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Abstract. Importance of lipids in nature can not be underestimated. It is not only a group of substances which participate in
process of metabolism; these substances can be wide using in fields of science and industry. Due to increase cost of animal and
vegetal lipids, an alternative can serve microbial lipids. Actinobacteria is the group of microorganisms which is an excellent source
of lipids, especially strains of genus Streptomyces. In next research changes of fractional composition of lipids of Streptomyces spp.
cultivated on complex media with different nutrients were studied. Streptomyces spp. were isolated from soil samples of Republic of
Moldova, cultivation was realized on complex media M-I and R. Maximal quantity of lipids in biomass were obtained after
cultivation of strains on medium M-I (12.1-14.3%) and on medium R (12.27-18.69%). The most important fraction as sterols
achieved following results: after cultivation on medium M-I it varied between 8.3-14.6% and on medium R – 8.7-10.98%. For
fraction of phospholipids were fixed next data: after cultivation on medium M-I, the quantity was 9.1-14.3% and on medium R –
8.7-17.16%. Obtained results show perspective of application of bioproducts based on streptomycetes lipids in agriculture and
husbandry due to sufficient quantity of total lipids and some fractions apart.
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INTRODUCTION

Industrial bioprocesses require the use of complex
media containing carbohydrates and oils as sources of
carbon. Oils added to the medium can increase the
number of antibiotics synthesized by micromycetes, in
particular by streptomycetes, and can become a cheap
alternative to carbohydrates as sources of carbon [29].
In addition, it is believed that for creation of
technology for obtaining new drugs, an important stage
is not only the selection of the original producer, but
also the elaboration of cultivation conditions that
ensure its high biosynthetic activity. For synthesis of
biologically active substances, the composition of the
cultivation medium and the balance of nutrients in it
are important. Therefore, researchers are optimizing the
media, dividing its nutrients in 2 groups:

1 – by basic source of macronutrients (carbon,
nitrogen, phosphorus) can be used: flour (soybean,
maize, wheat, etc.), salts of nitric and phosphoric acids,
sugars, starch, glycerin, peptone, amino acids;

2 – by mineral composition (vary of micro and
macro elements) [51].

Many industrial bioprocesses require the use of
complex media [1, 15, 31, 32, 34].

Sources of nitrogen affect the production of
antibiotics by actinobacteria. So, for example, Li
Liangzhi et al. (2007) [32] studied the effect of
peptone, glutamic acid and asparamide on the synthesis
of streptolidine. It result, after application of them, 2
antibiotic analogues were detected, and during using
soy flour, 3 analogues of this antibiotic were detected.
Experimentally, the authors proved that the best
sources of nitrogen for the production of this antibiotic
are glutamic acid and peptone. Typically, in media for
the cultivation of microorganisms, nitrogen is in
oxidized or reduced forms. Sources of nitrogen are

salts of nitric acid, seldom nitrous acid, ammonium
salts, or amino acids, products of pyrolysis of proteins
(peptones, hydrolysates). In organic media with
undetermined composition, which include soybean
flour, maize flour and maize extract, nitrogen is a main
part of proteins. Nutritional value of these media
depends on the capacity of microorganisms to
assimilate these proteins [14, 24].

According to the literature, it can be seen that the
concept of the role of lipids has greatly expanded in
recent decades. It is suppose that lipids are not only
reserve substances, but they perform a barrier function,
participate in membrane transport, in reactions
catalyzed by membrane enzymes, excitation and
stimulation processes, thermo sensor reactions, etc.
[37,  46,  52].  In  the  literature  of  the  last  years  of  the
20th century and the beginning of the 21st century, it is
increasingly possible to find reports on the
development of new therapeutic and prophylactic
products, which necessarily include phospholipids that
possess hypolipidemic and hypocholesteroleic
properties of antioxidants. Such products can be used
in the treatment of patients with diabetes mellitus,
strengthen intestinal motility, and also are able to
inactivate heavy metals [10, 11, 20, 25, 33]. There is a
generalized significant factual material on the
production and use of microbial sterols; ways to
increase the efficiency of ergosterol production are
considered. In addition, data are given indicating the
expediency of using sterols of microorganisms for
chemical or biological transformation into vitamins of
group D and androstane hormones [23]. The
technology of obtaining active preparations using
entomophthorales fungi – mycoafidine and
entomophtorin has been developed. It is suggested that
in the processes of pathogenesis both the spores of
entomophthorales fungi and their metabolites,
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presumably of a lipid nature, play an active role [38].
Taking into account the physiological role of
eicosanoids, sterols and other lipid compounds, which
constitute up to one third of the cellular content, their
active role in the entomopathogenic effect is assumed.

Of definite practical and theoretical interest are
reports of the role of triglycerides of microbial origin
as precursors of phospholipids and their comparison
with vegetable oils [30, 52].

The most significant is the development of
biotechnology for the preparation of pharmacologically
active lipids containing arachidonic and
eicosapentaenoic acids, which have a wide range of
biological activity, in particular, antimicrobial
properties, by developing medical, veterinary and
cosmetic preparations [12, 21, 28, 35, 39, 45, 47].

Interest in lipids is associated with a special role in
a number of vital cellular processes – the transfer of
information, the secretion of metabolites, enzymes and
hormones, proliferation, resistance to stress, and also in
connection with practical interest as to medicinal
preparations [18]. Lipids are important structural
elements of biological membranes and determine many
of their functional features. In the structure of lipids,
the possibility of obtaining bioregulators is laid. Thus,
the polyene fatty acids (γ-linolenic, arachidonic,
eicosapentaenoic) present in the form of acyl residues
in the molecule of phospholipids and may under certain
conditions be transformed into prostaglandin which
was  involved  in  the  regulation  of  more  than  40
biological processes and exhibit therapeutic effects in
many diseases [17]. Preparations based on microbial
lipids (lower fungi, streptomycetes, bacteria) can be
used to reduce cholesterol as anticarcinogens, act as
chaperones to stress conditions, for the diagnosis of
tuberculosis, diphtheria and others [2, 36, 38, 40, 48,
50].

To synthesize hormonal drugs, actinobacteria are
used as effective biocatalysts for many processes of
bioconversion of steroids [13, 19, 26, 38, 44].

MATERIAL AND METHODS

In studies were involved strains of genus
Streptomyces isolated from soil samples with the
different content of humus (2.4-6.8 %) from central
part of Republic of Moldova. These strains were
isolated from the soils of following localities:
Streptomyces spp. 19 – Bacioi village (Botanica zone,
Chisinau Municipality), black earth carbonate, (humus
2.4-2.5 %) under monoculture maize; Streptomyces
spp. 33, 36, 47, 49, 66 – Truseni village (Chisinau
Municipality), typical black earth, (humus 2.6 %);
Streptomyces sp. 205 – Singera (Botanica zone,
Chisinau Municipality), black earth polluted with
pesticides.

In laboratory conditions, strains were kept on agar
media Czapek (glucose – 20.0 g/l, NaNO3 – 2.0 g/l,
K2HPO4 – 1.0 g/l, MgSO4*7H2O – 0.5  g/l,  KCl  –  0.5
g/l, FeSO4 – 0.01 g/l, agar – 20.0 g/l, pH=7.0-7.3),

Gause  (soluble  starch  –  20.0  g/l,  KNO3 – 1.0 g/l,
K2HPO4 – 0.5 g/l, MgSO4 – 0.5 g/l, NaCl – 0.5 g/l,
FeSO4 – 0.01 g/l, agar – 20.0 g/l, pH=7.2-7.4) and
oatmeal agar (oatmeal flour – 40.0 g/l, agar – 20.0 g/l,
pH=7.2) [12, 14].

Inoculum was cultivated on liquid mineral media
Dulaney (glucose – 20.0 g/l, (NH4)2HPO4 – 7.5 g/l,
NaCl – 5 g/l, K2HPO4 – 2.0 g/l, MgSO4*7H2O – 1.0 g/l,
CaCl2 – 0.4 g/l,  ZnSO4*7H2O – 0.01 g/l, FeSO4*7H2O
– 0.01 g/l, pH=7.0), in Erlenmeyer flasks of 200 ml
during 3 days at 27ºC on the stirrer [49].

To obtain the biomass, inoculum in an amount of 8
% was added to the flasks with liquid complex media
M-I (maize meal – 20.0 g/l, baker's yeast – 5.0 g/l,
CaCO3 – 1.5 g/l, pH=7.0) and R (maize meal – 20.0 g/l,
soluble starch – 15.0 g/l, NH4NO3 – 7.0 g/l, CaCO3 –
5.0 g/l,  NaCl – 3.0 g/l,  KH2PO4 – 0.2 g/l, pH=6.8-7.0)
of 200 ml for 5 days at 27°C on the agitator [3].

For determination the quantity of biomass, it was
been separated of cultural liquid on a centrifuge (5000
r/min. during 20 min.). Quantity of absolute dry
biomass was determined by weight method [7, 27].

The intracellular lipids were extracted from
biomass by Folch method, modified in the laboratory
(main modification is substitution of methanol with
ethanol):
- wet biomass was diluted with system of solvents

chloroform + ethanol (ratio 1:5) on stirrer for 20
min.;

- addition of chloroform to the system, for obtaining
chloroform + ethanol in ratio 2:1 and agitation for
20 min.;

- separation of dissolved lipids in system chloroform
+ ethanol from biomass via filtration;

- separation of lipid fractions dissolved in chloroform
from ethanol fractions with separating funnel by
using distillate water (fivefold) and filtration
through anhydrous Na2SO4;

- removal of lipid fractions on rotary evaporator from
chloroform;

- quantity of total lipids was determined by weight
method, expressed as %/quantity of absolute dry
biomass [8].
Fractional composition of the lipids was determined

by thin layer chromatography with „Sorbfil” plates
(100x150 mm), in the solvent mixture hexane - diethyl
ether - glacial acetic acid system (73:25:5), the quantity
of each lipid fraction was determined by the method of
densitometry [8, 9].

RESULTS

It is known, when identifying the potential of
microorganisms to produce biologically active
substances, the selection of nutrient media is given the
most serious attention. The main reason for the
attention of researchers to use maize flour and starch as
a  nutrient  base  and  source  of  carbon  is  their
availability, unique chemical composition, biological
value and low cost [6]. Earlier, was found that during
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cultivation, streptomycetes isolated from soil of
Republic of Moldova on complex media produce a
larger amount of biomass than on synthetic media [5].
Were no significant differences observed in the amount
of biomass obtained after cultivation on M-I and R
media, except for strains S. sp. 33 in which the biomass
was lower on M-I medium than on R medium (by
30.91 %) and S. sp. 47 in which the biomass was lower
on R medium than on M-I medium (by 62.25 %).

Table 1. Quantity of absolute dry biomass after cultivation on
complex media, g/l

Medium
Streptomyces sp. M-I R

19 14.15±0.21 13.92±0.16
33 7.24±0.56 10.48±0.13
36 12.1±0.12 12.27±0.24
47 9.35±0.49 3.53±0.04
49 6.64±0.42 7.93±0.53
66 19.6±0.07 18.72±0.14

205 4.2±0.11 3.85±0.09

The amount of lipids in the biomass of the studied
strains (table 2) was also almost the same for S. spp. 19
and 66. For S. sp. 47 the amount of lipids in biomass
obtained on medium R was more by 30.69 % than on
medium M-I, and for S. sp. 205 the largest quantity of
lipids in biomass was obtained after cultivation on
medium M-I than on medium R (by 32 %).

Table 2. Quantity of total lipids after cultivation on complex media,
%/absolute dry biomass

Medium
Streptomyces sp. M-I R

19 12.1±0.27 12.57±0.63
33 6.32±0.38 8.73±0.25
36 5.9±0.44 12.81±0.32
47 14.3±0.3 18.69±0.87
49 13.5±0.17 11.4±0.5
66 6.74±0.48 7.11±0.43

205 2.2±0.15 1.5±0.26

The study of the qualitative composition of the lipid
fractions by thin layer chromatography was made. The
lipids of S. spp. 19 and 47 had a fraction of free fatty
acids. Opposite for strain S. sp. 205, isolated from soil
polluted with pesticides, where was not found a
fraction of free fatty acids and an unidentified fraction,
which,  as  a  rule,  are  part  of  the  lipids  of  soil

streptomycetes [9]. For strains of S. sp. 19, 36 and 47
fractions of mono and diglycerides on chromatograms
were visible as a single spot, but in the case of strains
S. spp. 66 and 205 were on chromatograms as separate
spots of larger sizes.

As  can  be  seen  in  figure  1  and  2,  the  amount  of
physiologically important fraction of phospholipids in
the studied strains varied on both media from 8.7 to
17.16 %. The greatest amount of phospholipids was
found in strains S. spp. 19, 47 and 205 after cultivation
on medium M-I (13.78-14.3 %), and for strains S. spp.
36, 47, 66 and 205 on medium R (12.2-17.16 %).
Exception are strains S. spp. 47 and 205, in which the
maximal amount of phospholipids was practically the
same in biomass lipids obtained after growing on both
media M-I (14.0 and 14.3 %, respectively) and on
medium R (17.16 and 16.5 %, respectively).

For other physiologically important lipid fraction –
sterols (figure 1), it is necessary to note the following:
the largest amount of this lipid fraction – 11.27-14.6 %
was found in the lipids of strains S. spp. 19 and 66, the
maximal being seen in lipids of strain S. sp. 66 after
growth on medium M-I (14.6 %).

Amount of triglyceride fraction in strains of S. spp.
19, 47, and 66 was low (15.02-22.0 %) and slightly
larger in the lipids of strain S. sp. 205 (23.8 %), in the
case of using medium M-I. Maximal quantity of this
fraction was observed in the lipids of strain S.  sp.  36
after cultivation of this on both media M-I and R –
53.8-55.1 % (figure 1 and 2).

By comparison the quantity of fractions of mono
and diglycerides in the studied strains, the following
was observed:
- according to figure 3, strains S. spp. 19 and 36 have

low amounts of mono- and diglycerides after
cultivation on medium M-I (5.76 and 6.3 %,
respectively);

- according to figure 4, strains S. spp. 19, 36 and 47
have low amounts of mono- and diglycerides after
cultivation on medium R (6.84,  9.7 and 6.43 %,
respectively);

- maximal quantity of mono- and diglycerides was
noted in lipids of strain S. sp. 33 cultivated on both
nutritive media M-I and R (26.7 and 21.8 %,
respectively).

Figure 1. The amount of main lipid fractions of Streptomyces spp. after cultivation on medium M-I, %/total lipids



Boortseva, S., Byrsa, M., Bereziuk, Y., Chiselitsa, O., Chiselitsa, N., Sheptitskii, V., Vasilchuk, A., Manciu, A., Starchuk, N. -  Changes in the fractional composition of
lipids of streptomycetes biomass cultivated on complex media with different nutrients

66

Figure 2. The amount of main lipid fractions of Streptomyces spp. after cultivation on medium R, %/total lipids

Figure 3. The amount of secondary lipid fractions of Streptomyces ssp. after cultivation on medium M-I, %/total lipids

Figure 4. The amount of secondary lipid fractions of Streptomyces ssp. after cultivation on medium R, %/total lipids

By the amount of the fraction of sterol esters, it
should be noted that in strain S. sp. 19 characterized by
high degree of sterols synthesis, the number of sterol
esters was 18.43 % (figure 4).

For the waxes fraction, it can be concluded that the
streptomycetes studied contain more of this fraction in
lipids of the biomass grown on organic media. Thus, in
the strain S. sp. 19, waxes are 18.85-24.7 % in lipids of
biomass obtained on M-I and R media, and only 10.9-
11.5 % on the Czapek and Dulaney media. For S. sp.
47 the quantity of waxes varied between 18.3-36.5 %,
but for S. sp. 66 – 18.6-22.6 % on complex media. The
least amount of waxes was found in the lipids of S. sp.
36 – 5.1 and 11.2 % after cultivation on both media M-
I and R, respectively (figure 3 and 4).

As it was previously mentioned, in lipids of all
studied strains, an unidentified fraction was located on
chromatograms between the spot corresponding to
phospholipids and a spot corresponding to
monoglycerides, with the exception of the strain S. sp.

205, in which this fraction was absent. This strain also
did not reveal a fraction of free fatty acids, which was
recorded on chromatograms of S. spp. 19 and 47 in the
amount of 8.11-12.43 % after cultivation of these
strains on both media M-I and R.

Studies which deals with change in the composition
of lipids of streptomycetes isolated from the soil of
Republic of Moldova, cultivated on complex media
(containing flour, starch, mineral salts, etc.) have
shown that the qualitative composition of the lipids of
the strains studied is not the same:
- a fraction of free fatty acids was not found in strains

S. spp. 36, 66 and 205, also for strain S. sp. 205
lacks an unidentified fraction;

- the amount of phospholipids is more after
cultivation on medium R for 4 strains of
streptomycetes out of 7 studied (with the exception
of strain S. sp. 19);
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- the amount of sterols is more during cultivation of 3
streptomycetes out of 7 strains on medium R
(except for strains S. spp. 19 and 66);

- the amount of fractions of mono- and diglycerides
are  more  during  cultivation  of  4  strains  of
streptomycetes out of 7 studied on medium R
(except for S. sp. 47 – 6.43 %);

- the amount of triglycerides fraction is more in 4
strain of streptomycetes out of 7 studied after
cultivation on M-I medium (except for S.  sp.  19  –
15.02 %).
Because the amount of biomass produced by

streptomycetes is larger after cultivation on medium
M-I, the total lipids are slightly larger in the biomass of
some strains after use of medium R: for obtain biomass
containing lipids with the largest number of
physiologically important fractions such as
phospholipids and sterols, strain S. sp.  19  should  be
cultivated on medium M-I, and strains S. spp. 36, 47,
66 and 205 on the complex medium R.

All studied strains were found except for strain S.
sp. 205 unidentified fraction, which was located in
chromatogram between phospholipids and
monoglycerides fraction, the amount varied from 4.7 %
of strain S. sp. 19 (on medium M-I) to 12.3 % of strain
S. sp. 47 (on medium R).

It should be noted that lipids of strains studied have
an appreciable  amount  such as  a  fraction  of  the  sterol
esters and waxes. For all strains except S. sp. 36, waxes
fraction in % was higher than the sterol esters and more
of them were found in the lipids after cultivation on
complex media, except of strain S. sp.  205,  in  which
this fraction was not much more after cultivation on
synthetic media Czapek and Dulaney. This strain had
amount of sterol esters greater in total lipids of biomass
obtained on synthetic media.

DISCUSSION

It is known that the medium for the cultivation of
microorganisms should include a certain qualitative
and quantitative composition of the components or
individual elements necessary for the constructive and
energy metabolism of the organism (sources of
nitrogen, carbon, phosphorus, a number of
microelements, vitamins, and growth substances). In
this case, the qualitative characteristics of the
individual components of the medium are important.
This is due to the fact that the presence in the medium
of some forms of nitrogen and carbon sources, their
ratios, provokes the organism to react differently to
them depending on the presence of certain enzyme
systems and their activity in the microorganism, to
release the silent genes responsible for biosynthesis of
substances, definitely directs the metabolic reaction.
This helps to identify the potential properties of
microorganisms, or, conversely, inhibits the formation
of a particular substance [6].

The results of the studies showed that when using 5
different nutrient media, the biosynthetic activity

(biomass, protein and lipid synthesis) in the S. canosus
CNMN-Ac-04 strain, which had a greater antimicrobial
activity against bacteria and fungi than the original
culture S. canosus CNMN-Ac-02, was not the same. To
increase  the  production  of  biomass  and  lipids,  the
author recommended conducting cultivation on organic
medium containing soybean flour [43]. The use of
medium containing maize and soybean flour (medium
SR-I) promoted the stimulation of biomass
accumulation and the process of lipid synthesis in S.
massasporeus CNMN-Ac-06 by 1.7 and 2.6 times, as
well  as  an  increase  in  the  amount  of  the  fraction  of
phospholipids by 21.3-56.8 % and sterols by 10.5-28.4
%, while the addition in the medium contained maize
flour of soybean flour did not caused changes in the
amount of triglycerides in lipids [43].

In their experiments, Ukrainian researchers showed
a direct relationship between the accumulation in the
biomass of antibiotics avermectins and lipid fractions
such as phospholipids, sterols and triglycerides [41].
For strain S. nastri YG62, a positive correlation
between triglycerides, phospholipids and the amount of
antibiotic synthesized was also established [16].
Results of the present article coincide with the results
obtained by the Ukrainian scientists in studying the
qualitative composition of streptomycetes lipids.
Phospholipids, mono-, di-, triglycerides, sterols, free
fatty acids, sterol esters, waxes were found in the lipids
of the strains which they studied [4]. Earlier, we also
showed that the amount of biomass from the soil of
Republic of Moldova grown on a complex maize
medium varied from 12.1 to 17.7 g/l, the lipids in the
biomass of these strains were from 7.0 to 27.0 %.
However, the amount of phospholipids was 4.4-11.3 %,
and  sterols  from  5.2  to  15.7  %,  whereas  the  study  of
the biosynthetic activity of new strains isolated from
samples of black earth with different humus content in
the central part of Republic of Moldova, strains of
streptomycetes are capable to accumulate biomass up
to 18.72 and 19.6 g/l (strain S. sp. 66) during
cultivation on organic complex media M-I and R. Was
found strain S. sp. 47, in which the amount of lipids is
18.69 % in biomass grown on a complex organic
medium  R.  New  strains  also  differ  in  the  amount  of
phospholipids. So, for S. sp. 19 their share in the total
lipids was 13.78 %, for S. sp. 47 – 14.0 %, and for S.
sp. 205 – 14.3 %, after cultivation on medium M-I.
Cultivation on another complex medium R, showed
next results in amount of phospholipids: S. sp. 47 –
17.16 % and S. sp. 205 – 16.5 %.

According to obtained results by us on the study of
the role of lipids in the protection of spermatozoa from
the negative effect of low temperatures, which showed
that the total lipids of actinobacteria are most effective
for increasing the cryoresistance of the rams
spermatozoa, which served as the basis for developing
the  LOLA medium for  freezing  sperm of  rams.  It  has
been established by experiments that this medium
increases the productivity of artificial insemination of
sheep by 24.95 % [22]. In another series of our
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experiments it was found that adding to the ration feed
of  chickens  the  biomass  of S. canosus CNMN-Ac-03
with high content of total lipids and phospholipids
caused an increase in the weight of chickens: on 15 day
by 18-25 % and on 45 day by 32.55-38.8 % [42]. In
addition, the biomass of S. canosus CNMN-Ac-04 can
also be recommended for the prophylaxis of infectious
diseases of bees (American foulbrood and European
foulbrood) during the spring-summer period. Thus, the
conducted studies have shown the prospects of using
strains of streptomycetes isolated from the soil of
Republic of Moldova in husbandry and veterinary
medicine, due to their ability to accumulate in
sufficient quantities biomass during cultivation on
complex media with an increased content of lipids in it,
and, most importantly, such physiologically active lipid
fractions as phospholipids and sterols.

REFERENCES

[1] Arora, M., (2013): Cell media culture: A review. Materials
and Methods, 3: 175.

[2] Baholdina, S.I., Sanina, N.M., Shubin, F.N., Popova, O.B.,
Soloviova, T.F., (2007): Thermotropic behavior of lipids and
morphology of Yersinia pseudotuberculosis cells with a high
content of lysophosphatidylethanolamine. (in Russian).
Microbiology, 3: 321-328.

[3] Bereziuk, Y., (2016): Antimicrobial characteristics of
Streptomyces fradiae 19 isolated from chernozem soil of the
central part of the Republic of Moldova. Analele
Universităţii din Oradea, Fascicula Biologie, 23(2): 55-60.

[4] Biliavska, L., (2007): Complex of biologically active
substances of Streptomyces avermitilis UCM Ac 2179 –
avermectin producer. p. 41. In Biliavska, L., (eds.): S.P.
Kostychev and contemporary agricultural microbiology:
International Scientific Conference in Yalta, Chernihiv:
CSTEL.

[5] Boortseva, S., Bereziuk, Y., Byrsa, M., Chiselitsa, O.,
Manciu, A., Chiselitsa N., (2015): Qualitative and
quantitative composition of lipids of biomass of
streptomycetes after cultivation on media with different
composition. Analele Universităţii din Oradea, Fascicula
Biologie, 22(2): 57-62.

[6] Bratuhina, A., (2012): Natural variability and biosynthetic
activity of actynomycetes Streptomyces massasporeus. (in
Russian). Manuscript of thesis of Ph. D., Chisinau, 29 p.

[7] Bratuhina, A.A. et. al., (2006): A comparative study of the
productivity of lipids synthesized by strains of Streptomyces
massasporeus (in Russian). Analele Ştiinţifice ale
Universităţii de Stat din Moldova, 1: 181-183.

[8] Burţeva, S., Usatîi, A., Toderaş, A., (1996): Variabilitatea
formelor spontane a tulpinii Streptomyces sp.  36  –
producătoare de substanţe bioactive. Buletinul AŞ RM
„Ştiinţe biologie şi chimie”, 1: 27-32.

[9] Burtseva, S.A., (2002): Biologically active substances of
streptomycetes (biosynthesis, properties, application
prospects). (in Russian). Manuscript of Doctor habilitate in
biology. Chisinau, 2002, 35 p.

[10] Butina, E.A., Timofeenko, T.I., Gherasimenko, E.O., Jarko,
M.V., Korneva, E.P., Jarko, V.F., Artemenko, I.P., (1997):
Therapeutic and prophylactic properties of food plant
phospholipids. (in Russian). Proceedings of high schools of
food technologies, 2(3): 49-51.

[11] Bykov, Y.V., Babushkin, A.F., (1997): The use of food
plant phospholipids as biologically active additives in
therapeutic and prophylactic products. (in Russian). p. 83. In
Bykov, Y.V., Babushkin, A.F., Jarko, N.V., Korneev V.V.,
Gherasimenko, E.O. (eds.): International Scientific

Conference „Rational ways of using secondary resources”.
Theses of reports, Krasnodar (Russia).

[12] Das, U.N., (2018): Arachidonic acid and other unsaturated
fatty acids and some of their metabolites function as
endogenous antimicrobial molecules: A review. Journal of
Advanced Research: doi.org/10.1016/j.jare.2018.01.001.

[13] Donova, M.V., (2009): Bioconversion of steroid compounds
by actinobacteria (in Russian). Edition: ONTI PNC RAS.
195 p.

[14] Egorov, N.S., (2004): Teaching on antibiotics, (in Russian)
Moscow: Moscow State University, 528 p.

[15] Einar, J., Mnairi, M., Jens, N., (2002): The influence of
carbon sources and morphology on nystatin production by
Streptomyces noursei. Journal of Biotechnology, 95(2): 133-
144.

[16] El-Naggar, M.Y., El-Kersh, M.A., El-Sharaky, A.S., (1999):
Correlation of actinomycin X2 to the lipid profile in static
and shaken cultures of Streptomyces nastri strain YG62.
Microbios, 100(396): 117-127.

[17] Evstigneeva, R.P., (1978): Synthesis of lipids. (in Russian).
Proceedings  of  the  Academy  of  Sciences  of  the  USSR,  5:
707-716.

[18] Feofilova, E.P., Gornova, I.B., Memorskaia, A.S., Garibova,
L.V., (1998): Lipid composition of fruiting bodies and
substrate mycelium Lentinus edodes (Berk) Sing [Lentinula
edodes (Berk) Pegler]. (in Russian). Microbiology, 5: 655-
659.

[19] Gangwar, M., Dogra, S., Gupta, U.P., Kharwar, R.N.,
(2014): Diversity and biopotential of endophytic
actinomycetes from three medicinal plants in India. African
Journal of Microbiology Research, 8(2): 184-191.

[20] Gherasimenko, N.I., Martyeas, E.A., Logvinov, S.V.,
Gusarova, N.G, (2014): Biological activity of lipids and
photosynthetic pigments of brown algae Sargassum palidum
(Turner) C. agardh. (in Russian). Applied Biochemistry and
Microbiology, 1: 85-94.

[21] Golubev, V.I., Kulakovskaia, T.V., Shashkov, A.S.,
Kulakovskaia, E.V., Golubev, N.V., (2008): Antifungal
cellobiose lipid, secreted by epiphytic yeast Pseudozyma
graminicola. (in Russian). Microbiology, 2: 201-206.

[22] Guskov, A.M., Nauk, V.A., Bukarchuk, M.G., Kazakova,
I.M., Tikan, I.V., Kovalchuk, L.P., Burtseva, S.A.,
Boguslavski, V.M., (1989): Medium for cryopreservation of
ram's spermatozoa. Patent № 1498489 USSR MKI V 25
15/00.

[23] Hannich, J.T., Umebayashi, K., Riezman, H., (2011):
Distribution and functions of sterols and sphingolipids. Cold
Spring Harbor Perspectives in Biology, 3(5):
doi: 10.1101/cshperspect.a004762.

[24] Ilic, S., Konstantinovic, S., Velikovic, V.B., Slavic D.S.,
Gojgic-Cvijovic, G.D., (2010): The impact of different
carbon and nitrogen sources on antibiotic production
by Streptomyces hygroscopicus CH-7. Current Research,
Technology and Education Topics in Applied Microbiology
and Microbial Biotechnology, 2(2): 1337-1342.

[25] Karner, M., Kocjan, A., Stein, J., Schreiber, S., Boyen, G.,
Uebel, P., Schmidt, C., Kupcinskas, L., Dina, I., Zuelch, F.,
Keilhauer, G., Stremmel, W., (2014): First multicenter study
of modified release phosphatidylcholine “LT-02” in
ulcerative colitis: a randomized, placebo-controlled trial in
mesalazine-refractory courses. The American Journal of
Gastroenterology, 109(7): 1041-1051.

[26] Kitani, S., Miyamoto, T.K., Takamatsu, S., Herawati, E.,
Iguchi, H., Nishitomi, K., Uchida, M., Nagamitsu, T., Omura,
S., Ikeda, H., Nihira, T., (2011): Avenolide,
a Streptomyces hormone controlling antibiotic production
in Streptomyces avermitilis. Proceedings of the National
Academy of Science of the United States of America,
108(39): 16410-16415.



Analele Universităţii din Oradea, Fascicula Biologie Original Paper              Tom. XXV, Issue: 2, 2018, pp. 63-69

69

[27] Kosyritskaya, W.E., Andreyuk, E.I., (2004): Production of
lipids and carotinoids by yellow streptomycetes. (in
Russian). Acta Biotechnologia, 4(1): 59-65.

[28] Kothapalli, K.S.D., Ye, K., Gadgil, M.S., Carlson,
S.E., O’Brien, K.O., Zhang, J.Y., Park, H.G., Ojukwu, K.,
Zou, J., Hyon, S.S., Joshi, K.S., Gu, Z., Keinan, A., Brenna,
J.T., (2016): Positive selection on a regulatory insertion-
deletion polymorphism in FADS2 influences apparent
endogenous synthesis of arachidonic acid. Molecular
Biology and Evolution, 33(7): 1726-1739.

[29] Large, K.P., Ison, A.P., Williams, D.J., (1998): The effect of
agitation rate on lipid utilization and clavulanic acid
production in Streptomyces clavuligerus. Journal of
Biotechnology, 63(2): 111-119.

[30] Leapkov, B.G., Kiseliova, T.V., (1993): Characteristics of
microbial origin lipids by triacylglycerol composition and
their comparison with vegetable oils. (in Russian). Applied
Biochemistry and Microbiology, 1: 155-163.

[31] Li, B., Ryan, P.W., Ray, B.H., Leister, K.J., Sirimuthu,
N.M.S., Ryder, A.G., (2010): Rapid characterization and
quality control of complex cell culture media solutions using
Raman spectroscopy and chemometrics. Biotechnology and
Bioengineering, 107 (2): 290-301.

[32] Liangzhi, L., Bin, Q., Lingjin, Y., (2007): Nitrogen sources
affect streptolydigin production and related secondary
metabolites distribution of Streptomyces lydicus AS 4.2501.
Chinese Journal of Chemical Engineering, 15(3): 403-410.

[33] Lin, C.H., Chen, C.H., Lin, Z.C., Fang, J.Y., (2017): Recent
advances in oral delivery of drugs and bioactive natural
products using solid lipid nanoparticles as the carriers.
Journal of food and drug analysis, 25(2): 219-234.

[34] Meenavilli, H., Potumarthi, R., Jetty, A., (2008):
Gentamicin production by Micromonospora echinospora
(Me-22) in stirred tank reactor: effect of various parameters.
Journal of Basic Microbiology, 48(1): 53-58.

[35] Mimee, B., Labbe, C., Pelletier, R., Belanger, R.R., (2005):
Antifungal activity of flocculosin, a novel glycolipid isolated
from Pseudoyuma flocculosa. Antimicrobial agents and
chemotherapy, 49(4): 1597-1599.

[36] Muniraj, K.I., Uthandi, S.K., Hu, Z., Xiao, L., Zhan, X.,
(2015): Microbial lipid production from renewable and waste
materials for second-generation biodiesel feedstock.
Environmental Technology Reviews, 4(1): 1-16.

[37] Muro, E., Atilla-Gokcumen, G.E., Eggert, U.S., (2014):
Lipids in cell biology: how we can understand them better?
Molecular Biology of the Cell, 25(12): 1819-1823.

[38] Myseakina, I.S., Funtikova, N.S., (2007): Lipids of
sporangiosporic mycelial fungus Mucor ramannianus
incapable of dimorphic growth. (in Russian). Microbiology,
5: 655-659.

[39] Nikolaeva, I.A., Borzenkov, I.A., Kalinin, M.V., Loyko,
N.G., Tarasov, A.L., Plakunov, V.K., Beleaev, S.S.,
Voronina, N.V., Gal’chenko, V.F., El-Registan, G.I., (2010):
Antimicrobial properties of phenolic lipids. (in Russian).
Applied Biochemistry and Microbiology, 2: 172-179.

[40] Ochsenreither, K., Gluck, C., Stressler, T., Fischer,
L., Syldatk C., (2016): Production strategies and applications
of microbial single cell oils. Frontiers in Microbiology, 7:
1539.

[41] Petruk, T.V., Koziritska, V.E., Valagurova, O.V., Iutinska,
T.O., (2005): Lipids of avermectin synthesizing strain
Streptomyces UKM Ac 2161. (in Ukrainian). Scientific
herald of the National Agrarian University of Kyiv: 42-49.

[42] Postolachi, O., (2009): Modificarea caracterelor culturale şi
biochimice ale unor tulpini de streptomicete după păstrarea
îndelungată. Autoreferatul tezei de doctor în biologie.
Chișinău.

[43] Postolachi, O., Burtseva, S., (2010): Selecting the optimal
growing medium for strain of streptomycetes S. canosus
CNMN-Ac-04. Bulletin of University of Agricultural
Sciences and Veterinary Medicine Cluj-Napoca. Veterinary
Medicine, 67(1): 237-242.

[44] Sharma, M., Dangi, P., Choudhary, M., (2014):
Actinomycetes: source, identification, and their applications.
International Journal of Current Microbiology and Applied
Sciences, 3(2): 801-832.

[45] Shenin, I.D., Suharevich, V.I., Kuzikova, I.L., Medvedeva,
N.G., (2008): Isolation, identification and antifungal activity
of the antibiotic complex produced by Streptomyces sp. (in
Russian). Biotechnology, 5: 23.

[46] Shvets, V.I., Krasnopol’ski, I.M., Kaplin, A.A., Stepanov,
A.E., (1997): Biotech direction in the development of
medicines and diagnostic preparations of lipid nature. (in
Russian). Questions of Medical Chemistry, 43(5): 416-424.

[47] Sun, M., Zhou, Z., Dong, J., Zhang, J., Xia, Y., Shu, R.,
(2016): Antibacterial and antibiofilm activities of
docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) against periodontopathic bacteria. Microbial
Pathogenesis, 99: 196-203.

[48] Tereshina, V.M., Memorskaia, A.S., (2005): Adaptation of
Flammulina velutipes to hypothermia in natural conditions:
the role of lipids and carbohydrates. (in Russian).
Microbiology, 3: 329-334.

[49] Toderaș, A., (2000): Particularitățile fiziologo-biochimice și
biotehnologice ale tulpinii Streptomyces massasporeus 36 ca
producător al substanțelor bioactive. Autoreferatul tezei de
doctor în biologie. Chișinău.

[50] Vas’kovski, V.E., (2007): Lipids as biologically active
substances. (in Russian). p. 23. In Vas’kovski, V.E., (eds.):
Materials of 2nd international scientific conference -
Chemistry, technology and medical aspects of natural
compounds. Almaty (Kazakhstan).

[51] Zhou, Y., Sun, Y.-B., He, H.-W., Feng, J.-T., Zhang, X.,
Han, L.-R., (2017): Optimization of medium compositions to
improve a novel glycoprotein production by Streptomyces
kanasenisi ZX01. AMB Express, 7(1): 1-9.

[52] Zinchenko, G.A., (1990): Subcellular organization of the
metabolism of acylglycerols in yeast. (in Russian).
Manuscript PhD-thesis. Moscow.

Received: 29 March 2018
Accepted: 28 October 2018
Published Online: 31 October 2018
Analele Universităţii din Oradea, Fascicula Biologie
http://www.bioresearch.ro/revistaen.html
Print-ISSN: 1224-5119
e-ISSN: 1844-7589
CD-ISSN: 1842-6433
University of Oradea Publishing House

http://www.bioresearch.ro/revistaen.html

	[3] Bereziuk, Y., (2016): Antimicrobial characteristics of Streptomyces fradiae 19 isolated from chernozem soil of the central part of the Republic of Moldova. Analele Universităţii din Oradea, Fascicula Biologie, 23(2): 55-60.
	[5] Boortseva, S., Bereziuk, Y., Byrsa, M., Chiselitsa, O., Manciu, A., Chiselitsa N., (2015): Qualitative and quantitative composition of lipids of biomass of streptomycetes after cultivation on media with different composition. Analele Universităţii din Oradea, Fascicula Biologie, 22(2): 57-62.
	[19] Gangwar, M., Dogra, S., Gupta, U.P., Kharwar, R.N., (2014): Diversity and biopotential of endophytic actinomycetes from three medicinal plants in India. African Journal of Microbiology Research, 8(2): 184-191.
	[26] Kitani, S., Miyamoto, T.K., Takamatsu, S., Herawati, E., Iguchi, H., Nishitomi, K., Uchida, M., Nagamitsu, T., Omura, S., Ikeda, H., Nihira, T., (2011): Avenolide, a Streptomyces hormone controlling antibiotic production in Streptomyces avermitilis. Proceedings of the National Academy of Science of the United States of America, 108(39): 16410-16415.

