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Abstract. Bacteria play a key role in biogeochemical cycles in natural and anthropogenic ecosystems. In river ecosys-
tems, bacteria intensively colonize silt sediments. Microorganisms are essential for energy conversion, biogeochemi-
cal nutrient cycling, pollutant degradation, and biotransformation of organic matter; therefore, bottom sediments 
can be a source of metabolically diverse microorganisms, including those with promise for industrial biotechnologies. 
The aim of this work was to isolate and study pure cultures of microorganisms – producers of industrially impor-
tant enzymes and decomposers of organic matter – from bottom sediments of the Ob River. Pork fat and diesel fuel 
were used as substrates to obtain enrichment and pure cultures for selective cultivation of bacteria with lipolytic and 
hydrocarbon-oxidizing activity. A total of 21 pure cultures were isolated. The phylogenetic position of the obtained 
bacterial isolates was determined based on the analysis of 16S rRNA gene sequences. The strains isolated on selective 
media belonged to representatives of the genera Pseudomonas and Aeromonas (Gammaproteobacteria), and the ge-
nus Microvirgula (Betaproteobacteria). The ability of strains to grow on culture media containing pork fat, olive oil and 
diesel fuel was analyzed. The lipolytic activity of the isolates was evidenced by cultivation on a diagnostic medium 
containing 1 % tributyrin. The phylogenetic and metabolic diversity of the cultivated non-pathogenic bacterial strains 
with lipolytic and oil-oxidizing activity revealed in the study indicates the biotechnological potential of the isolates. 
The most promising strains were M. aerodenitrificans sp. LM1 and P. lini sp. KGS5K3, which not only exhibited lipolytic 
activity on the diagnostic medium with tributyrin in a wide temperature range, but also utilized diesel fuel, pork fat 
and olive oil.
Key words: microorganisms-decomposers; phylogenetic diversity; producers; lipolytic activity; organic substrates; 
biotechnological potential.
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Аннотация. Бактерии играют ключевую роль в биогеохимических циклах природных и антропогенных экосис-
тем. В речных экосистемах бактерии, как правило, интенсивно заселяют илистые отложения. Микроорганизмы 
имеют важное значение в преобразовании энергии и биотрансформации органических веществ. В связи с этим 
донные отложения, богатые органикой, могут являться источником выделения метаболически разнообразных 
микроорганизмов, в том числе перспективных для промышленных биотехнологий. Целью данного исследо-
вания было выделение и изучение чистых культур микроорганизмов – продуцентов промышленно значимых 
ферментов и деструкторов органических веществ из донных осадков р. Оби. В качестве субстратов для вы-
деления накопительных и чистых культур использовали свиной жир и дизельное топливо для селективного 
культивирования бактерий с липолитической и углеводородокисляющей активностью. Всего получена 21 чис-
тая культура. Филогенетическое положение бактериальных изолятов определено на основе анализа последо-
вательностей генов 16S рРНК. Выделенные на селективных средах штаммы оказались представителями родов 
Pseudomonas и Aeromonas класса Gammaproteobacteria и рода Microvirgula класса Betaproteobacteria. Изучена 
способность штаммов к росту на плотных питательных средах со свиным жиром, оливковым маслом и дизель-
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ным топливом. Липолитическая активность штаммов подтверждена культивированием на диагностической 
среде с трибутирином. Обнаруженное в ходе исследований филогенетическое и метаболическое разнообра-
зие культивируемых непатогенных бактериальных штаммов с липолитической и нефтеокисляющей активно-
стью указывает на биотехнологический потенциал выделенных нами изолятов. Наиболее перспективными 
оказались штаммы M. aerodenitrificans sp. LM1 и P. lini sp. KGS5K3, которые не только проявили липолитическую 
активность на диагностической среде с трибутирином в широком диапазоне температур, но и утилизировали 
такие сложные органические субстраты, как дизельное топливо, свиной жир и оливковое масло.
Ключевые слова: микроорганизмы-деструкторы; филогенетическое разнообразие; продуценты; липолитиче-
ская активность; органические субстраты; биотехнологический потенциал.

Introduction
Bacteria play a significant role in the biogeochemical cycles 
in natural and anthropogenic ecosystems. In river ecosystems, 
bacteria intensively colonize silt sediments (Araya et al., 
2003). The river microbial network is a directional linear 
branched structure shaped by the river flow. Microorganisms 
are transferred from the water column to the underlying 
sediments and enrich them (Brown et al., 2011; De Oliveira, 
Margis, 2015; Mansour et al., 2018; Wang L. et al., 2018). 
The branched structure of the river ecosystem contributes to 
accumulation of bacteria from surrounding lands, including 
urban and industrial areas, wastewater treatment plants and 
agricultural lands, which also contain soluble components 
(Mansour et al., 2018). These include organic matter, nutrients 
or toxic compounds, and metals, which affect the activity and 
abundance of heterotrophic bacteria in bottom sediments 
(Fischer et al., 2002).

Microorganisms are crucial for energy conversion, bio­
geochemical nutrient cycling, pollutant degradation, and 
biotransformation of organic matter; therefore, bacteria can be 
used as bioindicators of aquatic ecosystems (Wei et al., 2008; 
Chen et al., 2018). For example, the abundance of Nitrospirae, 
Betaproteobacteriales, Chloroflexi, and Sphingobacteriales 
represantatives was found to increase in proportion to an 
increase in the concentration of nitrogen, which shows high 
concentrations due to anthropogenic load. An increased 
proportion of Nitrospirae, Sphingobacteriales (Bacteroidetes) 
and Spirochaetes and a generally decreased abundance of 
Actinobacteria were observed in sediment communities of 
river ecosystems located near wastewater treatment plants, 
which indicates the impact of wastewater (Sagova­Mareckova 
et al., 2021).

Thus, characterization of the composition of bacterial 
communities in the water column and river sediments, as well 
as the response of microbial communities to environmental 
changes, can yield valuable information to explore microbial 
interrelations and assess the environmental risk (Psenner et 
al., 2008; Wang J. et al., 2016). In addition, bottom sediments 
can be a source of metabolically diverse microorganisms, 
including those promising for industrial biotechnologies.

Works that address the species composition and functions 
of microbial communities in river ecosystems are few in 
number as compared, for example, with those related to 
ecosystems of salt lakes or seas. Microbiological studies of 
rivers flowing through the territory of Russia cover mainly 
their sanitary and epidemiological status (Shornikova, 2008). 

A.I. Kopylov and D.B. Kosolapov investigated distribution 
of bacterioplankton in the lower reaches of the Ob River and 
provided measurements of the specific growth rate, and the 
abundance and distribution of biomass in different parts of 
the river (Kopylov, Kosolapov, 2011). Other works related 
to microbiological monitoring of the Ob River studied the 
abundance and distribution of some metabolic groups of mic­
roorganisms (Savichev et al., 2015), including those resistant 
to antibiotics and phenol (Shornikova, Arslanova, 2020). Yet 
the species diversity and physiological characteristics of the 
native microflora have been poorly studied.

The Ob River flows through the territory of Western Siberia 
and ranks among the first in terms of length, water content and 
catchment area among Eurasian rivers. In the Siberian region, 
the Ob River is exposed to the greatest anthropogenic load, 
including demographic, agricultural and industrial impact; its 
water quality indicators for the content of certain metals and 
oil products are considered critical (Koronkevich et al., 2019). 
Therefore, the study of microbial communities in the water 
column and bottom sediments is of relevance, including the 
search for biotechnologically promising microorganisms – 
decomposers of organic matter.

The aim of this study was to isolate pure cultures of 
microorganisms­decomposers from bottom sediments of 
the Ob River, analyze their ability to utilize various organic 
substrates, and detect their lipolytic and hydrocarbon­
oxidizing activity in different cultivation conditions.  

Material and methods
Bottom sediment samples were collected in July 2020 in the 
middle reaches of the Ob River near the following settlements: 
Molchanovo (57.601429° N, 83.7824851° E), Kolpashevo 
(58.30456° N, 82.90774° E), Kargasok (59.06722° N, 
80.84963° E). Sediments (sandy deposits) sampled from 
a depth of 1.5 m were put into sterile plastic test tubes and 
stored at +4 °C. The pH level of the water at the sampling 
sites was shifted to slightly alkaline pH values (from 7.5 to 
8.6) (Frank et al., 2021).

Strains – decomposers of organic matter and producers 
of biotechnologically significant enzymes – were isolated 
by selective cultivation on culture media for lipolytic and 
hydrocarbon­oxidizing microorganisms. Initial enrichment 
cultures from each sampling site were obtained on a selective 
mineral medium containing pork fat (1 % of the medium 
volume) used as the only carbon source (Gerasimchuk et al., 
2020) and on the medium used for hydrocarbon­oxidizing 
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bacteria supplemented with 1 % diesel fuel, as described 
in (Frank et al., 2020). Samples taken in an amount of 
0.5 ml from each site were inoculated in 50 ml of the liquid 
medium (pH 7.5) containing pork fat in 120 ml glass vials 
and cultivated at +28 °C in oxygen. The first inoculation to 
obtain hydrocarbon­oxidizing microorganisms was performed 
by limiting dilutions in 7 ml of the liquid medium in 15 ml 
glass penicillin vials. After that, the resulting enrichment 
cultures were inoculated on agar media of similar composition 
to obtain individual colonies. The colonies grown on plates 
with enrichment cultures were transferred to GRM broth (8 g/l 
pancreatic hydrolyzate of fish meal, 8 g/l enzymatic peptone, 
4 g/l sodium chloride, pH 7.0–7.4). Then, the obtained aerobic 
strains were cultivated on Petri dishes with GRM broth at 
+28 °C.

The morphology of enrichment and pure cultures was 
analyzed by phase contrast microscopy (Biomed 6, Russia) 
using ×100 immersion lens.

The ability of strains to oxidize petroleum products was 
estimated using a liquid culture medium (g/l: KH2PO4 – 1.5, 
K2HPO4 – 0.75, NH4Cl – 1.0, NaCl – 2.5, MgSO4 · 7H2O – 0.2, 
yeast extract – 0.5) supplemented with 1 % diesel fuel as an 
organic substrate. The inoculations were performed in 15 ml 
penicillin vials filled with the medium to 1/3 (5 ml). Incubation 
proceeded at +28 °C. The growth was assessed by medium 
turbidity and using microscopy. To confirm the hydrocarbon­
oxidizing activity of individual strains, inoculations of the 
dense mineral medium without yeast extract (Gerasimchuk 
et al., 2020) were performed on Petri dishes with the addition 
of 0.1 ml of diesel fuel spread together with the inoculum on 
the medium surface. 

The ability to utilize animal and vegetable fat was studied 
using a mineral culture medium (Gerasimchuk et al., 2020) 
containing 1 % pork fat or 1 % olive oil. The cultivation 
procedure was as follows: 0.25 ml of molten sterile pork fat 
or olive oil was spread on Petri dishes filled with 25 ml of the 
agar mineral medium; the inoculum was placed in a droplet 
of pork fat and spread on the surface of the medium using 
a spatula or a bacterial loop.

Lipolytic activity was detected using a diagnostic medium 
(tributyrin agar) containing 0.5 % (w/v) peptone, 0.3 % 
(w/v) yeast extract and 1.5 % bacteriological agar (pH 7.0) 
supplemented with 1 % tributyrin (Ramnath et al., 2017). 
Tributyrin is an ester composed of butyric acid and glycerol. 
Tributyrin agar is mainly used to detect lipolytic activity in 
bacteria (Mourey, Kilbertus, 1976). Cultures were incubated 
at +28, +25, and +4 °C. After 24 or 48 h of incubation, 
hydrolysis zones (transparent halos) could be observed around 
the colonies.

The phylogenetic position of the obtained strains was 
determined by sequencing and analyzing 16S rRNA gene 
sequences. Genomic DNA was isolated from cultures using the 
Biolabmix kit (DU­50) in accordance with the manufacturer’s 
recommendations (http://biolabmix.ru/). For amplification of 
bacterial 16S rRNA genes, which are universal phylogenetic 
markers, primers 27F (DeLong, 1992) and 1492R (Weisburg et 
al., 1991) were used. A 50 μl PCR mixture contained 1x PCR 
buffer (Biolabmix), 2.5 mM MgCl2 (Biolabmix), 0.2 mM 
dNTP mixture (Biolabmix), 10 pM of each primer (Sintol), 
0.7 U thermostable HS­Taq polymerase (Biolabmix), 3 μl 

of template DNA (at a concentration exceeding 50 ng); the 
mixture was brought to the final volume with sterile deionized 
water.

The 16S rRNA genes were amplified in accordance with 
the procedure described in (Gerasimchuk et al., 2010). 
Sequencing of the obtained DNA sequences was performed 
using a genetic analyzer NANOFOR­05 in Scientific and 
Production Company “Sintol”, Moscow. To obtain a nearly 
complete 16S rRNA gene sequence, the forward primer 27F 
(DeLong, 1992), the reverse primer 1492R (Weisburg et al., 
1991), and the BacV3F primer (Muyzer et al., 1993) were 
used.

The obtained nucleotide sequences of the 16S rRNA genes 
were analyzed using the BIOEDIT sequence editor (http://
www.jwbrown.mbio.ncsu.edu), the BLAST program in the 
NCBI GenBank database (http://www.ncbi.nlm.nih.gov), and 
the SILVA database classifier (http://www.arb­silva/aligner/
de). Chimeric sequences were detected using the DECIPHER 
package (http://www2.decipher.codes/FindChimeras.html). 
The obtained nucleotide sequences of the 16S rRNA gene 
fragments were deposited in the GenBank database under the 
numbers: OM212652, OM212653, OM212656–OM212659, 
OM212664–OM212671.

Results and discussion

Enrichment and isolation of pure cultures
For isolation of  bacterial strains – producers and decomposers 
of organic matter – samples of bottom sediments from the 
middle reaches of the Ob River and selective culture media 
for lipophilic and hydrocarbon­oxidizing microorganisms 
were used. Morphologically homogeneous pure cultures 
were isolated from enrichment cultures, which showed high 
abundance and morphological diversity of cell forms (see the 
Figure). Strains that exhibited stable growth on GRM agar 
were used for further studies. In total, 9 pure cultures were 
obtained from separate colonies isolated on the medium used 
for hydrocarbon­oxidizing bacteria, and 12 pure cultures were 
isolated on the medium used for lipolytics.

Phylogenetic analysis
Analysis of the 16S rRNA gene fragments showed that the 
strains belong to Proteobacteria (Gammaproteobacteria and 
Betaproteobacteria) (see the Table). Proteobacteria often 
dominate in the bacterial communities in water and bottom 
sediments, and their proportion in sediments is typically higher 
than that in water (Dai et al., 2016; Zhang et al., 2019).

Most of the analyzed strains were representatives of 
Pseudomonas and Aeromonas (Gammaproteobacteria). All 
the obtained and analyzed fragments of the 677–1445 bp DNA 
sequences showed a high percentage of similarity (99.48–
100 %) with sequences of typical strains of microorganisms 
deposited in the GenBank NCBI database.

A part of the strains was related to opportunistic pathogens 
belonging to hazard group II according to the WHO clas­
sification (https://bacdive.dsmz.de/). The detected pathogens 
included all Aeromonas strains related to A. veronii (LKar2 
and LKar3), A. hydrophila (LM7 and KLP3), as well as E. coli 
(LKol1) and P. putida (LM3 and LM4). Most of the pathogenic 
strains were isolated from lipophilic enrichment cultures. 
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Conditionally pathogenic microorganisms (enterobacteria 
related to Serratia marcescens, Leclercia adecarboxylata, 
Klebsiella pneumoniae, K. huaxiensis, Enterobacter cloacae, 
Raoultella ornithinolytica, Morganella morganii) grown on 
the mineral medium containing pork fat were isolated in our 
previous studies when isolating pure cultures of lipophilic 
microorganisms from wastewater treatment plant effluent 
and food industry wastewater (Gerasimchuk et al., 2020). 
Bacterial lipases involved in such metabolic processes as 
hydrolysis and lipid modification can be virulence factors 
for some phylogenetic groups, which explains numerous 
pathogens found among lipophilic bacteria (Bender, Flieger, 
2010; Kovacic et al., 2019). 

Other bacteria were related to microorganisms that are non­
human pathogens. Most of the strains were representatives of 
the genus Pseudomonas. The genus Pseudomonas includes 
a large group of Gram­negative bacteria that exhibit a great 
metabolic diversity, which allows them to utilize a wide 
range of organic compounds and play important ecological 
roles in the carbon cycling. Pseudomonas are ubiquitous in 
a wide variety of ecosystems and include many pathogenic 
human, animal, and plant species (Peix et al., 2009), as well 
as mutualistic species, which include the most remarkable 
representatives of biocontrol strains that protect plants from 
pathogens (Ramette et al., 2011; De Vrieze et al., 2015). 
Pseudomonades can degrade various lipids and lipid­
containing compounds (Pabai et al., 1996; Lee, Rhee, 2008; 
Yang J. et al., 2009; Fendri et al., 2010), as well as oil 
hydrocarbons (Barathi, Vasudevan, 2001). Representatives of 
the genus Pseudomonas are often found in river ecosystems, 
which is evidenced by molecular studies (Cyriaque et al., 
2020) and cultural methods (Pellett et al., 1983; Pirnay et 
al., 2005), including isolation of new pseudomonades from 

oil­contaminated bottom sediments in China (Li et al., 2020), 
dioxin­contaminated bottom sediments in Texas (Iyer et al., 
2017), bottom sediments in India (Sudan et al., 2018), etc.

Analysis of the 16S rRNA gene sequencing performed 
for the Mol4a strain showed 100 percentage of similarity 
with sequences of P. veronii strains from various habitats 
(activated sludge, hydrocarbon­contaminated groundwater, 
contaminated sediments, etc.), and 99.82 percentage of 
similarity with the P. veronii type strain isolated from mineral 
waters (Elomari et al., 1996). The KGS3Ps2 strain was found 
to be closely related to P. protegens (LS999205) isolated from 
soil, which together with representatives of P. veronii belongs 
to the Pseudomonas fluorescens group. P. baetica belongs to 
the same taxonomic group, and its 16S rRNA gene showed 
100 percentage of sequence similarity with the KGS3Ps1 
strain. The type strain of the above bacterium is a pathogen 
for sole (López et al., 2012).

The KGS5k1 strain showed the highest percentage of 
similarity (99.86 %) with an undescribed strain isolated from 
soil and referred to as P. brassicacearum (KT695825), and 
99.5 percentage of similarity with a valid strain P. chlororaphis 
(CP027720) isolated from fluviatile loam and related to the 
Pseudomonas chlororaphis taxonomic group. Comparison 
of the nearly complete 16S rRNA gene sequence showed 
a similar percentage of similarity between the Mol4k12 strain 
and the type strains of different species, namely, P. fildesensis 
(MK859934) and P. extremaustralis (KX186942), which are 
closely related to representatives of P. fluorescens. KGS5k2, 
KGS5k3, and KGS5k8 strains showed 100 % homology with 
the 16S rRNA gene of P. lini (NR_029042) isolated from 
rhizosphere soil (Delorme et al., 2002).

The genus Pseudomonas is one of the taxonomically most 
complex genera (Parte, 2014). Although the 16S rRNA gene is 
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Phylogenetic position of bacteria isolated from bottom sediments 

Strain GenBank 
access. 
number

Sequence 
length

Percentage 
of similarity

Closely related  
valid organism 
(GenBank)

Source Phylogenetic 
affiliation

Pure cultures isolated from lipophilic enrichment cultures on mineral medium containing pork fat

LM1 OM212667 1364 100 Microvirgula aerodenitrif icans 
(MT367755)

Animal intestines Beta, Nies 

LM2 – 613 100

LM3 – 681 100 Pseudomonas putida (KX083533) No data Gam, Pseu

LM4 – 679 100

LM6 – 617 100 M. aerodenitrif icans (MT367755) Animal intestines Beta, Neis

LM7 OM212659 680 100 Aeromonas hydrophila  
(MG428802)

Fish intestinal mucosa Gam, Aero

LM8 OM212666 1407 100 M. aerodenitrif icans (MT367755) Animal intestines Beta, Neis

LKar2 OM212656 686 100 A. veronii (NR_118947) Human sputum Gam, Aero

LKar3 OM212658 679 100

LKol1 – 470 100 Escherichia coli (AP022215) Wastewater treatment  
plant effluent

Gam, Enter

LKol2 OM212669 1364 100 M. aerodenitrif icans (MT367755) Animal intestines Beta, Neis

LKol3 – 621 100

Pure cultures isolated from enrichment cultures on hydrocarbon-containing medium

KGS5k1 OM212664 1413 99.86 P. brassicacearum (KT695825) Soil in the USA Gam, Pseu

KGS5k2 – 631 100 P. lini (NR_029042) Rhizosphere soil

KGS5k3 OM212670 1345 100

KGS5k8 OM212671 1379 100

KGS3Ps1 OM212652 1445 100 P. baetica (KU921565) Sediments from a lake  
in India 

KGS3Ps2 OM212653 1413 99.83 P. protegens (LS999205) Soil

KLP3 OM212657 677 100 A. hydrophila (MT572504) Contaminated soil

Mol4A OM212665 1108 100 P. veronii (MH669341) Pine tree

Mol4K12 OM212668 1260 99.92 P. f ildesensis (MK859934)/ 
P. extremaustralis (KX186942)

Antarctic soil/  
non-perennial reservoir

Note.  Beta, Nies – Betaproteobacteria, Neisseriales; Gam, Pseu – Gammaproteobacteria, Pseudomonadales; Gam, Enter – Gammaproteobacteria, Enterobacterales; 
Gam, Aero – Gammaproteobacteria, Aeromonadales.

a universal phylogenetic marker in the bacterial classification 
system, the analysis of this gene alone does not allow 
differentiation of closely related bacterial species. Recent 
studies have shown that multilocus sequence analysis (MLSA) 
performed for four housekeeping genes (16S rRNA, gyrB, 
rpoB, and rpoD) enables species identification and facilitates 
strain identification in Pseudomonas (Mulet et al., 2012). Thus, 
a more precise determination of the phylogenetic position 
of the isolated Pseudomonas strains requires analysis of 

additional molecular markers (for example, gyrB and rpoD 
genes).

Analysis of 16S rRNA gene sequences showed that 
LM1, LM2, LM6, LM8, LKol2, and LKol3 strains are 
identical and can be assigned to the genus Microvirgula, 
the class Betaproteobacteria. Interestingly, we earlier 
isolated the identical 768 bp sequence (GenBank accession 
number MT476921) that belong to bacteria of the genus 
Microvirgula from food industry waste (Gerasimchuk et 
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al., 2020). Representatives of the genus Microvirgula grow 
well in aerobic and anaerobic conditions, have an atypical 
respiratory type of metabolism, and use oxygen and nitrogen 
oxides as the final electron acceptors (Patureau et al., 1998). 
The genus Microvirgula was first described by Patureau et al. 
(1998) and was characterized as a new denitrifying bacterium 
M. aerodenitrificans isolated from activated sludge. At present, 
the genus Microvirgula includes two species. The other 
representative of M. curvata was isolated from hydrocarbon­
contaminated soil (Subhash et al., 2016) and included one 
strain. Comparison of the sequenced fragments of the 16S 
rRNA genes of LM1, LM2, LM6, LM8, LKol2, and LKol3 
strains showed that their sequences are identical and exhibit 
100 % homology with the strain of M. aerodenitrificans 
(MT367755) isolated from the intestines of wild animals. 
They also showed 99.79 and 99.86 percentage of similarity 
with M. aerodenitrificans Sgly2 isolated from activated sludge 
(Patureau et al., 1998) and the type strain, M. aerodenitrificans 
NBRC 15328 (AB680837) isolated from fresh water (Cleen­
werck et al., 2003), respectively.

Lipolytic activity of numerous representatives of Pseu-
domonas was thoroughly investigated on various substrates, 
lipolytic enzyme genes were studied and cloned (Reetz, 
Jaeger, 1998; Bofill et al., 2010; Yang W. et al., 2015; Cai et al., 
2016), and their hydrocarbon­oxidizing activity was confirmed 
(Muriel­Millán et al., 2019). At the same time, only lipolytic 
activity on diagnostic media was shown for representatives 
of the genus Microvirgula, and their lipolytic properties were 
not studied in detail. Yet the analysis of Microvirgula genomes 
available in the NCBI database revealed lipolytic enzyme 
genes. At present, data have been published on the genomes 
of two strains of M. aerodenitrificans (JHVK01000000 and 
CP028519) isolated from different bioreactors and one strain 
of Microvirgula (NZ_QLTJ01000000) with an unidentified 
phylogenetic position, which is a bacterial endophyte of rice. 
The search for lipolytic enzyme genes in the listed genomes 
revealed the presence of lipases and esterases. Additionally, 
data on sequences of Microvirgula strains isolated from 
petroleum­contaminated habitats (the GenBank database, 
accession numbers KM357844, LT631813) indirectly indicate 
their hydrocarbon­oxidizing activity.

Detection of lipolytic activity  
of strains using a diagnostic medium
Non­pathogenic strains of different phylogenetic affilia­ 
tion with nearly complete 16S rRNA sequences (see the Table) 
and different growth or morphology characteristics were used 
to study lipolytic activity. All the strains grew and formed 
hydrolysis zones on tributyrin agar after 24–48 h of cultiva­  
tion at +28 °C, except for P. veronii sp. Mol4, which did not 
form hydrolysis zones, most likely due to the absence of li­
polytic activity and the use of peptone, the component of the 
culture medium, as a growth substrate. In contrast to other 
strains with hydrolysis zones of about 3 mm, P. protegens 
sp. KGS3Ps2, P. brassicacearum sp. KGS5k1, and M. aerode-
nitrificans sp. LM1 showed a more pronounced lipolytic activ­
ity in the form of complete hydrolysis reaction. Additionally,  
P. protegens sp. KGS3Ps2 and P. brassicacearum sp. KGS5k1 
exhibited growth and lipolytic activity at +4 °C.

Study of the ability of strains to utilize  
organic substrates
In contrast to Microvirgula strains, Pseudomonas strains 
grown on GRM agar exhibited psychrotolerant properties 
and stable growth at +4 °C. None of the studied thermotoler­
ant strains showed stable growth at +50 °C. There were no 
significant difference in biomass gain on GRM and tributyrin 
agar at +25 and +28 °C.

On dense media containing 1 % pork fat and 1 % olive oil, 
strains of M. aerodenitrificans sp. LM1 and P. lini sp. KGS5k3 
were observed to grow at +25 and +28 °С. The inoculations on 
media containing pork fat and olive oil at +4 °C showed that 
animal fat and vegetable oil do not degrade or this process is 
constrained at low temperatures. P. protegens sp. KGS3Ps2 
and P. brassicacearum sp. KGS5k1 did not grow on these 
media even at +28 °C despite their more pronounced lipolytic 
activity on diagnostic media. 

Screening of strains on the selective medium containing 1 % 
diesel fuel showed that 5 out of 10 strains, namely, P. protegens 
sp. KGS3Ps2, M. aerodenitrificans sp. LM1, P. fildesensis/
extremaustralis sp. Mol4K12, and P. lini spp. KGS5k3 and 
KGS5k8, are able to grow on a hydrocarbon­containing 
medium. To confirm the hydrocarbon­oxidizing activity of 
M. aerodenitrificans sp. LM1 and P. lini sp. KGS5k3 – the 
most promising decomposers – additional inoculations were 
carried out on a dense mineral medium containing diesel fuel 
as the only carbon source. The growth of strains was observed 
after less than 2 days. It should be noted that P. lini sp. KGS5k3 
yielded more biomass.

Conclusion
The phylogenetic and metabolic diversity of cultivated non­
pathogenic bacterial strains with lipolytic and hydrocarbon­
oxidizing activity revealed in the study indicates biotechno­
logical potential of the isolates. The most promising strains 
are M. aerodenitrificans sp. LM1 and P. lini sp. KGS5k3, 
which exhibited lipolytic activity on a diagnostic medium in 
a wide temperature range and utilized such complex organic 
substrates as diesel fuel, pork fat and olive oil. For the first 
time, the ability to oxidize petroleum products and grow on 
specific fat­containing substrates was shown for representa­
tives of M. aerodenitrificans. Earlier, only lipolytic activity 
on diagnostic media was reported for M. aerodenitrificans 
(Patureau et al., 1998). The biotechnological potential of 
M. aerodenitrificans described in the literature indicates 
its ability for aerobic and anaerobic denitrification in waste 
treatment technologies using bioreactors (Patureau et al., 
2001; Bouchez et al., 2009; Anderson et al., 2020). However, 
isolation of 16S rRNA phylotypes and pure cultures related 
to the genus Microvirgula from hydrocarbon­contaminated 
samples (Subhash et al., 2016; Sarkar et al., 2017) and waste 
effluents (Cea et al., 2015; Gerasimchuk et al., 2020), and our 
results on the growth obtained using media containing fat and 
oil products, indicate a wider biotechnological potential of 
these microorganisms.

No literature data were found on lipolytic activity of P. lini. 
Thus, we have shown for the first time lipolytic activity of 
representatives of this species using a diagnostic medium, and 
their ability to utilize oil products and animal fat.
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