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The aim of the work was to determine the cytotoxic activity of marine actinobacteria exometabolites 
on the human larynx adenocarcinoma Hep-2 and rhabdomyosarcoma RD cell lines.  Exometabolites of 6 
strains of Streptomyces sp. were extracted with ethyl acetate and their composition was determined with Ulti-
Mate™ 3000 BioRS UPLC System coupled to mass spectrometer.  Cytotoxic activity of exometabolites against 
cancer cells was determined after 24 hours of incubation by microscopic examination of cell morphological 
changes and the degree of cell monolayer degeneration. Exometabolites from Streptomyces sp. Myt7b strain 
showed the highest cytotoxic activity and at concentration of 500.0 μg/ml caused up to 90.0% death of RD and 
Hep-2 cells. The presence of 53 identified compounds with potential cytotoxic activity, including enterocin, 
6-prenyltryptophol, medelamine A and turbinaric acid was detected in  Streptomyces sp. Myt7b exometabo-
lome. It is concluded that this strain is a promising producer of compounds with anticancer activity. 

K e y w o r d s: marine streptomycetes, exometabolites, RD and Hep-2 cancer cells, cytotoxic activity.

O ncological diseases are the second most 
common spread cause of death after cardio-
vascular diseases in Europe and the USA. 

Despite significant efforts aimed at combating can-
cer, they remain one of the key problems for social 
medicine. The use of chemotherapy, one of the main 
methods of treating oncological diseases, is compli-
cated by the severe side effects of chemotherapeutic 
drugs and the ability of many tumors to develop re-
sistance to antitumor compounds [1, 2].

Soil microorganisms, primarily actinomycetes, 
are considered to be the most promising source of 
low molecular weight biologically active compounds, 
including antitumor ones. However, the gradual de-
pletion of terrestrial biotopes as a source of new po-
tential anticancer products, against the background 
of rather strict selection, which all potentially clini-
cally significant compounds undergo, created the 
conditions for a comprehensive horizon expansion 
of the search for new compounds [3].

Marine microbiota are much older than land 
microbiota and are much less studied in all aspects. 
The study of the biological activity of low-molecular-
weight substances of marine origin, in particular for 
antitumor and antimicrobial activity, can be called 
one of the main trends in applied biological research 
during the last two decades. The term “marine phar-
macology” has even been proposed for this direction 
[4, 5].

The aim of the study was to determine the cy-
totoxic activity of exometabolites of Black Sea ac-
tinobacteria isolated from the biological fouling of 
seashells, concrete, and mussels, on the model of 
tumor cultures of RD and Hep-2 cells.

Materials and Methods

In the study, we used exometabolites of 6 
Black Sea strains of actinobacteria isolated from 
the marine environment: Streptomyces sp. Myt5, 
Streptomyces sp. Myt7b, Streptomyces sp. Myt7w, 
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Streptomyces sp. Lim9.2, Streptomyces sp. Lim10, 
Streptomyces sp. Conc18.

To obtain exometabolites, cultures of actino-
bacteria were grown on Tryptic Soy Broth media 
(TSB, pancreatic hydrolyzed casein – 17.0; soy pep-
tone – 3.0; sodium chloride – 5.0; potassium hydro-
gen phosphate – 2.5; glucose – 2.5 g/l) and Soy Glu-
cose Broth (SG, glucose – 20.0; yeast extract – 5.0; 
soy peptone – 10.0; calcium carbonate – 2.0 g/l). At 
the first stage of cultivation, actinobacteria culture 
grown on a dense nutrient medium in Petri dishes 
was inoculated with one complete bacteriological 
loop to 15 ml of liquid sterile TSB nutrient medium 
in 100 ml flasks with glass balls and cultivated for 
72 h at 28°C on a rotary shaker (Incubator Shaker 
Series INNOVA 40R, New Brunswick Scientific, 
USA) at 180 rpm.

At the second stage, 100 ml of liquid nutrient 
medium SG in 500 ml flasks with glass balls was 
inoculated with a 2 ml culture of actinobacteria 
grown in TSB medium. Cultivation was carried out 
at 28°C on a rotary shaker (Incubator Shaker Series 
INNOVA 40R, New Brunswick Scientific, USA) at 
180 rpm for 7 days until the cultures reached the sta-
tionary phase of growth.

The culture liquid was separated from the cell 
mass of actinobacteria by preparative centrifuga-
tion (Labor Centrifuge Sigma 3-30K, Germany) at 
10,000 g for 10 min at 18°C.

Exometabolites of actinobacteria were ex-
tracted from the culture liquid using ethyl acetate 
(J.T.Baker, Poland) in a ratio of 1:1. Extraction was 
carried out in a separatory funnel (SIMAX, Czech 
Republic) with a volume of 250 ml at room tempera-
ture on a horizontal shaker (GFL-3018, Germany) 
with light mixing at 110 rpm for 2 h.

After a clear layering, the extract was separated 
from the culture liquid using a separatory funnel, 
and the extractant was evaporated at 40°C in a 
stream of gaseous nitrogen of special purity 99.999% 
(INGAZ, Ukraine) under a pressure of no more than 
2 psi using the Techne Sample Concentrator FSC 
400D with DB 100/3 Dri-Block Heater (Cole-Parmer 
Ltd, United Kingdom). The mass of the concentrated 
and dried extract was determined on analytical 
scales (Pioneer Analytical Scales, Ohaus Corp. Pine 
Brook, NJ USA).

Stock solutions of extracted metabolites were 
prepared in dimethyl sulfoxide (DMSO) (Gaylord 
Chemical Corp., USA) at a concentration of 100 mg/
ml. The use rates of solution of exometabolites were 

prepared in a nutrient medium for cell cultures 
DMEM (BioWest, France) at a concentration of 1 
mg/ml. Prepared use rates of solutions of extracted 
metabolites were sterilized using membrane filters 
with a pore diameter of 0.22 μm (MILLEX GS Filter 
Unit with MF-Millipore MCE Membrane, MILLI-
PORE IRELAND Ltd).

The cytotoxic activity of exometabolites was 
studied on the model of a monolayer of transplanted 
cultures of malignant cells of human connective tis-
sue – human rhabdomyosarcoma (RD) and tumor 
cells of the glandular epithelium of human laryngeal 
adenocarcinoma (Hep-2).

Cultures of Hep-2 and RD cells were plated 
in 48- and 96-well plates (4×104 cells per well) with 
100 μl of DMEM medium (BioWest, France) sup-
plemented with fetal bovine serum (FBS Premium) 
(BioWest, France) in the amount of 10% of the total 
volume of cell suspension in the well. Cell cultures 
were incubated at 36°C in a CO2 incubator CCL-
050T-8 (EscoMicroPteLtd, SINGAPORE) for 24 h.

After 24 h of cultivation, exometabolites of ac-
tinobacteria were added to each well in concentra-
tions of 2.5; 25.0; 50.0; 100.0; 250.0 and 500.0 μg/ml. 
Intact cell cultures in DMEM medium and cell cul-
tures in DMEM medium with the addition of DMSO 
in concentrations corresponding to the experimental 
ones – 0.5; 0.25; 0.1; 0.05; 0.025; 0.0025%, served as 
controls.

After 24 h of incubation, the culture medium 
was removed and the monolayer of cells was washed 
with 100 μl of Hanks solution (BioWest, France). 
Cells were fixed by adding 100 μl of 70% ethanol 
and incubated for 15 min at room temperature, 
then 100 μl of methylene blue dye (Genesis LLC, 
Ukraine) was added and incubated again for 15 min 
at room temperature. To remove excess dye, the tab-
let was washed three times with tap water and then 
incubated for 2 h at 37°C. The dye was eluted from 
the attached cells of the monolayer by adding 100 μl 
of 0.1 M HCl to each well and then incubated for 
5 min at room temperature [6].

The cytotoxic effect of the exometabolites of 
marine bacteria was determined visually after 18-
24 h of incubation by microscopic examination of 
the cell monolayer by morphological changes of in-
dividual cells and the degree of degeneration of the 
cell monolayer (Zeiss AxioScope A1 microscope, 
with a Zeiss Axiocam 503 color camera; Zen 2.0 
microscope software; zoom 10x10). The degree of 
destruction of the monolayer was estimated by the 
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number of viable cells in the monolayer by the opti-
cal density indicator, which was measured using a 
spectrophotometer for microplates (μQuant™ Bio-
Tek, USA) at 630 nm.

The degree of toxicity was assessed according 
to the following criteria: 

- non-toxic – deviation of the optical density 
indicator from the control with DMSO <20%;

- the average level of toxicity – the deviation of 
the optical density indicator from the control with 
DMSO – from 21 to 50%;

- highly toxic – deviation of the optical density 
indicator from the control with DMSO >50%.

The composition of secondary metabolites was 
determined on a ThermoFischer Dionex UltiMate™ 
3000 BioRS UPLC System coupled to a maXis II 
Bruker Daltonics mass spectrometer (4G hr-ToF). 
A Waters BEH C18 column (100 mm × 2.1 mm, 
1.7 µm) was used at a temperature of 45°C and a 
flow rate of 0.5 ml/min. Solvents - A: 0.1% formic 
acid in water; - B: 100:20 acetonitrile + formic acid 
0.1%. Mass detection took place in the range of 150-
2000 m/z and 200-600 nm. The compounds were 
identified using the electronic version of “Dictionary 
of Natural Products” [7].

Mathematical processing of the obtained re-
sults was carried out using the Microsoft Office 
Excel-2016 program. Statistical indicators such as 
arithmetic mean (M) and standard measure of inac-
curacy (m) were determined. The reliability of the 
differences between the average values was deter-
mined by the Student’s t-test at a significance level 
of at least 95% (P ≤ 0.05).

Results

Сytotoxic effect of exometabolites of Black Sea 
actinobacteria Streptomyces sp. Myt5, Streptomyces 
sp. Myt7b, Streptomyces sp. Myt7w, Streptomyces 
sp. Lim9.2, Streptomyces sp. Lim10, Streptomyces 
sp. Conc18 was determined on the model of trans-
planted cultures of human malignant cells - human 
rhabdomyosarcoma (RD) and human laryngeal 
adenocarcinoma (Hep-2) in the stationary phase of 
growth by indicators of morphological changes of 
cells, their death, and destruction of the monolayer. 
The results of the study are presented in Tables 1 
and 2.

It was established that the secondary metabo-
lites of the studied strains of Streptomyces sp. Myt5, 
Streptomyces sp. Myt7b, Streptomyces sp. Myt7w, at 
concentrations of 25.0-500.0 μg/ml, showed an acute 

cytotoxic effect on human RD rhabdomyosarcoma 
cell culture in vitro.

Already after 18 h of exposure, morphological 
changes of human RD rhabdomyosarcoma cells were 
detected – rounding of cells, vacuolization of cyto-
plasm, wrinkling and pyknosis of nucleus, destruc-
tion of the monolayer.

From the data presented in Table 1, it can be 
seen that exometabolites of strains of actinobacte-
ria Streptomyces sp. Myt7b, Streptomyces sp. Myt5, 
Streptomyces sp. Myt7w were highly toxic to RD 
human rhabdomyosarcoma cell culture - at concen-
trations of 25.0-500.0 μg/ml, after 24 h of exposure, 
they caused the death of 49-88% of cells and almost 
complete destruction of the monolayer.

The level of cytotoxic effect of metabolites 
on RD cell culture depended on their concentra-
tion. So, for the secondary metabolites of Strepto-
myces sp. Myt7b, Streptomyces sp. Myt5, Strep-
tomyces sp. Myt7w high level of cytotoxicity was 
inherent at concentrations from 25.0 to 500.0 μg/ml, 
average – for the lowest of the studied concentra-
tions – 2.5 μg/ml.

It was established that in all studied concen-
trations (from 2.5 to 500.0 μg/ml) exometabolites of 
Black Sea strains of actinobacteria Streptomyces sp. 
Lim9.2 and Streptomyces sp. Lim10, and Streptomy-
ces sp. Conc18 had a moderate level of cytotoxicity 
to a transplantable culture of human rhabdomyosar-
coma cells RD. At the same time, the deviation from 
the control of the OD indicator of the monolayer af-
ter 24 h of exposure did not exceed 49%.

The results of the study of the effect of exome-
tabolites of actinobacteria on the culture of Hep-2 
cells according to the OD monolayer index are pre-
sented in Table 2.

From the presented data, it can be seen that exo
metabolites of the Streptomyces sp. strain showed an 
acute cytotoxic effect in the culture of Hep-2 human 
larynx adenocarcinoma cells in all tested concentra-
tions after 24 h. Myt7b – the number of non-viable 
monolayer cells reached 70–90%.

Even at a minimum concentration of 2.5 μg/
ml, the metabolites of this strain had pronounced 
antitumor activity – they caused the death of 53% of 
monolayer cells, unlike the Streptomyces sp. Myt7w, 
whose metabolites showed an acute cytotoxic effect 
on Hep-2 cell culture only at high concentrations 
from 100.0 to 500.0 μg/ml.

The subsequent metabolome analysis of Strep-
tomyces sp. Myt7b, which showed the highest cyto-
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T a b l e  1. The effect of exometabolites of actinobacteria on cell viability in the RD culture monolayer 
according to the indicator of OD, %* (exposure 24 h)

Note: *as a percentage of viable cells to control with DMSO

Concentration of 
exometabolites, 

μg/ml

Viability of cells in the monolayer of the RD culture according to the OD indicator, 
M±m, % after incubation with exometabolites of different strains of Streptomyces sp.

Myt5 Myt7b Myt7w Lim9.2 Lim10 Conc18
2.5 69.6 ± 3.2 62.6 ± 4.3 59.6 ± 3.7 67.2 ± 1.9 62.8 ± 0.6 75.2 ± 6.1
25.0 36.3 ± 1.9 48.1 ± 1.2 31.0 ± 2.0 62.8 ± 4.2 63.7 ± 5.4 65.0 ± 2.5
50.0 26.9 ± 2.2 25.7 ± 1.1 27.5 ± 1.9 62.8 ± 2.7 62.8 ± 2.2 67.7 ± 2.7
100.0 25.7 ± 1.0 25.4 ± 0.9 25.4 ± 2.5 55.6 ± 3.0 61.1 ± 4.8 65.0 ± 1.9
250.0 25.1 ± 2.1 28.1 ± 2.2 29.8 ± 1.4 55.3 ± 4.1 51.3 ± 3.0 63.3 ± 3.4
500.0 18.1 ± 1.7 12.5 ± 1.0 15.3 ± 0.2 49.6 ± 1.2 51.7 ± 1.8 58.4 ± 2.8

Concentration of 
exometabolites, 

μg/ml

Viability of cells in the Hep-2 culture monolayer according to the OD indicator, M±m, 
% after incubation with exometabolites of different strains of Streptomyces sp.

Myt5 Myt7b Myt7w Lim9.2 Lim10 Conc18
2.5 94.3 ± 7.1 47.1 ± 1.5 99.7 ± 12.7 99.7 ± 10.3 89.7 ± 2.4 92.5 ± 6.1
25.0 62.1 ± 2.7 32.1 ± 1.7 62.9 ± 4.0 84.1 ± 2.4 77.4 ± 3.0 79.1 ± 4.3
50.0 41.0 ± 2.5 30.0 ± 2.2 62.1 ± 2.5 76.2 ± 3.1 60.5 ± 1.2 68.4 ± 2.6
100.0 38.6 ± 3.3 30.7 ± 3.0 33.6 ± 1.8 71.2 ± 3.2 64.9 ± 2.5 74.6 ± 3.5
250.0 31.1 ± 2.1 29.3 ± 2.3 31.4 ± 1.2 60.5 ± 1.6 60.5 ± 1.9 63.3 ± 1.5
500.0 31.4 ± 1.2 10.2 ± 0.9 23.6 ± 0.7 57.6 ± 2.9 56.5 ± 3.3 46.3 ± 4.2

toxic activity in both cell types at a concentration of 
500.0 μg/ml, showed that their secondary metabo-
lites included 89 compounds, of which 53 were iden-
tified. These compounds were detected singly (in one 
specimen) or in groups. Thus, groups of 2,5-diketo-
piperazines, germicidins, phenazines, and fatty acid 
derivatives were detected. The most represented 
group of metabolites are 2,5-diketopiperazines - 
cyclic dipeptides, most of which are unmodified 
or have minimal modifications. Diketopiperazines 
are synthesized by two different pathways, and the 
compounds detected in the culture liquid of the 
studied strain are most likely synthesized by tRNA-
dependent cyclopeptide synthases. Some of these 
compounds have various biological activities and are 
even discovered for the first time for bacteria.

Other compounds are singletons, some of 
which (enterocin, 6-prenyltryptophol, medelamine 
A, and turbinaric acid) can provide the detected an-

T a b l e  2. The influence of exometabolites of actinobacteria on the viability of cells in the monolayer of the 
Нep-2 culture according to the indicator of OD,%*  (exposure 24 h)

Note: *as percentage of viable cells to DMSO control

titumor activity according to the cytotoxicity index 
of exometabolites of Streptomyces sp. Myt7b. In par-
ticular, its pronounced cytotoxic activity can be as-
sociated with four identified compounds - enterocin, 
6-prenyltryptophol, medelamine A, and turbinaric 
acid, as they are the only compounds with such ac-
tivity identified here. We cannot also exclude a role 
in the cytotoxic activity of Streptomyces sp. Myt7b 
of some unknown compound(s).

Enterocin is a rare example of a non-polyaro-
matic polyketide synthesized by type 2 PKS (type II 
polyketide synthetase). It has a wide range of biologi
cal activities, including cytotoxicity for HeLa and 
HepG2 cells (IC50 0.41 and 0.83 mM, respectively) 
[8] (Fig.).

6-Prenyltryptophol (indole A), together with 
its analogs – indoles B and C, was discovered as a 
metabolite of Streptomyces sp. BL-49-58-005b, iso-
lated from an unidentified marine hydrobiont. Indole 
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A demonstrated activity against K-562 cells (IC50 
8.46 µM) [9]. In the exometabolome of Streptomyces 
sp. Myt7b indoles B and C were not detected.

Isomyristic acid derivatives, medelamines A 
and C, were discovered in the endophytic Streptomy-
ces sp. YIM 66142. Medelamine A demonstrated cy-
totoxicity against rat kidney cells (IC50 2.10 μg/ml), 
unlike medelamine C [10]. In the exometabolome of 
Streptomyces sp. Myt7b, in addition to protonated 
medelamine A, medelamine C was also detected, but 
no adduct was detected for it.

Turbinaric acid, which is a derivative of se-
cosqualene, was isolated from the brown alga Tur-
binaria ornata and the zygomycete Phycomyces 
blakesleeanus. It is an inhibitor of squalene-2,3-
epoxide cyclase and exhibits cytotoxic properties 
against mouse melanoma and human colon carci-
noma cells at concentrations of 26.6 and 12.5 μg/ml, 
respectively [11].

Based on the above, it is possible to postulate 
the originality of the biosynthetic potential of the 
strain Streptomyces sp. Myt7b, in particular, its cy-
totoxic activity, which may be related to the identi-
fied compounds: enterocin, 6-prenyltryptophol, me-
delamine A and turbinaric acid.

Fig. ESI-MS spectra of some of the identified compounds. A: Medelamine A ([M+H]); B: Medelamine C 
([M+H]); C: 6-Prenyltryptophol ([M+H]); D: Turbinaric acid ([M+H]); E: Enterocin ([M-H]) 

A                                    B                                  C                           D                                 E

Discussion

In this study, we tested the inhibitory ability 
against two types of cancer cells, RD and Hep-2, 
of six different strains of actinobacteria that were 
isolated from the Bay of Odesa. The results showed 
strong cytotoxic activity of exometabolites of Strep-
tomyces sp. Myt7b, Streptomyces sp. Myt5, Strepto-
myces sp. Myt7w on RD and Hep-2 cells, the effect 
was dose-dependent. Exometabolites of strains of 
Streptomyces sp. Lim9.2, Streptomyces sp. Lim10, 
Streptomyces sp. Conc18 showed only a moderate 
effect and killed up to 37 to 48% of cancer cells at 
concentrations of 25.0-500.0 µg/ml. In general, exo-
metabolites from strains of Streptomyces sp. Myt7b, 
Streptomyces sp. Myt5, Streptomyces sp. Myt7w 
were stronger in inhibiting cells than Streptomyces 
sp. Lim9.2, Streptomyces sp. Lim10 and Streptomy-
ces sp. Conc18. It is important to note that Strep-
tomyces sp. Myt7b showed the most promising re-
sults and caused up to 90.0% death of RD and Hep-2 
cells at a concentration of 500.0 μg/ml. For the most 
promising strain, we performed a metabolomic 
analysis that revealed 89 secondary metabolites, of 
which 53 were identified, including enterocin, 6-pre-
nyltryptophol, medelamine A, and turbinaric acid.
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Thus, the results of research conducted on 
transplanted cultures of malignant cells RD and 
Hep-2 confirmed the data of metabolomic analysis 
of actinobacteria. In addition, the results of our re-
search coincide with literature data, which indicate 
that compounds with cytostatic activity are found in 
representatives of many groups of prokaryotes - not 
only in Cyanobacteriota and Bacillota (Bacillaceae, 
Thermoactinomycetaceae) but also in Actinomyce-
tota [12, 13].

Cytotoxic compounds of microorganisms 
of marine origin are extremely diverse in chemi-
cal structure. Among them are known alkaloids, 
terpenes, amino carbohydrates, polyketides, non-
ribosomal peptides, and nucleoside compounds, 
etc. [14, 15]. Several metabolites of representatives 
of marine microbiota are unique in their structure. 
Non-ribosomal peptides with oxazole cycles in the 
structure of the molecule - mechercharmycine - were 
found in Bacillota of the genus Thermoactinomyces, 
and their ability to inhibit lung cancer was noted 
[16]. In the strain Streptomyces sp. KMM 9048 re-
vealed specific variants of antitumor antibiotics of 
the aureolic acid group [17].

In a representative from the group of so-called 
“rare actinomycetes” discovered new cytotoxic bac-
teriocins from the group of thiopeptides – litoralimy-
cins [18]. Representatives of the genus Salinispora, 
ind

igenous to the sea, have known polyketide com-
pounds of the salinisporamide group, which are ca-
pable of antitumor action through specific inhibition 
of the proteasome [19]. Polyketides of the manumy-
cin group, produced by marine representatives of the 
genus Streptomyces, have revealed an extremely rare 
mechanism of action based on the type of “molecu-
lar glue”. They act by forming a covalent connection 
(bridge) between UBR7 ligase molecules and an ab-
normal variant of the TP53 protein characteristic of 
breast cancer cells, leading to tumor cell apoptosis 
[20].

Thus, experimental research of metabolites of 
Black Sea actinobacteria Streptomyces sp. Myt5, 
Streptomyces sp. Myt7b, Streptomyces sp. Myt7w, 
Streptomyces sp. Lim9.2 and Streptomyces sp. 
Lim10 on the model of transplanted cultures of hu-
man malignant cells – connective tissue – human 
rhabdomyosarcoma RD and glandular epithelial 
cells - adenocarcinoma of the human larynx Hep-2 
showed high cytotoxic activity, the strain Streptomy-
ces sp. Myt7b is a promising producer of antitumor 

compounds and can be recommended for more in-
depth further studies in vivo.
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Екзометаболіти 
стрептоміцетів, ізoльованих 
із одеської затоки,  що 
проявляють токсичну дію 
проти ракових клітинних 
ліній людини
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Метою роботи було визначення 
цитотоксичної активності екзометаболітів 
морських актинобактерій на клітинних лініях 
аденокарциноми гортані людини Hep-2 і 
рабдоміосаркоми RD. Екзометаболіти 6 штамів 
Streptomyces sp. екстрагували етилацетатом 
і визначали їх склад за допомогою системи 
UltiMate™ 3000 BioRSUPLC, з’єднаної з мас-
спектрометром. Цитотоксичну активність 
екзометаболітів по відношенню до ракових 
клітин визначали після 24 год інкубації методом 
мікроскопічного дослідження морфологічних 
змін клітин і дегенерації клітинного моношару. 



103

V. O. Ivanytsia, T. V. Gudzenko, O. H. Gorshkova et al.

Екзометаболіти штаму Streptomyces sp. Myt7b 
показали найвищу цитотоксичну активність і за 
концентрації 500,0 мкг/мл спричиняли загибель 
до 90,0% RD та Hер-2 клітин. В екзометаболомі 
штаму Streptomyces sp. Myt7b виявлено 53 
ідентифіковані сполуки з потенційною цито-
токсичною активністю, включаючи ентероцин, 
6-пренілтриптофол, меделамін А та турбінарову 
кислоту. Зроблено висновок, що цей штам є пер-
спективним продуцентом сполук із протипух-
линною активністю.

К л ю ч о в і  с л о в а: морські стрепто
міцети, екзометаболіти, культури ракових 
клітин людини RD та Hep-2, цитотоксична 
активність.

References

1. Malve H. Exploring the ocean for new drug 
developments: Marine pharmacology. J Pharm 
Bioallied Sci. 2016; 8(2): 83-91.

2.   Galkin BM, Filippova TO, Ivanytsia VО, 
Gudzenko TV. Bioactive secondary metabolites 
from marine microorganisms. Odessa: ONU, 
2022. 220 p. (In Ukrainian).

3. Shtenikov MD, Ostapchuk АМ, Ivanytsia VО. 
Antagonistic activity of endospore forming 
bacteria of deep water the Black Sea sediments. 
Microbiol Biotechnol. 2018; ((43)): 82-89.

4. Paulus C, Rebets Y, Tokovenko B, Nadmid S, 
Terekhova LP, Myronovskyi M, Zotchev SB, 
Rückert C, Braig S, Zahler S, Kalinowski J, 
Luzhetskyy A. New natural products identified 
by combined genomics-metabolomics profiling 
of marine Streptomyces sp. MP131-18. Sci Rep. 
2017; 7: 42382.

5. Korotaeva NV, Potapenko KS, Sergieieva ZYu, 
Vasylieva NYu, Ivanytsia VO. Fatty acids 
composition of actinobacteria isolated from 
mussels Mytilus galloprovincialis of the Black 
Sea Odesa Bay. Ukr Biochem J. 2023; 95(1): 85-
89.

6. Abdelfattah MS, Elmallah МIY, Hawas UW, 
El-Kassema LTA, Eid MAGE. Isolation 
and characterization of marine-derived 
actinomycetes with cytotoxic activity from the 
Red Sea coast. Asian Pac J Trop Biomed. 2016; 
6(8): 651-657.

7. Buckingham J. Dictionary of Natural Products, 
Supplement 4. CRC press, 1997; 11: 615 p. 

8. Xu DB, Ma M, Deng ZX, Hong K. Genotype-
driven isolation of enterocin with novel 

bioactivities from mangrove-derived 
Streptomyces qinglanensis 172205. Appl 
Microbiol Biotechnol. 2015; 99(14): 5825-5832.

9.  Sánchez López JM, Martínez Insua M, 
Pérez Baz  J, Fernández Puentes JL, Cañedo 
Hernández  LM. New cytotoxic indolic 
metabolites from a marine Streptomyces. J Nat 
Prod. 2003; 66(6): 863-864.

10. Zhang JC, Yang YB, Zhou H, Peng TF, Yang FF, 
Xu LH, Ding ZT. Medelamine C, a new omega-
hydroxy alkylamine derivative from endophytic 
Streptomyces sp. YIM 66142. Nat Prod Commun. 
2014; 9(1): 99-100.

11. Asari F, Kusumi T, Kakisawa H. Turbinaric acid, 
a cytotoxic secosqualene carboxylic acid from 
the brown alga Turbinaria ornata. J Nat Prod. 
1989;52(5):1167-1169.

12. Kaspar F, Neubauer P, Gimpel M. Bioactive 
Secondary Metabolites from Bacillus subtilis: 
A Comprehensive Review. J Nat Prod. 2019; 
82(7): 2038-2053. 

13. Khalifa SAM, Elias N, Farag MA, Chen L, 
Saeed  A, Hegazy MEF, Moustafa МS, Abd 
El-Wahed A, Al-Mousawi SM, Musharraf SG, 
Chang FR, Iwasaki A, Suenaga K, Alajlani M, 
Göransson U, El-Seedi HR. Marine Natural 
Products: A Source of Novel Anticancer Drugs. 
Mar Drugs. 2019; 17(9): 491. 

14. Ruiz-Torres V, Encinar JA, Herranz-López  M, 
Pérez-Sánchez A, Galiano V, Barrajón-
Catalán  E, Micol V. An Updated Review on 
Marine Anticancer Compounds: The Use of 
Virtual Screening for the Discovery of Small-
Molecule Cancer Drugs. Molecules. 2017; 22(7): 
1037.

15. Tyurin AP, Efimenko TA, Prokhorenko IA, 
Rogozhin EA, Malanicheva IA, Zenkova VA, 
Efremenkova OV, Korshun VA. Amicoumacins 
and related compounds: chemistry and biology. 
Stud Nat Products Chem. 2018; 55: 385-441.

16. Kanoh K, Matsuo Y, Adachi K, Imagawa H, 
Nishizawa M, Shizuri Y. Mechercharmycins 
A and B, cytotoxic substances from marine-
derived Thermoactinomyces sp. YM3-251. J 
Antibiot (Tokyo). 2005; 58(4): 289-292.

17.  Kalinovskaya NL, Romanenko LA, 
Kalinovsky  AI, Ermakova SP, Dmitrenok PS, 
Afiyatulov SS. The Antitumor Antibiotics 
Complex of Aureolic Acids from the Marine 
Sediment-associated Strain of Streptomyces sp. 
KNIM 9048. Nat Prod Commun. 2017; 12(4): 
571-577.



104

ISSN 2409-4943. Ukr. Biochem. J., 2023, Vol. 95, N 6

18. Khodamoradi S, Stadler М, Wink J, Surup  F. 
Litoralimycins A and B, New Cytotoxic 
Thiopeptides from Streptomonospora sp. M2. 
Mar Drugs. 2020; 18(6): 280.

19. Gulder TAM, Moore BS. Salinosporamide natu
ral products: Potent 20 S proteasome inhibitors 
as promising cancer chemotherapeutics. Angew 
Chem Int Ed Engl. 2010; 49(49): 9346-9367.

20. Isobe Y, Okumura M, McGregor LM, Bri
ttain  SM, Jones МD, Liang Х, White  R, 
Forrester  W, McKenna JM, Tallarico JA, 
Schirle  M, Maimone  TJ, Nomura DK. 
Manumycin polyketides act as molecular glues 
between UBR7 and P53. Nat Chem Biol. 2020; 
16(11): 1189-1198.


