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The goal of this work was to study biosynthesis of sterols by soil streptomycetes Streptomyces avermit-
ilis IMV Ac-5015, Streptomyces netropsis IMV Ac-5025 and Streptomyces violaceus IMV Ac-5027 on various 
media under submerged cultivation and to determine their content in bioformulations, developed on the basis 
of these metabolites producers. Analysis of sterol derivatives extracted from biomass, supernatant of cultural 
liquid and biological products were performed by GC/MS. The biomass of streptomycetes contained sterols in 
significantly higher amounts than in the cultural supernatants, and their spectrum and quantitative ratio were 
different. Squalene – sterol precursor – was found in the biomass in quantities producers 6.2-43.3 μg/g, when 
streptomycetes grown in synthetic and 8.2-212.1 μg/g in organic media. The biomass of S. avermitilis IMV 
Ac-5015 was distinguished by domination of 24-epibrassinolide, the content of which was the highest among 
the tested strains and reached 268.2 μg/g in organic and 345 μg/g in synthetic media. S. avermitilis IMV Ac-
5015 did not synthesize sitosterol and stigmasterol that is important in respect of nematicidal properties of 
the strain. The biomass of S. netropsis IMV Ac-5025 and S. violaceus IMV Ac-5027 grown on organic medium 
contained 2.3-6.8-fold higher amount of sitosterol and 1.5-3-fold higher amount of stigmasterol compared to 
synthetic medium. Ergosterol prevailed in sterol spectrum of S. netropsis IMV Ac-5025 and S. violaceus IMV 
Ac-5027. The highest total content of sterols (9.5 mg/l) was found in Avercom (producer – S. avermitilis ІМV 
Ас-5015). The use of exogenous sterols of microbial origin is important for regulation of their ratio in plants 
and for increasing resistance to pathogens and phytonematodes.

K e y  w o r d s: soil streptomycetes, sterols, inducers of plant resistance, phytopathogens, phytonematodes.

Steroid compounds play an important role in 
vital activity of warm-blooded animals, plants 
and microorganisms. Squalene is a precursor 

of sterols, it turns into cyclic lanosterol (С30Н50О) or 
its isomer cycloartenol, various sterols which contain 
27-29 carbon atoms being formed of them [1]. Sterols 
are structural elements of biologic membranes, be-
sides, they perform important regulatory functions. 
Cholesterol is the main sterol in animals; steroid 
hormones, bile acids, lipoproteins and vitamin D are 
formed of it. The content of sterols is more diverse in 
vascular plants [2, 3]. There are β-sitosterol, stigmas-
terol and campesterol, which are the main ones, cho-
lesterol and ergosterol may be present as well [3, 4]. 
It is known that sterols are precursors of plant hor-
mones – brassinosteroids, which extra-low concen-
trations (10-9–10-12 М) affect the broad spectrum of 
plant cell responses [5]. Brassinosteroids raise plant 

adaptation abilities: stimulate expression of protec-
tive genes, resistance to diseases, to unfavorable fac-
tors of the environment, including that to negative 
effect of pesticides [6-8]. Microorganisms’ capacity 
to synthesize sterols still remains poorly studied. It 
is known from literature that ergosterol is the main 
sterol in the membranes of yeast and micelium fun-
gi; it plays the same role as cholesterol in the cells 
of animals [9]. Sterols of the group of hopanoides, 
affecting permeability and plasticity of membranes 
and other properties like sterols of eukaryotes have 
been found in bacteria [10-12]. In most bacteria ho-
panoide can take part in correction of permeability 
of cell membranes, in adaptation to extreme condi-
tions of the environment. They are formed in the air 
hyphas and spores of prokaryotic soil bacteria of 
Streptomyces genus, where they help minimize the 
loss of water through the membrane into the air.

doi: https://doi.org/10.15407/ubj89.02.078
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Mycelial soil actinobacteria, widely distributed 
in nature, are a source of biologically active sub-
stances, which are different as to chemical structure 
and spectrum of their effect. They include represen
tatives of Streptomyces genus synthesize substances 
taking antibacterial, antifungal and antiparasitic ef-
fect, as well as other biologically active substances 
as amino acids, enzymes, vitamins, lipids, phytohor-
mones [14, 15]. But steroid compounds were almost 
not detected among the broad spectrum of biologi-
cally active substances synthesized by streptomy-
cetes. 

Thus, the work objective was to study biosyn-
thesis of steroid compounds by soil streptomycetes 
S. avermitilis ІМV Ас-5015, S. netropsis ІМV Ас-
5025 and S. violaceus ІМV Аc-5027 under different 
cultivation conditions at deep growing and to deter-
mine their content in biological preparations develo
ped on the basis of metabolites of the strains under 
study.

Materials and Methods

Streptomycetes S. аvermitilis ІМV Ас-5015, S. 
netropsis ІМV Ас-5025, S. violaceus ІМV Аc-5027 
isolated from the chernozem and southern chestnut 
soils are the objects of research. In our previous 
works [15, 16] we presented data concerning screen-
ing, identification and selection of these strains, 
which are characterized by high antagonistic activ-
ity against of phytopathogenic fungi (Alternaria al-
ternata and Fuzarium oxysporum), phytopathogenic 
bacteria of genera Pseudomonas, Xanthomonas, 
Pantoea, Clavibacter and phytonematodes of gen-
era Meloidogyne, Ditylenchus, Pratylenchus, Ty-
lenchobrynchus, Helicotylenchus, Paratylenchus, 
Heterodera. Besides antagonistic features the strains 
also demonstrate phytostimulating and adaptogenic 
properties that is promising for creation on their ba-
sis of environmentally friendly metabolic biologi-
cal preparations for plant growing [15, 17, 18]. New 
polyfunctional metabolite preparations Avercom 
(producer – S. avermitilis ІМV Ас-5015), Phytovit 
(producer – S. netropsis ІМV Ас-5025) and Violar 
(producer – S. violaceus ІМV Ас-5027) have been 
developed on the basis of the complex of biologi-
cally active substances. The preparations combine 
antagonistic activity against phytopathogens and 
phytonematodes, as well as the properties of plant 
growth regulators and adaptogens [17, 18]. 

To investigate biosynthesis of sterols strepto-
mycetes were grown in liquid synthetic (starch-am-

monia) and organic (soya) media [15] during 7 days. 
The strains in exponential phase of growth, grown 
in soya medium, were used for inoculation. The 
amount of seeding material was 5% of the volume of 
liquid nutrient medium. Cultivation was performed 
in Erlenmeyer flasks of 750 ml with 100 ml of the 
medium on rotor rockers (28 ± 1 °С; n = 240 rev/
min) to stationary growth phase. Biomass of strep-
tomycetes was separated by centrifugation (4000 g) 
during 20 min. The cultural liquid supernatant was 
kept at 4 °С. To obtain ethanol extract 10 ml of dis-
tilled water cooled to 4 °С were thoroughly mixed 
and centrifuged for 10 min at 4000 g. The biomass 
was washed off 3-4 times. Ethanol (96%) in the ratio 
of 1 : 5 was added to washed-off biomass, and un-
der periodic mixing extraction was executed at room 
temperature during 24 h, after that the biomass was 
separated by centrifugation (10 min, 4000 g). The 
obtained ethanol extract was stored at 4 °С [15]. 
Supernatants of cultural liquid and ethanol extracts 
of biomass of streptomycetes were used for deter-
mining the content of sterols and for creation of the 
corresponding compositional metabolic biological 
preparations. 

The preparation Violar included supernatant 
of cultural liquid and ethanol extract of the biomass 
(4:1) of S. violaceus ІМV Ас-5027. The preparation 
Phytovit is composed by ethanol extract of the bio-
mass and supernatant of cultural liquid of S. netrop-
sis ІМV Аc-5025. Avercom is ethanol extract from 
the biomass of S. avermitilis ІМV Аc-5015. Our 
previous investigations have detected antibiotic sub-
stances of different chemical nature in the composi-
tion of developed metabolic biological preparations: 
macrolide avermectins in Avercom, anthracycline 
ones in Violar, polyene ones (tetraene and pentaene) 
in Phytovit. Besides, all the elaborated biological 
preparations include biologically active substances, 
synthesized by producers: amino acids, lipids, in-
cluding phospholipids, sterines, fatty acids, as well 
as phytohormones (auxins, cytokinins, gibberelins), 
etc. [17, 18].

Determination of compounds of steroid na-
ture. Cultural liquid medium was centrifuged at 
0 °С and 10 000 g during 20 min. The extraction 
by ethyl alcohol from producer biomass was con-
ducted as described above [15]. The ethanol ex-
tract was concentrated by evaporation in vacuum at 
45 °С. Sterols from dry residue were thrice extracted 
by mixture acetonitrile/ethylacetate (1 : 1 rev/rev). 
Extracts were concentrated with evaporation in 
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vacuum, then the samples were prepared following 
the protocol [19]. Preliminarily prepared and dried 
samples were dissolved in 100 μl of pyridine adding 
100 μl of the reaction mixture – N,O-bis (trimethyl-
silyl) trifluoroacetamide/trimethylchlorosilane (5/1, 
v/v), held during 30 min at 70 °С (derived) [20]. 
Steroid compounds were analyzed by the method 
of gas chromato-mass spectroscopy using the de-
vice 6890N/5973inert (Agilent Technologies, USA). 
Chromatographic separation was carried out on the 
capillary column HP-5ms (30 m×0.25 mm×0.25 μm, 
J&W Scientific, USA) in gradient conditions. Initial 
temperature 275 °C was maintained during 16 min, 
with next gradient – 20  °C/min to 300 °C, with 
plateau 5 min. Gas carrier was helium, flow rate 
through the column was 1 ml/min, a sample of 1 μl 
was introduced in conditions of flow division with 
coefficient 1 : 50. The temperature of evaporator was 
250 °С, of interface – 280 °С. Ionization was carried 
out in conditions of electron shock with energy of 
70 eV, recording of ions was performed in SCAN 
conditions within the range of 50-600 m/z. The data 
were fixed and processed using software ChemSta-
tion, the components under study were identified 

with the help of mass-spectrum library NIST 02 and 
corresponding standards of cholesterol, ergosterol, 
sitosterol, stigmasterol and 24-epibrassinolide (Sig-
ma-Aldrich).

Calculations and statistical processing of ob-
tained data were made using computer programs 
Statistica 6.0 and Microsoft Excel '10.

Results and Discussion

Sterols, which spectrum and quantitative ratio 
were different in the strain, were found in biomass 
of all the studied producers and in supernatant of 
cultural liquid (Table 1). 

Squalene was found in the supernatant of cul-
tural liquid in inconsiderable amount (from 0.83 
to 2.11 μg/g). Its content was considerably higher 
in biomass of producers and was 16.18-43.32 μg/g, 
when streptomycetes were grown in synthetic me-
dium and 8.17-212.13 μg/g under growth in organic 
medium.

Qualitative composition of steroidogenesis end 
products evidences that the strains studied synthe-
sized sterols in different independent ways. In par-
ticular, probably, squalene is oxidized to 2.3-oxidos-

T a b l e  1. Biosynthesis of sterols by soil streptomycetes

Note:“nd” – not determined, “nf” – not found, *1 – supernatant of cultural liquid (μg/ml), **2 – biomass (μg/g), 
***ADB – absolutely dry biomass

Steroid 
compounds

S. avermitilis ІМV Ас-5015 S. netropsis ІМV Ас-5025 S. violaceus ІМV Аc-5027
Content of sterols, μg in ml of medium or in g ADB***

1* 2** 1 2 1 2
Synthetic growing medium

Squalene nd nd 2.11 ± 0.11 43.32 ± 2.19 0.83 ± 0.04 16.18 ± 1.34
Cholesterol 0.33 ± 0.02 106.85 ± 3.44 0.45 ± 0.02 16.75 ± 1.36 0.48 ± 0.02 9.41 ± 1.02
Ergosterol 0.04 ± 0.01 11.98 ± 1.15 0.88 ± 0.04 60.25 ± 2.59 0.96 ± 0.05 65.79 ± 2.70
Sitosterol nf nf 0.16 ± 0.01 29.71 ± 1.82 0.18 ± 0.01 10.74 ± 1.09
Stigmasterol nf nf nf 0.68 ± 0.03 nf 3.58 ± 0.63
24-epibrassi-
nolide nf 345.03 ± 6.19 nf 4.13 ± 0.68 nf 4.84 ± 0.3

Organic growing medium
Squalene nd nd 1.58 ± 0.08 212.13 ± 4.85 1.08 ± 0.05 8.17 ± 0.89
Cholesterol 1.17 ± 0.06 192.60 ± 4.63 0.57 ± 0.03 131.45 ± 3.82 0.56 ± 0.03 4.94 ± 0.74
Ersterol 0.19 ± 0.01 93.44 ± 3.22 1.66 ± 0.08 398.86 ± 6.66 0.66 ± 0.03 159.23 ± 4.21
Sitosterol nf nf 1.73 ± 0.09 201.21 ± 4.73 1.65 ± 0.08 25.13 ± 1.67
Stigmasterol nf nf 0.38 ± 0.02 2.02 ± 0.47 0.35 ± 0.02 5.24 ± 0.76
24-epibrassi-
nolide 10.74 ± 0.54 268.16 ± 5.46 0.25 ± 0.01 8.16 ± 0.95 0.08 ± 0.01 1.49 ± 0.41
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qualene with further formation of cyclic lanosterol, 
the following products being synthesized of it in 
three independent ways: a) sitosterol and stigmas-
terol (through isofucosterol), b) brassinisteroid 
24-epibrassinolide (through campestrol) and c) er-
gosterol. Cholesterol availability among metabolites 
evidences that the studied streptomycetes were able 
to form from 2.3-oxidosqualene – cycloartenol, the 
end product cholesterol being synthesized from the 
latter.  

Sterols were found in supernatant of cultural 
liquid in considerably lower amounts compared 
with biomass. It was shown that sterols were mainly 
accumulated in producers’ biomass and were not 
practically produced into the growing medium. 
Cholesterol and ergosterol content in biomass of 
S. avermitilis ІМV Ас-5015, grown in synthetic me-
dium, was 1.8 and 7.8 times lower than in organic 
one, while the content of 24-epibrassinolide was, on 
the contrary, 1.3 times higher. Among sterols con-
tained in biomass of S. avermitilis ІМV Ас-5015 one 
could observe predomination of 24-epibrassinolide, 
which content reached 268.16 μg/g (in organic) 
and 345.03  μg/g (in synthetic medium) and was 
the highest among the studied strains. As soon as 
synthesis of brassinosteroids, on the one hand, and 
sitosterol and stigmasterol, on the other hand, pro-
ceed in parallel ways from a common precursor la-
nosterol, the found high synthesis of 24-epibrassini-
lide by S. avermitilis ІМV Ас-5015 can evidence for 
blocking the parallel way.

The fact that S. avermitilis ІМV Ас-5015 does 
not synthesize sitosterol, which is a precursor of 
stigmasterol synthesis, is important from the view-
point of practical use of the strain. It is known that 
stigmasterol is a dominating sterol in eggs and fe-
males of phytoparasitic nematodes. Helminths can-
not produce this sterol, but consume it from plants 
during invasion. This determines the possibility of 
existence and propagation of parasites and extent of 
realization of their species biologic potential [6-8]. 
Thus, the absence of sitosterol and stigmasterol re-
tains propagation of nematodes. Sitosterol and stig-
masterol were found both in the biomass and super-
natant of cultural of S. netropsis ІМV Ас-5025 and 
S. violaceus ІМV Ас-5027, grown in synthetic and 
organic media. The content of sitosterol and stigmas-
terol was 6.8 and 3.0 times higher in the biomass of 
S. netropsis ІМV Ас-5025 grown in organic medium 
compared with synthetic one. The same tendency 
was characteristic of S. violaceus ІМV Ас-5027 – 

synthesis of sitosterol and stigmasterol in organic 
medium was 2.3 and 1.5 times higher than in syn-
thetic medium.

Ergosterol prevailed in sterols found in the 
biomass of strains S. netropsis ІМV Ас-5025 and 
S. violaceus ІМV Ас-5027. It is known that ergo
sterol is always exceptionally detected in the content 
of cell membranes of fungi, where it, in addition, is 
a dominant sterol. Like other sterols it regulates the 
conformation changes of membranes and strains the 
survival of microorganisms in unfavorable condi-
tions. It should be emphasized that phytopathogenic 
oomycetes (Phytophthora and Pythium) cannot syn-
thesize sterols and their membranes incorporate 
sterols taken from the host-plant. It means that they 
depend on exogenic sterols, but the extent of their 
dependence and correlation between the level of 
plant resistance and a certain content of sterols is 
open to question [7, 8]. The data concerning syn-
thesis of sterols by the studied streptomycetes have 
been obtained for the first time.

The total amount of sitosterol and stigmasterol, 
synthesized by the strains S. netropsis ІМV Ас-5025 
and S. violaceus ІМV Ас-5027 was higher as com-
pared with 24-epibrassinolide that points to competi-
tive inhibition of the parallel way of synthesis of the 
latter from cyclic lanosterol.

Hence the supernatant of cultural liquid and bi-
omass of strains selected by the authors contain the 
considerable quantity of steroid compounds, being 
of great practical importance, and may be used in 
plant growing.

It is currently noted that more and more re-
searchers support the thought that isoprenoid com-
pounds not only appear as the regulators of plant 
growth and development but also play the important 
role in formation of plant immunity, in particular, 
take effect on the synthesis of ethylene, salicylic and 
jasmonic acids, etc. [5, 7].

As is shown below, the selected strains of strep-
tomycetes S. avermitilis ІМV Ас-5015, S. netropsis 
ІМV Ас-5025 and S. violaceus ІМV Ас-5027 are 
characterized by the complex of practically useful 
properties, i.e. by antagonism to phytopathogens, 
by stimulating and protective effect on plants. Bio-
preparations Avercom, Phytovit and Violar were 
elaborated on the basis of metabolites of the above 
streptomycetes. 

The highest total content of sterols was revealed 
in Avercom (9.48 mg/l), that was 1.2- and 5.5-fold 
higher than in Phytovit and Violar, respectively.
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In our opinion the use of biological prepara-
tions, containing sterols of microbial origin, can 
change their balance in a plant that, undoubtedly, is 
of great importance in interrelation of a host-plant 
and phytopathogen, and can affect the level of plant 
resistance to phytopathogens. In our previous re-
searchers this admission was confirmed in field ex-
periments with the wheat, tomato, Chinese cabbage, 
etc. The use of exogenic sterols in a complex with 
other biologically active components included in bio-
preparations, based on the studied streptomycetes, 
favored the increase of plants resistance to the broad 
spectrum of the agents of root rots, fusarioses, phy-
tophthoroses, nematodoses that, as a result, led to 
the increase of harvest and improvement of quality 
of the obtained production.

Thus, we have first determined the ability of 
soil streptomycetes to synthesize in various in-
dependent ways the broad spectrum of sterols, 
squalene being their commom precursor. The use 
of metabolic biopreparations developed on the basis 
of the studied streptomycetes, containing sterols of 
microbial origin, is significant for regulation of the 
steroid pool in plants and increase of their resistance 
to phytopathogens and abiotic stresses, including the 
negative effect of pesticides.  

T a b l e  2. Content of sterols in biopreparations on the basis of metabolites of soil streptomycetes

Sterols
Content of sterols in biopreparations mg/l

Avercom Phytovit Violar
Squalene nd 0.14 ± 0.05 0.03 ± 0.01
Cholesterol 1.69 ± 0.33 0.05 ± 0.01 0.02 ± 0.01
Ergosterol 2.13 ± 0.39 5.94 ± 0.71 1.29 ± 0.23
Sitosterol nf 0.28 ± 0.09 0.25 ± 0.09
Stigmasterol nf 0.06 ± 0.02 0.05 ± 0.02
24-epibrassinolide 5.66 ± 0.69 0.58 ± 0.15 0.07 ± 0.02
Total content 9.48 ± 1.03 7.85 ± 0.93 1.71 ± 0.44

Note: “nd” – not determined, “nf” – not found

Біосинтез стеролів 
грунтовими 
стрептоміцетами

Л. О. Білявська, А. М. Остапчук, 
С. І. Войчук, Г. О. Іутинська 
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Метою роботи було дослідження біо
синтезу стеролів ґрунтовими стрептоміцетами 
Streptomyces avermitilis ІМВ Ас-5015, 
Streptomyces netropsis ІМВ Ас-5025 і Strepto
myces violaceus ІМВ Аc-5027 на різних середови-
щах за глибинного вирощування та визначення 
їх вмісту в біопрепаратах, розроблених на основі 
метаболітів цих продуцентів. Аналіз дериватів 
стеролів, екстрагованих із біомаси, супернатан
тів культуральних рідин та біопрепаратів, 
проводили методом GC/MS. У біомасі 
стрептоміцетів стероли було виявлено в значно 
більшій кількості, ніж у супернатантів культу-
ральних рідин, а їхній спектр і співвідношення 
різнилися. Cквален (попередник стеролів) вияв
лено в біомасі продуцентів у кількості 16,2–43,3 
мкг/г у разі вирощування їх на синтетичному і 



83

8,2–212,1 мкг/г – на органічному середовищах. У 
біомасі S. аvermitilis переважав 24-епібрасинолід, 
вміст якого був найвищим серед досліджуваних 
штамів і сягав 268,2  мкг/г на органічному 
і 345  мкг/г на синтетичному середовищах. 
S. avermitilis не синтезував ситостерол і стигма-
стерол, що є важливим з огляду на нематоцидні 
властивості штаму. У  біомасі S.  netropsis 
і S. violaceus, вирощених на органічному 
середовищі, вміст ситостеролу та стигмастеро-
лу був вищим порівняно із синтетичним сере-
довищем у 2,3–6,8 і у 1,5–3,0 рази відповідно. 
У складі стеролів S. netropsis і S. violaceus пере-
важав ергостерол. У метаболічних біопрепаратах 
найбільший загальний вміст стеролів (9,5 мг/л) 
виявлено в Аверкомі (продуцентом є S.  aver
mitilis ІМВ Ас-5015). Використання екзогенних 
стеролів мікробного походження важливе для 
регулювання їх співвідношення в рослинах та 
підвищення резистентності до фітопатогенів і 
фітонематод. 

К л ю ч о в і  с л о в а: ґрунтові 
стрептоміцети, стероли, індуктори стійкості 
рослин, фітопатогени, фітонематоди.
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Целью работы было изучение био-
синтеза стеролов почвенными стрептоми-
цетами Streptomyces avermitilis ИМВ Ас-
5015, Streptomyces netropsis ИМВ Ас-5025 и 
Streptomyces violaceus ИМВ Аc-5027 на раз-
личных средах при глубинном выращивании и 
определение их содержания в биопрепаратах, 
разработанных на основе метаболитов этих 
продуцентов. Анализ дериватов стеролов, экс-
трагированных из биомассы, супернатантов 
культуральной жидкости и биопрепаратов, про-
водили методом GC/MS. В биомассе стрептоми-
цетов стеролы были обнаружены в значительно 
большем количестве по сравнению из суперна-
тантами культуральных жидкостей, а их спектр 

и количественное соотношение отличались. 
Сквален (предшественник стеролов) был об-
наружен в биомассе продуцентов в количестве 
16,2–43,3 мкг/г при выращивании стрептомице-
тов на синтетической и 8,2–212,1 мкг/г на орга-
нической средах. В биомассе S. аvermitilis ИМВ 
Ас-5015 преобладал 24-эпибрассинолид, содер-
жание которого было самым высоким среди 
исследуемых штаммов и достигало 268,2 мкг/г 
на органической и 345 мкг/г синтетической сре-
дах. S. avermitilis не синтезировал ситостерол и 
стигмастерол, что является важным, учитывая 
нематоцидные свойства штамма. В биомассе 
S. netropsis и S. violaceus, выращенных на орга-
нической среде, содержание ситостерола и стиг-
мастерола выше по сравнению с биомассой, вы-
рощенной на синтетической среде в 2,3–6,8 и в 
1,5–3,0 раза соответственно. В составе стеролов 
S. netropsis и S. violaceus преобладал эргостерол. 
В метаболитных биопрепаратах наибольшее 
общее содержание стеролов (9,5 мг/л) обнару-
жено в Аверкоме (продуцент S. avermitilis ІМВ 
Ас-5015). Использование экзогенных стеролов 
микробного происхождения важно для регули-
рования их соотношения в растениях и повыше-
ния резистентности к фитопатогенам и фитоне-
матодам. 

К л ю ч е в ы е  с л о в а: почвенные стрепто-
мицеты, стеролы, индукторы устойчивости рас-
тений, фитопатогены, фитонематоды.

References

1. Rohmer M, Knani M, Simonin P, Sutter B, 
Sahm  H. Isoprenoid biosynthesis in bacteria: 
a novel pathway for the early steps leading 
to isopentenyl diphosphate. Biochem J. 1993; 
295(Pt 2): 517-524.

2. Lutova LA, Shumilina GM. The metabolites of 
plants and their role in resistance to pathogens. 
Ecological Genetics. 2003; 1(10): 47-58. (In 
Russian).

3. Zauber H, Burgos A, Garapati P, Schulze WX. 
Plasma membrane lipid-protein interactions 
affect signaling processes in sterol-biosynthesis 
mutants in Arabidopsis thaliana. Front Plant 
Sci. 2014; 5: 78. 

4. Griebel T, Zeier J. A role for beta-sitosterol 
to stigmasterol conversion in plant-pathogen 
interactions. Plant J. 2010; 63(2): 254-268.

5. Tanaka K, Nakamura Y, Asami T, Yoshida S, 
Matsuo T, Okamoto S. Physiological roles of 

L. O. Biliavska, A. M. Ostapchuk, S. I. Voychuk, G. O. Iutynska



84

ISSN 2409-4943. Ukr. Biochem. J., 2017, Vol. 89, N 2

brassinosteroids in early growth of Arabidopsis: 
Brassinosteroids have a synergistic relationship 
with gibberellin as well as auxin in light-grown 
hypocotyl elongation. J Plant Growth Regul. 
2003; 22(3): 259-271.

6. Zhabinskii VN, Khripach NB, Khripach VA. 
Steroid plant hormones: effects outside plant 
kingdom. Steroids. 2015; 97: 87-97.

7.  Fundamental Phytopathology / Ed. by 
Yu.  T.  Dyakova. M: KRASAND, 2012. 512 p. 
(In Russian).

8. Wang K, Senthil-Kumar M, Ryu CM, Kang L, 
Mysore KS. Phytosterols play a key role in plant 
innate immunity against bacterial pathogens by 
regulating nutrient efflux into the apoplast. Plant 
Physiol. 2012; 158(4): 1789-1802.

9. Dupont S, Lemetais G, Ferreira T, Cayot P, 
Gervais P, Beney L. Ergosterol biosynthesis: a 
fungal pathway for life on land? Evolution. 2012; 
66(9): 2961-2968. 

10. Sáenz JP, Sezgin E, Schwille P, Simons K. 
Functional convergence of hopanoids and sterols 
in membrane ordering. Proc Natl Acad Sci USA. 
2012; 109(35): 14236-14240.

11. Bramkamp M, Lopez D. Exploring the existence 
of lipid rafts in bacteria. Microbiol Mol Biol Rev. 
2015; 79(1): 81-100.

12. López D, Kolter R. Functional microdomains in 
bacterial membranes. Genes Dev. 2010; 24(17): 
1893-1902.

13. Poralla K, Muth G, Härtner T. Hopanoids are 
formed during transition from substrate to aerial 
hyphae in Streptomyces coelicolor A3(2). FEMS 
Microbiol Lett. 2000; 189(1): 93-95.

14. Genilloud O, González I, Salazar O, Martín  J, 
Tormo JR, Vicente F. Current approaches to 
exploit actinomycetes as a source of novel 
natural products. J Ind Microbiol Biotechnol. 
2011; 38(3): 375-389.

15. Biliavska LO, Kozyritska VE, Valaghurova EV, 
Iutynska GA. Biologically active substances of 
preparation Avercom. Mikrobiol Zhurn. 2012; 
74(3): 10-15. (In Russian).

16. Biliavska LO, Galagan TO, Iutynska GO. 
Antinematicidal activity of metabolites produced 
by soil streptomycetes. Microbiol Zhurn. 2016; 
78(4): 34-47. (In Ukrainian).

17. Biliavska LO, Tsygankova VA, Kozyritska VE, 
Iutynska GO, Andrusevich Ya, Babich  OA, 
Galkin AP, Blume Ya. Application of new 
microbial plant resistance/plant growth 
protection inducers for increasing Chinese 
cabbage plant tolerance against parasitic 
nematodes Heterodera schachtii Schmidt. Int J 
Res Biocien. 2016; 5(2): 64-82. 

18. Biliavska LO, Kozyritska VE, Kolomiets YuV, 
Babich AG, Iutynska GO. Phytoprotective and 
growth-regulatory properties of bioformulations 
on the base of soil streptomycetes metabolites. 
Dopov Nac Akad Nauk Ukr. 2015; 1: 131-137. (In 
Ukrainian).

19. Kamthan A, Kamthan M, Chakraborty N, 
Chakraborty S, Datta A. A simple protocol for 
extraction, derivatization, and analysis of tomato 
leaf and fruit lipophilic metabolites using GC-
MS. Protocol Exchange. 2012. doi:10.1038.
protex.2012.061

 20. Francis O. Derivatization reactions and reagents 
for gas chromatography analysis, advanced 
gas chromatography. Progress in Agricultural, 
Biomedical and Industrial Applications. 
ed. J. Halket. Handbook of Derivatives for 
Chromatography. John Wiley & Sons Ltd, 1993. 
284 p.

Received 13.12.2016


