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MORPHOLOGICAL CHARACTERISTICS
AND CYTOTOXIC ACTIVITY OF THE BLACK SEA
STRAIN STREPTOMYCES SP. LIM 10

Aim. The aim of the work was to study the morphological characteristics and
cytotoxic activity of the strain of actinobacteria Streptomyces sp. Lim 10 isolated
from natural fouling of shell rock in the Odesa Bay of the Black Sea. Materi-
als and methods. The object of the study was a strain of marine actinobacteria
Streptomyces sp. Lim 10. The morphology and growth patterns were studied on
the media of Gauze 2, Czapek, Eshbi, TSB and on the media of ISP (ISP-1-ISP-
7). SG medium was used to accumulate secondary metabolites of actinobacteria.
Extraction of exometabolites from the culture liquid was carried out with ethyl ac-
etate followed by dissolution in dimethyl sulfoxide (DMSO). The cytotoxic activity
of exometabolites of actinobacteria strain Streptomyces sp. Lim 10 was studied on
the model of cultures cells human - rhabdomyosarcoma (RD,) and of the laryngeal
adenocarcinoma (Hep-2). The cytotoxic effect of exometabolites of the actinobac-
teria strain Streptomyces sp. Lim 10 was determined after 24 hours of incubation
by microscopy. The degree of destruction of the monolayer was assessed by the
number of viable cells in terms of optical density, which was measured using a
spectrophotometer at a wavelength of 630 nm. The exometabolites of actinobac-
teria strain Streptomyces sp. Lim 10 were identified using LC-ESIMS. Results.
Study of the morphological properties of the Black Sea strain of actinobacteria
Lim 10 showed that it is characterized by pleomorphism. A high cytotoxic activity
of exometabolites of the marine strain of actinobacteria Streptomyces sp. Lim 10
was established. The level of cytotoxic effect of metabolites of the strain of actino-
bacteria Streptomyces sp. Lim 10 on Hep-2 cell culture depended on their concen-
tration. RD cell culture was more sensitive to the cytotoxic effect of exometabolites
of Streptomyces sp. Lim 10 — at all tested concentrations of exometabolites (from
2.5 to 500.0 ug/ml), the number of viable cells in the RD monolayer decreased to
51.3+3.0—63.7 + 5.4%, compared to the control. This can be at least partially
explained by action of apoptosis-inducing agent staurosporine, which is produced
by strain Streptomyces sp. Lim 10 along with itsstructural homologs. Conclusion.
Strain Streptomyces sp. Lim 10 is a promising producer of antitumor compounds
and can be recommended for further more in-depth studies.

Key words: Streptomyces, Black Sea, morphological characteristics, exome-
tabolites, cytotoxic activity.

© T.B. I'ynzenxo, 1.B. Crpamnosa, O.I. 'opurkosa, I'B. Jlictotin, M./l. IlItenikos, B.I. CaukoBcbka, 2023

40 ——  ISSN 2076-0558. Mixpo6ionozis i Giomexnonoziz. 2023. Ne 2. C 40-50 _—



MOPDOJIOTTYHA XAPAKTEPUCTUKA TA HUTOTOKCUYHA AKTUBHICTSD ...

Introduction. Actinobacteria are a widespread group of microorganisms in
natural ecosystems that have been used as a source of material to search for useful
secondary metabolites with antibiotic activity [2, 8].

Actinobacteria inhabit soils, and fresh and seawater bodies. Marine actino-
bacteria were first discovered in 1984. Since then, many representative species of
marine actinobacteria have been found in aquatic systems around the world, and
some species are very common in the world's oceans.

Today, marine actinobacteria are of active academic and commercial interest,
as they live in a unique environment that facilitates the synthesis of new biological-
ly active metabolites [3, 4, 12].

Actinobacteria are considered as one of the most important sources of biolog-
ically active compounds for the pharmaceutical industry, currently more than 5000
secondary metabolites with antibiotic activity have been identified.

According to some predictions, actinobacteria can produce up to 150000 dif-
ferent chemical antimicrobial agents [11, 13].

Secondary metabolites of actinobacteria differ in their various biological ac-
tivities. Among actinobacteria, the genus Streptomyces deserves special attention,
since this genus is the main source of bioactive molecules, bacteria of each strain
are potentially able to produce up to 20 secondary metabolites with antimicrobial,
antitumor, or anti-inflammatory activity [7, 9].

They are producers of biologically active substances that are actively used in
the pharmaceutical industry, including antibiotics, exopolysaccharides, surfactants,
antiviral, cytotoxic agents and enzyme inhibitors.

Marine strains of the genus Streptomyces are characterized as the most im-
portant producers of bioactive microbial metabolites with antitumor activity. For
example, two rare steroidal alkaloids, anandin A and B, were identified in the ma-
rine actinobacteria Streptomyces anandii H41-59. Anandin A exhibited an inhibito-
ry effect against the human mammary ductal adenocarcinoma cell line MCF-7, the
human glioblastoma cell line SF-268, and the human lung epithelial carcinoma cell
line NCI-H460 with IC50 values of 7.5, 7.9, 7.8 ug/mL, respectively [14].

Four new sesquiterpenoid naphthoquinones, marfuraquinocins A-D (1-4),
and two new geranylated phenazines, phenaziterpenes A (5) and B (6), were isolat-
ed from the fermentation broth of Streptomyces niveus SCSIO 3406, which origi-
nated from a South China Sea sediment sample obtained from a depth of 3536 m.
In a panel of cytotoxicity and antibacterial assays, 1 and 3 were found to inhibit a
NCI-H460 cancer cell line with IC50 values of 3.7 and 4.4 uM, respectively.

Compounds 1, 3, and 4 exhibited antibacterial activities against Staphylo-
coccus aureus ATCC 29213 with equivalent MIC values of 8.0 pg/mL; compounds
3 and 4 each showed antibacterial activity against methicillin-resistant (MRSE)
Staphylococcus epidermidis shhs-E1 with MIC values of 8.0 pg/mL [15].

Thus, marine strains of bacteria of the genus Streptomyces are characterized
as major producers of bioactive microbial metabolites with antitumor activity.

The aim of the work was to study the morphological characteristics and cyto-
toxic activity of the strain of actinobacteria Streptomyces sp. Lim 10 isolated from
natural fouling of shell rock in the Odesa Bay of the Black Sea.
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Materials and methods. The object of the study was a strain of marine bac-
teria Streptomyces sp. Lim 10, which is stored in the collection of microorgan-
isms of the Department of Microbiology, Virology and Biotechnology of Odesa
I. I. Mechnikov National University. Isolated from the fouling of natural shell rock
collected at a depth of 0.2—1.0 m in the Odesa Bay of the Black Sea near the Hyd-
robiological Station of Odesa I. I. Mechnikov National University (Odesa, Ukraine,
46°27°01 N 30°46 14 E).

Nutrient media such as Gausse 2, Chapek, and Eshby were used to isolate
actinobacteria [1]. The morphology and growth patterns were studied on the media
of Gauze 2, Czapek, Eshbi, TSB, and on the media of ISP (ISP-1-ISP-7), according
to the International Project of Streptomyces (ISP), during 14-21 days at 28 °C.

Synthesis of melanoid pigments was studied on ISP-6 and ISP-7 media by
cultivating Streptomyces sp. Lim 10 for 14-21 days at 28 °C. Cell morphology
was studied by microscopy of fixed preparations stained with a water solution of
Pfeiffer's fuchsin (light microscope, x1500).

To obtain exometabolites, the studied strain of actinobacteria were grown in
500 ml flasks with glass balls on SG medium (Soy Glucose Broth: glucose — 20.0;
yeast extract — 5.0; soy peptone — 10.0; calcium carbonate — 2.0 g/L) at 28 °C by
culturing on a rotary shaker for 7 days at 180 rpm.

The cell mass of actinobacteria was separated by centrifugation at 10,000 g
for 10 minutes. Exometabolites were extracted from the culture liquid with ethyl
acetate in an equal ratio on a horizontal shaker with gentle agitation for 2 hours at
room temperature [11].

The extract was taken using a 250 ml separatory funnel and ethyl acetate was
evaporated at 40 °C in a stream of gaseous nitrogen. The mass of the dried extract
was determined on an analytical balance and dissolved in an appropriate volume of
dimethyl sulfoxide (DMSO). Working solutions of exometabolites were prepared
with the applied nutrient medium for cell cultures.

The cytotoxic activity of exometabolites a strain of marine bacteria Strepto-
myces sp. Lim 10 was studied on the model of a monolayer of cultures of malignant
cells of human — human rhabdomyosarcoma (RD) and of the human laryngeal ad-
enocarcinoma (Hep-2), maintained in the museum collection of the Department of
Microbiology, Virology and Biotechnology of the Odesa I. I. Mechnikov National
University.

Cultures of Hep-2 and RD cells were seeded in 96-well plates with 100 pl of
DMEM medium (BioWest, France) with the addition of antibiotics penicillin and
streptomycin at a concentration of 100 U/ml, fetal bovine serum (FBS Premium)
(BioWest, France) in the amount 10%. The seed concentration of cells is 4x10*
cells/ml. Cell cultures were incubated at 36 °C in a CCL-050T-8 CO, incubator for
24 hours [5].

Then exometabolites of strain Streptomyces sp. Lim 10 were added to each
well at a concentration of: 2.5; 25.0; 50.0; 100.0; 250.0; 500.0 pug/ml of dried native
extract. Controls were intact cell cultures in DMEM medium and cell cultures in
DMEM medium with the addition of DMSO in the following concentrations of 0.5;
0.25; 0.1; 0.05; 0.025; 0.0025%.
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After 24 h the cells were fixed by adding 100 ul of 70% ethanol to the wells.
Incubated for 15 min at a temperature of 20 °C. Then the ethanol was removed from
the plates and added 100 pl of methylene blue dye. Incubated for 15 min at room
temperature. Then the plates were washed three times with tap water to remove the
dye, incubated for 2 h at 37 °C.

The dye was eluted from the cells of the monolayer by adding 100 pl of
0.1 mol/L HCI to each plate well, and incubated for 5 min at room temperature [5].

The cytotoxic effect of exometabolites of the strain of marine actinobacteria
Lim 10 was determined after 24 hours of incubation. Morphological changes of
cells were determined by microscopy of the cell monolayer. The degree of destruc-
tion of the monolayer was assessed by the number of viable cells in terms of optical
density (OD), which was measured using a spectrophotometer for microplates at a
wavelength of 630 nm.

The composition of exometabolites of the marine strain Lim 10 was deter-
mined on a ThermoFischer Dionex UltiMate™ 3000 BioRS UPLC system con-
nected to a Bruker Daltonics maXis II mass spectrometer (4G hr-ToF) A Waters
BEH C18 column (100 mm x 2.1 mm, 1.7 um) was used ) at a temperature of 45 °C
and a flow rate of 0,5 ml/min.

The following solvents were used: A — formic acid at a concentration of 0.1%;
B — 100:20 acetonitrile + formic acid at 0.1%.

Detection took place in the range of 150-2000 m/z and 200—600 nm.

The exometabolites of strain Streptomyces sp. Lim 10 were identified using
the electronic version of the Dictionary of Natural Products [6].

Mathematical processing of the results was carried out using Microsoft Of-
fice Excel-2016. The significance of differences between the mean values was de-
termined by Student's t-test at a significance level of 95% (p<0.05).

Results. When actinobacteria strain Streptomyces sp. Lim 10 were inoculat-
ed on the dense medium of Gauze 2, Eshby, individual large colonies grew after 5
days.

On Gauze 2 medium, after 5 days of cultivation, the bacteria of this strain
formed colonies with developed white aerial mycelium. It was well removable with

Fig. 1. Morphology of Streptomyces sp. Lim 10 strain colonies on Gauze
2 nutrient medium. Exposure for 5 days
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Similar colonies of bacteria of the strain were formed on Eshby's medium; on
this medium, the aerial mycelium was cream-colored.

Strain Streptomyces sp. Lim 10 on agarized nutrient media (Gauze 2, Eshby,
Chapek) produced a dark brown water-soluble pigment that diffused into the me-
dium.

During the cultivation of actinobacteria strain Streptomyces sp. Lim 10 on
TSB liquid nutrient medium, the most active production of water-soluble dark
brown pigment was observed (Fig. 2).

[

Fig. 2. Accumulation of water-soluble dark brown pigment during cultivation of strain
Streptomyces sp. Lim 10 on liquid TSB nutrient medium. Exposure 10 days

At the same time, the bacteria of the strain did not synthesize melanoid pig-
ments, the ability to synthesize which was determined on media ISP-6 and ISP-7.

The bacteria of the strain grew well on all ISP media, which differ in the
composition of nutrients and trace elements.

Various forms of actinobacteria Streptomyces sp. were observed in the prepa-
rations. Lim 10: from filiform to cocci (Fig. 3).
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Fig. 3. Cell morphology of actinobacteria strain Streptomyces sp. Lim 10. A — filamentous
cells; B — rods and cocci. Bright-field microscopy, Pfeiffer magenta stain (x1500)
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Cells were mostly represented by short rods of small size, which were ar-
ranged singly, in pairs in chains, V-shaped, chaotic. Long filamentous cells were
also detected, and some cells had a fragmented coccoid shape.

The marine strain of actinobacteria Streptomyces sp. Lim 10 is characterized
by pleomorphism and intraspecific variability that are characteristic of actinobac-
teria. Based on the study of biological properties, the marine strain Lim 10 was
confirmed to belong to the genus Streptomyces.

On the model of cultures of human malignant cells — connective tissue - hu-
man rhabdomyosarcoma RD and glandular epithelium cells — adenocarcinoma of
the human larynx Hep-2, a high cytotoxic activity of exometabolites of the marine
strain of Streptomyces sp. Lim 10 in a concentration from 250.0 to 500.0 pg/ml

(Fig. 4).
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Fig. 4. Cytotoxic effect of exometabolites of actinobacteria Streptomyces sp. Lim 10 on the
viability of cells in a monolayer of Hep-2 and RD cultures according to the OD indicator,
%* (exposure for 24 hours)

Note: *in percentage of viable cells to control with DMSO

After 24 hours of exposure, morphological changes were detected in tumor
cultures of human Hep-2 and RD cells - rounding of cells, vacuolization of the cy-
toplasm, shrinkage and pyknosis of the nucleus, and destruction of the monolayer
(Fig. 5).

The level of cytotoxic effect on Hep-2 cell cultures depended on the con-
centration of exometabolites of Streptomyces sp. Lim 10. There was a high level
of cytotoxicity at concentrations of exometabolites from 50.0 to 500.0 pg/ml — the
number of viable cells in the Hep-2 monolayer decreased to 56.5 + 3.3 — 60.5 +
1.9%, compared to the control DMSO. A weak cytotoxic effect in the culture of
Hep-2 cells was registered for the concentration of exometabolites of Streptomyces
sp. Lim 10. In concentration range from 2.5 to 25.0 pg/ml — the number of viable
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cells in the monolayer decreased to 89.7 + 2.4 — 77.4 + 3.0%, compared to the
DMSO control.

RD cell culture was more sensitive to the cytotoxic effect of exometabolites
of Streptomyces sp. Lim 10 — at all tested concentrations of exometabolites (from
2.5 to 500.0 pg/ml), the number of viable cells in the RD culture monolayer de-
creased to 51.3 £ 3.0 — 63.7 + 5.4%, compared to the control DMSO.

In the metabolome of strain Streptomyces sp. Lim10, the only anticancer
compound revealed was N- formylstaurosporine, and in the second - in addition
to staurosporine itself, its derivatives: staurosporinone, 4'-demethylamino-4',5'-di-
hydroxystaurosporine, TAN 1030A 4'-De(hydroxyimino) 4'-oxo (or its 3'-epimer),
and N13-glycosylated staurosporine derivative with an unidentified hydrocarbon
radical (possibly a-L-rhamnopyranose) (Fig. 6).
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Fig. 5. Morphological changes of cells and destruction of a monolayer of transplantable
culture of Hep-2 human laryngeal adenocarcinoma cells under the influence
of exometabolites of Streptomyces sp. Lim 10 in concentration 500.0 pg/ml. Exposure
24 hours. (10x10, Zeiss AxioScope A1, Zeiss Axiocam 503; Zen 2.0)
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Fig. 6. Chosen ESI-MS mass-spectra for staurosporine and its homologs in positive
ionization mode: A — staurosporine (retention time — 6.6 min), B — staurosporinone
(retention time — 8.11 min), C — staurosporine N13- a-L-rhamnopyranosyl (retention
time 8.01 min); D — TAN 1030A 4'- de(hydroxyimino)
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These complex indolocarbazoles are powerful inhibitors of protein kinases
and because of that, they have antitumor activity, stimulating malignant cells to
apoptosis [10].

Most of the detected by LC-HRESIMS compounds (97 in positive mode and
134 in negative, respectively) were unidentified.

Thus, the results of our research indicate that the strain Streptomyces sp. Lim
10 is a promising producer of antitumor compounds and can be recommended for
further more in-depth studies.

The Black Sea strain of actinobacteria Streptomyces sp. Lim 10, isolated
from the fouling of shell rock, was characterized by high morphological variability,
forming different colony morphotypes during growth.

Based on the study of biological properties of the Black Sea of actinobacteria
strain Lim 10 can be attributed to the genus Streptomyces.

Cytotoxic activity of exometabolites of the marine strain Streptomyces sp
Lim 10 was established on the RD (rhabdomyosarcoma) and Hep-2 (larynge-
al adenocarcinoma) culture models in concentrations from 250.0 to 500.0 pg/ml.
Dose-dependent cytotoxic effect of the exometabolite was found in Hep-2 culture.
RD culture was more sensitive to exometabolites of Streptomyces sp. Lim 10 — at
concentrations of exometabolites from 2.5 to 500.0 pg/ml, the number of viable
cells in the monolayer decreased by 1.5-2 times compared to the control.

The strain Streptomyces sp. Lim 10 is a promising producer of antitumor
compounds and can be recommended for more in-depth further studies in vivo.
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MOP®OJIOI'TYHA XAPAKTEPUCTHUKA TA
HUTOTOKCUYHA AKTUBHICTH YOPHOMOPCBKO-
'O IHITAMY STREPTOMYCES SP. LIM 10

Mema. Memoio pobomu Oyn0 usuumU MOPGONIOSTUHI XAPAKMEPUCUKY MA YU~
MOMOKCUYHY AKMUBHICMb Wmamy akmunobaxmepiu Streptomyces sp. Lim 10 6u-
0i1eH020 3 NPUpooHo2o oopocmanis yepenawnuxy 6 Odecwkiti 3amoyi Yoproco
Mmops. Mamepianu ma memoou. O0’ckmom 00CaiodiceHHs: 6Y8 Wmam MOPCbKUX
axkmunobaxmepiu Streptomyces sp. Lim 10. Mopgonozito ma ocobaugocmi poc-
my gusuanu Ha cepedosuujax Iayze 2, Yanexa, Ewb6i, TSB ma na cepedosuwax
ICII (ICII-1-ICII-7). [[ns naxonudenHs 6MOPUHHUX Memaboaimie akmuHoOax-
mepitl suxopucmosysaiu cepedoguuje SG. Excmpazysanms ek3omemaoonimis 3
KVIbMYypanbHol pioutu npogoowiu emuiayemamom 3 ROOAIbUWUM POZYUHEHHSIM Y
oumemuncyivporcudi (IMCO). Lumomoxcuuny axmusHicmes eK30Memadonimie
akmunobaxmepit wmamy Streptomyces sp. Lim 10 eusuanu na mooeni Kyivmyp
Kaimun a100unu — paboomiocapxomu (RD) ma adenokapyunomu copmani (Hep-2).
Lumomoxcuuny Oito exzomemabonimie axmunobaxmepit wmamy Streptomyces
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sp. Lim 10 eusnauanu niciss 24 200un inkyoayii memooom mikpockonii. Cmy-
NiHb PYUHYBAHHS MOHOWLAPY OYIHIOBANU 34 KINLKICMIO HCUMMEIOAMHUX KATMUH
3a ONMUYHOIO WITLHICMIO, SIKY GUMIPIOBANU 3d OONOMO20I0 CHEeKMpOdomome-
mpa npu dosacuni xeuni 630 nm. Exzomemadonimu axmunobaxmepii wmamy
Streptomyces sp. Lim 10 ioenmucghikosano 3a LC-ESIMS. Pezynomamu. Busuen-
Hsl MOPOLOSTUHUX 81ACMUBOCHIEL YOPHOMOPCHKO20 WIMAMY AKMUHOOakmepii
Streptomyces sp. Lim 10 nokazano, wo 0is Hb020 XapaKmepHutl nieomopgizm.
Bcmanoseneno 6ucoky yumomoxcudHy aKmueHicms eK30Memadoninie MopcbKo2o
wmamy akmunobaxmepii Streptomyces sp. Lim 10. Pisens yumomokcuunoi Oii
Memabonimie wmamy axmunobaxmepit Streptomyces sp. Lim 10 na xynomypy
xnimun Hep-2 3anexncas 6i0 ix konyenmpayii. Kynemypa xaimun RD Oyna wym-
JUBTULO0TO 00 YUMOMOKCUYHOI Oii ek3omemabdonimie wmamy Streptomyces sp. Lim
10— 3a 6cix docniddicenux konyenmpayiu exzomemaoonimie (6io 2,5 oo 500,0 mxe/
M) KITbKICMb JHcumme30amuux Kuimun y monowapi RD 3menwysanacsi 00
51,3 = 3,0 — 63,7 £ 5,4%, nopisenano 3 koumponem. Lle npunatimui 4acmroso
MOXCHA NOACHUMU OI€I0 ANONMO3-IHOYKYBANbHO20 A2EeHN) CIMAYPOCNOPUHY, AKUL
npooykyemucs wimamom Streptomyces sp. Lim 10 pazom i3 cmpykmypHumu 2omo-
noeamu. Bucnoeok. lImam Streptomyces sp. Lim 10 ¢ nepcnekmugnum npooy-
YeHMOoM NPOMUNYXAUHHUX CIOAYK T MOdice Oymu peKoMeHO08aHUll 05l NOOATLUUUX
OinbuL no2nubIeHUxX 00CTIONHCEHD.

Kniouosi crnoea: Streptomyces, Yopne mope, mopghonoeiuni xapaxmepucmuxii,
ex3omMemabonimu, YumomoKCUUHA AKMUBHICIb.
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