muii Ta 10-TUH 1CHB.

PoOuu 067K BiICOTKY MPHKUBIIFOBAHOCTI, IIOYATKY Mpoidepartii ekcruiaH-
TiB, yTBOPEHHS KaIyCy, KIJTbKOCTI IPOPOCTKIB, KUIBKICTh €KCIUIAHTIB, 110 YTBOPH-
JIX KOPEHi.

CrarucTU4HI PO3paxyHKH MPOBOAWIM 32 AOMOMOrO0 mporpamu Microsoft
Excel (cepenne 3Ha4eHHs, CTaHIAPTHE BiIXUJICHHS).

Pe3yabTaTi 1ociaixkeHb Ta iX 00roBOpeHHs

Onmumizayis cxemu cmepunizayii excnianmie 3 8UKOPUCMAHHIM NPOMU-
2pUOKOBUX a2eHmie

Byno BusiBIEHO, 110 3 YETBEPTOTO JHS JOCIHITy CIIOCTEPIraaocs 3MEHIICHHS
KUTBKOCTI CTEPUIIBHUX EKCIUIAHTIB y BCIX 3pa3Kax, KpiM TUX, 110 Oynu oOpoOieHi
npenaparoM «XiHo30m». OIHaK TOYMHAIOYH 3 ChOMOTO JTHS 3HM)KEHHS 32 IIHM I10-
Ka3HHUKOM BiZI0yBajocs y BCIX JOCHITHHX BapiaHTaxX Ta HaWOlIbIIe 3a0pyaHEHHS
MIKpOOpraHi3MaMHu IiJ1 KiHeIlb TOCTiKEHb OyJI0 BCTAHOBJICHO IMicCIist 00pOOKH iHi-
HiaJbHUX EKCIUIaHTiB mpenaparoM «Dynmazom» — 40% Bia MoYaTKOBOT KiIIBKOCTI
BBEJICHUX B KYJIBTYpYy eKcIuianTiB (Tadm. 1). Ha 21-if 1eHp KUIBKICTh CTEPHIBHUX
eKCIUIAHTIB, 1110 NEPEBUIIYBAIA KOHTPOJb, BIAMIYEHO Yy JOCHiJaX 3 BUKOPUCTAH-
HSIM TIperapariB «Xopyc» Ta «XiHo3om» — Ha 16,6% Ta 26,6% Kpalie BianoBiTHO.

3a cepenHIM 3HAYEHHSM CTEPHIILHOCTI 32 BECh 4ac JOCIIAY HaNKpamiuii
edexT 3a0e3neuria 00poOKka mpenaparamu «XiHo30m» Ta «Xopyc» — Ha 20,8% Ta
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Tabnuns 1
BnuuB GyHrinmaHux crepuiaizauiiiHUX areHTiB HA iHIiaJIbHI eKCIVIAHTH KYKYPYI3HU
B KYJbTYPi in vitro

Table 1
Effect of antifungal sterilizing agents on the initial maize explants in vitro culture
CrepuiizaniiHuit CrepuiabHicTb, % Cepenne Kurrezgatuictb, % Cepenne
arenT Henb Big mouarxky SHAYEHHST [ Jleyy, ig mouaTky 3HAYEHHS
KYJLTHBYBAHHS CTeP;[i“’"OCT' KYJLTHBYBAHHS JKHTTE3IATHOCTI
4 | 7142 332, o | 4| 7 14| R RCHER
Xopyc 93.3 186.7{90.0|73.3 85.8 100.0{96.7{90.0|76.7 90.8
XiHO0301 100.0{96.7|90.0|83.3 92.5 66.7 |56.7|36.7|36.7 49.2
DyHpaason 96.7 |80.0|66.7 [40.0 70.8 96.7 |80.0|66.7 |46.7 72.5
Kontpomns 83.3176.7|70.0|56.7 71.7 96.7 |76.7|70.0|60.0 75.8

n =40
Y — cepelHe 3HAYCHHS CTEPUIILHOCTI 200 KUTTE3MaTHOCTI 32 21 1eHb y %.
Y is the average value of sterility or viability for 21 days in %.

14,1% nepeBunryBanu KOHTPOIIb BiAnoBiqHO. OOpobneHi npenaparom « PyHaa30m»
Ta KOHTPOJILHUI BapiaHT 3a JaHUM IMOKA3HUKOM MAarOTh Pi3HHIIO MeHIe 1%.

3a mapaMeTpoM JKUTTE3IATHOCTI pe3yibTaTH HE MOBHICTIO MOBTOPIOIOTh
TEHJICHI[II0 3HA4YCHb CTEPWJIBLHOCTI: BUKOPUCTAHHS Tpernapary «XiHO30J»
CHPUYMHAJIO 3HAUHE 3MEHIICHHS YXUTTE3IaTHUX EKCIUIAHTIB KYKYypyA3u BXKE Ha
4-uit nenp crioctepeskeHsb (66,7%), a Ha 21-1ii JeHb TAKUX eKCIUIAHTIB 3aJTUIIHIIOCS
ONM3BKO TPETHHU BiJl TOYATKOBOI KiTbKOCTI (36,7%). Ilpu boMy Ha OCTaHHIN IeHb
CIIOCTEPEKCHb HaWKpalll IMOKa3HUKU Oyd 3a 0OpOOKM TperaparoM «Xopyc» —
76,7% npotu 60% y KOHTPOJILHOMY BapiaHTI.

Crepwrizariis npenapatoM «XiHO30JD» BUKJIMKAJIa IIOTEMHIHHS HACIHUH KY-
Kypya3u (puc. la), mo WMOBIPHO i 3yMOBIIIOBAJIO CTPIMKE 3HMKCHHS KUTTE31AT-
HoCTi. HaromicTh 3pa3ku, 00pobieHi mpemapaToM «Xopycy», IEMOHCTPYBAIU PO3-
BHHEHY KOPCHEBY CHCTEMY Ta SICKPaBO 3€JIeH1 JIUCTKH (puc. 10).

CriocrepekeHHs OKa3aJd, 0 TTOTEMHIHHS 1HIMIAJIBHUX €KCIUIAaHTIB BHHU-
KaJI0 TUTBKHU MPpHU 00poOIIi mpemapaTtoM «XiHO30JD» Ta CIIOCTEPIraiocs BKe 3 4eT-
BEPTOTO THS criocTepekeHb. Hamani B 1iboMy BapiaHTi BI3yaJlbHO CIIOCTEpiraim
3MiHY KOJIbOPY KMBHJIBHOTO CEPEIOBHILA.

B pe3ynbraTi oniHKHM JMHAMIKY POPOCTAHHS 1HIIAIBHUX EKCIUIAHTIB KYKY-
PYI3U BCTAaHOBIICHO, 1110 HAMBHIIMI PiIBEHb CyMapHOTO MPOPOCTAHHS 32 Iepiof A0-
cmipkenHs (21 nens) cocTepiraBcs y BapianTax KOHTpoib (41,67%) Tta 06poOku
npemnapatom «Xopye» (42,5%) (tabmn. 2). Bxe Ha 4-My JHI COCTEPEKEHHS MTOKA3-
HUK TPOPOCTAHHS y BapiaHTi 3 mpemnaparoM «Xopyc» ctanoBuB 33,33%, mio mo-
CTYIIOBO TiABUIITYBaBCs 10 53,33% Ha 7-i 1eHb, MicIIs 90To JACIIo 3HIKYBaBcs. Lle
CBITYUTH TIPO MOTSHIIIHHO HETOKCUYHY JIif0 JAHOTO Mpernapary Ha eKCIUIaHTH Ky-
KypyZA3H Ta MOXJIMBY CTUMYIIIOBAJIbHY aKTHBHICTD y paHHI TEPMiHU KyJIHTUBYBaH-
Hs. Ha BigMiHy BiJ IIbOTO, PU 3aCTOCYBaHHI Ipemapary «XiHO30JD» TPOPOCTAHHS
KyKypyZ3u OyJ0 HallHIKYMM Cepeq] yCix BapiaHTIB 1 He mepeBuiryBaio 20% Ha
¢binanpHOMY etami. CepefHiil MOKa3HUK NMPOPOCTAHHS y IIbOMY BapiaHTI CKJIaB
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Puc. 1. IIpopocTku KyKypya3Hu B KYJAbTYPi in vitro, cTepui3oBaHi npenaparamMu
«XiHo30.1» (a) Ta «Xopyc» (0) Ha 14-uii 1eHn

Fig. 1. Maize seedlings in vitro sterilized by «Chinozol» (a) and «Horus» (b)
on the 14" day

Tabmuus 2
BnumB QyHrinmaHux crepuiizauiiiHuX areHTiB HA NPOPOCTAHHSA IHIiNIAJBLHUX eKCIIAHTIB
KYKYPYI34 B KYJBTYPI in vitro
Table 2
The effect of antifungal sterilizing agents on the germination of initial maize explants
in vitro culture

Crepuiizaniiinmii IIpopocranns, % Cepenne 3Ha4eHHS
areHT . MPOPOCTAHHS
JleHb Bi mo4aTKy KyJIbTHBYBAHHSI 3a 21 genb, I, %
4 7 14 21
Xopyc 33.33 53.33 40.00 43.33 42.50
Xino3on 23.33 13.33 20.00 20.00 19.17
®dyHnpason 26.67 33.33 26.67 23.33 27.50
Kontpons 40.00 43.33 40.00 43.33 41.67

n=40
X — cepeaHe 3HaYeHHsI MpopocTaHHst 3a 21 neHp y %.
Y is the average value of germination for 21 days in %.

mme 19,17%, 1mo Bkasye Ha MOXKITMBY (PITOTOKCHYHICTH 00 MPUTHIYYBAIbHY 10
AKTUBHHUX KOMIIOHEHTIB Ipenapary «XiH030/» Ha KJIITUHU MEPBUHHOT TKAHUHHU.

O6pobka npenaparom «®DyHIa301» TaKoX BHSBHIA ITOMIPHO HETaTHBHHMA
BIUIMB: CEepe/IHId PiBEHb NMPOPOCTAaHHS CTAaHOBUB 27,5%, 13 HE3HAYHHMHU KOJIH-
BaHHSAMH MK 4-M 1 21-M gHEM croctepexeHHs. e mo3Boisie MPUIyCTUTH, IO
Ipernapar YacTKOBO MPHUTHIUY€E MPOPOCTAHHS, OJHAK HE HACTUIBKA KPUTHYHO, SIK
npemnapar «XiH0301».

Hactynaum eranom nocmipkeHHs Oyna aHalli3 TUHAMIKH POCTY KOPEHEBOL
CHCTEMH MPOPOCTKIB, OTPUMAHUX MicCIsi 00pOOKH pi3HUMHU (YHTIIHUIAMH, A TAKOXK
MOKAa3HUKHU CTEPUJIBHOCTI €KCIUIAHTIB, IO € KPUTUYHUMHU TpHU poOOTi B yMOBax

in vitro (puc.2).
ISSN 2076-0558. Mixpo6ionoeis i 6iomexnonoeis. 2025. Ne 2. C. 32—46 ——— 37



H. I. Tecimiok, K. O. llyasra, T. B. Isanuns, K. 51. 2KusioBcbka

10 +
< 8
(@]
T 6
g —Xopyc
S
= e X HO3 0N
® 4
; ®yHaazon
s3]
S 2 =K OHTpONb

4 7 14 21
[Hi BiA NOYATKY KYNbTUBYBAHHA

Puc. 2. lunamika 30l/Ib1ICHHS cepeHbOI JOBKUHHM KOPEHiB KYKYpPYy/I3H Mic/Is cTepuJIisamii
(dyHrinuaamu B KyabTypi in vitro
[MpumiTka — *noO3HAYEHHs CTAHIAPTHOTO BIJXUIICHHS JIOBXHHH KOPEHS MPOPOCTKIB Ha KOKEH
JIeHb CIIOCTEPEKEHHS

Fig. 2. Dynamics of increase in average root length of maize after sterilization with
fungicides at in vitro culture
Note — *marking the standard deviation of the root length of the seedlings for each day of ob-
servations

Xova y mociizi 3 mpemapaToM «Xopyc» Ta KOHTPOJIEM PiBEHb MPOPOCTAHHS
OyB NMPaKkTHYHO OJHAKOBUM, caMe el mpenapaT MpOoAEeMOHCTPYBAaB CTATUCTUYHO
3HAYYIIUM TO3UTUBHUM BILJIMB HA PO3BUTOK KOpeHEBOI cucteMu. CepeiHs TOBKHUHA
KOpEHIB TIiCIsl 00pOoOKH TpenapaToM «Xopycy» TEpeBHIyBaia KOHTPOJIbHI 3HAYCH-
Hs Ha 45%. Y BapianTi 3 npenaparom «®DyHnazom» Oyno 3adikcoBaHO 301TBIICHHS
JOBXHUHHU KopeHs Ha 11%, onHak 3arajgbHUA piBeHb IPOPOCTAHHS 3aTUIIABCS HAXK-
9uM 32 KOHTpoIb (23% npotu 43%). HaBmaku, 06poOka nmpenapatom «XiHO30»
npu3Bena 10 3MEHIICHHS TOBKUHH KOpeHiB Ha 18,5% y mopiBHAHHI 3 KOHTPOJIEM,
10 Y3TO/UKYETHCS 3 paHillle BUSABICHUM 3arajibHUM HMPUTHIYCHHSIM MPOPOCTAHHS.
JlocmimKeHHsI TIOKa3ali, 1110 HAWBUINAN BiJICOTOK CTEPUILHUX (HE KOHTaMiHOBA-
HUX) EKCIUIAaHTiB OyJI0 OTpHMaHO y BapiaHTax 3 mpemaparamu «Xopyc» (85,8%)
Ta «XiHo3om» (95,2%). Ilpore, He3BaXkaOUM Ha BUCOKY CTEPHIIbHICTH, BapiaHT 3
X1HO30JI0M BHUSIBUBCS HETIPUIATHUM Yepe3 BUPAKEHY (DITOTOKCHIHICTD.

TakuM YMHOM, ONTHMATBHUAM 32 KOMIUIEKCOM MOKa3HHKIB (IIPOPOCTAHHS,
JIOBKWHA KOPEHIB, KUTTE3MATHICTh 1 CTEPUIILHICTH) B YMOBAaX JaHOTO JAOCIITY BH-
SIBUBCS came QyHTIIHT «XOpycy.

Busenenns enaugy gpimoeopmonie na npoyecu pecenepayii KyKypyo3u

VY pesynbrari HaluX JT0CHIKEHb 3 BUKOPUCTAHHIM )KUBUIIBHUX CEPEOBHUIII,
Momr(iKoBaHUX 32 (HITOTOPMOHAIEHUM CKJIQJIOM, OyJia TpoaHali30BaHa TIPHIKUB-
JIOBaHICTh 130JIbOBAaHUX 3apOAKIB KyKypya3u Ha 3-TiH, 5-tuid, 7-muit ta 10-Tuit
JIEHb BiJ] TIOYATKy KYJTBTUBYBaHHS (Ta0. 3).

Ha 5-if nenp KynbTUBYBaHHS Oyiia BHSIBIICHA PI3HUIT MiX TPHKUBITIOBaHI-
CTIO €KCIUIAHTIB Y KOHTPOJILHOMY BapiaHTi Ta MOAH(IKOBAaHUX CEPEIOBHINAX 3 pe-
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Tabmuns 3
BreneHHsl eKCILIAHTIB KyKypyA3u Ha MoaH(ikoBaHi ;KUBHIbHI cepefoBUIIa
Table 3
Inoculation of maize explants on modified culture media
Bapiaut [puxuBaoBaicTs, % Cepenne 3HaYEHHS
cepenopuina JleHb Bi Mo4aTKy KyJbTHBYBaHHS “l;l:;(g ;J:[:%Bgﬂf,)/iﬁ
3 5 7 10 ’
I 99 75 62 55 72,75<73
I 100 84 78 70 82,68 <83
MS k 92 70 47 30 59,5<60
n =060

Y — cepeHe 3HaYCHHS NPYKUBIIOBAHOCTI 3a 10 nHIB y %.

I — cepenosutie 3 gogaBantsm 2 mr/it 6-BAIl ta 0,5 mr/n IOK; 11 - cepenosurie 3 2 mr/in IOK
ta 0,5 Mr/n 6-BAIl; MS k — KOHTPOJIBHE CEPEIOBHIIIE.

Y —average survival rate for 10 days in %.

I — medium with the addition of 2 mg/1 6-BAP and 0.5 mg/l [AA; II - medium with 2 mg/l TAA
and 0.5 mg/l 6-BAP; MS k - control medium.

rynsropamu pocty. Ha konTponsHOMY cepenoBuiili MS 6e3 nogaBanHs (iTOropmo-
HiB XUTTE3MaTHUME Oyin 70% eKCIIaHTiB, Ha cepeloBHILI 3 JoaBaHHsIM 6-BAIl B
koHueHTpauii 2 mr/a ta IOK 0,5 mr/n (cepenosuie 1) — 75%, na MS 3 IOK 2 mr/n
ta 6-BAII 0,5 mr/n (cepenosuie 1I) — 84%.

Ha 5-7 nenp ciocrepiranu cyTTeBe 3HIKEHHS JKUTTE3ATHOCTI EKCIIAHTIB,
o OyJo CIpUYMHEHE KOHTaMiHAIEI0 MIKpOOpraHiZMaMu, sSIKi YHHHWINA HETaTHB-
HUH BIUIMB Ha POCIMHHUI MaTtepiall. byna BupaxyBaHa cepeaHs TpHKABIIOBaHICTh
eKCIUTaHTiB 3a 10 JHIB KyTBTUBYBAaHHSI, BIMOBITHO /IO HABEIEHUX MaHUX (Taoi. 3)
Ha cepenosuii II mprwkuBmoBanicTs Oyna Ha 12—13% BuIOIO HIXK HA CepeIOBUILI
I, Ta Ha 22-23% BUIIOI0, HIK Y KOHTPOJI.

Bysno BcTaHOBIEHO, 110 HAWKpaIIHii MOKA3HUK TPYKUBIFOBAHOCTI 130J1b0BA-
HUX 3apOJIKIB JOCIiAHOTO T10puay KyKypyasu Ha 10 nenp KyiastuByBaHHS — 70%
oyno 3adikcoBano cepenosui [ — MS 3 2 mr/m IOK ta 0,5 mr/n 6-BAII.

YTBOpEHHS KalyCy — OJWH 3 TTapaMeTpiB, 3a SKUM OI[IHIOBAJIN BILTUB (iTO-
TOPMOHIB Ha iHIMiaIbHI eKcTuiaHT. [lounHaroun 3 3—5 mHS KyJIbTHBYBaHHS BiIMi-
YaJy MoYaToK mponeciB aeaudepeHItiaiii TKaHUH Ta B MMOIAJIBIIOMY YTBOPEHHS
Kamycy (puc. 3).

BizyanpHi ciocTepekeHHS MOKa3alu, Mo Karyc OyB 0iTyBaTo-)KOBTOTO KO-
JLOPY, 1HOJII HATTIBIIPO30PHA, Ta 3 BUIUMUMH MIUTEHUMH MOP(HOTEHHUMHU 30HAMH.

VY mporeci KyJIbTUBYBaHHS CIIOCTEPITad PI3HUIIO B YTBOPEHHI KallyCHHX
30H MIDX JOCTiIHUMH BapianTamu cepenoBuil (puc. 4). Tak, y cepemoumi II 3
BucokUM BMicToM aykcuHiB (IOK 2 mr/m) BimOyBanacst iHAYKIISl KaJyCOTe€HE3y —
47% Bin 3aranbHOI KIJIKOCTI €KCIUIAHTIB y 1laHOMY BapiaHTi. [Ipu oMy Ha KOH-
TpOIBLHOMY cepenoBuili MS 6e3 101aBaHHs PETYISITOPIB POCTY KaTyCHI TKAHUHU
HE YTBOPIOBAJINCS, 1301b0BaHI 3p1JTi 3apOAKH 3aIuIIaiucs 06e3 3MiH, a00 TPOSIBIISLTH
O3HAKH [1arOHOYTBOPEHHS.

Jlani pe3ynbTaTH CHiBMNAIAIOTh Ta IMiATBEPIKYIOTh CTUMYJIOBAIBHY POJh
AyKCHHIB B yTBOPEHI KaJTyCHOT TKaHWHH [3].
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Puc. 3. YTBOpeHHS KaJIyCHOI TKAHUHH 3 i30JIbOBAHUX 3aPOAKIB KyKYPYA3H Ha 7-1ii IeHb
crocrepeskeHb

Fig. 3. Callus tissue formation from isolated maize germs on the 7™ day of observation
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Puc. 4. YTBOpeHHs KaJycy Ta NaroHis i3 i301b0BaHMX 3apOKiB KYKYpPYI3U Ha 7-Muii 1eHb
eKcriepuMeH
I — cepenoBute 3 mogaBanHsaM 2 mr/a 6-BAII ta 0,5 mr/n IOK; II — cepenosume 3 2 mr/n IOK ta
0,5 mr/i 6-BAIT; MS k — KOHTPOJIbHE CEPEIOBHUIIIE.

Fig. 4. Callus and shoot formation from isolated maize germs on the 7" day of the experiment
I — medium with the addition of 2 mg/l 6-BAP and 0.5 mg/l IAA; Il — medium with 2 mg/l [AA
and 0.5 mg/l 6-BAP; MS k — control medium.

Byno 3po6iieHo BHCHOBOK, 110 cepenoBuiie MS 3 momaBanusm IOK 2 mr/m Ta
6-bAIl 0,5 mr/n Halikpalie BIUTMBAJIO HA MPKUBIIIOBAHICTh eKCIUIAHTIB (84%) Ta
Ha YTBOPEHHs Kairycy (47%).

AKTHBAIIIFO POCTOBUX MTPOIIECIiB BBEJICHUX CKCIIAHTIB BU3HAYAB MIOYATOK Ha-
OyxaHHs Ta npoxideparii 3apoaky Ha 3—4 IeHb eKCcriepuMeHTY. PO3BUTOK maroHiB
Bi3yaJIbHO TOMITHUM OyB Ha 7-MUil JeHb (puc. 5) 3 HalKpallMMU NMOKa3HUKAMU
66% na cepenosumti I (6-BAII 2 mr/m, IOK 0,5 mr/m).
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a

Puc. 5. Po3BuToK maroHiB i3 3aponkiB Ha 7-muii (a) Ta 14-Tuii (0) 1eHb KyJbTHBYBAHHS Ha
cepeaoui I (6-BAII 2 mr/a, IOK 0,5 mr/a)

Fig. 5. Development of shoots from maize germs on the 7" (a) and 14™ (b) day of cultivation
on medium I (6-BAP 2 mg/l, IAA 0.5 mg/l)

[Taronu, mo po3BHUBaIKCS, 3 TEPIIUX MPOSBIB Tpoidepartii Maau O3HaAKH
OpraHoreHesy Ta 3 KO)KHUM JIHEM KyJIbTHBYBaHHs HaOyBaJli 3€JIEHOTO HACHUEHOTO
KoIbopy. Ha KOHTpoIsHOMY CcepeoBHIN, 3TiAHO cepenHix nanux Ha 10-uii neHp
KyJIBTUBYBaHHS, Oys10 3a(ikCOBaHO YTBOPEHHS MaroHiB jume y 12% iHimiaabHUX
excrutanTiB (puc. 4). Ha cepenosumii 11 (IOK 2 mr/nm ta 6-BAII 0,5 mr/im) Gymo Binx-
MideHo 23% (popMyBaHHS MaroHiB.

Pesynbratu mociigy miATBEpKYIOTH MO3WTUBHUN BIUIMB ITUTOKIHIHIB, 30-
kpeMma 6-bAIl, Ha cTUMYISAIIII0 YTBOPEHHS MArOHIB 13 3apOIKiB KYKYpYI3H B YMO-
Bax in vitro [11].

OTxe, UId OTpUMaHHS KaJlyCHOI TKAHMHM HaWKpaimuM Oyllo CEepeoBHUIIE 3
BHCOKUM BMicTOM aykcuHiB — [OK 2 Mr/a Ta 3MeHIIEHWM BMICTOM ITMTOKIHIHIB
6-bAII 0,5 mr/n. Tlpu mbomMy TpOpOCTKH Kpalie pO3BUBAJIMCS HA CEPEIOBHIII 3
T IBUIIICHHOO KOHIIEHTpAIli€t0 MUTOKiHIHIB (6-BAIl 2 mMr/m) Ta 3MeHIIeHnM BMic-
tom aykcuHiB (IOK — 0,5 mr/m).

Byno mopaxoBaHO BiJICOTOK €KCIUTAHTIB, IO YTBOPUJIU KOPEHi, Bij 3araib-
HOT KUTBKOCTI BBEJCHUX €K3eMIUTAPIB (puc. 6). Buxomsiun 3 HaBeneHUX NaHUX Ha
10-Ty moOy cTUMyIIAIlisE KOPEHEYTBOPEHHS BiOyBajacs y BapiaHTi 3 JoJaBaHHSIM
no cepenoumia IOK 2 mr/m ta 6-BAII 0,5 mr/n va 11% iHTeHCHBHINE HIX MPU
nonasaHHi 0,5 mr/n IOK ta 6-BAIl 2 Mr/mn, Ta BABIYI iIHTEHCUBHIIIE Y TIOPIBHSHHI
3 KOHTPOJIEM.

Hami pe3ynerati y3rofkyroThCsl 3 OCHOBHUMH TOJOKEHHIMH PO KITIOYOBY
pOJb ayKCUHIB B iHIIIAIlI] OpraHOTeHe3y Ta pu3oreHesy [1].

VY pesynbrari OTpUMaHUX JaHUX MOXHA 3pOOUTH BHCHOBOK IIPO BILJIUB KOH-
IeHTparii ¢GiTOrOpMOHIB Ha TIPOIIECH POCTY 1 PO3BHUTKY 130JIbOBAHHUX 3aPOJIKIB KY-
Kkypymsu riopuny DCS 1541 y kyneTypi in vitro. Baano miniOpana KOHIIEHTpaIlis
Ta CITIBBIJHOIIECHHS ayKCUHIB Ta IUTOKIHIHIB, B HamoMy Bumaaky IOK, Ta 6-BAIl
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Puc. 6. Kiabkicts excnantis (%), o yreopuin kopeni Ha 10-Tuii 1eHb KyJbTHBYBAHHS
I — cepenoBute 3 mogaBanusaM 2 mr/n 6-BAII ta 0,5 mr/n IOK; II — cepemosume 3 2 mr/n IOK ta
0,5 mr/i 6-BAIT; MS k — KOHTPOJIbHE CEPEIOBUIIIC.

Fig. 6. Number of explants (%) that formed roots on the 10™ day of cultivation
I — medium with the addition of 2 mg/l 6-BAP and 0.5 mg/l IAA; Il — medium with 2 mg/l [AA
and 0.5 mg/l 6-BAP; MS k — control medium.

JTO3BOJISIE OTPUMATH POCIUHHU-PETEHEPAHTH 3 OaKaHUMM XapaKTEPUCTUKAMH, 110
OyayTh BUIBbHI BiZl canpoiTHOT MiKpOOIOTH.

VY mincyMmKy, pe3ysbTaTu eKCIepUMEHTIB JO3BOJIMIM BCTAHOBHUTH, 110 HaM-
OUTBIINI BUXI CTEPUIILHUX EKCIUIAHTIB KYKYPYI3H KYIBTYpi in vitro 3a0e3mnedn-
70 BUKOpUCTaHHA QyHrinuaiB «Xopyc» (85,8%) ta «Xinozom» (95,2%). 3a no-
Ka3HUKOM >KHTTE3ATHOCTI €KCIUIAHTIB Ta TOBKHHOIO KOPEHIB Kpamior Oyma o0-
pobka ¢yHnrinugom «Xopyce» (Ha 15% 1 45% Oinble 3a KOHTPOJIb BIAIOBITHO).
OTxe, OTpUMaHi pe3yJbTaTé JO3BOJISIOTh PEKOMEHYBATH Tperapar «Xopyc» sk
MEPCTIeKTUBHUIN (DyHTIIN IS 3aCTOCYBAHHSI B i Vitro CTEpUIIi3alii 1HIIaTbHUX
eKCIUIAHTIB KYKYPYI3H 3 ypaxyBaHHSIM €(EeKTHBHOTO KOHTPOJIIO KOHTaMiHaIlii Ta
30epeKeHHS )KUTTE3ATHOCTI TKAaHUH.

Bceranosneno, mio cepemosumie MS 3 nonaBanusm IOK 2 mr/n ta 6-BAIL
0,5 Mr/n Haiikpaiie BIUIMBAJIO Ha IPUKHUBIIIOBAHICTh eKCIUIAHTIB (84%), Ha mporte-
CH yTBOpeHHs Kanycy (47%), a Takoxx po3BUTOK KopeHiB (30%). st crumysnsnii
mporecis npodideparlii, yTBOpEHHS MaroHiB Ta B OJAIBIIOMY OTPUMAHHS IIOBHO-
[IHHUX MIKPOKJIOHIB KYKYPY/3H in vitro Kpammm Oyio cepenoBuiie MS 3 nogaBan-
asMm 6-BAII 2 mr/i ra IOK 0,5 mr/i.

PexoMeH10BaHO BUKOPHUCTAHHS TAaKOi CXEMH ISl CTEpUIIi3aiii HACIHHS Ky-
KypyA3H sIK €KCIUIAHTIB Ul KyJIBTYPH in Vitro: IPOMHMBKA MUJIBHUM PO3YMHOM
(5 xB), MpOMUBKA TPOTOYHOIO BOMIOIO (5 XB), 00poOKa 3acobom «binmmzaay (NaOCl
10,5 r/n, 15 XB), MpOMUBKA CTEPUILHUM AUCTHIISITOM JIBidi, 00poOKa mpenapaTtoMm
«Xopye» (1,4 1/n, 15 XB), MPOMHUBKA CTEPWIBHUM AUCTUIISITOM TPUYi. A TaKoX
BUKOPUCTAHHS JKUBUJIBHUX CEepefoBHIN 3 30inbiieHnM BMicToM aykcuHiB (IOK
2 Mr/m) ans iHIYKYBaHHS KaJIyCiB 1 pu30oreHe3y Ta IUTOKiHiHIB (6-BAIl 2 mr/m)
JUIS CTUMYJISILIT OpraHOTeHE3Y.
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OPTIMIZATION OF EXPLANT STERILIZATION
PROTOCOLAND PHYTOHORMONAL COMPOSITION
OF THE CULTURE MEDIUM FOR ESTABLISHMENT
OF MAIZE IN VITRO CULTURE

Summary

The aim of the study was to optimize the sterilization scheme of explants using
antifungal agents and to determine the effect of the phytohormonal composition
of the nutrient medium on the stimulation of callus formation and shoot and root
proliferation in maize in vitro. Materials and methods. At the stage of introducing
maize seeds into in vitro culture, four sterilization schemes with and without fun-
gicides were tested. The effect of cytokinin and auxin phytohormones: 6-benzyl-
aminopurine (6-BAP) and indoleacetic acid (IAA) on the regeneration processes
of maize in in vitro culture was determined. Results. It was found that the highest
yield of sterile explants in in vitro culture was provided by treatment with “Horus”
(85.8%) and “Hinozol” (95.2%). In terms of seedling viability and root length,
the best results were obtained with Horus (15% and 45% higher than the control,
respectively). It was established that the MS medium with 2 mg/l IAA and 0.5 mg/|
6-BAP had the best effect on explant survival (84%), callus formation processes
(47%) and rhizogenesis (30%), while MS with 6-BAP 2 mg/l and IAA 0.5 mg/l was
best for stimulating shoot formation. Conclusion. The optimal scheme for steril-
izing maize seeds as explants for in vitro culture is: washing with soap solution
(5 min), washing with running water (5 min), treatment with “Bleach” (NaOCI
10.5 g/l, 15 min), washing with sterile distillate twice, treatment with “Horus”
(1.4 g/l, 15 min), washing with sterile distillate three times. It was found that
the best medium for introduction into a sterile culture was MS medium: with an
increased content of auxins (IAA 2 mg/l) — for inducing callus and rhizogenesis,
cytokinins (6-BAP 2 mg/l) — for stimulating organogenesis.

Key words: explant sterilization, Zea mays L., phytohormones, culture medium,
in vitro culture.
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THE ANTIMICROBIAL PROMISE OF CULTIVATED
MUSHROOMS: A REVIEW OF THE LAST DECADE’S
FINDINGS

A literature analysis was conducted on the antimicrobial potential of cultivated
mushroom species. The review focuses on peer-reviewed studies, primarily from
the past decade, that evaluate antimicrobial activity in cultivated edible and
medicinal mushrooms. Analysis shows that species from the genera Pleurotus,
Agaricus, Hericium, Flammulina, and Cordyceps produce metabolites effective
against both Gram-positive and Gram-negative bacteria. Particular attention
is given to metabolites like plectasin and cordycepin, which have demonstrated
activity against Mycobacterium tuberculosis in experimental models. The findings
underscore the promising role of cultivated mushrooms as a source of novel
antimicrobial agents and reveal prospects for their practical use in pharmaceutical
development.

Key words: cultivated mushrooms, antibiotic resistance, antimicrobial activity,
secondary metabolites.

Antimicrobial resistance (AMR) is one of the key public health threats
globally. Numerous reports from international health organizations highlight
that the uncontrolled use of antibiotics accelerates their loss of effectiveness,
complicating the treatment of infections. It threatens the routine management of
infectious diseases, increasing morbidity and mortality. According to the World
Health Organization (WHO), bacteria with AMR caused directly 1.27 million
deaths and contributed to 4.95 million deaths worldwide in 2019 [47].

Hospitalized patients, particularly those with traumatic injuries and prolonged
stays, are at higher risk of colonization and infection by multidrug-resistant
organisms (MDROs) — including methicillin-resistant Staphylococcus aureus,
extended-spectrum [-lactamase producers, carbapenem-resistant Enterobacter
and others. In conflict or mass-casualty situations, this problem is worsened by
factors such as high rates of open wounds, frequent antibiotic exposure, disrupted
infection-control practices, and patient transfers between facilities. Ukraine in
recent years has met with severe pressures on its health system. Several clinical
reports and surveillance activities show a higher prevalence of MDROs among
wounded patients treated in hospitals.

© €. JI. Kyp’auinos, O. 1O. 3inuenko, 2025

— ISSN 2076—0558. Mixpobionoeis i 6iomexnonoeis. 2025. Ne 2. C. 47-63 —— 47



€. JI. Kyp’sininos, O. 10. 3inuenko

Another growing concern is tuberculosis (TB). Globally, the World Health
Organization estimates that in 2023, there were about 10.8 million new cases of TB
and 1.25 million deaths. 2 of 5 cases are multidrug-resistant and extensively drug-
resistant forms (MDR/XDR-TB), representing a major public health challenge.
In Ukraine, more than 1300 new TB cases are reported monthly in 2025, with
around 20-30% of these patients diagnosed with drug-resistant forms, contributing
significantly to mortality and treatment complications. A prolonged therapy, the
complexity of multidrug antibiotic regimens, and their considerable toxicity
highlight the urgent need to explore alternative therapeutic agents against this
disease [48, 49].

Antimicrobial activity of fungal metabolites is well-known for many decades
but these studies were mostly focused on micromycetes leaving aside mushrooms
whose complex life cycle can provide a promising field for the research on
metabolites synthesized at different stages of life cycle. Under such conditions,
mushrooms can be considered a poorly studied but promising source of bioactive
secondary metabolites with antimicrobial activity.

Fungi: classification and metabolic features. Mushrooms are classified by
taxonomic characteristics, but for practical purposes, they are often grouped by
criteria related to human use. Four main categories are typically distinguished:

1) Edible mushrooms. These mushrooms have a long history of safe
consumption, and the fruiting bodies have been part of the human diet for centuries
in many cultures. They are considered safe either because they are inherently
free of hazardous metabolites or because any potentially harmful compounds are
effectively neutralized or removed by culinary processing, such as boiling or frying.
Prominent examples are Pleurotus ostreatus (oyster mushroom) and Agaricus
bisporus (button mushroom) [35].

2) Poisonous mushrooms. These species contain toxins that can cause severe
illness or death even in small doses. Classic examples are Amanita phalloides (death
cap) and Galerina marginata (deadly galerina), both of which produce amatoxins
that affect RNA polymerase II, leading to fatal hepatotoxicity [11].

3) Medicinal mushrooms. This group includes species with documented
pharmacological properties, including immunomodulatory and anti-inflammatory
activity. Polypores such as Ganoderma lucidum (Reishi/Lingzhi) are rich in
bioactive B-glucans and triterpenoids, which are used in traditional and modern
medicine [15, 44].

4) Psychoactive mushrooms. These mushrooms contain neuroactive
metabolites that alter perception of reality, cognitive function, and mental activity.
Psilocybe species produce psilocybin, a tryptamine alkaloid that is currently being
investigated in clinical trials for the treatment of psychiatric disorders. In contrast,
Amanita muscaria (red fly agaric) contains isoxazole derivatives (muscimol and
ibotenic acid) that are responsible for its hallucinogenic effects [40, 46].

From a cultivation perspective, fungi are divided into those that reliably
form fruiting bodies under artificial conditions (in particular, xylotrophs, such as
Pleurotus, and saprotrophs, such as Agaricus, which dominate global mushroom
production), and those that do not form fruiting bodies under artificial conditions.
Especially numerous are ectomycorrhizal fungi, whose life cycles require host
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plants and complex symbioses. Despite recent advances, the cultivation of the latter
remains a challenge and is only just beginning to develop [16, 28].

Fungal metabolism changes significantly at different stages of the life cycle,
especially during the transition from vegetative mycelium to reproductive structures.
During the mycelial phase, primary metabolic processes, including carbohydrate
metabolism and enzyme production, dominate, which supports rapid biomass
accumulation and substrate colonization. In contrast, fruiting bodies reorient
metabolism towards morphogenesis and accumulation of secondary metabolites.
Comparative studies between mycelial and fruiting body tissues of edible mushrooms
(4. bisporus, P. ostreatus, Lentinula edodes) demonstrate significant variation in
metabolite concentrations, indicating stage-specific biochemical adaptation [5].

The transition to reproductive development is also accompanied by differential
gene expression and metabolite profiles. High-throughput transcriptomic analysis
of Lentinula edodes has shown that thousands of genes are differentially expressed
between the mycelium and mature fruiting body phases, with many transcripts
associated with secondary metabolism and developmental regulation being
upregulated in fruiting bodies [5]. Integrated metabolomic profiling confirms these
shifts, documenting a significant accumulation of bioactive secondary metabolites,
including terpenoids, phenolic compounds, and polysaccharides in fruiting bodies
compared to mycelium, with notable variations even between early and late stages
of development [12].

The metabolic diversity of fungi requires the use of various analytical
approaches to study their secondary metabolites, since extracts obtained at different
stages of development and using different solvents may yield different bioactivity
profiles or none at all.

Existing antibiotics of fungal origin. Secondary metabolites of fungi
demonstrate a variety of biological effects, serving as the basis for the development
of antibiotics, antifungal agents, immunosuppressants, hormones, statins, and
compounds for psychiatry and cosmetology in pharmaceuticals. Antimicrobial
molecules first discovered in fungi have laid the foundation for a number of families
of antibiotics. Despite the difficulties associated with the development of new
antimicrobial agents, mushrooms remain a very promising source of antimicrobial
compounds that deserve further investigation [6].

To date, a fairly wide range of fungal metabolites is known to have found
practical applications. The classical examples are penicillin [10], cephalosporin
[25] and fusidic acid [14] produced by micromycetes of genera Penicillium,
Cephalosporium and Ramularia. Pleuromutilin produced by Pleurotus mutilus is
not used directly but served as a base for obtaining several derivatives such as
valnemulin [45] and tiamulin [36] used in veterinary medicine and retapamulin, a
topical antibiotic for dermatologic application [31].

Antimicrobial activity of metabolites from cultivated mushrooms.
To date, data on the spectrum of metabolites produced by cultivated mushrooms
remain limited, despite considerable research interest over the past decades. This
is largely due to the complexity of their life cycle, the challenges of reproducing
all its stages under laboratory conditions, and the need to study metabolism at
different stages to obtain a comprehensive picture. These factors necessitate the use
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of various methods for extracting biologically active compounds from mushrooms.
The most common approaches include obtaining culture filtrates, aqueous biomass
extracts, or extraction using organic solvents.

A wide range of solvents are used for the extraction of secondary metabolites
from fungi. In many studies, ethyl acetate, ethanol, and methanol are frequently
reported as extraction solvents, while water, acetone or other solvents are used
less often. Numerous investigations have highlighted differences in the biological
activity of extracts, depending on the solvent applied.

Among the most cultivated mushrooms worldwide are Agaricus bisporus
and Pleurotus ostreatus. Their antimicrobial properties have been investigated in a
number of studies. For instance, a study conducted in France reported antimicrobial
activity of ethyl acetate and methanol extracts towards Staphylococcus aureus,
Enterococcus  faecalis, Escherichia coli, Pseudomonas aeruginosa, and
Staphylococcus epidermidis [19]. Ethyl acetate extracts from both mushroom
species demonstrated inhibitory effects against all tested bacteria, while methanol
extracts from P, ostreatus showed no significant activity. Notably, in the same study,
non-cultivated, non-edible mushrooms such as Fomitopsis pinicola, Lactarius
helvus, Clitocybe nebularis, Scleroderma citrinum and Russula lepida demonstrated
stronger antimicrobial activity than cultivated species.

In another study, aqueous, acetone, and ethanol extracts of Agaricus
bisporus and Pleurotus sajor-caju (currently classified as Lentinus sajor-caju)
were evaluated. The antimicrobial activity of these extracts was tested towards
six bacterial species: E. coli, Bacillus subtilis, Bacillus cereus, Proteus vulgaris,
S. aureus, and Micrococcus luteus. In this investigation, all extracts demonstrated
inhibitory effects against all tested bacteria [32].

The genus Pleurotus is widely cultivated across the world, and various
representatives of this genus have been investigated for their antimicrobial activity.

Although Pleurotus djamor (pink oyster) and Pleurotus florida are primarily
cultivated as edible mushrooms, recent studies demonstrate that their fruiting
bodies and mycelial extracts possess measurable antimicrobial activity towards a
range of Gram-positive and Gram-negative pathogens. Methanolic, ethanolic, and
dichloromethane extracts have shown inhibitory effects in vitro against species
such as E. coli, P. aeruginosa, S. aureus and others, with several studies reporting
notable activity of mycelial dichloromethane extracts and methanolic fruiting-
body extracts. These findings are supported by both targeted experimental reports
and broader screenings published in the last decade [20, 21].

The complexity of fungal metabolism is well illustrated by the following
studies: Andrade et al. demonstrated that the culture filtrate, obtained from
submerged cultivation of Pleurotus eryngii, showed no detectable antimicrobial
activity [4]. But another study [43] reported antimicrobial effects of ethanol, ethyl
acetate and acetone extracts, prepared from fruiting bodies.

Polito et al. [33] analyzed ethanol extracts of P. eryngii using advanced
analytical techniques. The secondary metabolites of these mushrooms included
compounds of various classes — peptides, amino acids, carbohydrates, nucleic
acids, organic acids, fatty acids, and flavonoids. The extracts demonstrated
antimicrobial activity towards the majority of the bacterial test-strains used in the
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study: Clavibacter michiganensis, Bacillus megaterium, Pseudomonas viridiflava,
Xanthomonas campestris and E. coli.

The Golden Oyster mushroom (Pleurotus citrinopileatus) is recognized
for its metabolic activity. From this species, glucosylceramide has been isolated
and identified, demonstrating antimicrobial activity towards Escherichia coli
and Staphylococcus aureus, with methanol used as the extraction solvent [27].
Ethyl acetate extracts of P. citrinopileatus have also been investigated, showing
antimicrobial activity against E. coli and S. aureus [7]. In another study, methanolic
extracts of P, citrinopileatus obtained from mushrooms cultivated on plant residues
exhibited activity towards a wide range of microorganisms, including Streptococcus
mutans, Salmonella typhii, Candida tropicalis, Trichophyton spp., B. subtilis,
P. aeruginosa, P. vulgaris, S. aureus, and E. coli [22].

Recent studies have investigated various properties of Pleurotus pulmonaris,
including antimicrobial, anticancer, and antioxidant activities. In these studies, the
mushroom was cultivated on locally available plant residues (Medicago sativa L.,
Prangos pabularia Lindl. and Poplar sawdust), and methanolic extracts were
subsequently prepared from the fruiting bodies to assess different bioactivities.
Overall, the extracts demonstrated activity; however, it was noted that the degree
of activity correlated with the type of substrate on which the fungus was cultivated:
extract of the mushroom grown on Medicago sativa L. was the most active
towards most Gram-positive and Gram-negative bacterial test-strains as well as
dermatophytes [2].

In another investigation, the properties of exopolysaccharides produced
by P. pulmonaris were examined. The fungus was grown using submerged
fermentation in liquid media supplemented with different plant residues (groundnut
shell, coconut husk, pineapple peel) and the type of plant substrate was found to
influence the yield of secondary metabolites. The metabolites obtained in this
manner exhibited antimicrobial properties against a range of bacterial strains
such as Shigella dysenteriae, E. coli, Salmonella typhi, Vibrio cholerae, MRSA,
Bacillus subtilis, Candida albicans, Canida tropicalis with the highest activity after
cultivation on media containing groundnut shell and pineapple peel [30].

The most widely cultivated species of the Pleurotus genus is Pleurotus
ostreatus. In most studies, ethyl acetate, ethanol, and methanol extracts have
demonstrated antimicrobial activity; however, investigations that specifically
identify the active compounds remain rare. It is known that the observed
antimicrobial effects are associated with phenolic and polysaccharide compounds
present in the fruiting bodies [17, 42].

Hericium erinaceus, also known as Lion’s mane, has gained popularity
relatively recently. Beyond its nutritional value, this mushroom possesses a
range of medicinal properties. It produces compounds with neuroprotective and
neuroregenerative effects, which are attributed to hericenones and erinacines — two
groups of secondary metabolites isolated from H. erinaceus [9].

With regard to antimicrobial activity, it has been reported that its bioactive
compounds can inhibit the growth of Gram-positive bacteria by disrupting bacterial
membranes, preventing biofilm formation, and inhibiting bacterial enzymes. In
contrast, its activity against Gram-negative bacteria is considerably lower [9]. Some
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studies further suggest that secondary metabolites of this species may enhance
the efficacy of existing antibiotics, reversing antibiotic susceptibility of resistant
bacterial strains.

Close relatives of H. erinaceus — Hericium coralloides and Hericium
cirrhatum, have also been studied. In one experiment examining the antimicrobial
activity of culture filtrates and mycelia, all three species demonstrated inhibitory
effects against B. subtilis, E. coli, M. luteus, and P. aeruginosa, while the activity
against S. aureus was detected only for H. coralloides [26]. The study [29] that
assessed ethyl acetate extracts of culture filtrates alongside ethanol mycelial extracts
reported that antimicrobial activity varied depending on both the cultivation time of
the fungus and the extraction method employed with the highest inhibitory effect
on the culture of S. aureus after 14 days of mycelium cultivation.

Mushrooms of the genus Flammulina are among the most popular fungi in
Asian countries. They have been cultivated for a long time and have become not only
an integral part of traditional cuisine but also of traditional medicine. Flammulina
velutipes, also known as Enoki, possesses a broad spectrum of bioactive compounds.
Among these are the enokipodins — low-molecular-weight sesquiterpenes with
demonstrated antimicrobial activity [23]. In addition, extracts of this mushroom have
been reported to exhibit in vitro anticancer, immunomodulatory, neuroprotective,
and hepatoprotective activities [38]. A close relative, Flammulina filiformis
(golden enoki), shares similar characteristics. Extracts of this species have also
been reported to display antimicrobial activity as well as potential neuroprotective
properties [41].

A review article [3] summarizing earlier studies on the antimicrobial activity
of various basidiomycetes highlights a wide range of fungi with demonstrated
bioactivity. Among them are shiitake (Lentinus edodes), the common button
mushroom (Agaricus bisporus), along with its close relatives (Agaricus bitorquis,
Agaricus essettei), and the honey mushroom (Armillaria mellea), among many
others. A broad spectrum of extraction solvents was employed in these studies,
including acetone, chloroform, ethanol, ethyl acetate, methanol, dichloromethane,
ether, xylene, and water.

It is also worth noting the peptide antibiotic plectasin, isolated from the fungus
Pseudoplectania nigrella, which has demonstrated activity against bacterial strains
resistant to conventional antibiotics [3]. A study investigating the antitubercular
properties of plectasin and related peptides, in comparison with established
antibiotics used in tuberculosis therapy, reported both significant activity and
strong therapeutic potential [39]. Researchers have expressed particular optimism
regarding this peptide antibiotic. In 2024, a study further elucidated the mechanism
of action of plectasin [24]. Belonging to the class of defensins, plectasin targets the
bacterial cell-wall precursor lipid II.

Mushrooms of the genus Cordyceps deserve special mention. This fungus
is cultivated not so much as a food source, but rather as a functional food, for its
bioactive compounds. Traditional medicine attributes various medicinal properties
to mushrooms of this genus, and modern culture has added to the mushroom’s
popularity and made it one of the most expensive mushrooms. C. militaris is a
cultivated species of Cordyceps. Its metabolites have been studied and have
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been shown to have antiviral, antitumor, immunomodulatory, and antimicrobial
properties [34]. In particular, cordycepin (3'-deoxyadenosine) inhibits the growth
of Mycobacterium tuberculosis bacteria [18]. Another study examined extracts
of C. militaris and demonstrated antimicrobial activity against Gram-positive
and Gram-negative bacteria, as well as antitumor activity [1]. C. militaris is also
capable of producing statins (e.g., lovastatin), neurotransmitters (e.g., GABA), non-
proteinogenic metabolically active amino acids (e.g., ergothioneine), cordycepic
acid (D-mannitol), and other active compounds [8]. Further study of the metabolites
of this mushroom may improve our capabilities in regenerative medicine and
improve quality of life.

Recent advances in exploring antimicrobial potential of cultivated fungi are
summarized in table 1.

Presented data demonstrate that in most cases identification of chemical nature
of active compounds was not carried out. Nevertheless, the observed inhibitory
effect on a broad spectrum of pathogens indicates the relevance of further research.
The activity of extracts might be mediated by a cocktail of biologically active
compounds which opens broad perspectives for drug development. Moreover, it is
not always possible to reproduce all stages of the fungal life cycle under laboratory
cultivation conditions, which currently limits the ability to study the full spectrum
of biologically active fungal metabolites.

Mushrooms are characterized by a rich diversity of bioactive metabolites, but
as a group of organisms they remain poorly studied. Only a small fraction of fungal
species can be cultivated under laboratory, domestic, or industrial conditions, and
even fewer are capable of reliably producing fruiting bodies. Studies indicate that
the production of secondary metabolites can vary substantially across different
developmental stages of the fungus. In terms of antimicrobial activity, young
fruiting bodies are of particular interest, as fungi tend to accumulate antimicrobial
compounds in these structures as a means of defense.

Research demonstrates that the outcomes of antimicrobial assays are highly
dependent on multiple parameters, including the choice of solvent (e.g., ethyl
acetate, ethanol, or methanol), the cultivation method (e.g., submerged culture,
Petri plate culture, or agricultural residues), and the developmental stage of the
fungus (e.g., primary mycelium, liquid-culture mycelium, or fruiting body). Only
a limited number of studies have advanced beyond demonstrating antimicrobial
activity in vitro to the comprehensive characterization of fungal metabolites.

Limited studies on the antimicrobial properties of fungi are aimed at
identifying compounds active against pathogens of high social significance.
Nevertheless, two metabolites — plectasin and cordycepin — have demonstrated
activity against Mycobacterium tuberculosis.

Another critical issue is the lack of standardized research methodologies. In
most publications, extraction methods are described briefly, often omitting essential
details. It is well known that many metabolites are heat-sensitive, which can
affect the composition of the extracted compounds. Moreover, active substances
are frequently present in low concentrations, requiring substantial amounts of
fungal biomass and solvent volumes, as well as subsequent concentration steps to
achieve sufficient yield. In many cases, failure to account for these factors leads to
inconsistent and contradictory results.
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€. JI. Kyp’sininos, O. 10. 3inuenko

An additional aspect that remains insufficiently addressed is the activity of
fungal extracts towards antibiotic-resistant bacterial strains. Hospitals represent
a primary reservoir for multidrug-resistant pathogens, and the inclusion of such
strains in antimicrobial screening could yield valuable insights and identify
promising directions for further drug development.

Despite the encouraging discoveries reported thus far, fungi and their
secondary metabolites still require more systematic and in-depth investigation.

€. JI. Kyp’saninos, O. 0. 3iHuenko

Onecbkuit HanioHanbHUH yHiBepcuteT imMeHi I. I. Meunukosa,
Byn. BeeBonona 3mienka, 2, M. Oneca, 65082, Ykpaina,
tein.: +380689836292, e-mail: eugenkuryaninov@gmail.com

AHTUMIKPOBHUI MOTEHIIAJ KYJILTUBOBAHUX
I'PUBIB: OIS JOCIUKEHB OCTAHHBOT'O
JNECSATUAIITTSA

Pesrome

30iticneno awnaniz nimepamypu w000 aHMUMIKPOOHO20 NOMEHYIANy U8 K)ilb-
mugosanux epudis. Q210 30cepeddiceHull HA pPeyeH308aHUX HAYKOGUX NYOi-
Kayisix, nepeajdicHo 3a OCMAHHE O0eCMUIImmsl, sKi OYIHIOIMb AHMUMIKDOOHY
aKmueHicmb ICMiGHUX [ IIKAPCbKUX KYTbMUBOSAHUX 2pudie. Anauniz noxkasye, wo
euou 3 pooie Pleurotus, Agaricus, Hericium, Flammulina ma Cordyceps npodyky-
1omv mMemabonimu, eexmueni K w000 epAMNOUMUEHUX, MAK | 2PAMHE2Amus-
Hux oaxmepiu. Ocobnueoi ysazu 3aciy208y0ms NAeKmayun i KOpouyeniu, sSKi npo-
oemoncmpyeanu akmusHicmo wodo Mycobacterium tuberculosis 6 excnepumen-
maneHux mooensx. Ompumani pesyibmamu niOKpecioiomy nepcnekmusHy poib
KVIbIMUBOBAHUX 2pubis AK 0dicepena HO8UX AHMUMIKPOOHUX a2enmis.

Kniouosi crnoea: xynemugoeani cpudu, aHmumikpoOHa pe3ucmeHmHicmo, am-
MUMIKPOOHA AKMUBHICMb, 6MOPUHHI Memaborimu.
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TH®OPMANIMHE MMOBIJJOMJIEHHS JIJISI ABTOPIB

Hayxosuii sorcypnan «Mikpobionoeis i 6iomexnonozia» zanpoutye Bac 0o cni-
6npayi 3 NUMaHb BUCBIMIEHHS Pe3yIbMAamie HAYKOGUX OOCHIONCEHb V' 2any3i Mi-
Kpobionozii i 6iomexHonozii.

IIporpamui uijii BUAAHHSA: BUCBITICHHS PE3yIbTaTIB HAYKOBUX JOCIIHKCHD
y raiy3i Mikpo0OioJorii Ta 610TeXHOJIOr11, 00'eKTaMU SIKUX € POKapioTHI (OaKTepii,
apxebakTepii), eykapioTHi (MiKpOCKOTIYHI TprOH, MIKpPOCKOTIIYHI BOAOPOCTI, HAM-
MPOCTIIlli) MIKPOOPTaHi3MH Ta BipyCH.

TemaTH4YHA CIPSIMOBAHICTH: MIKpOO10JIOTis, BIpyCOJIOTisl, IMyHOJIOT151, MOJIE-
KyJIsipHA O10TEXHOJIOTisl, CTBOPEHHS Ta CEJIEKI[isl HOBUX IITaMiB MiKPOOPTaHi3MiB,
MIKpOOHI1 penapaTH, aHTUMIKpOOHi 3aco0H, 010CEHCOPH, T1arHOCTUKYMH, MIKpPOO-
Hi TEXHOJIOTIi B CIIbCHKOMY T'OCIIOJAPCTBI, MIKpOOHI TEXHOJIOTIi Y Xap4oBiil mpo-
MHCJIOBOCTI; 3aXUCT Ta O30POBJICHHS HABKOJIMIIHBOTO CEPEIOBUINA; OTPHUMAHHS
€HEeproHoCiiB Ta HOBUX MaTepialiiB TOMIO.

MogBa (MOBHM) BHIAHHSI: YKpaiHCbKa, aHIVIIHCHKA.

Pyopuku :kypHaiay: «OmIsgaoBi Ta TCOPETUYHI CTATTI», «EKCIIepuMeHTab-
Hi npani», «Juckycii», «KopoTki nosiioMiaeHH», «XpOHIKa HAyKOBOTO KUTTS,
«Cropinku icTopii», «fOBinei 1 qarny», «Penensii», « KHmkkoBa mommisy.

Jlo cTarTi 10JAa€ThCsl PEKOMEHAllls YCTaHOB, OPraHIi3allii, y SIKUX BUKOHY-
Bajacs po6oTa, 3a IMiIMMCOM KepiBHHUKA Ta MMChMOBA 3rojla KEPIBHHUKIB YCTAHOB,
oprasisallii, Jie mparrOTh aBTOPH.

Bumorn 1o opopmitenHs crareil, siKi NOAAKTHCS 10 PeJaKUil ;KypHaJIy:

Crartst Mae BiAMOBIAATH TEMAaTUYHOMY CIPSIMYBAHHIO JKypHAIY 1, BiIOBII-
HO 70 1. 3 IloctanoBu BAK Vkpainu Bix 15.01.2003 p. Ne7-5/1, Bkiatouaru Taxi
CTPYKTYpHI €JIEMEHTH: TOCTAaHOBKA MPOOJIeMH y 3arallbHOMY BHIJISL Ta 11 3B’ 30K
13 BKJIMBUMHU HAYKOBUMH YU MPAKTUYHUMH 3aBIaHHIMU; aHAJ13 OCTaHHIX JOCIi/I-
JKEHb 1 TyOITiKaIliid, B IKUX 3all09aTKOBAHO BUPIMICHHS IaHOI MPOOIeMH 1 Ha sIKi
OINUPAETHCS ABTOP; BUOKPEMIICHHS PaHillle HE BUPIMICHUX YaCTUH 3arajibHOI MPo-
OJIeMH, KOTPUM TIPUCBSIIYETHCS CTATTS; (POPMYITFOBAaHHS METH CTaTTi (TOCTAaHOBKA
3aBIaHHS); BUKJIAJ OCHOBHOTO MaTepialy JOCTIHKEHHs 3 MMOBHUM OOIPYHTYBaH-
HSIM HAayKOBHX PE3YJbTATiB; BUCHOBKHU 3 JAHOTO JOCITIKEHHS 1 MEPCIEKTHUBH TO-
JaNbIINX MOIIYKiB Y JaHOMY HampsMi.

Jlo nmpyKy mpuiiMaroThCs pyKOTTUCH (2 TpUMIpHUKH) 00csiroM 710 18 cTopiHOK
(3 ypaxyBaHHSIM PUCYHKIB, TaOIWIb 1 MIAMKUCIB 10 HUX, aHOTallii, pedepary, cru-
CKy JiTeparypu), orisiau — 10 30 cTop., penensii — 10 3 cTop., KOPOTKi MOBITOM-
JIeHHS — 710 2 cTop. BinxuieHi pyKonmucH He TOBEPTaIOThCS.

Jlo pykonucy 10Aa€ThCsl €IeKTPOHHUN BapiaHT pykonucy mpudt Times New
Roman, xernp 14, inTepBan aBToMaTHuHUi, He Oibine 30 psAAKiB HA CTOPIHII, OIS
mo 2 cM).

IIpu HanmMcaHHi cTATTI HEOOXiIHO NOTPUMYBATHCS TAKOIO IVIAHY:

* ingexc YK y niBoMy BepXHbOMY KyTKY MEPIIOTO apKylla;

* Pecpepar MmoBoOIO OpHriHaily cTaTTi:

— Ha3Ba CTATTi BETUKUMH JITCPaAMU;

— Tpi3BUIIIA Ta iHILIAJIK aBTOpa (aBTOPIB);

— Mictie poOOTH KOKHOTO aBTOpa; MOBHA TOIITOBA a/peca yCTAaHOBH (32 MiXk-
HApOJTHUMH CTaHIApPTaMu); TenedoH, eJIeKTpOHHA ajpeca (e-mail);
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THOOPMALIIHE MOBIJIOMJIEHHS JIJIsI ABTOPIB

— Mpi3BHUIIA aBTOPIB Ta HA3BU YCTAHOB, JI€ BOHH MPAIOIOTh, TO3HAYAIOTh OfI-
HUM 1 TUM CaMUM IIU(PPOBUM 1HJEKCOM (Bropi);

— pedepar i3 3a3Ha4CHHIM HOBU3HH JocikeHHs (200-250 coiB);

— KJIFOUOBI CJIOBA (HE OUIbIIE T'SITH).

* Pedpepar anmiiicbkoro MOBOIO:

— Ha3Ba CTAaTTI BEJIMKUMHU JIITEPAMU;

— MpI3BUIIA Ta 1HILIaau aBTOpa (aBTOPIB), TPAHCIITEPALLIS;

— MicIie poOOTH KOJKHOTO aBTOPa; IMMOBHA TIOMITOBA aJpeca YCTaHOBH (32 MikK-
HapOJAHUMHM CTaHJapTaMu); TesedoH, elleKTpoHHa aapeca (e-mail);

— Mpi3BHUIIIA aBTOPIB Ta HA3BU YCTAHOB, JIe BOHH MPAIIOI0Th, TO3HAYAIOTH O~
HUM 1 TUM CaMUM IIU(PPOBUM IHJEKCOM (Bropi);

— pedepar i3 3a3Ha4eHHSIM HOBU3HH HocikeHHs (200-250 coiB);

— KJIIOUOBI CJIOBa (HE OlIbIle M'ATH);

* [ToBHMIA TEKCT CTATTI MOBOIO OPUTIHAITY.

TexeT cTarTi Ma€c BKJIIOYATH TaKi CKJIAA0BI:

BCTYII, MaTepiajy 1 METOMN; pe3yJbTaTh Ta iX 0OTOBOPEHHS; BUCHOBKH; CITH-
COK BHKOPUCTAHOI JITepaTypu MOBOIO OPUTIHAITY IIUTOBAHOI CTAaTTi, CIIMCOK BUKO-
puctanoi niteparypu (Referens) anrmificbkkoro MOBOO (32 BUMOTH MIXKHAPOJTHUX
HAayKOMETPUYHHX 0a3).

J10 KO’KHOTO MPUMIPHHUKA CTATT1 JOAAETHCS pedepar MOBOKO OPUTIHAY CTATTI
Ta YKpaiHCHKOIO/aHTIIIHCHKOI0 MOBOIO.

BpaxoByrouu, 1o pedepar BijjoOpakae OCHOBHHM 3MICT CTATTI 1 BUKOPUCTO-
BYETHCS B iH(HOpMAIIHHUX, B TOMY YUCJII aBTOMAaTH30BAHUX CHCTEMaX ]IS TTOIITYKY
JIOKyMEHTIB Ta 1H(popMallli, He0OX1IHO JOTPUMYBATUCS MEBHUX BUMOI IIPHU HOToO
HaNMCaHHi:

— pedepar mae 6yt iHPOPMATUBHUM (HE MICTUTH 3alBUX CIIB);

— CTPYKTYPOBaHHUM, TOOTO MICTHTH PO3MILUIN: METa; METOJIH, 110 BUKOPUCTAHI

B po0OTi Ta/ab0 METOI0JI0TIsI POBEACHHS J0CIIHKEHb; pe3yJIbTaTh Ta cde-
pa X 3aCTOCyBaHHS; BUCHOBKH;

— aHIiicbKa Bepcis pedepary Mae OyTH HarMcaHa sSIKiCHOIO aHIIIHCHKOIO MO-

BOIO (32 MOTpedU JOUUIBHO KOPUCTYBAaTHUCS MOCIyraMH KBali(iKoBaHHX
CHEUIaTICTIB-TIHIBICTIB 3 IOAAJBIINM HAYKOBUM PEIaryBaHHIM TEKCTY aB-
TOpPOM), 3 BUKOPUCTAHHIM TEPMIHOJIOTI], sIKa BUKOPUCTOBYETHCS B AHIJIO-
MOBHHUX MEIUKOOIOJIOTIYHUX JKypHAJIaX, YHUKATH BUKOPUCTAHHS TEPMIHIB,
K1 € IPSAMOI0 YKPaiHCHKOI/POCIHCHKOIO KaJIbKOIO;

— xomnaktHUM (200-250 ciB);

— KJTIFOYOBI €JI0Ba (He OUIblIIe 5-TH) pO3MIIIYOTHCS 3 a03alty micis pedepary.

V KiHIII TEKCTY CTATTi yKa3aTy Mpi3BHUIIla, IMEHA Ta M0-0aThKOBI yCiX aBTOPIB,
MOIITOBY ajpecy, TenedoH, gakc, e-mail (s KopecnoHACHIIIT).

Crarts Mae OyTH mianucana aBTopoM (ycimMa aBTOpaMu) 3 3a3HAYEHHSIM JaTh
Ha OCTaHHI# CTOPIHIII.

ABTOpY HECYTh MMOBHY BiJIIOBIAAJIbHICTD 32 Oe370raHHE MOBHE O(OPMIICHHS
TEKCTY, 0COOJIMBO 32 MPaBUIIbHY HAyKOBY TepMiHOIOTIO (11 CI1ij1 3BipsATH 3 (haXxoBH-
MU TEPMIHOJIOTITYHUMHU CIIOBHUKAMH).

JlatuHCBHKi 610JI0TTYHI HA3BU BUJIB, POAIB MOJAIOTHCS KYPCUBOM JATUHHIICIO.
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SIKII0 9acTO MOBTOPIOBaHI y TEKCTI CIOBOCIONYYEHHS aBTOP BBAXKa€ 3a IO-
TpiOHE CKOPOTUTH, TO abpeBiaTypu 3a MEpIIOro BXKUBAaHHSI 00YMOBIIIOIOTh Y JTyXK-
kax. Harpuknana: momimepasHa jianimrorosa peakiis (ITJIP).

[Tocunanus Ha niTeparypy MOJAIOThCS y TEKCTI CTATTi, LudpaMu y KBajapar-
HUX JIy’Kax, 3T1HO 3 MOPSIIKOBUM HOMEPOM Y CITUCKY JiTepaTypH.

Po3nin «Marepiaau i MmeTogm»:

— Mertoau nOCTIDKEHHS Ta CXEeMHU eKCIIEPUMEHTY MaroTh OyTH Tpe/CTaBIeHI
TakK, mo0 X MO)KHA OyJIO BIATBOPHUTH.

— JInst BUKOpHCTaHUX PEaKTUBIB Ta MaTepiajiiB BKAa3aTH HA3By KaMIMaHii Ta
KpaiHu-BUpPOOHUKA.

— OuHuLi BUMiprOBaHHS BKa3aT B cuctemi ClL.

— KoHnnenTpartiro po34unHiB npeactaBisatd B M, MM, MkM (MoJIsipHa KOHIICH-
Tpaiis).

— Monekynsapuy macy (Mm) — Jla (nansTonn) abo x/la.

— IIpu BukopucTanHi (pepMEeHTIB HABECTH iX HOMEHKJIATYPHY CUCTEMAaTHUHY
Ha3By Ta WUQD.

— AKXTUBHICTh (DEpPMEHTIB BHPAKatOTh B MKMOJISIX BHKOPHCTAHOTO CyOCTpa-
Ty a00 YTBOPEHOro MpoAyKTy 3a 1 XB Ha 1 Mr mporeiny abo BUKOPUCTATH
cragaaptHy omuHUIO akTUBHOCTI U (IU) 1 karam (CKOpOYeHO Kar), MMHUTO-
Ma aKTUBHICTh €H3UMY BHPa)Ka€ThCsl B MMOJISIX/XB Ha 1 MT mpoteiny abo B
OJ1.aKT/MI, KaT/KT.

— Bkazatu ymoBU mpoBefieHHs (hepMEHTaTUBHOI peakilii (temmeparypa, pH,
KOHIICHTpAIlisl CyOCTparty).

— BkazaTu BUKOpHCTaHI METOIU CTATHCTUYHOTO aHAIi3y, MpOrpamy CTaTH-
CTHKH.

Tabmuii MatoTh OyTH KOMITAKTHUMH, MaTH MOPSAKOBUI HOMEp; Tpadu, Ko-
JIOHKH MaroTh OyTH TOYHO BH3HAUYEHUMH JIOT1YHO 1 rpadiuyHo. Marepian Tabnuip
(sIK 1 pECYHKIB) Mae OyTH 3pO3yMUIHM 1 HE nyOmroBatu TeKcT ctarti. L{udposuit
Mmarepiaj TaOJIMIb CIIiJ] OIPAIFOBATH CTATUCTHYHO.

PrcyHKH BHKOHYIOTHCS y BUTJISIII YITKMX KPECIIEHb (32 JIOMOMOTOI0 KOMIT O-
TepHoro rpadiunoro penakropa y ¢opmari Word, TIF, JPG). Oci koopaunar Ha
rpadikax MarTh OyTH MO3HAYCHI. PUCYHKH PO3MINITYIOTHCS Y TEKCTI CTATTI.

Jlo puCyHKiB MaioTh OyTH MiJIHCH HE 3rpYNOBaHi 3 HUM 1 HE BCTaBJEHI B
00’ €XT pHUCyHKa.

[To3Ha4yeHHs1 HA pUCYHKY MalOTh OyTH IHTETPOBaHi B HHOTO, TOOTO KOMIIOBAaTHU-
Csl pa30M 3 PHUCYHKOM, @ HE OKPEMUMH YaCTHHAMHU.

Beci imrocTpartii MaroTh OyTH po3MilieHi B (paiiii pyKomucy, Takox 000B’sI3K0-
BO JI0ZIaH1 JI0 €JIEKTPOHHOIO BapiaHTy y BUIIIAl QaiiniB popmary JPEG.

[Tignucu, a TakoX MOSICHEHHS, MPUMITKH 10 TaOJIHIIb Ta PUCYHKIB MOAIOTHCS
MOBOIO OpPHUTIHATY Ta aHINIIHCHKOIO MOBOIO.

Poznin «Pe3ynbTaTH 10C1i1ZKeHb Ta IX 00roBOpeHHsD» Mae OyTH HalMCaHUN
KOpPOTKO: HEOOX1THO YITKO BHKJIACTH BHUSBJICHI €()DEKTH, IMOKA3aTH MPUIMHHO-PE-
3yJBTaTUBHI 3B’ SI3KM MK HUIMH, IOPIBHATH OTpUMaHy iH(GOPMAIIiIo 3 TaHUMHU JIiTe-
parypu, AaTy BiIIOBiAb HAa MUTAHHS, TIOCTABIICH] Y BCTYTII.
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Cnucok BUKOPUCTAHOI JIiTepaTypu

1. Criucok BUKOPHUCTAHOI JiTepaTypd B OpHUTiHANI IIUTOBAHOI CTaTTiI CKJIa-
JaeThes 3a al(haBiTHO-XPOHOJIIOTIYHUM MOPSAKOM (CIIOYATKY KHPHIIUIL, TTOTIM Jia-
TUHUI). SIKIIO MepImii aBTop y ACKUTHKOX Mpalsix OIWH 1 TOW caMHid, TO mparli
PO3MIIIYIOTECS Y XPOHOJIOTIYHOMY MOpsAAKY. CIIHCOK MOCHIIaHb Tpeda MpoHyMepy-
BaTH, a y TEKCT1 MOCUJIATUCS Ha BIAMOBIIHUN HOMED JiKepena JiTepatypH (y KBa-
JPATHUX JTyKKaX).

VY nocuiiaHHi MUIIYTh TPi3BUINA YCiX aBTOPiB. B ekCriepuMEHTATBHIX Mparsix
Mae OyTu He Oubie 15 mocunansb JIiTeparypHUX JHKEped.

[TaTeHTHI TOKYMEHTH PO3MIIILYIOTHCS y KIHIII CIIUCKY [TOCUJIaHb.

2. Crimcoxk BHKOPHCTAHOI JIiTepaTypu aHTiiiichbkoro MoBoto (References), 3a
BUMOTaMH MDKHApOJHUX HAYKOMETPHUYHHX 0a3.

Cruns opopmiienns — NLM (National Library of Medicine).

[Tpi3Buia, iMeHa Ta Mo-0aTbKOBI aBTOPIB, HA3BY IIMTOBAHOTO BHIAHHS (3Kyp-
Haj, MoHorpadisi, 30ipHUK TOINO) HABOIATH IMOCIYTOBYIOUHUCH OE3KOIITOBHUMU
caitframu (http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.
com/, https://www.citethisforme.com/), 1110 103BOJISIOTH 3AIMCHUTH TIEpEKIIAL 3 BU-
KOPUCTaHHSAM OJTHIET 3 MIKHAPOIHUX CHCTEM TPAHCIITEpaIlii.

Ha3Bu crareii HaBOJIATh aHIVIIIICHKOI MOBOIO.

[Topsimox momanHs mocuinanb References (crucox 2) Mae MOBHICTIO CIiBIaAa-
TH 31 CIUCKOM BUKOPUCTAHOT JIiTeparypu (CHUcoK 1).

3pa3ku NOCWJIAHHSA JiTepaTypu

Bumorn mo odopmienns O6iomiorpadiyHUX MOCHIAHb MOBOKO OpPHTIHATY
(B TOMY 4HCIIi IMTOBAaHI aHITIOMOBHI JKeperia)

Ha monozpaghii

Anoperox K. 1., Koznoea I. I1., Konmesa K. I1., Ilinawenxo-Hoeoxamnuii A. 1.,
3anina B. B., Ilypiw JI. M. MixpoGHa kopo3is mig3emHux crnopya. Kuis: Haykosa
nyMmka. — 2005. — 258 c.

Mikpo06ioioriuHi METOJIM OYMILEHHS CTIYHUX BOJ| BiJl OpraHigyHUX 3a0pyIHIO-
BauiB: MoHorpadis / B. O. IBanuus, T. B. I'ynzenko, b. M. I'ankin, O. B. Bomosay,
O. I'. TopuikoBa — Opeca: Onecbkuii HallloHaIBbHUM yHIBepcuteT imeHi I. I. Meu-
HuKoBa, 2020 — 135 c.

Kanpenvany JI. B., Hopeauosa O. I ®ynxuionansni npoaykta. — Ogneca,
2003. - C. 229-237.

T'8030sk P. I, Ilaciunuk JI. A., HAxoenesa JI. M., Mopo3z C. M., Jlumeunyyxk O. O.
dironarorenHi 0akrepii. bakrepianbhi xBopodu pociuH. — K.:TOB «HBII «InTep-
cepsicy, 2011. — 444 c.

Rogers H., Perkins H., Ward I. Microbial cell walls and membranes. — London;
New York: Fcfd. Press, 2020. — 364 p.

Ha »xcypnansni cmammi

Cmpawmnosa I. B., [lomanenxo K. C., Kopomacesa H. B., Jlictomin I B., Meme-
niyuna 1. 1. AHTarOHICTUYHI BIACTUBOCTI YOPHOMOPCHKUX CTPENTOMILIETIB, BU/II-
JIeHUX 13 00pOCTaHb YepenanHuKy i Miaii // Mikpobiosnoris i 6iotexnomnoris —2022.
— Ne 3(56). — P. 6-23. http://dx.doi.org/10.18524/2307-4663.2022.3(56).268585
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Boubekri K., Soumare A., Mardad 1., Lyamlouli K., Ouhdouch Y. et al.
Multifunctional role of actinobacteria in agricultural production sustainability:
a review // Microbiological Research. — 2022. — Vol. 261. — P. 1-15. https://doi.
org/10.1016/j.micres.2022.127059

bynueina T. B., Bapbaneys JI. JI., Haciunux JI. A., )Kumkesuu H. B. Pe3uc-
TEHTHICTh JI0 aHTUMIKPOOHHX TpenapariB Oakrepiid Pantoea agglomerans // Mi-
KpoOiosoris i 6iorexnomorist. —2016. — Ne 1. — C. 68-75.

Ha me3u oonosioeit

Mayentox b. I1. Po3pobka GiotexHomorii onepxanns nangominuny E // Mix-
HapoaHa HayK. koH(. ,,MikpoOHni Giorexnomnorii” (Oneca, Bepecensn, 2006 p.): Tes.
qom. — O.: ,,Actporpunr”, 2006. — C. 17.

Ha oenonosani naykosi pooomu

3amumuceka O. C. MikpoOHi cumepodopu K MOXITHBI (haKTOpHU aHTArOHI3MY
Oaxrepiii Bacillus megaterium momo marorenanx Agrobacterium spp. // 36ipka ma-
TepiaiB HAyKOBOTO TOBAPHCTBA CTYJCHTIB, aCIIPaHTIB 1 MOJIOANX yueHuX. — Ofeca:
PemnosuTapiit HaykoBoi 6i6miorexku OHY imeni 1. I. Meunukosa, 2019. — C. 17-18.

Ha cmanoapmu

JICTY 7355:1213 Monoko, MOJIOYHI HPOXYKTH Ta 3aKBacku. MeTon
BU3HAUEHHs KUIbKOCTI Oidinobaxrepiit. — 14 c.

Hepowcasna cnyacoa cmamucmuxu Yxpainu. TTociBHI miomi CiTbChKOTOCIIO-
JMApChbKUX KynbTyp 3a ix Bumamu. Jloctym ownnaitH: http://www.ukrstat.gov.ua/
[mToBano 28 Gepes. 2021].

Ha namenmu

Ilamenm Yxpainu Ne 90119, MIIK CO2F 1/24. Cnoci6 Mikpo6i0i0riuHOro
OYHIICHHS BO/U BiJ 10HIB IMHKY / Bomosau O. B., Topmikosa O. I'., bensieBa T. O.,
Konyn I. II., bapanos O. O. (Ykpaina). — N 90119; 3assn. 24.12.2013; omy0u.
12.05.2014, bron. N 9.

Ilamenm na Bunaxin Ykpaina, MIIK A23G 3/34, 3/48.Cnoci06 oxepxaHHs
KOHJIUTEPCHKOTO AaHTHUOKCHUIAHTHOTO MPOAYKTY, BiacHUK Ojec. Hall. TEXHOIL
Vuieepcutet / [Tununenko JI. M., Porosa H. B., Kunumenuyk O. O., Kpycip I. B.,
CesactbsiHoBa O. B., binenska I. P. 3asBka na Bunaxin No a 2022 03697 VYkpaina,
3asBi. 04.10.22. TTarenT Ha BuHaxig Ykpaina, MITK A23G 3/34, 3/48.

Ha asmopegepamu oucepmauiii
bBinsscoxa JI. O. AxtuHoOakrepii pony Streptomyces i ixHi meTaOomiTH Y
Oiloperysiii poc-JIuH : Tuc. ... JoK. Oion. Hayk : 03.00.07. Kuis, 2018. — 485 c.

3pa3ku NOCWIAHB JIITEPATypH, TPAHCITITEPOBAHUX JATHHULIECIO
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J1aTor0 HA/JIXOIKEHHSI CTAaTTI BBAXKAIOTh JCHb, KOJIM JI0 PEIKOJIETil HaiHIIOB
NEPIINA BapiaHT TEKCTY CTATTI.

[Ticnst opeprkaHHs! KOPEKTYPH CTATTi aBTOP MOBUHEH BUMPABUTH JIUIIIE TIOMHLI-
KU 1 TEPMiHOBO BilicTIaTH CTATTIO Ha aJ[pecy peAKoJerii abo MOBiIOMUTH PO CBOT
NPaBKH 10 TelNe(POHY YH IEKTPOHHOIO MOIITO0.

V pasi 3aTpUMKH peaxiis, T0JepKyOUnuCh Tpadika, 3auiae 3a codor npa-
BO 3/1aTH KOPEKTYpY 110 ApyKapHi (y BHPOOHHUIITBO) O3 aBTOPCHKUX MPABOK.

[Tignuc aBTOpa y KiHI CTAaTTi O3HAYAE, 110 aBTOP Iepe/iae MpaBa Ha BUIAHHS
CBOE€1 CTaTTi peaxiiii. ABTOp TapaHTye, IO CTATTs OPUTiHAJIBHA; Hi CTATTS, HI PH-
CYHKH 10 Hei He Oynu ormyOniKoBaHi B IHIIUX BHIAHHSIX.
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VBara: mepeapyk, yci BUIU KOMIFOBAHHS Ta BiITBOPCHHS MaTepiaiB,
110 HA/IPyKOBaHi y sKypHai «MikpoOGionorist 1 610TeXHoIoTisN,
MOYKJIMBI JIMIIIE 32 YMOBH ITOCHIIAHHS Ha JHKepero iHpopmarii
Ta 3 JI03BOJY PEIAKIIIIHOT KOJICTii.
VYei npaBa 3aXHIIEHI 3T1THO 3aKOHOAABCTBA YKpaiHu.
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