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Abstract. Search for new producers of biologically active compounds that can be widely used in various fields of
human activity is intense among the variety of organisms, habitats of which are connected with the extreme conditions
of existence, including Antarctica. The purpose of this work was conducting relevant research on this topical issue. 25
isolation of pure cultures of microscopic fungi (species of Mortiriella, Mucor, Eurotium, Cladosporium, Fusarium,
Geotrichum, Pseudogymnoascus, Penicillium, Phoma, Rhodotorula etc.) were obtained from the samples of mosses,
lichens, soil and stones obtained from 18-20th Ukrainian Antarctic expedition (Galindez, Pitterman, and Yalur Islands).
Among them Pseudogymnoascus pannorum and Mucor circinelloides are characterized by a pronounced activity to the
synthesis of complex of biologically active lipids. 8 pure cultures of bacteria were also isolated that synthesize
biologically active substances which can inhibit the growth of other microorganisms (pronounced antagonistic
properties were observed). Collection of technologically advanced microorganisms replenished with new srains of
microscopic fungi and bacteria — producers of biologically active compounds.

Pi3HOMAaHITTSI aHTAPKTUYHUX MiKPOOPraHi3MiB — MOTEHUIITHUX MPOAYUEHTIB 0i0JOriYHO-aKTHBHHUX CIOJIYK
T. O. Kongparrok, T. B. beperosa, JI. I. Ocranuenko

Pedepart. TTouryx HOBUX HPOIYILEHTIB 010J0TTYHO-aKTUBHUX CIIONYK, SIKI MOXYTb IIHPOKO 3aCTOCOBYBATUCS B PI3HUX
Tay3sX JIIOACHKOT AisTIBHOCTI, IHTEHCHBHO BEIETHCS Cepell PI3HOMAHITTA MIKpOOPraHi3MiB, Micls iCHYBaHHSA SKHX
OB’ s13aH1 3 EKCTPEMaJIbHUMH YMOBaMH 1CHYBaHHSA, 30KpeMa B AHTapkTuai. [IpoBeeHHS BiAMOBITHUX JOCIHTIIKEHD 3
ILOTO aKTYaJFHOTO IIMTAHHS CTAHOBUIIO METY JaHOi poOoTH. I3 mociimKkeHnX 3pa3KiB MOXIB, THIIAIHUKIB, IPYHTY Ta
KaMiHHs, oTpuMaHuxX y 18-20-if YkpaiHChbKHX aHTapkTU4HHX ekcremuiisx (o. [aminges, o. I[litrepman, o. Siyp),
130JIbOBAHO 25 YHCTHX KYJBTYp MiKpocKomiuHuX TpubiB (Bumu poniB Mortiriella, Mucor, Eurotium, Cladosporium,
Fusarium, Geotrichum, Pseudogymnoascus, Penicillium, Phoma, Rhodotorula Ta in.). Cepen Hux Pseudogymnoascus
pannorum 1a Mucor circinelloides XapaKTepu3yroThcsl SICKPaBO BHPAKECHOIO aKTHBHICTIO J0 CHHTE3Y KOMIUICKCY
010JI0TIYHO aKTUBHUX JHII/IB. [30150BaHO TakoXK 8 YMCTHX KyIbTyp OaxTepiil, 10 CHHTE3YIOTH 0i0IOTiYHO-aKTHBHI
PEYOBMHHM, 3[aTHI MPHUTHIYYBAaTH PICT IHIINX MIKPOOPTraHI3MiB (IIPOSIBIISIIOTH SICKPABO BHPAXKEHI aHTAroHiCTHYHI
BJIACTUBOCTI). KoJEKIiI0 TeXHOJOriYHO MePCHEeKTHBHUX INTaMIiB MIKPOOPraHi3MiB IIOIIOBHEHO HOBHMH BHIaMH
MIKPOCKOMIYHUX TPpUOIB GaKkTepiit — IPOAYLEHTIB 610J0TYHO aKTHBHUX CIIONYK.

Pa3Hoo0Opa3ue aHTAPKTHYECKHX MHKPOOPTraHU3MOB — NOTEHIHAILHBIX MPOIYIEHTOB GHOJIOrHYeCKH-AKTHBHBIX
coeTMHEeHUIT
T. A. Kongpatiok, T. B. beperonas, JI. . Ocranuenko

Pedepart. [Torck HOBBIX TPOAYIIEHTOB OHONOTMIECKN-aKTUBHBIX COETMHEHNH, KOTOPBIE MOTYT ITUPOKO NCTIONb30BAThCS
B Pa3HbIX c(hepax YeTOBEUECKON ISSITSIILHOCTH, HHTECHCUBHO BEICTCS CPEAN Pa3HOOOpas s MUKPOOPTaHU3MOB, MeCTa

176



T. O. Kondratiuk, T. V. Beregova, L. I. Ostapchenko
DIVERSITY OF ANTARCTIC MICROORGANISMS - POTENTIAL PRODUCERS OF BIOLOGICALLY ACTIVE
SUBSTANCES

CYIIECTBOBAHUS KOTOPBIX CBSI3aHBI C AIKCTPEMANbHBIMU YCIOBHSIMH, B 4YacTHOCTH B AHTapkrune. [IpoBenenne
COOTBETCTBYIOILINX Hay4HbBIX UCCIIEOBAHUIT B 3TOM aKTyaJIbHOM HAIPABICHUU COCTABIISIIO Lieb JaHHOH paboTsl. V3-
ydeHHe 00pa3IloB MXOB, JHIIAIHUKOB, TPyHTA U KaMHEH ¢ aHTapKTHYeCKHX ocTpoBoB ['aminzmes, Ilitrepman, Sayp
(18-20-51 YkpanHCKHE aHTapKTUYECKHE SKCIEAUIINH) MTO3BOJIMIO BBIACTAUTE 25 YUCTBIX KyABTYP MHKPOCKOITHYECKUX
rpuboB (Bumsl pomos Mortiriella, Mucor, Eurotium, Cladosporium, Fusarium, Geotrichum, Pseudogymnoascus,
Penicillium, Phoma, Rhodotorula w np.). Cpenu nux Pseudogymnoascus pannorum wm Mucor circinelloides
XapaKTepU3YIOTCs IPKO BEIPAKEHHON aKTHBHOCTBIO CHHTE3MPOBATh KOMIUIEKC JIMMUIOB. [30JIMpOBaHO TakXke 8 YHCTHIX
KYJIBTYp OAaKTEpHid, KOTOpbIE CHHTE3UPYIOT OMOJIOrMYECKU-aKTUBHBIC BEIECTBA, CIIOCOOHbBIE YTHETAaTh POCT APYTHX
MHKpPOOPTaHU3MOB (IIPOSIBIISIIOT SIPKO BBIPQ)KCHHBIC aHTATOHUCTHYECKHE CBOMCTBA). KOJUIGKIMIO TEXHOIOTHUYECKH
HEPCIEKTHBHBIX IITAMMOB MUKPOOPIaHU3MOB TIOMOJIHCHO HOBBIMU BU/IAMH MUKPOCKOIIMYECKUX IPUOOB U Oakrepuii —
MIPOAYIIEHTOB OMOJIIOTHIECKU-aKTUBHBIX COCANHEHHI.
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1. Introduction

The development of biotechnology, which is based on the potential of microorganisms in obtaining
biologically active substances (BAS), is one of the strategic directions of the modern world science. The
strategy of finding new producers of BAS is based on the following principles: specificity (extreme)
species (strain) locality, including those belonging to the region, which had previously been allocated to
producers; taxonomic position of species (strain), its cultural-morphological, physiological, biochemical
and molecular genetic features. These features microscopic fungi from extreme envinroement that can
help them to survive and develop in conditions of extreme environmental factors, including Antarctica,
are investigated to determine the mechanisms of microbial adaptation to the living conditions of their
production and BAS [Kostadinova et al., 2009; Margesin et al., 2005; Nai et al., 2013]. Thus, among
microscopic fungi, producers of BAS special attention deserve those that can remain viable and grow in
extreme conditions, especially in Antarctica [Henriquez et al., 2013; Svahn et al., 2015], as they are
powerful sources of potential metabolites with antimicrobial and antifungal activity that may be subject
to the pharmaceutical industry. It was found that metabolites of the mycelium of fungi of Antarctic are
capable of inhibiting the growth of Staphylococcus aureus [Henriquez et al., 2013]. Swedish researchers
received new antifungal metabolite (amfoteritsyn) that exhibits activity against yeast fungus Candida
albicans. The filamentous fungus Penicillium nalgiovense Laxa, derived from Antarctic samples is
producer of amphotericin B [Svahn et al., 2015]. It was also established that 12 species of fungi of the
genus Penicillium, isolated ecological niches of Arctic and Antarctic are producers of BAS of different
structural types (including alkaloids), which found to have inherent antibacterial, antifungal, anticancer
and others properties [ArTtumoBa, 2009]. Increased lithogenic activity was shown for microscopic
mycelium fungus Geomyces pannorum, isolated from Antarctic habitats. This feature of these
micromycetes metabolism thought to be associated with survival strategy under conditions of stress
(extreme) environmental factors [Konova et al., 2009]. Broad prospects are accepted on undergoing
ability of fungi to «super synthesis» of lipids in technical fields, including for biodiesel using waste of
agriculture, food industry, etc. [@eodunosa, 2007; TkaueBckas m ap., 2007]. Capacity of exhibit
antibacterial and antifungal activity to synthesize a series of compounds found to be present in bacteria
isolated from Antarctic samples can be used in the biotechnology industry (pharmaceutical, food
industries, etc.). Exopolysaccharides of these microorganisms can be used as biological agents in the
processes of detoxification of soils contaminated by petroleum or oil products [Poli et al., 2010; Anitori,
2012; Papa et al., 2013; Asencio et al., 2014].

So, given the urgency of issues highlighted above, the purpose of our work is to search producers of
BAS among diversity of Antarctic organisms (bacteria, yeasts, filamentous fungi), to establish their
biological characteristics and to replenish the collection of technologically advanced microorganisms by
new taxa.

2. Materials and methods of research

The examples of mosses, lichens, soil and stones (the Galindez, Pitterman, Yalur Islands) obtained
during 18-20th Ukrainian Antarctic expeditions were used as material for our research (Fig. 1).
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Fig. 1. Samples of moss, lichens and soil that was used for reseafch

Standard microbiological methods for culturing on agar and liquid nutrient media: Malt extract agar
(MEA), Malt extract broth (MEB), Nutrient Agar (Na), Nutrient broth (NB), agar Chapek-Dox, potato-
dextrose agar (PDA) [Samson et al., 2004], Saburo environment, Tryptic Soy broth (TSB) and others
(Production of «Farmaktyv», Ukraine; Merck KGaA, Germany; HiMedia Laboratories, India and others.)
were performed for getting pure cultures of microorganisms from Antarctic samples. Evaluation of growth
on agar media was performed visually (pronounced presence or absence of colonies of microorganisms in
batch culture). Modern methods of identification of isolated microorganisms and determination of their
characteristics (cultural-morphological and physiological-biochemical) were used. Determining
physiological and biochemical characteristics and identity of cultures of bacteria was conducted using
appropriate ID-cards and microbiological analyzer «Vitek-2» ( «Bio Merieux», France). Morphological
features of microorganisms (the study of cells and spores) was done using binocular microscopes Primo
Star Company carl Zeiss. Trinocular microscope Primo Star company Carl Zeiss (equipped with the
appropriate video camera) was also used for photographing and the preparations required measurement
parameters (diameter of the cells and spores of microorganisms, the distance between cells, etc).
Morphometric Computer program AxioVision 4.8 (Carl Zeiss) was performed. Scanning electron
microscopy (SEM JSM-6060LA, Japan) was also used.

3. Results and Discussion

25 pure cultures of microscopic fungi that referred to the divisions Zygomycota (species of
Mortiriella, Mucor), Ascomycota (Eurotium sp.) And a group Anamorphic fungi (the genera Cladosporium,
Fusarium, Geotrichum, Geomyces, Penicillium, Phoma, Rhodotorula) were isolated from the samples of
mosses, lichens, soil and stones obtained from 18-20th Ukrainian Antarctic expeditions. Among them
microscopic fungi with a pronounced activity to the synthesis of complex bioactive lipids, fatty acids
deserve special attention. The following taxa, i.e.: Geomyces pannorum (Link) Sigler & J. W. Carmich.
(today it is a synonym of Pseudogymnoascus pannorum (Link) Minnis & D.R. Lindner)) and a
representative of the order Mucorales Mucor circinelloides Tiegh. found to be present among cultures
isolated (Fig. 2.3).

Fig. 2. Microscopic fungus Pseudogymnoascus pannorum (A, C — in batch culture, B — pure culture),
isolated from Antarctic moss samples.
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The microscopic fungi Mucor circinelloides and Pseudogymnoascus pannorum found to have ability
to synthesize and accumulate lipids in lipid hyphae in the form of granules, particles (Fig. 3). The optimal
conditions for the synthesis of biologically important lipids can be established by identifying the fatty acid
composition of lipids of these fungi on different nutrient media. The latter can be used for the synthesis of
antibiotics as energy sources (biodiesel) to create medicines that contain of essential fatty acids and ubiquinone
Q-9. The possibility of cultivation of microorganisms in the waste of agricultural and food industry makes
them convenient and cost-effective in the usage [Tauk-Tornisielo et al., 2009; Bhanja et al., 2014].

Fig. 3. Microscopic fungus Mucor circinelloides (A, B) from Antarctic moss samples,
C — lipid granules in hyphae of M. circinelloides, x 400

The microscopic fungi of the genus Penicillium, which known that they are producers of 380
secondary metabolites with biological activity, were isolated from Antarctic samples studied too (Fig. 4).
The alkaloids pruducing by fungi of the genus Penicillium, which widely used in medicine [AHTHTIOBa,
2009] have particular practical interest.

O P,

Fig. 4. Fungi of the genus Penicillium, isolated from Antarctic soil sat.nples (A) and mossés (B. and C). C —x 400

Visually clearly visible sterile zone around the microorganisms in batch culture (Fig. 5) were
registered during the study of the Antarctic samples. Among the samples studied we selected 8 pure cultures
of bacteria that synthesize biologically active substances that can inhibit the growth of other microorganisms
(they show pronounced antagonistic properties).

Fig. 5. Bacteria from Antarctic samples in batch cultures (A, B — the other side of Petri dishes);

b — colonies of bacteria that inhibit the growth of the mycelium of fungi;
S. z. — Sterile zones that are formed around colonies of bacteria antagonists.
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Gram-positive and gram-negative bacilli, and spore producing species found to be present among
the selected bacteria (Fig. 6).

Fig. 6. Pure culture of spore producing bacteria from Antarctic samples

A number of physiological and biochemical characteristics of isolated bacterial cultures were
revealed using microbiological analyzer Vitek-2 (table).

Table
Physiological and biochemical characteristics of bacteria isolated from Antarctic samples
The enzymes produced by bacteria isolated Bacteria cultures isolated (numbers of isolates)
537/1B 537/1B* 534/1B 534/2B
B-glucosidase + + — —
glycine arylamidase + - - —
B-glucosidase + + + +
y-glutamyl-transferase - - + -
urease - - + +
phosphatase - - + +
Substrates that assimilated by isolated bacteria

D-Maltose - - + —
pyruvate + + - -
D-mannitol + + + -
D-trehalose + + + —
phosphorylcholine - + - -
D-ribose - + - -
Production H,S - - + +
Growth at 6,5% NaCl + + — —

Taxonomic identity of the two cultures of bacteria, i.e.: Bacillus sp. (Isolate 537/1B) and
Sphingobacterium thalpophilum (isolate 534/2B) was proved by established morphological and
physiological-biochemical features.

Our data on the properties of antagonistic bacteria of the genus Bacillus are consistent with the
results of other authors who studied members of this genus of bacteria isolated from different environments
with extreme conditions of existence [Ali et al., 2014]. Bacteria of the genus Sphingobacterium, isolated
from Antarctic samples are of interest as potential producers of carotenoids, including beta-carotene, and
sphingophospholipids [Jagannadham, et al., 2000; Kaneshiro et al., 1996]. Established that bacteria
psyhrotolerant Sphingobacterium antarcticus are able to synthesize carotenoids in much larger quantities

180



T. O. Kondratiuk, T. V. Beregova, L. I. Ostapchenko
DIVERSITY OF ANTARCTIC MICROORGANISMS - POTENTIAL PRODUCERS OF BIOLOGICALLY ACTIVE
SUBSTANCES

at temperature 5°S than mesophilic S. multivorum at the temperature 25°S [Jagannadham, et al., 2000].
Thus, the genus Sphingobacterium, isolated us from Antarctic samples is of interest as potential producers
BAS.

4. Conclusions

As aresult of our studies collection of technologically advanced microorganisms is replenished with
new species of microscopic fungi and bacteria — producers of BAS.

Our results and literature data indicate the need for further research to establish the chemical structure
of BAS of isolated microorganisms.
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