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ANTAGONISTIC ACTIVITY OF ACTINOBACTERIA
ISOLATED FROM SPONGES HALICLONA SPP.
ODESA BAY

The marine ecosystem is a promising source for discovering the producers
of totally mew bioactive compounds. Among the significant biodiversity,
actinobacteria also are known by huge antagonistic potential. Aim. To study
the antagonistic activity of actinobacteria isolated from marine sponges
Haliclona spp. against the strains of indicator prokaryotic and eukaryotic
microorganisms. Methods. Antagonistic activity of actinobacteria isolated from
marine sponges Haliclona spp. against Staphylococcus aureus ATCC 25923,
Micrococcus luteus ATCC 4698, Enterococcus faecalis ATCC 29212, Bacillus
subtilis ATCC 6633, Kocuria rhizophila DSM 348, Escherichia coli ATCC
25922, Proteus vulgaris ATCC 6896, Salmonella enterica NCTC 6017, Klebsiella
pneumoniae ATCC 10031, Pseudomonas aeruginosa ATCC 27853, Pseudomonas
putida KT 2440 and Candida albicans ATCC 18804 were determined in vitro
by the block method. Results. Thirteen from fourteen strains of actinobacteria
inhibit the growth of at least one strain of the indicator microorganism. The most
active strains of actinobacteria were Hal 2 and Hal 14, that significantly inhibit
the growth of fifth strains of indicator microorganisms, the spectrum of which
were differed. Strain Hal 2 has ability to inhibit the growth of S. aureus ATCC
25923, M. luteus ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM 348,
P aeruginosa ATCC 27853 and C. albicans ATCC 18804, strain Hal 14 inhibit
all Gram-positive bacteria, including B. subtilis ATCC 6633. K. rhizophila DSM
348, M. luteus ATCC 4698 and P. aeruginosa ATCC 27853 shown the impressive
sensitivity to the studied strains of actinobacteria. The growth of P. aeruginosa was
inhibited by ten strains of actinobacteria. Four strains of actinobacteria (Hal 2,
Hal 4, Hal 5 and Hal 6) inhibit the growth of C. albicans ATCC 18804 with different
intensity. All the indicators of the family Enterobacteriaceae and P. putida KT 2440
were resistant to the studied strains of actinobacteria. Conclusions. Strains of
actinobacteria isolated from marine sponges Haliclona spp. inhibit the growth of
indicator strains of prokaryotic and eukaryotic microorganisms. S. aureus ATCC
25923, M. luteus ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM 348,
P aeruginosa ATCC 27853 and C. albicans ATCC 18804 are the most sensitive
to the antagonistic action of actinobacteria. Strains of actinobacteria Hal 2, Hal 4
and Hal 14, which suppressed the ability to grow of-the large quantity of indicator
microorganisms with significant zones of inhibition of the growth, were chosen
for further studies of the spectrum and properties of their secondary metabolites.
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Discovering and “introduction” to the medical practice of new antibiotics
and synthetic antibacterial and antiviral drugs remains one of the main problems
of medicine, since infectious diseases occupy a leading place in human pathology
[13]. Despite significant progress in medicine, diagnosis and treatment of infectious
diseases, pathogenic microorganisms are still pose a serious threat to human health.
This is happened due to the rapidly developing resistance to new antibiotics in
the majority of both Gram-positive and Gram-negative pathogenic microorganisms
[12]. Therefore, there is a problem of new antibiotic substances necessary to
counteract and stop the spread of resistant pathogens. The strategy of creating new
synthetic antibiotics by modifying existing natural ones does not “justify itself”:
as occurs, the pathogenic microorganisms are quickly adapts to the new drugs [9].
A number of promising strategies for the searching the new antibiotic substances
are connected with the use of metabolic products of marine microorganisms [15].

Actinobacteria plays a significant role in the production of various
antimicrobial agents. Actinobacteria have an ability to synthesized a wide range
of biologically active compounds with various chemical structures. Today,
actinobacteria are the producers of more than 65% of the antibiotics used in
pharmacology [7]. The most producers were isolated from terrestrial ecosystems,
while actinobacteria, from marine sources, have not been sufficiently studied in this
aspect. The marine environment conditions differ significantly from the terrestrial
environment, and marine actinobacteria, they have characteristics that differ from
the terrestrial representatives. Therefore, there is good reason to believe that they
may produce compounds with different chemical structures and mechanisms of
action [6, 12]. In recent years, there have been quite a lot of publications about
studding the secondary metabolites activity of actinobacteria isolated from the
marine environment [5, 6, 7, 8, 12].

The aim of this work was to study the antagonistic activity of actinobacteria
isolated from marine sponges Haliclona spp. against the strains of indicator
prokaryotic and eukaryotic microorganisms.

Materials and Methods

Fourteen strains of actinobacteria were studied of their antagonistic activity.
The strains were isolated from marine sponges Haliclona spp. (Class Demospongiae,
Order Haplosclerida, Family Chalinidae), collected using scuba gear at a depth of
5-6 m in the Odesa Bay of the Black Sea (46°27 01 'N 30°46 14 E) at a distance
0f 300400 m from the shore by a PhD Kovtun O. O. in 2022.

The antagonistic activity of actinobacteria against indicator strains of
prokaryotic and eukaryotic microorganisms was determined in vitro by the block
method, which is based on the ability of the producer's metabolites to diffuse into
agar media and inhibit the growth of sensitive microorganisms [1].

Actinobacteria were grown on Gause2 agar medium in Petri dishes for 12
days at 30 °C. Indicator strains of Gram-positive bacteria: Staphylococcus aureus
ATCC 25923, Micrococcus luteus ATCC 4698, Enterococcus faecalis ATCC
29212, Bacillus subtilis ATCC 6633, Kocuria rhizophila DSM 348, Gram-negative
bacteria: Escherichia coli ATCC 25922, Proteus vulgaris ATCC 6896, Salmonella
enterica NCTC 6017, Klebsiella pneumoniae ATCC 10031, Pseudomonas
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aeruginosa ATCC 27853, Pseudomonas putida KT 2440 and yeast-like fungus
Candida albicans ATCC 18804 were used as test cultures. Indicator bacterial
strains were grown in nutrient broth (GranuCult® Nutrient Broth, Merck KGaA,
Darmstadt, Germany) at 37 °C, Candida albicans strain in liquid Sabouraud
nutrient medium (NutriSelect® Plus Sabouraud-2% Dextrose Broth, Merck KGaA,
Darmstadt, Germany) at 30 °C.

To prepare lawns of indicator microorganisms, 200 ul of daily culture
(10° cells/ml) was added to 20 ml of molten semi-liquid medium nutrient agar
(0.7% agar-agar) or, in the case of C. albicans, semi-liquid Sabouraud nutrient
medium (with the same concentration of agar-agar), mixed and placed in a Petri
dish. After solidification of the appropriate media with indicator microorganisms,
agar blocks were cut from the 12-day cultures of actinobacteria and were placed
on their surface. On each inoculated dish, 6 blocks of the studied actinobacteria
were placed at the same distance from each other and from the edge of the Petri
dish. As the controls the dishes inoculated with appropriate strains of indicator
microorganisms without overlaying blocks with actinobacteria were used. The
results were observing after cultivation at temperatures optimal for each group of
microorganisms after 24 h (for bacteria) and 48 h (for C. albicans), every time
checkoff the presence of inhibition zones of growth of the indicator strains [1, 2].

The experiment was carried out in triplicate. To analyze the results, descriptive
statistics were carried out using the Microsoft Office Excel-2016 program.

Results and Discussion

One of the sources of new natural biologically active compounds can be sea
sponges, which includes many microbes in their tissues. It is widely believed that a
large number of bioactive compounds of sponges are the result of the joint action of
symbiotic microorganisms, among which there are also actinobacteria [14].

The study of the antagonistic properties of 14 strains of actinobacteria (Hal 1
— Hal 14) isolated from sponges Haliclona spp., collected in the waters of the
Odesa Bay of the Black Sea, showed that 13 studied strains inhibited the growth of
at least one strain of indicator microorganisms. The growth of only one indicator
microorganism was inhibited by 4 strains of actinobacteria, which accounted for
28.6% of all tested strains (Fig. 1).

Five (35.7%) strains prevented the growth of 3 indicators, two strains
(14.3%) were the most active and prevented the growth of 5 strains of indicator
microorganisms.

Not all studied strains of actinobacteria were equally active, which was
visualized in the size of zones of no growth of sensitive indicator test-strains (Table).

As can be seen from the Table of the results, the sizes of the zones of inhibition
of the growth of indicator microorganisms ranged from 11.3+0.1 mm (under the
influence of the Hal 13 strain on S. aureus ATCC 25923) to 27.4+0.2 mm (under the
influence of the Hal 2 strain on P. aeruginosa ATCC 27853).

The sizes of the zones of growth inhibition depended on the specific strain
of both actinobacteria and the indicator microorganism. The most active against
indicator microorganisms were Hal 2 and Hal 14 strains, which prevented
the growth of 5 indicator microorganisms, the spectrum of which differed.
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5 test strains 14.3%
4 test strains 7.1%
3 test strains 35.7%
2 test strains 7.1%
1 test strain 28.6%
0 5 10 15 20 25 30 35 40

% antagonistically active strains of actinobacteria

Fig. 1. The proportion of antagonistically active strains of actinobacteria isolated
from marine sponges Haliclona spp.

So, if the Hal 2 strain suppressed the growth of Gram-positive (S. aureus ATCC
25923, M. luteus ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM
348), Gram-negative (P. aeruginosa ATCC 27853) bacteria and yeast-like fungus
C. albicans ATCC 18804, the Hal 14 strain inhibited only Gram-positive bacteria,
including B. subtilis ATCC 6633. In addition, the zones of no growth of sensitive
strains of indicator microorganisms under the action of these two strains of
actinobacteria exceeded 17.0 mm, that is, these strains are quite antagonistically
active. In addition to strains Hal 2 and Hal 14, the strains Hal 13 and Hal 7 attract
attention, which inhibited the growth of S. aureus ATCC 25923 and E. faecalis
ATCC 29212, respectively, as well as the Hal 4 strain, which inhibited the growth of
4 indicator microorganisms, including P. aeruginosa ATCC 27853 and C. albicans
ATCC 18804.

Among the tested indicator microorganisms, K. rhizophila DSM 348,
M. luteus ATCC 4698 and P. aeruginosa ATCC 27853 manifested the greatest
sensitivity, the growth of which was inhibited with varying intensity by more than
half of the investigated actinobacteria strains (Fig. 2).

The most sensitive occurred strain P. aeruginosa ATCC 27853, the growth
of which was inhibited by 10 strains of actinobacteria, and the zones of absence
of its growth ranged from 13.2+0.1 mm to 27.4+0.2 mm (Table). And if the
detected antagonistic activity of actinobacteria against Gram-positive bacteria is
quite predictable and is confirmed by the results of many publications [10, 11], the
high sensitivity of P. aeruginosa ATCC 27853 is to some extent an unexpected
and encouraging result and may be indirectly may indicate the synthesis of
new bioactive compounds by actinobacteria isolated from marine sponges. Our
assumptions are confirmed in relevant publications. In particular, in their research,
Goel N. et al. (2023) showed that secondary metabolites of a rare halophilic
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C. albicans
P. aeruginosa
S. aureus

M. luteus

K. rhizephila
E. faecalis

B. subtilis
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Number of actinobacteria strains that inhibit growth of
indicator microorganisms

Fig. 2. The number of actinobacteria strains that shown the antagonistic effect against
indicator microorganisms

actinobacterium, Nocardiopsis [lucentensis EMB25, inhibited and destroyed
biofilms of the P. aeruginosa PseA museum strain and clinical P. aeruginosa
isolates [4]. The bioactivity of metabolites from actinobacteria isolated from the
Red Sea against a wide range of microorganisms, including P. aeruginosa ATCC
9027, is discussed in the publication Osman M. E. et al. (2022) [10]. At the same
time, another member of the family Pseudomonadaceae, P. putida KT 2440, was
resistant to the investigated strains of actinobacteria. All representatives of the
family Enterobacteriaceae, taken for the study, were also resistant (Table). Instead,
the eukaryotic microorganism C. albicans ATCC 18804 turned out to be sensitive
to the antagonistic action of actinobacterial strains Hal 2, Hal 4, Hal 5 and Hal 6.
At the same time, the zones of absence of its growth due to the influence of strains
Hal 2 and Hal 4 were quite large and amounted to 23.4 £0.2 mm and 23.2 + 0.2 mm,
respectively. Taking this into account, we can assume that there are the presence of
metabolites with antibacterial and antifungal activities in the metabolic profile of
the investigated strains of actinobacteria. The obtained data are combine with the
results of Chakraborty B. et al. (2022), which detected significant antimicrobial
activity in the Streptomyces filamentosus KS17 strain against a wide range of human
pathogens, including C. albicans. This strain was isolated by the authors from a
marine ecosystem in the Indian region [3]. In our previous studies on determining
the antimicrobial potential of actinobacteria isolated from the biological fouling of
natural shell rock and mussels of the Odesa Bay of the Black Sea, their significant
activity against a wide range of indicator microorganisms was also established,
especially in strains isolated from mussels [2].

Thus, taking into account the obtained results, the following conclusions can
be made:

1. The investigated strains of actinobacteria, isolated from marine sponges
Haliclona spp., are antagonistically active against indicator strains of prokaryotic
and eukaryotic microorganisms.

74 —— ISSN 2076-0558. Mixkpobionozis i 6iomexnonoeis. 2024. Ne 2. C. 69-78 -



AHTATOHICTUYHA AKTUBHICTh AKTUHOBAKTEPIIA, ...

2. Indicator strains of Gram-positive bacteria, as well as P. aeruginosa ATCC
27853 and C. albicans ATCC 18804, were most sensitive to the antagonistic effect
of actinobacteria.

3. The most visualized antagonistic activity was identified in the strains of
actinobacteria Hal 2, Hal 4 and Hal 14, which inhibited the growth of a large number
of indicator microorganisms with significant zones of nongrowth. These three
strains (Hal 2, Hal 4 and Hal 14) were chosen for further studies of the spectrum
and properties of their secondary metabolites.
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AHTAI'OHICTUYHA AKTUBHICTb
AKTUHOBAKTEPIA, BUIVIEHUX 13 I'YBOK
HALICLONA SPP. OJECBKOI 3ATOKHA

Pedepar

Mopcwre cepedosuwe € nepcnekmueHum 0dicepenom OJiss NOULYKY NPOOYYeHMI8
Hosux bioakmuerux cnoayk. Ceped 3HauH020 OIOPIZHOMAHIMMSL AKMUHOOAKMepIl
suoinaiomocs  ceoim  memaboniunum — nomenyiarom. Mema. Jlocrioumu
AHMA2OHICMUYHY AKMUBHICMb AKMUHOOAKMepIll, UOLICHUX 3 MOPCOKUX 2YOOK
Haliclona spp., w000 wumamie iHOUKAGMOPHUX NPOKAPIOMUYHUX | eYKAPIOMUYUHUX
Mikpoopeanizmis. Memoou. Anmaconicmuuny axmueHicms akmunobakmepill,
i30106anux 3 mopcokux 2yoox Haliclona spp. wooo Staphylococcus aureus ATCC
25923, Micrococcus luteus ATCC 4698, Enterococcus faecalis ATCC 29212,
Bacillus subtilis ATCC 6633, Kocuria rhizophila DSM 348, Escherichia coli ATCC
25922, Proteus vulgaris ATCC 6896, Salmonella enterica NCTC 6017, Klebsiella
pneumoniae ATCC 10031, Pseudomonas aeruginosa ATCC 27853, Pseudomonas
putida KT 2440 ma Candida albicans ATCC 18804 susznauanu in vitro memooom
onoxis. Pesynemamu. Tpunaoysme i3 14 docriodcenux wmamie akmurnodaxmepiu
npueHivysanu picm xoua 6 00HO20 WMAMY IHOUKAMOPHO2O MIKPOOP2AHIZMY.
Haubinow axmusnumu 6ynu wmamu akmunodoaxmepiu Hal 2 and Hal 14, sxi
SHAYHO NPUSHIYYSaAmu picm 5 wmamis IHOUKAMOPHUX MIKPOOP2AHIZMIE, CNeKmp
saxux eiopiznaecs. [lImam Hal 2 npueniuysas picm S. aureus ATCC 25923, M. luteus
ATCC 4698, E. faecalis ATCC 29212, K. rhizophila DSM 348, P. aeruginosa ATCC
27853 ma C. albicans ATCC 18804, wumam Hal 14 npueniuysas yci epamnosumueHi
bakmepii, y momy uucni B. subtilis ATCC 6633. Haubitowy uymausicms 00
docnioncenux wmamie akmunodaxempiu euseunu K. rhizophila DSM 348,
M. luteus ATCC 4698 i P. aeruginosa ATCC 27853, picm sikoeo npueniuysaiu
10 wmamie axmunobaxmepin. Yomupu wmamu akmunobaxkmepit (Hal 2, Hal 4,
Hal 5 ma Hal 6) 3 pisnoio inmencusnicmio nepewkooicanu pocmy C. albicans
ATCC 18804. Vci inoukamopni npedcmasnuxu poounu Enterobacteriaceae ma
P. putida KT 2440 6ynu newymaugi 00 0ii 00CHiONCEHUX WMAMIE AKMUHOOAKMEPIL.
Bucnoexu. [lImamu axmunobaxmepitl, suoineni iz mopcokux 2yoox Haliclona sp.,
NPUSHIYYIOMb picm [HOUKAMOPHUX WMAMI6 NPOKAPIOMUYHUX MA eYKAPIOMUYHUX
mikpoopeanizmis. S. aureus ATCC 25923, M. luteus ATCC 4698, E. faecalis
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ATCC 29212, K. rhizophila DSM 348, P. aeruginosa ATCC 27853 i C. albicans

HImamu akmunobaxmepin Hal 2, Hal 4 i Hal 14, sxi npueniuysaniu picm enuxoi
KITbKOCMI THOUKAMOPHUX MIKPOOP2AHIZMIG 31 3HAYHUMU 30HAMU BIOCYMHOCI
pocmy, Gidibpani 0151 NOOANLUUX OO0CAIOJCEHb CNeKmpYy i eracmugocmell ix
BMOPUHHUX MEMADONIMIS.

Knwouogi crnoea: axkmunobaxmepii, aumacoHicmuyna akmueHicmy, HOUKA-
MopHi Mikpoopeanizmu, mopcoki 2yoxu Haliclona spp.
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