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SCREENING FOR POLYHYDROXYALKANOATE-PRODUCING
STRAINS AMONG AEROBIC SPORE-FORMING BACTERIA

The environmental persistence and toxicity of conventional petroleum-based plastics represent a major global ecologi-
cal challenge. Their accumulation in terrestrial and aquatic ecosystems contributes to long-term pollution and threat-
ens biodiversity. Biodegradable biopolymers, particularly polyhydroxyalkanoates (PHA), are considered sustainable
alternatives due to their biocompatibility and complete biodegradability. Aim. This study aimed to identify and charac-
terize polyhydroxyalkanoate-producing strains among aerobic spore-forming bacteria isolated from diverse ecological
niches in Ukraine, Egypt, Ecuador, Turkey, and India. Methods. A total of 300 bacterial strains were isolated from soil,
plant surfaces, and aquatic sediments. Screening for polyhydroxyalkanoate production was performed using Nile blue
staining, light microscopy, fluorescence microscopy, transmission electron microscopy, Fourier transform infrared spec-
troscopy, and gas chromatography—mass spectrometry. Taxonomic identification was conducted based on whole-cell
fatty acid composition profiling and 16S ribosomal ribonucleic acid gene sequence analysis. Results. Fifty-eight strains
capable of synthesizing PHAs were identified. These isolates were assigned to the Bacillus cereus, Bacillus subtilis, and
Priestia endophytica clade. The strains demonstrated variable levels of polymer accumulation. Microscopic and spec-
troscopic analyses confirmed intracellular polymer granule formation and characteristic chemical signatures of PHA.
Conclusions. The most productive PHA-synthesizing strains were recovered from biotopes under maximal multi-facto-
rial stress, including the Chornobyl NPP cooling pond sediments and arid soils. These findings designate such environ-
ments as priority targets for future screening efforts aimed at the prospecting of high-yielding PHA producers.
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Screening for Polyhydroxyalkanoate-Producing Strains among Aerobic Spore-Forming Bacteria

Plastic-based products are widely employed in
nearly all aspects of today’s life owing to their
versatility, durability, and inexpensive manufac-
turing costs. However, the advantages of using
conventional plastics are frequently outweighed
by their detrimental impact, which includes
terrestrial and aquatic pollution, as well as eco-
logical damage. The environmental durability
of traditional plastics remains one of the most
pressing concerns, since plastic buildup in the
environment far outpaces disintegration (Ali et
al., 2021; Chamas et al., 2020).

Conventional plastic may contain toxic sub-
stances based on its composition and the addi-
tives used during manufacturing. While low-
and high-density polyethylene are generally safe
(Danwittayakul et al., 2016; Guo et al., 2017),
plasticizers like phthalates are linked to testicular
and ovarian toxicity and reduce steroidogenesis
(Meeker et al., 2009). Polypropylene can emit
carcinogens like formaldehyde and acrolein un-
der heat or UV, shown to worsen acute and car-
diovascular diseases (Lomonaco et al., 2020).
Polyvinyl chloride fumes worsen asthma (Jaak-
kola & Knight, 2008), and phthalate exposure
increases allergy risks in children (Bornehag et
al., 2004). Vinyl chloride exposure is associated
with liver fibrosis and angiosarcoma (Fedeli et al.,
2019). Polystyrene plastics cause oxidative stress,
DNA damage, and hemolysis (Sarma et al., 2022),
impair liver and kidney cell functions (Goodman
et al.,, 2022), and disrupt trophoblast cell viability
and gene expression (Hu et al., 2022).

Bioplastics offer a biodegradable alternative to
petroleum-based plastics, though their perfor-
mance varies in strength, degradability, and cost.
Starch-based bioplastics degrade quickly and
provide good oxygen barriers but are brittle and
water-sensitive (Kumar & Thakur, 2017). Chito-
san is valued in biomedical and cosmetic fields for
its strength and non-toxicity but is also brittle and
poorly soluble at neutral pH (Choi et al., 2016;
Zhang & Wang, 2022). Protein-based bioplastics
from soy, whey, and wheat form amyloid-struc-

ISSN 1028-0987. Microbiological Journal. 2026. (3)

tured films rich in B-sheets suitable for packaging,
yet cost far more than conventional plastics (Li et
al., 2023). Polylactic acid (PLA) is widely used in
healthcare due to its strength and biocompatibility
but degrades slowly and lacks toughness (Singhvi
etal., 2019). Poly-y-glutamic acid (y-PGA) shows
promise in regenerative medicine but suffers from
high production costs and low yield (Nair et al.,
2021). Thus, the search for a cost-effective and
high-performing bioplastic continues.

Polyhydroxyalkanoates (PHAs) are a promis-
ing biodegradable plastic alternative. These mi-
crobial polymers serve as intracellular carbon
and energy reserves (Sabapathy et al., 2019) and
offer physical and chemical properties compa-
rable to conventional plastics such as polypro-
pylene (Sudesh et al., 2000). A key advantage of
PHAs is their full biodegradability by microbes
via PHA hydrolases and depolymerases. Their
degradation spans months in anaerobic waste-
water to years in seawater and accelerates under
UV light (Fernandes et al., 2020). PHAs are also
biocompatible, as their monomers naturally oc-
cur in human metabolism and blood (Verlinden
et al., 2007). These qualities support PHAS' use
in packaging, agriculture, and medicine.

Among many PHA-producing microbes, aero-
bic spore-forming bacteria, particularly those in
the Bacillaceae family, stand out for their resil-
ience, stress tolerance, and substrate versatility
(Patel & Munshi, 2022). These bacteria can uti-
lize diverse carbon sources, including glucose,
sucrose, starch, and agricultural waste for PHA
synthesis, making production more economical
(Kumar et al., 2015; Gowda & Shivakumar, 2014;
Sabapathy et al., 2019). Additionally, the Bacilla-
ceae members are considered safe for industrial
use, lacking immunogenic lipopolysaccharides
(Patel & Munshi, 2022).

The search for PHA-producing strains of dif-
ferent genera is a continuing struggle. Current
research concentrates on the screening for PHA
producers isolated from soil (Ratnaningrum et
al., 2019), seawater (Grigary et al., 2024), waste-
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water (Dienye et al., 2023), food (Macalova et al.,
2023), pharmaceutical industry effluent (Saxena
et al., 2023), sludge, and compost (Alwuhaib et
al., 2023). However, the studies regarding the
PHA-synthesizing capacities of aerobic spore-
forming bacteria specifically are insufficient. The
present study aimed to screen the PHA-produc-
ing aerobic spore-forming bacteria isolated from
different ecological niches, identify the obtained
strains, and characterize the nature of the bio-
plastic produced.

Materials and Methods. Isolation of aerobic
spore-forming bacteria. Bacterial isolates were
obtained from the soil collected in Ukraine,
Egypt, Ecuador, and Turkey, the plant phyllo-
sphere in India, a biological preparation (this
specific preparation is not disclosed due to con-
fidentiality), benthic deposits of freshwater bod-
ies, the Black Sea, and the Chornobyl Nuclear
Power Plant (NPP) water-cooling pond. Some
of the strains were obtained from the Ukrainian
Collection of Microorganisms (UCM). Serial
dilution and spread plate methods were applied
for bacteria isolation. The diluted samples were
heated in a water bath at 80 °C for 10 to 15 min.
After reaching ambient temperature, 0.1 mL of
each sample was plated on agarized Luria-Ber-
trani (LB) medium (g/L): peptone — 10.0; yeast
extract — 5.0; NaCl — 5.0; agar-agar — 14.0;
pH 7.0+0.2, and cultivated for 48 h at 37 °C.
The obtained colonies, typical for aerobic spore-
forming microorganisms, were stored using an
agarized LB medium at 20 °C.

Screening for PHA-producing strains by plate
assay method. To identify PHA-producing iso-
lates, the obtained strains were cultivated for 48
h at 37 °C on the PHA screening medium con-
taining (g/L): glucose — 20.0, yeast extract —
0.75, peptone — 3.25, NaCl — 2.5, agar-agar —
14.0, pH—7.4. Following cultivation, colonies
were stained with 0.05% Nile blue in 98% etha-
nol for 20 min. Excess dye was removed with a
brief 1—2 min ethanol wash, followed by rinsing
with water. Under UV light at 365 nm, the colo-
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nies displaying bright purple fluorescence were
identified as PHA producers.

Nile Blue staining for the detection of lipid
inclusions. The presence of PHA granules in the
cells was confirmed via light and fluorescence
microscopy with a green light filter. The strains
were cultivated on the PHA screening medium
for 48 h at 37 °C. The fixed samples were stained
with a 1% aqueous solution of Nile blue for 10
min at 55 °C. Then, the samples were washed
with distilled water and kept for 1 min in an 8%
aqueous acetic acid solution. PHA granules ap-
peared blue in the light microscope and exhib-
ited yellow fluorescence under UV light.

Transmission electron microscopy (TEM).
For TEM analysis, strains were grown on a PHA
screening medium for 48 h at 37°C. Bacte-
rial suspensions in physiological solution were
placed on carbon-reinforced formvar-coated
copper grids. After 15 min of adhesion, cells we-
re contrasted with 5% aqueous uranyl acetate for
40 s, rinsed three times with distilled water (5 s
each), and air-dried for 15 min at room temper-
ature. Imaging was performed on a JEM-1400
TEM (JEOL Ltd., Japan) at 80 kV. Cell dimen-
sions were measured from micrographs using a
SimpleMeasure tool, and results were analyzed
with Statistica 12 (StatSoft, Inc.).

Confirmation of PHA synthesis via gas chro-
matography-mass spectrometry. To study the
polyhydroxyalkanoates produced, strains were
grown on the same medium used for screening for
48 h at 37 °C. The total biomass produced during
cultivation was collected and weighed. To prepare
samples for gas-chromatography analysis, 1.7 mL
of methanol was added to 60—100 mg of wet bio-
mass. Then, 0.2 mL of an internal standard solu-
tion of benzoic acid in propanol (40 g/L), 2 mL of
chloroform, and 0.3 mL of 98% sulfuric acid were
added, and the mixture was heated at 100 °C for 1
h. After derivatization, the mixture was left to cool
to room temperature, and 1 mL of distilled water
was added to facilitate phase separation. The chlo-
roform phase was used for further analysis.
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Qualitative and quantitative analysis of the
retained derivatives was performed by gas chro-
matography-mass spectrometry (GC-MS) us-
ing an Agilent 6890N/5973inert chromatograph
(Agilent Technologies, USA) and HP-5MS cap-
illary column (30mx0.25mmx0.25pum) (J&W
Scientific, USA). The initial temperature of the
column thermostat was kept at 70 °C for 8 min,
then increased to 150 °C at a rate of 8 °/min, and
reached 176 °C at a rate of 2 °C/min. Compound
identification was performed using NIST02
mass spectra libraries. The quantitative analysis
for the strains grown on the solid medium was
performed by the formula:

M ><P1><VS

PHA content = — !

where
P2 x M 5

PHA content is the amount of PHA produced
by the strain grown on 1 Petri dish, mg; M, —
mass of the biomass collected from 1 Petri dish,
mg; P, — corrected area of the 3-hydroxy butyric
acid peak on the chromatogram; V, — volume
of the standard used in the derivatization pro-
cess, mL; P, — corrected area of the standard
peak on the chromatogram, and M, — mass of
the biomass taken for the analysis, mg.

The quantitative analysis for the strains grown
on the liquid medium was performed according
to the formula:

M xPIxVS

PHA content = —2 !

BV, where

PHA content is the amount of PHA (g) produced
per 11of culture medium, V, — 11 of the culture
medium, mL; P, — corrected area of the standard
peak on the chromatogram; V , — volume of the
standard used in the derivatization process, mL;
P, — corrected area of the 3-hydroxy butyric acid
peak on the chromatogram, and V, — volume of
culture medium taken for the analysis, mL.

Fourier-transform infrared spectroscopy
(FTIR). To obtain a purified polyhydroxyalkano-
ate sample, strains were grown on the same me-
dium used for screening for 48 h at 37 °C. Then,
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the biomass was treated with sodium hypochlo-
rite at 37 °C for 2—3 h and centrifuged at 7000
rpm for 15 min. The supernatant was discharged,
and the residue was sequentially washed with
distilled water (3 times), and methanol (2 times).
A sample of purified polyhydroxyalkanoate was
mixed with KBr and dried over silica gel. IR
spectra of the sample were obtained on a Bruker
Vertex 70 IR spectrometer, analyzed, and iden-
tified using the ACD/Labs program (Advanced
Chemistry Development, Inc., Canada).

The study of total cellular fatty acid profiles of
PHA-producing strains. PHA-producing isolates
were identified based on their total cellular fatty
acid methyl ester (FAME) profiles. For compari-
son, reference strains from the Ukrainian Col-
lection of Microorganisms were analyzed under
the same conditions. Strains were cultured on
tryptone soya agar for 24 h at 37 °C. To prepare
FAMEs, 60—100 mg of wet biomass was treated
with 2 mL methanol and 40 pL acetyl chloride,
followed by incubation at 80 °C for 2 h with mix-
ing after 1 h. After cooling, 0.5 mL of heptane was
added, and samples were centrifuged at 3000 rpm
for 3 min. The upper phase was analyzed by GC-
MS (Agilent 6890N/5973inert, USA) using an
HP-5MS column (30 m x 0.25 mm x 0.25 pm).
Separation was performed in a gradient mode
(150—250 °C at 4 °C/min), with helium as a car-
rier gas (1 mL/min). FAMEs were identified us-
ing the NISTO02 library, and their profiles were
determined as percentage compositions of total
cellular fatty acids.

The FAME profiles of PHA-producing strains
were first subjected to Principal Component
Analysis (PCA) in the JupyterLab environment
to identify patterns and relationships among the
samples. The dataset was cleaned and standard-
ized to ensure that the variables were given equal
weights during PCA.

The percentage contribution of individual
fatty acids to the total peak area for a sample
was used for a cluster analysis performed by the
unweighed pair group method with arithmetic
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Fig. 1. The appearance of colonies obtained from 10-fold dilutions of soil samples
under visible light (a) and UV light (b)

averages (UPGMA). A dendrogram was con-
structed to show the relationships among the
phenotypic groups. To test the reliability of the
cluster identifications, the FAME profiles were
also compared to reference profiles of UCM
strains. Furthermore, several Bacillaceae family
FAME profiles were included in the analysis fol-
lowing the bibliographical search for better sta-
tistical evaluation and classification of the stud-
ied strains (Chen et al., 2022; Dunlap et al., 2016;
Guinebretiére et al., 2013; Jung et al., 2011; Liu et
al., 2016; Liu et al., 2017; Ruiz-Garcia et al., 2005;
Spring et al., 2003; Sumpavapol et al., 2010).
Morphological and physiological-biochemical
characterization of the isolated strains. The mor-
phological and cultural characteristics of selected
strains were determined after 24 h cultivation at 37
°C on LB medium. The investigated cultures were
stained according to Gram and Ozheshko (to de-
tect endospores). Analytical profile index (API) 50
CHB and API Staph strips were used to determine
the physiological and biochemical characteristics
of the selected PHA producers. The strains were
precultured on LB medium for 24 h at 37 °C. For
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each strain, 1 API 50CHB and 1 API Staph strip
were inoculated with a bacterial suspension in
API 50CHB medium and API Staph medium with
a density equivalent to the 2 McFarland standard.
By systems’ requirements, the first reading was
taken at 24 h and the definitive reading at 48 h of
cultivation. The obtained results were analyzed us-
ing Bergey’s Manual of Systematic Bacteriology
(De Vos, 2009) and bibliographic search.

16S rRNA gene sequencing of the selected
strains. The 16S rRNA gene sequencing was
performed after amplification of the 16S rRNA
gene with 27f and 1492r primers. The purified
polymerase chain reaction (PCR) product was
sequenced in two directions on a Genetic Ana-
lyzer 3130 using a BigDye Terminator v 3.1 Cycle
Sequencing Kit. Primary comparative analysis of
the sequences was performed using the NCBI
Blast program (http://www.ncbinlm.nih.gov/
blast). A dendrogram of phylogenetic relation-
ships was constructed based on the Neighbor-
Joining method and the Kimura two-parameter
model based on 1000 replicates of bootstrap
analysis using the MEGA 11 software (Tamura et
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al., 2021). The sequences of the 16S rRNA gene
of typical cultures of the Bacillus genus bacteria
were obtained from the GenBank database and
the web resource www.straininfo.net. The ob-
tained sequences for the selected strains, namely,
Bacillus sp. CHAES I 2_2 and Bacillus sp. 5w2,
were deposited in GenBank under accession
numbers PQ147038 and PQ147039, respectively.

Results. Screening for PHA-producing strains
among the aerobic spore-forming bacteria. To
identify PHA-producing strains, we performed a
thorough screening among 300 strains of aerobic
spore-forming bacteria obtained from different
geographical zones and ecological niches. PHA
producers were isolated by culturing strains on
the medium for screening. Following treatment
with Nile blue stain, the colonies exhibiting PHA
synthesis displayed characteristic purple fluores-
cence under UV light (Fig. 1).

A total of 300 isolates were examined in this
study. Among them, 21 strains were obtained
from soil samples collected in Ukraine, 25 from
soil samples in Egypt, 11 from soil samples in Ec-
uador, and 23 from soil samples in Turkey. In addi-
tion, 9 strains were isolated from benthic deposits
of freshwater bodies in Ukraine, 111 from benthic
sediments of the Chornobyl NPP cooling pond,
and 87 from benthic deposits of the Black Sea. The
remaining isolates included 11 strains obtained

from the Ukrainian Collection of Microorgan-
isms, comprising 6 strains from the cotton plant
phyllosphere and 1 strain identified as a contami-
nant of the biological preparation. Furthermore, 2
epiphytic strains were collected in India.

Among the 300 strains screened, 58 were iden-
tified as PHA producers. Of them, 1.7% originated
from Ukrainian soil, 53.4% were isolated from the
bottom sediments of the Chornobyl NPP cool-
ing pond, 13.8% were obtained from UCM, 1.7%
were contaminants from a biological preparation,
10.3% were isolated from Egyptian soils, 5.2%
from benthic deposits in Ukrainian freshwater
bodies, 12.1% from Turkish soils, and 1.7% from
the benthic deposits of the Black Sea (Table 1).

Light and luminescence microscopy was per-
formed to prove the synthesis of intracellular in-
clusions. The cells formed granules capable of yel-
low fluorescence under UV radiation, which con-
firmed the presence of lipid inclusions (Fig. 2).

To better analyze the composition of the gran-
ules produced by the selected strains and to
quantify their synthesis levels, gas chromatogra-
phy-mass spectrometry (GC-MS) was conduct-
ed. The analysis indicated that the strains syn-
thesized PHA homopolymers of the 3-hydroxy-
butyric nature (Fig. 3).

According to mass spectrometry data, the
mass spectra of the compound with Rt 3.26 cor-

Table 1. Physiographic regions and ecological niches of the PHA-producing isolates (n=58)

No. Physiographic region Ecological niche olxr;z:s

1 |Forest steppe Soil 1

Bottom sediments of freshwater bodies 2
2 | Mixed coniferous forest with an increased radiation | Bottom sediments of the Chornobyl 31

background (Chornobyl NPP zone of alienation) NPP water cooling pond

3 | Mixed coniferous forest Bottom sediments of freshwater bodies 1
4 | The northern part of the Black Sea Bottom sediments of marine water 1
5 |Deserts and semi-deserts Soil 6
6 |Mediterranean subtropical forests Soil 7
7 | Other UCM 9

Biopreparation contaminant 1
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Fig. 2. Microscopy of Priestia endophytica UCM B-5715 (a, d), Bacillus sp. 5w2 (b, e), and Bacillus sp. CHAESI12_2
(c, f): light microscopy with Nile blue stain to detect lipid inclusions — top row, fluorescence microscopy with Nile

blue stain to detect lipid inclusions — bottom row
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Fig. 3. The PHA granule content of the selected strains (not all data shown). Rt 3.26 — benzoic acid (standard), Rt
10.92 — 3-hydroxy butanoic acid
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Fig. 4. Mass spectrum of 3-hydroxy butanoic acid, methyl ester (derivative of the PHA
monomer) synthesized by the isolated strains

responded to 3-hydroxy butanoic acid in all the
studied strains (Fig. 4) (not all data shown).

Biosynthetic levels significantly diverged de-
pending on the strain, culture medium, and cul-
tivation conditions (Table 2).

Given the polyphyletic nature

of aerobic

spore-forming bacteria, polyphasic taxonomy
analysis was necessary to identify the PHA-pro-
ducing strains. First, chemotaxonomic charac-
terization of the FAME profiles was performed,

Table 2. The PHA content from isolated strains grown on solid PHA medium
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No. Strain WCW?, mg PHA content, mg PHA, %"
1 |Bacillus sp. CHAES12 2 137.06+23.05 3.7354+0.3519 2.7254
2 | Bacillus sp. 5w2 129.21+13.18 3.1952+0.2259 2.4729
3 | Bacillussp. 2_9 147.38+21.11 3.4725+0.3749 2.3622
4 | Bacillus sp. CHAES 5_14 242.12+11.21 5.2254+0.1942 2.1582
5 | Bacillus sp. Eg S 3_1 35.01+3.94 0.7411+0.0348 2.1168
6 | P endophytica UCM B-5715 70.03+5.33 1.4398+0.0985 2.0560
7 | Bacillus sp. 5_5 99.11£6.02 1.9971+0.1113 2.0150
8 | Bacillus sp. 4 CHAES 134.05+£12.07 2.6950+0.2605 2.0104
9 |Bacillus sp. Tr2_1 90.01£5.77 1.7723+0.1311 1.9692
10 |Bacillussp. EgS2_8 57.48+6.34 1.0952+0.0799 1.9054
11 |Bacillus sp. EgS2_1 162.13+12.99 3.0086+0.2510 1.8567
12 | Bacillus sp. 2_1n 151.04+9.15 2.7920+0.1731 1.8485
13 | Bacillus sp. 1_3n 140.15+8.13 2.4185+0.1240 1.7257
14 | Bacillus sp. 1_8n 73.19+4.34 1.1932+0.0775 1.6303
15 | Bacillus sp. 5w3 119.36+5.58 1.8609+0.0989 1.5591
16 | Bacillus sp. 3f12 373.23+£15.02 5.7078+0.2971 1.5293
17 | Bacillus sp. CHAES13_2 150.42+11.18 2.2285+0.1533 1.4815
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Continuation of table 2

No. Strain WCW?, mg PHA content, mg PHA, %°
18 | Bacillus sp. 5_5° 194.27+9.98 2.8473+0.1627 1.4656
19 | Bacillus sp. 4w5 139.39+13.01 2.0024+0.1688 1.4366
20 |Bacillus sp. Tr2_3 63.26+4.55 0.8879+0.0643 1.4036
21 |Bacillus sp. 2_4 158.43+15.31 2.1109+0.1898 1.3324
22 |Bacillus sp. 2_2n 97.37+11.48 1.1641+0.1283 1.1955
23 |Bacillus sp. CHAESI1 6 203.24+22.78 2.1326%0.1930 1.0493
24 | Bacillus sp. 5w6 65.07+7.87 0.5728+0.0727 0.8803
25 | Bacillus sp. EgS2_3 163.23+9.06 1.4292+0.0632 0.8756
26 | Bacillus sp. Tr M 2_5 137.37+10.03 1.1943+0.0721 0.8694
27 | Bacillus sp. 4wl 263.32+19.97 2.2377%0.1755 0.8498
28 | Bacillus sp. Tr4_5 139.46+14.67 1.1576+0.1269 0.8301
29 | Bacillus sp. 5wl 293.19+24.56 2.2459+0.1935 0.7660
30 |P endophytica UCM B-5715 temn 21.14+3.89 0.1533+0.0302 0.7252
31 |Bacillus sp. Tr M 2_2 113.33+13.04 0.8242+0.0942 0.7273
32 | P endophytica UCM B-5715 ser 26.49+5.21 0.1655+0.0362 0.6248
33 | Bacillus sp. 4n11 21.37+4.44 0.1328+0.0377 0.6214
34 | Bacillus sp. CHAES 2_3 38.11+£6.23 0.2280+0.0372 0.5983
35 |Bacillus sp. 2_6 99.01+8.87 0.4968+0.0468 0.5018
36 |Bacillus sp. UCM B-5910 18.15£3.55 0.0463%0.0101 0.2551
37 |Bacillussp. Tr1_8 24.51+£3.32 0.0597+0.0081 0.2436
38 |Bacillus sp. CHAES12_5 40.31+7.54 0.0984+0.0189 0.2441
39 | Bacillus sp. Tr M 2_7 182.01+31.04 0.3396+0.0615 0.1866
40 | Bacillus sp. 4w7 108.13+10.40 0.1851+0.0217 0.1712
41 | Bacillus sp. 03 1_2 61.22+9.82 0.0721+0.0127 0.1178
42 | Bacillus sp. CHAES 4_9 20.43+5.31 0.0206+0.0068 0.1008
43 |Bacillus sp. EgSM 1_1 96.25+11.12 0.0294+0.0037 0.0306
44 |Bacillus sp. 1_5n 197.22+23.83 traces traces
45 | Bacillus sp. CHAES M 3_4n 129.16+12.04 traces traces
46 | Bacillus sp. 4_3n 126.05+14.87 traces traces
47 | Bacillus sp.EgSM 2_4 traces traces traces
48 | Bacillus sp. 5_4 89.09+3.67 traces traces
49 | Bacillus sp. LC 16 169.13+17.21 traces traces
50 |Bacillus sp. O3 11R 109.51+13.33 traces traces
51 | Bacillus sp. NRV 1 69.17+4.75 traces traces
52 |Bacillus sp. 2_10a 24.27+3.56 traces traces
53 | Bacillus sp. UCM B-5149 78.71£5.56 traces traces
54 | Bacillus sp. UCM B-5510 111.12+8.32 traces traces
55 | Bacillus sp. UCM B-5908 10.61+3.01 traces traces
56 | Bacillus sp. BZ3* 23.27+2.89 traces traces
57 | P endophytica UCM B-5715 sv traces traces traces
58 | Bacillus sp. CHAES 3_4 37.49+3.51 traces traces

*WCW — wet cell weight, PPHA content over WCW (% of the mean WCW values).
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PCA of PHA-producers FAME:s profiles
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Fig. 5. PCA of the FAME profiles of PHA-producing strains
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Fig. 6. Dendogram based on FAME profiles of PHA-pro-
ducers and reference strains
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and the obtained profiles were classified by PCA.
The analysis indicated that the PHA-producing
strains obtained were grouped in three distinc-
tive clusters based on the percentage composi-
tion of their FAMEs (Fig. 5).

The largest cluster, highlighted in red in Fig. 5,
comprised 24 PHA-producing strains. These stra-
ins exhibited similar FAME profiles, with domi-
nating branched-chain fatty acids (83—85%). The
main components were aiC15:0 (42.12 +4.99%)
and iC15:0 (18.84 + 1.53%). Other significant fat-
ty acids included aiC17:0 (12.2 £+ 3.33%), iC17:0
(1.7+£047%), C16:0 (7.54+1.97%), iC16:0
(6.65 + 1.86%), and iC14:0 (4.88 + 1.09%).

The second-largest cluster, indicated in green,
comprised 20 PHA-producing Bacillus strains. This
cluster differed significantly from the red cluster in
the ratio of iso- and anteiso-branched fatty acids.
The content of iC15:0 was 25.05 + 3.65%, while
aiC15:0 was only 4.02 + 0.6%. Similarly, iC17:0 was
found at 18.02 + 2.21%, whereas aiC17:0 reached
only 3.62+0.74%. The content of C16:0 was
12.74 £ 3.1%, iC16:0 amounted to 11.14 + 1.09%,
and iC14:0 was present at 3.17 + 1.76%.

The smallest cluster, marked in blue, included
14 PHA-producing Bacillus strains. Most strains in
this group displayed a similar FAME profile. Pre-
dominant fatty acids were iC15:0 (30.59 + 4.88%)
and aiC15:0 (26.12 + 3.11%). iC17:0 and aiC17:0
were present at 15.69 + 4.36% and 14.28 + 4.11%,
respectively, while C16:0 constituted 5.36 + 1.86%
of total fatty acids.

A dendrogram was constructed to better visu-
alize the relationships between the PHA-produc-
ing strains and the strains of known phylogenetic
nature (Fig. 6). The FAME:s profile of Clostridium
bowmanii DSM 14206 was used as an outgroup
(Spring et al., 2003). The dendrogram showed
that the strains grouped with different reference
strains and formed distinctive clades. In the B.
cereus clade, strains Bacillus sp. 5_5 and CHAES
I 2_2 grouped with B. pseudomycoides KCTC
3862" (Jung et al., 2011), and strains Bacillus sp.
2_1n, 5w6, CHAES I 3_2, 2_6, 5wl, CHAES 1
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2_5,1_8n,5_5,4n11, 4w5, 3f12,4 CHAES, 1_3n,
5w2, Tr 1_2, 5w3, 2_4, and 2_9 grouped with
B. cereus UCM B-5659, B. cereus UCM B-5652,
and B. cereus UCM B-5656 reference strains.

In the B. subtilis clade, strains Bacillus sp.
CHAESI1 6, TrM 2 5,Tr4_5,4wl,and Tr M
2_2 grouped with Bacillus licheniformis KCTC
1918" (Sumpavapol et al., 2010) and Bacillus
velezensis CR-502T (Ruiz-Garcia et al., 2005)
reference strains. Bacillus sp. 4w7 and CHAES
M 3_4 n and 4_3n formed a cluster with B. [i-
cheniformis DSM 13" (Liu et al., 2016). Bacillus
sp- 2_2n and 5_4 clustered with Bacillus subtilis
UCM 23_2 and Bacillus pumilus UCM B-5609,
while Bacillus sp. 2_10a formed a subclade with
B. licheniformis UCM B-5501, B. pumilus UCM
B-5601, and B. pumilus UCM B-5610. Strains Ba-
cillus sp. EgSM 1_1,031_2,03 11R, and UCM
B-5510 were related to B. licheniformis UCM
B-5510, and strains Bacillus sp. UCM B-5149, Tr
M 2_7, and LC 16 were associated with B. sub-
tilis UCM B-5077 and B. subtilis UCM B-5036.
Strain Bacillus sp. NRV1 was most related to
strain Bacillus amyloliquefaciens UCM B-5017.
Strain Bacillus sp. Eg S M 2_4 also belonged to
the B. subtilis clade but did not closely associate
with any of the strains. Finally, strain Bacillus sp.
1_5n was linked to Bacillus siamensis PD-A10T
(Sumpavapol et al., 2010).

Last but not least, a separate clade was for-
med, comprising the strain P. endophytica UCM
B-5715, which is a type strain for its species, and
PHA-producing strains that were shown to bear
the same FAME profile features.

Based on the data depicted in Table 2, strains
Bacillus sp. CHAES I 2_2 and Bacillus sp. 5w2,
were considered the most promising PHA pro-
ducers and were subjected to further analysis.
Strain P. endophytica UCM B-5715 was also
chosen as a typical strain for its species to better
analyze the peculiarities of PHA synthesis for the
type strain. To confirm their taxonomic status,
the physiological properties of the strains were
studied and shown in Table 3.
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Based on the data obtained, strain Bacillus sp.
CHAES I 2_2 was closely related to Bacillus pseu-
domycoides, strain Bacillus sp. 5w2 belonged to
the B. cereus group, specifically, to Bacillus toyo-
nensis species (Jiménez et al., 2013), and the phy-
siological and biochemical properties of strain
P. endophytica UCM B-5715 were confirmed to
be typical for its species (Reva et al., 2002).

Finally, these findings were confirmed by 16S
rRNA analysis (Fig. 7).

Based on the 16S rRNA gene analysis, B. toyo-
nensis 5w2 (PQ 147039) is closely related to B.
toyonensis BCT-7112 (NR 121761.1) and other
strains of B. toyonensis and Bacillus pacificus.
Another cluster includes B. pseudomycoides
CHAES T 2_2 (PQ 147038), which is grouped
closely with B. pseudomycoides NBRC 101232
(NR 113991.1).

To elucidate the morphological characteristics
of the selected strains, TEM was performed. The
B. pseudomycoides CHAES12_2 strain had a bar-
rel-shaped rod morphology. The cells measured
3.31 £0.96 x 1.34 + 0.30 um and typically formed
chains of 5 to 7 cells (Fig. 8, a) with polyhydroxy-
alkanoate granules (Fig. 8, b). Flagella were ab-
sent, indicating that the strain is likely non-mo-
tile, or the conditions required for their develop-
ment were not met. B. toyonensis 5w2 cells were
elongated rods with rounded ends, measuring
3.66 £ 0.70 x 1.05 + 0.14 pm. They also formed
short chains (Fig. 8, ¢) and displayed both PHA
granules and occasional flagella (Fig. 8, d). The
P endophytica UCM B-5715 cells appeared as
elongated rods (4.01 £ 1.10 x 1.07 + 0.22 um) ar-
ranged in chains (Fig. 8, ). Some of the cells had
flagella, which were thin and fragile, as they were
often observed detached from the cells (Fig. 8, f).
Due to high electron density, intracellular gran-
ules were not visible in this strain.

The FTIR spectra of PHA recovered from
strains B. pseudomycoides CHAES 1 2_2, B. toy-
onensis 5w2, and P. endophytica UCM B-5715
exhibited the characteristic PHA signatures and
are depicted in Fig. 9. The transmittance peak
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PQ 147039 Bacillus toyonensis 5w2*

NR 121761.1 Bacillus toyonensis BCT-7112
LC759614.1 Bacillus toyonensis 21TKL1-1 13i

NR 157733.1 Bacillus pacificus MCCC 1A06182

NR 024697.1 Bacillus mycoides DSM 11821
77- NR 152692.1 Bacillus wiedmannii FSL W8-0169

NR 074540.1 Bacillus cereus ATCC 14579

NR 157734.1 Bacillus paramycoides MCCC 1A04098

82

MH578628.1 Bacillus pseudomycoides SB138

I:NR 113991.1 Bacillus pseudomycoides NBRC 101232
PQ 147038 Bacillus pseudomycoides CHAES12_2 *

0.0020

NR 125530.1 Bacillus manliponensis BL4-6

Fig. 7. Dendrogram of genetic similarity between PHA-producing Bacillus sp. CHAESI12_2 and
Bacillus sp. 5w2 strains and Bacillaceae family species representatives, built based on 16S rRNA
gene sequences using the Neighbor-Joining algorithm and the 2-parameter Kimura model

Table 3. Physiological and biochemical properties of the selected PHA-producing strains

Colony morphology

Cell size, um

Motility

Gram staining

Spores

Spore shape

Spore location

Catalase

Aerobic growth

Anaerobic growth
Voges-Proskauer

Reduction of nitrates to nitrites
Alkaline phosphatase reaction
Arginine dihydrolase reaction
Urease reaction

Glycerol

Erythritol

D-Arabinose

L-Arabinose

D-Ribose

D-Xylose

L-Xylose

D-Adonitol
Methyl-3-D-xylopyranoside
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Bacillus sp. CHAES12_2 Bacillus sp. 5w2 P endophytica UCM B 5715
Rhizoid-like, white Cream-colored slimy Slimy circular colonies, 1—3 mm
colonies, 4—5 mm in colonies, 3—5 mm in in diameter, pink pigmentation
diameter diameter with yellow fluorescence
331+£0.96x1.34+0.30 | 3.66+£0.70 x 1.05 £ 0.14 4.01£1.10x1.07 £0.22
Gram + Gram + Gram +
+ + +
oval oval oval
subterminal subterminal subterminal
+ + +
+ + +
+ + —
+ + —
+ + —
+ + +
Acid from:
+ + +
— — +
+ J— J—
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Continuation of table 3

Bacillus sp. CHAES12_2 Bacillus sp. 5w2 P. endophytica UCM B 5715
Rhizoid-like, white Cream-colored slimy Slimy circular colonies, 1—3 mm
colonies, 4—5 mm in colonies, 3—5 mm in in diameter, pink pigmentation
diameter diameter with yellow fluorescence

Colony morphology

D-Galactose —
D-Glucose
D-Fructose

+ + +
+ +

D-Mannose
L-Sorbose —
L-Rhamnose — — —
Dulcitol — — w

Inositol — — —
D-Mannitol — — —
D-Sorbitol — —
Methyl-a-D-mannopyranoside — —
Methyl-a-D-glucopyranoside —
N-Acetylglucosamine +
Amygdalin —
Arbutin —
Esculin +
Salicin +
D-Cellobiose —
D-Maltose +
D-Lactose (bovine origin) — —
D-Melibiose — —
D-Saccharose (sucrose) —
D-Trehalose +
Inulin — —
D-Melezitose —
D-Raffinose — —
Starch (amidon) +

Glycogen +
Xylitol —
Gentiobiose — — —

+ + | + + + | +++ = + +
| £+ + 4+ | £ + + + +

|
s +

D-Turanose — + +
D-Lyxose — — —
D-Tagatose — — —
D-Fucose — — —
L-Fucose — — —
D-Arabitol — — —
L-Arabitol — — —
Potassium gluconate — — —
Potassium 2-ketogluconate — — —
Potassium 5-ketogluconate — — —

w — weak reaction.
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g

5.0 um

Fig. 8. TEM micrographs of rod-shaped cells of Bacillus sp. CHAES I 2_2 (a—Db), Bacillus sp. 5w2 (c—d), and
P endophytica UCM B-5715 (e—f). Arrows indicate: white — polyhydroxyalkanoate granules, black — flagella.
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Fig. 9. Fourier transform infrared spectrum of the PHA produced by B. pseudomy-
coides CHAES I 2_2 (blue), B. toyonensis 5w2 (red), and Priestia endophytica UCM
B-5715 (green)
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at 3438.91 cm™" was likely associated with the
O-H stretching vibrations. The peak observed
at 2980.84 cm™' and peaks at 2935.52 cm™'
and 2880.55 cm™' represented C-H asymmet-
ric stretching and C-H stretching vibrations
from alkyl groups, respectively. The intense ab-
sorption peak at 1725.24 cm™' corresponded
to C=0 stretching, characteristic of ester car-
bonyl groups. The 1456.19 cm™ peak likely
corresponded to CH, bending vibrations, and
the peak at 1381.93 cm™" was representative of
CH, asymmetric bending. The series of peaks
from 1290.32 cm™ to 1102.27 cm™ indicated
C-O-C stretching, typical for ester linkages, and
the 1060.80 cm™" peak corresponded to C-O
stretching vibrations. The peak at 979.79 cm™
was likely associated with the presence of alkyl
halides in the extracted polymer. Finally, the
peaks from 931.57 cm™" to 460.00 cm™" could be
ascribed to C-H bending or deformation. These
prominent absorbance peaks confirmed that the
extracted polymer is poly-p-hydroxybutyrate
(Baikar et al., 2017; Mohammed et al., 2019; Sa-
bapathy et al., 2019).

Discussion. Screening for PHA producers
worldwide. Our isolates, recovered from diverse
ecological niches across Ukraine, Egypt, India,
Ecuador, and Turkey, were identified as mem-
bers of the B. subtilis, B. cereus, and P. endophyt-
ica clades that are described as taxa with well-
established PHA-synthesising capacity (Anjali et
al., 2013; Halami, 2007; Geethu et al., 2019). This
finding is consistent with the screening litera-
ture, which characterizes Bacillus-group organ-
isms as productive PHA accumulators across a
wide range of environments. Findings from sew-
age effluent in Hyderabad (Reddy et al., 2008),
industrial and municipal waste in India (Phanse
et al., 2011), ammunition-polluted soil in Kita-
kyushu (Mizuno et al., 2010), and diverse soils in
Thailand (Sangkharak & Prasertsan, 2012) and
Indonesia (Ratnaningrum et al., 2019) report
multi-genus PHA-producing consortia featur-
ing Bacillus bacteria. More targeted studies have
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further underlined this prominence. For exam-
ple, screening of oil-contaminated soils in India
identified Priestia megaterium as the most pro-
ductive strain at 3.4 g/L (Mascarenhas & Aruna,
2017), while soils from Dammam, Saudi Arabia,
yielded 26 PHA-producing isolates including
members of Bacillus, Pseudomonas, Staphylococ-
cus, Corynebacterium, and Arthrobacter genera
(Aljuraifani et al., 2018).

A consistent pattern across this literature, and
one strongly reflected in our data, is that the most
productive strains often originate from physically
or chemically stressed environments. Sources
such as ammunition-polluted soil (Mizuno et al.,
2010), plastic-waste landfill sites (Mohammed et
al., 2019), sewage and industrial effluent (Reddy
et al., 2008; Phanse et al., 2011), oil-contaminated
soil (Mascarenhas & Aruna, 2017), and arid in-
dustrial coastlines (Aljuraifani et al., 2018) all
represent habitats where chronic abiotic stress is
likely to impose strong selective pressure on the
intracellular stress-tolerance mechanisms like
PHA accumulation. In our dataset, 31 of 58 con-
firmed producers (53.4%) were isolated from the
chronically irradiated sediments of the Chornob-
yl NPP cooling pond, with top-performing strains
such as Bacillus pseudomycoides CHAES12_2 and
Bacillus toyonensis 5w2 accumulating 2.73% and
2.47% PHA of wet cell weight, respectively.

Stress ecology and the adaptive significance of
PHA. The multi-stressor character of our most
productive sampling sites is directly relevant to
the biology of PHA accumulation, which is now
understood to be a broadly deployable stress-
tolerance system rather than a simple carbon
reserve (Koller, 2020). It is worth noting that all
soil samples collected in this study were dry and
had a sandy-stony structure, which indicated a
lack of humus and other nutrients. It is also well-
known that PHA biosynthesis is strongly induced
under nutrient-limited, carbon-sufficient condi-
tions typical of low-humus sandy soils, such as
those sampled in this work (Mozejko-Ciesielska
& Kiewisz, 2016). Upon nutrient exhaustion,

33



A. Kharchuk, M. Kharkhota, M. Kharchuk, L. Zelena, Yu. Noskov, L. Mozhaieva, L. Avdieieva

intracellular PHA depolymerases hydrolyse the
polymer to monomeric units, then convert them
to acetyl-CoA, supplying acetyl-CoA to the
TCA cycle and replenishing the cell’s primary
metabolism. This dynamics is termed the PHA
cycle (Ruiz et al., 2001; Obruca et al., 2020). In
high-salinity environments, such as the brackish
Black Sea sediments sampled in our study, PHA
granules additionally function as hydrophobic
scaffolds opposing cytoplasmic dehydration un-
der hyperosmotic conditions, while the degra-
dation monomer 3-hydroxybutyrate (3HB) acts
as a compatible solute and chemical chaperone
with protective efficacy comparable to trehalose
and hydroxyectoine (Obruca et al., 2018; Obruca
et al., 2020; Grzesiak et al., 2024).

The Chornobyl NPP cooling pond represents
an extreme case, contaminated by **’Cs, *°Sr, and
239+240Py, emitting ionising radiation that gener-
ates reactive oxygen species (ROS) and imposes
oxidative stress on resident microbiota (Sato et
al., 2023). The PHA cycle is relevant here through
its regulation of intracellular redox homeostasis.
PHA biosynthesis consumes reducing equiva-
lents NADH and NADPH preventing their toxic
accumulation under carbon-surplus, growth-
limited conditions. Meanwhile, PHA degradation
replenishes these cofactors to supply the reduc-
ing power required by antioxidant enzymes, such
as superoxide dismutases, catalases, and peroxi-
dases, which neutralise ROS (Tribelli et al., 2019;
Miiller-Santos et al., 2021; Obruca et al., 2020).
Though direct experimental evidence for protec-
tion against ionising radiation specifically is still
emerging, these redox-regulatory mechanisms
are theoretically and experimentally applicable
to ionising-radiation-induced oxidative damage
(Obruca et al., 2020). At sites subject to elevated
UV irradiance, including the low-latitude soils
sampled in this study, PHA granules addition-
ally create cytoplasmic refractive heterogeneities
that passively scatter incident photons, reducing
the intracellular UV-B dose at the DNA absorp-
tion maximum (~254 nm) (Tribelli et al., 2019).
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Under concurrent thermal stress, phasin proteins
(PhaP) associated with granule surfaces function
as molecular chaperones, suppressing protein ag-
gregation and reducing heat-shock gene expres-
sion (Mezzina & Pettinari, 2016).

Bacterial identification and taxonomic con-
text. FAME profiling assigned all PHA-produc-
ing isolates to the Bacillaceae family, with clus-
tering patterns consistent with the frameworks
of Kaneda (1977) and Kampfer (2002) and the
more recent genomic reclassification of Gupta et
al. (2020). Isolates of the B. subtilis clade, includ-
ing B. licheniformis, B. velezensis, and B. siamen-
sis, formed a group characterised by high iC15:0
and aiC15:0 content, while B. cereus-group iso-
lates, including B. mycoides and B. pseudomy-
coides, formed a distinct cluster with elevated
iC15:0 and low aiC15:0 contents, in line with
previously defined chemotaxonomic boundaries
(Kampfer, 2002; Gupta et al., 2020).

Notably, our FAMEs profiling demonstrates
that P. endophytica strains cluster separately from
both the B. subtilis and B. cereus clades within the
Bacillaceae family, providing chemotaxonomic
support for the genomic reclassification of this
species into the genus Priestia proposed by Gup-
ta et al. (2020). Prior FAMEs-based frameworks
were established before this reclassification and
did not include Priestia as a distinct chemotax-
onomic entity (Kaneda, 1977; Kampfer, 2002).
Our data suggest that fatty acid composition re-
flects the genomic divergence of this lineage and
that FAMEs profiling can serve as a rapid, low-
cost corroborating tool for Priestia identification.

The taxa recovered in our screening are broadly
consistent with those reported in previous Bacil-
laceae-focused PHA studies, yet extend them in
meaningful ways. The most frequently isolated
PHA-producing Bacillaceae family bacteria in the
literature include P. megaterium (Mohanrasu et
al., 2020; Obruca et al., 2011), B. cereus (Halami,
2007; Mohandas et al., 2018), B. subtilis (Anjali
et al., 2013), B. thuringiensis (Cueva-Almendras
et al., 2022; Gowda & Shivakumar, 2014; Kumar
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et al, 2015), and B. mycoides (Abdelmalek et al.,
2022; Borah et al,, 2002). Our collection repro-
duces this data but additionally includes less com-
monly reported producers such as B. pseudomy-
coides and B. toyonensis. The recovery of these
less-documented species across geographically
and ecologically diverse sampling sites suggests
that PHA biosynthetic capacity may be more
broadly distributed within the Bacillaceae fam-
ily than the literature currently reflects, and that
sampling bias toward cultivated soils and waste-
water, being the dominant sources in prior stud-
ies, may have contributed to the underrepresenta-
tion of these lineages.

Conclusions. This study screened 300 aerobic
spore-forming bacterial strains from Ukraine,
Egypt, Ecuador, Turkey, and India for polyhy-
droxyalkanoate production, identifying 58 pro-
ducers confirmed by staining, microscopy, FTIR,
and GC—MS. Polyphasic taxonomy placed them
within the Bacillus cereus, Bacillus subtilis, and
Priestia endophytica clades, with top producers
B. pseudomycoides CHAES 12_2 and B. toyonen-
sis 5w2. A strong link between ecological origin
and productivity was observed: 53.4% of pro-
ducers, including the highest-yield strains, origi-
nated from the chronically irradiated Chornobyl
NPP sediments. Other efficient isolates came
from UV-irradiated, saline, or arid environ-
ments. Consistent with global data, stressed en-
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CKPVMHIHI ITAMIB-BIOCMHTETMKIB ITOJIITTIPOKCMATIKAHOATIB
CEPEJ] AEPOBHMX CITOPOYTBOPIOIOUVX BAKTEPIN

3a0pyQHeHHA JOBKI/UIA Ta TOKCUYHICTD TPagULIiHIX HAaTOBUX IIACTMAC € OFHIEI0 3 K/IIOYOBYX IVI0OATIbHUX €KO-
noriuHux mpo6reM. HakommdeHHs X y Ha3eMHMX i BOTHNX eKOCHCTEMAaX CIPUYMHSIE JOBIOTPUBAJIE 3a0pyAHEHH
Ta 3arpoxye 6GiopisHomaHirTio. Bioposxmamni 6iomonimepu, 30KpeMa MOMITifPOKCIaTKAaHOATV PO3I/IALAITHCS
sK CTilfKa a/JpTepHATMBA 3aBNAKM ixHiil GiocyMicHOCTI Ta moBHIiN Giomerpaganii. Meta. Inentudikysaru Ta
OXapaKTepyusyBaTH LITaMU-TIIPOAYLEHTY HOJIriIpOKCiaTKaHOATIB cepef; aepoOHMX CIOPOYTBOPIOIOUNX OaKTepiit,
i30/IbOBAHMX 3 PiSHUX €KONOTiYHMX Hill Ykpainu, €runty, Exsagopy, Typeuunnn ta Inpii. Metomm. JocmifkeHo
300 6akTepiaTbHUX LITAMiB, BUIIEHNUX i3 IPYHTY, IOBEPXOHDb POCIMH Ta HOHHUX BifKnameHb BogoiiM. CKpuHIHT
3[ATHOCTI IO CHMHTe3Y TIOJITi/[pOKCiaNKaHOATIB IIPOBOMVIIM 3a JOIIOMOTOI0 3a0apBIeHHA HiMbCbKUM OTAKUTHUM,
cBiT/IOBOI Ta hIyOpecLieHTHOI MiKpOCKOIIil, TpaHCMiCiTHOI e1eKTpOHHOI MiKpOCKoIIii, iH(pauepBOHOI CIEKTPOCKOIIIT
3 neperBopeHHAM Pyp’e Ta ra3oBoi XpoMaTo-Mac-crekTpoMeTpii. TakcoHOMiuRY ifenTHdiKanio 3aiiicHI0OBaMN Ha
OCHOBI aHAJI3Y CKIAAy KIITMHHUX )XMPHUX KIUCTOT T CEKBEHYBAHHsI reHa 16S pu6ocomManbHOI prOoHyKIeHOBOI
kucnotu. Pesynbraru. BussineHo 58 mramiB, 3JaTHUX CMHTe3yBaTu noirinpokciankanoaru. Ii isomatn 6ymm
BiHeceHi o knacrepis Bacillus cereus, Bacillus subtilis Ta Priestia endophytica. llltaMu geMOHCTpyBay Bapiabenn-
HMII PiBEHb HAKOIMYEHHA IIOTiMepy 3a/€)KHO BiJj yMOB Ky/JIbTMBYBaHHA. MiKpPOCKOIIIYHI Ta CIIEKTPOCKOIIIYHI J0-
CIIiJPKEHHA MigTBEPAM/IN HasABHICTb BHY TPIIIHbOK/II TMHHYX ITOJIIMEPHUX I'PaHYJI i XapaKTepHUX XiMiYHMX CUTHATYP
nosnirifpoxciankanoaris. BucHoBku. Haii6inpin npopyktusHi mramu-npopyuenty III'A Bupineno 3 6ioromis, 1o
3a3HaBalM 0araTopakTOPHOTO CTPeCy, BKIIOYAIOUY JOHHI BifK/Iamy BOJOIMMU-OXOMOMKyBada JOpHOOMIBLCHKOT
AEC ra apupHi rpynTu. Lli pesynpratu BM3Ha4a0Th TaKi cepefoBMINA SAK IpiopuTeTHI Liti Aid MaitOyTHIX goci-
I’KeHb, CIIPsIMOBAHMX Ha ITOIITYK BMCOKOIPOAYKTUBHMX IpoayLeHTis IITA.

Knouosi cnosa: noniziopoxciankanoamu, 6axmepii poounu Bacillaceae, Priestia endophytica, Bacillus toyonensis,
Bacillus pseudomycoides, 6ionnacmux.
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