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ECOLOGY, SYSTEMATICS AND ANTIBIOTIC ACTIVITY
OF PSEUDOMONAS BATUMICI AND ALTEROMONAS
MACLEODII IN CONNECTION WITH ANALYSIS
OF THEIR GENOME STRUCTURE

New data about ecology, systematics and synthesis of biologically active substances of
the type strain Pseudomonas batumici UCM-321 producing the antibiotic batumin, highly
effective against staphylococci, and of Alteromonas macleodii strains, as representatives
of marine species widely inhabiting the world ocean, was obtained based on a complex
analysis of their biological properties and genomic structure.

Analysis of taxonomic data indicated that P. batumici is a novel species. Illumina Hi-
Seq sequencing of the chromosomal DNA enabled to obtain the complete genome sequence
of P. batumici UCM B-321. Its DNA contained 127 contigs of the total length of 6608172
bp. Batumin biosynthesis operon was identified as 77 kbp operon containing in total 28
protein coding genes. This operon sequence was significantly less GC-rich and the pro-
gram SeqWord Genomic Island Sniffer predicted a horizontal acquisition of this region.
The closes relatives of UCM-321 were P. gingeri and P. protegens, both have no batumin
operon in their genomes. HLPC-analysis of the culture broth has shown the presence of
batumin in P. batumici broth and no any similar substances in P. gingeri culture medium.

The phenotypic, chemotaxonomic and genetic peculiarities of 5 deep-water strains of
A. macleodii (isolated from a depth of 1000-3500 m) and 5 strains of the same species
isolated from the surface layer have been studied. Electron microscopy has shown that the
deep strains’ cells were, on average, two times longer (2.1£0.2%0.7%0.1 um) than the sur-
face strains (1.1%0.1 x0.6x0.1 um). Using fatty acid analysis the deep and surface isolates
were clearly separated into two clusters. The distinctions between them were also found
in different lectin binding capacity, which was probably determined by the structure of
their extracellular polysaccharide matrix. Analysis of the PCR results with the primers to
repeated nucleotide sequences revealed a higher level of genetic polymorphism in surface
strains in comparison to the deep-water isolates. The described peculiarities probably
reflect the specific conditions in which A. macleodii strains live on the surface or in the
depth of the World Ocean.

Key words: Pseudomonas batumici, antibiotic batumin, Alteromonas macleodii,
systematics, genomic structure.

Analysis of bacterial genome is one of the important and necessary elements
of research in all areas of modern fundamental and applied microbiology. To
a full extent it is relevant for the Pseudomonas genus which covers one of
the ecologically most significant groups of bacteria with a remarkable degree
of genomic diversity and ecological adaptability [1]. To the present time the
complete genome sequence was established for 14 Pseudomonas species (data
present in Genbank). A considerable progress was also achieved in the study
of marine proteobacteria.

The two named groups of microorganisms were studied at the antibiotics
department of Zabolotny Institute of Microbiology and Virology (National
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Academy of Sciences of Ukraine) during the last decade. Isolation, polypha-
sic taxonomic analysis and description of new species of pseudomonads and
Alteromonas-like marine bacteria and their antibiotic activity were the main
results of this work. The genome analysis was included in the arsenal of meth-
ods used, which allowed to establish the connection between some genetic and
biological features of the studied microorganisms, their ecology and antibiotic
producing activity.

In this article we consider the new data obtained in this area using
two objects as examples — Pseudomonas batumici strain producing the
polyketyde antibiotic batumin highly effective against staphylococci and
Alteromonas macleodii strains, representatives of marine species widely
inhabiting the world ocean.

Strains of Pseudomonas batumici were isolated during an investigation
of diversity and antibiotic activity of pseudomonads from different natural
habitats. Four heterotrophic, oxidase positive, Gram-negative rods, motile by
means of few polar flagellae, were isolated from soil samples collected on the
Black Sea coast of Caucasus (moist subtropical region) [9].

The results of 16S rRNA gene sequence analysis have shown that
Pseudomonas batumici UCM B-321 strain formes a separate branch within
the genus Pseudomonas and has 98 % of 16S rRNA gene sequence similarity
with evolutionally most related species P. gingeri and P. baetica (Fig. 1) [11].

P.syringae ICMP 3023

P.corrugata CFBP 2431

P.fluorescens CCM2115

P. protegens DSM 19095
P.chlororaphis subsp. aurantiaca ICMP 6003T
P.chlororaphis subsp. chlororaphis DSM 50083
P.chlororaphis subsp. aureofaciens ICMP 13610T
P.baetica LMG 25716
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Fig. 1. Phylogenetic position of Pseudomonas batumici UCM B-321 within the genus
Pseudomonas based on 16S rRNA gene sequences

The differences between the mentioned species were determined by
polyphasic taxonomic analysis along with identification of some enzymes,
pigments production ability, spectra of assimilated carbon sources, the fatty
acid profiles, antagonistic activity and synthesis of antistaphylococcal antibiotic
batumin. Analysis of taxonomic data indicated that P. batumici represents a
novel species [9].

[1lumina Hi-Seq sequencing of the chromosomal DNA enabled to obtain the
complete genome sequence of P. batumici UCM B-321T (Fig. 2). These and
supplementary data were deposited at the National Center for Biotechnology
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Information (NCBI) under the accession no. JXDG00000000, BioProject
PRINA270768 and BioSample SAMNO03273282. The DNA contained 127
contigs of the total length of 6608172 bp [13].

6,620.172 Batumin operon

P. batumici

UCM B-321

3.31 Mbp
Lecation of the alternative leucyl-tRNA synthetase

————  GC-content
Contigs E
- Batumin operon
Fig. 2. Atlas of the concatenated contigs of Pseudomonas batumici UCM B-321 shows

the locations of predicted genomic islands

Selected loci;
Ribosomal RNA operons;

The average GC content of P. batumici UCM B-321 genome constitutes
61.78 %. In the locus covering the batumin operon, the GC content is <50 %.
The batumin biosynthesis operon was identified in the center of the large contig
3. Surprisingly the identified 77 kbp long operon contains in total 28 protein
coding genes. This operon sequence is significantly less GC-rich (50 % against
64 % in average) than the whole genome sequence and the program SeqWord
Genomic Island Sniffer predicted horizontal acquisition of this region [6].

The availability of the whole genome sequence of UCM-321 allowed pre-
cise identification of its phylogenetic position among other sequenced Pseudo-
monas. The closes relatives of UCM-321 were identified as P. gingeri NCPPB
3146 and P. protegens CHAOQ; both have no batumin operon in their genomes.
HLPC-analysis of cultural broth showed the prepense of batumin and its minor
derivate descarbamoyl batumin in P. batumici broth and no any similar sub-
stances in P, gingeri cultural medium (Fig. 3).

The highest similarity to batumin operon was observed for gene operons
encoding bacillaen biosynthesis in Bacillus [6, 7]. During many years of inten-
sive study the attention was fixed on antibiotic batumin, its high and selective
activity against staphylococci, its biosynthesis, chemical structure, perspectives
of medical use [2, 12, 16]. Batumin synthesis in fermenter occurs in the process
of culture growth and its maximal value is achieved after 50-55 hours. Antibi-
otic yield comprises 175—180 mg/l and depends on intensity of aeration [10].
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Fig. 3. Determination and identification of culture medium components by LC/MC

Batumin (Fig. 4) was highly active against all studied strains belonging to
10 species of Staphylococcus genus (minimal inhibitory concentration — 0.25—
0.5 pg/ml); it showed a moderate activity against enterobacteria of Salmonella,
Bordetella, Escherichia, Klebsiella genera (MIC 8-64 pg/ml) and practically
did not inhibit any strains of micrococci, streptococci, sporeforming bacteria
including Clostridium sporogenes (MIC 256 ug/ml or higher). Strains of yeasts
and microscopic fungi Candida tropicalis, C. utilis, C. albicans, Saccharomy-
ces cerevisiae and Aspergillus niger were resistant to batumin.
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Fig. 4. Chemical structure of antibiotic batumin

It was shown that the unique batumin antimicrobial effect depends on the
presence of double bonds, CONH,—, COOH- and OH-groups. Replacement or
modification of each of these groups reduced the activity against Staphylococcus
and qualitatively changed the antimicrobial spectrum of the antibiotic [8].

At the same time, batumin may target a broader range of aminoacyl tRNA
synthetases, including leucyl-tRNA synthetase. Paralogues of diverse leucine-
tRNA synthetases in the genome of P. batumici indicat that this protein might
be the prime target of batumin. It appears plausible that the leucyl-tRNA
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synthetase and the batumin operon were acquired by horizontal gene transfer
from the same unknown Gram-positive bacterium [13].

The simultaneous P. batumici growth and antibiotic biosynthesis and this
molecule’s capacity to optical isomerisation allow us to suppose that batumin
plays a certain role in metabolism of the producing strain. So it is interesting to
study not only the ecological role of batumin (which is probably the instrument
of competition with other rhizosphere microorganisms), but its other functions
in metabolism and survival of this species.

Studies of Alteromonas macleodii — the next object of our experiments —
concern one of the most widespread heterotrophic marine bacteria found in
the North Sea as well as marine waters in tropical and moderate latitudes,
inhabiting surface and deep waters [3]. 4. macleodii was also detected in the
Black Sea during isolation of A/teromonas-like proteobacteria from the Black
Sea water [15]. This species was widely studied by scientists of different
countries within the framework of the “Global Ocean Sampling project”
devoted to fundamental study of genetic biodiversity of marine microbial
groups and finding out their role in the natural ecological processes.

Data on the biogeography of A. macleodii indicated that there were two
different ecotypes from the surface and deep sea waters. These ecotypes
were differentiated according to the results of molecular-genetic analysis of
A. macleodii strains. It was observed that the size of internal transcribing spacer
(ITS) between genes of 16S and 23S rRNA [15] and the nucleotide sequences
of 16S rRNA, gyrB, rpoB genes and several other genes were different for the
two ecotypes [4, 15]. The complete genome sequence of the deep-sea strain
A. macleodii DSM 17117 [5] revealed the connection between the genome
loci and the biochemical peculiarities and ecological features of these bacteria.

We studied the A. macleodii strains isolated from different geographical
locations: five strains from sea-surface water samples (D7, D12 were from the
Andaman Sea; MED64 was from the Aegean Sea; 621 was from the Atlantic
Ocean near the British shore; 29—06 was from the Black Sea) and other five
strains from deep water samples: U4, U8, UM4b from the lonian Sea (3,500
m); Adriaticl, Adriatic2 from the Adriatic Sea (1,000 m). The strains were
kindly supplied by Prof. Francisco Rodriguez-Valera (Universidad Miguel
Hernandez, Spain); strain 29—-06 was isolated from surface water of the Black
Sea by O. Onyshchenko (Zabolotny Institute of Microbiology and Virology
NASU, Ukraine).

We studied new phenotypic and genetic peculiarities of the named
A. macleodii strains and attempted to connect the marked differences with
ecology of these bacteria [14]. The ability of A. macleodii strains to grow at
different temperatures (18, 26, 37 and 42 °C) was studied under decompressed
conditions to compare their growth rates and morphological features. No
strains were able to grow at 42 °C. The surface strains, in contrast to the deep
ones, were able to grow at 37 °C. The optimal growth rate was marked at 26 °C
for all strains. We discovered that the cell size of A. macleodii strains depended
on the depth of their isolation only: the deep strain cells were two times longer
than the surface ones.

A finer dissection of the A. macleodii genome shows an extremely efficient
recruitment of four GI genes present in the island that were all annotated as
metal efflux pumps. Metal detoxification seems to be the common motive
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of the gene clusters in GI2, including putative efflux pumps for cobalt, zinc,
cadmium, silver or copper. The heavy metal resistance of the 23 strains of
A.macleodii present in the laboratory of Universidad Miguel Hernandez [15]
was assessed by determining the minimal inhibitory concentration for zinc,
mercury and lead. It was shown that most of the deep-water isolates were more
resistant.

We have studied other heavy metals ions and did not find any significant
distinction between deep and surface isolates sensitivity to those. A. macleodii
strains survived at lead ions concentration of 200400 pg/ml and copper ions
20-50 pg/ml. Sensitivity to cadmium ions substantially varied from strain to
strain (10-200 pg/ml).

With the help of fatty acid analysis the deep and surface isolates were
clearly separated into two clusters (Fig. 5).
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Fig. 5. Dendrogram of A. macleodii strains according to their fatty acid profiles

The strains isolated from the deep sea waters contained a 10—15 % larger
portion of monounsaturated (C16:1 and C18:1) fatty acids in comparison with
the strains isolated from the surface layers of water. This observation may
show a relation to the specific conditions of the habitat of the deep sea: low
temperature and high pressure.

Restriction analysis of 16S rRNA seemed to reveal insufficient genomic
variability among A. macleodii strains isolated from different econiches: we
were able to distinguish one among 10 A. macleodii strains. Our results are
consistent with data from other studies that determined heterogeneity of the
fragments of this gene among marine organisms, including A. macleodii [5].
We used DNA-markers that are highly polymorphic and allow an evaluation
of genome variability to study intraspecies genomic heterogeneity of 4. ma-
cleodii. Patterns of PCR products obtained by using M 13 primer and 3 primers
to short nucleotide repeats were scored, explored and compared between the
strains (Fig. 6).
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Fig 6. Dendrogram of A. macleodii strains according to their amplicon patterns

The level of polymorphic bands was high and amounted to up to 79 %.
The group of surface strains possessed a higher level of polymorphism in
comparison with the group of deep ones (72 % and 62 % respectively) [14].

We observed that different A. macleodii strains possessed varied affinity
to the tested lectins. Cluster analysis of polysaccharide profiles resulted in
separation of the strains into two major groups. One group was composed of
the deep water strains (from the 3,500 m); the second was divided into two
subclusters: the first subcluster was composed of the strains isolated from the
1,000 m deep water, the second subcluster included strains isolated solely from
surface waters.

In our research, we conducted a comprehensive comparative analysis of
two A. macleodii ecotypes and showed the differences in morphology and fatty
acid content between the strains inhabiting deep and surface waters. The most
significant features were marked, first of all, in the cell size (deep strains were
two times longer than strains from surface water), and, second, in the fatty acid
composition (strains were readily divided into two separate clusters). Strains
were also distinct in their affinity to various lectins, which can be connected to
the structural peculiarities of their polysaccharide matrices.

The data obtained in the current research allow concluding that the marked
peculiarities mainly reflect specific environmental conditions of depth and
surface waters from which the strains were isolated. To a lesser degree, they
are related to the geographical area of the bacterial habitat. On the other hand,
such considerable differences in ecotypes morphology and physiology allow
to assume that probably they are representatives of two subspecies or even two
different species of Alteromonas.

The presented data illustrate how analysis of genome structure allows
to find areas, which determine certain (sometimes new and unknown)
properties of bacteria: the metabolites biosynthesis, the enzymes activity,
resistance to chemical agents etc. The presence of such characteristics must
be experimentally proved. Only then we may answer the question: what is
the metabolic, evolutionary or ecological role of the analyzed properties?
This allows to obtain an integral picture of the organization and functioning
of a microbial cell. In this article we tried to present one of the approaches to
answer these questions.
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B.B. Knouko

Inemumym mikpobionoeii i eipyconoeii im. JI.K. 3ab6onomnoco HAH Yxpainu,
eyn. Akademika 3abonomuoeo, 154, Kuis, 03143, Ykpaina
EKOJOTI'Isl, CHCTEMATUKA TA AHTUBIOTUYHA AKTUBHICTb
PSEUDOMONAS BATUMICI 1 ALTEROMONAS MACLEODII TA iX
3B’S30K 31 CTPYKTYPOIO TEHOMIB
Pesrome

Ha 0CHOBI KOMIIJIEKCHHUX JIOCII/PKEHb CTPYKTYPU FEHOMY 1 psiy Ol0JIOTIYHHX O3HAK
OTPHMAaHO HOBI JIaHi 3 €KOJIOTii, CHCTeMaTHKH! Ta CHHTE3y Oi0JOTiYHO aKTHBHUX CIIONYK
THITOBHM IITaMOM-ITPOYIIEHTOM BUCOKOE(DEKTHBHOTO aHTHUCTA(D1IIOKOKOBOTO aHTHO10THKA
6aryminy Pseudomonas batumici YKM B-321 1 mupoko po3noscromxeHnx y CBiToBoMy
okeaHi mtamiB Alteromonas macleodii.

TakcOHOMIYHHM aHaITi30M [TOKa3aHo, 0 P. batumici siBisie OO0 HOBHI BU OAKTEPiid.
[ToBHUM cikBeHCOM reHomy THIOBOTO WTamy P batumici YKM B-321 metogom Illumina
Hi-Seq Bctanosneno, mo IHK mramy MicTuTh 127 KOHTHTIB 3aTaJIbHOIO JOBKHUHOIO
6608172 m.H. InenTudikoBaHo ornepoH GiocuHTE3y OaTyMiHy, SIKUH ckiagaeTbes 3 77000
I.H., MICTUTb 28 KOyrouux reHis i mae outbiuii [+11 Bmict JTHK; koM’ rorepHor0 mporpa-
moro SeqWord Genomic Island Sniffer BcTaHOBIEHO TOPHU30HTATIBHUI MIEPEHOC ONIEPOHY
6aryminy. Haii6inbim dinorenerinuno omusskumu 10 P. batumici YKM B-321 Bunamu Bu-
ssuincs P. gingeri i P. protegens, onHak y HuX OyB BiJICyTHiii oriepoH GiocuHTe3y Oarymi-
ny. HPLC-anamni3 xynsrypansHoi piguan P. batumici YKM B-321 noka3aB HasBHICTG y HIl
GaTyMiHy; B Ky/IbTypalibHil piquHi P. gingeri 6aTymin abo oro aHanory Oy BiICYy THIMH.

BuBueHO (EHOTHUIIOBI, XEMOTAKCOHOMIYHI 1 TEHETUYHI BJIACTUBOCTI 5 TIIMOOKOBOIHUX
MOPCBKHX MTaMiB A. macleodii, i3ompoBanux 3 mmubuan 1000-3500 M Ta 5 mramis, Bu-
JIJICHUX 3 TTOBEPXHEBUX IIAPiB BOAW. METOIOM eJIEKTPOHHOIT MiKPOCKOTIii BCTAaHOBIICHO,
110 TIMOOKOBOIHI IITAMUA BUSBUIMCS BIBiul noBimmMu (2,14+0,2%0,7+0,1 MKM), aHDX IM0-
BepxHesi (1,1£0,1x0,6+0,1 Mxm). AHami3 )KUPHOKACIOTHUX MPOQLTIB TTHOOKOBOTHUX
1 TIOBEpXHEBUX MITaMIB J03BOJIMB PO3ALIMTH X Ha J[Ba KiacTepu. 3HaiiieHa PI3HULS Y
JIEKTUH3B SI3y1041l aKTMBHOCTI IITaMiB, BUJJICHUX 3 PI3HUX IIMOMH, CBIJUUIIA TIPO iX pi3Hi
3a CTPYKTYPOIO eK30momicaxapuaHi Mmatpuken. Arami3 pesynsraris [IJIP 3 THK-mapkepamu
TI0Ka3aB OUTBII BUCOKUI PIBEHB OMIMOP(i3MY y TOBEPXHEBHX IITAMIB Y ITOPIBHIHHI 3 TIIH-
00KOBOTHUMHU. 3HaHIeH] 0COONMBOCTI TaMiB A. macleodii, 04€BUIHO, € BIIOOPaKEHHIM
cnenn(iYHIX YMOB iCHYBaHHS, B SIKHX BOHH 3HAXOAATHCS Ha MOBEpXHi a00 B ITHOWHAX
CBiTOBOTO OKEaHy.

Kiouosi crnosa: Pseudomonas batumici, antubioTuk 6arymin, Alteromonas macleodii,
CHCTEMAaTHKa, CTPYKTYpa FeHOMIB.

B.B. Knouko

Hucmumym muxpoduonozuu u eupyconoeuu um. /K. 3abonomnoeo HAH Ykpaunu,
yi. Akademuxa 3abonommuoeo, 154, Kues, 03143, Ykpauna
IKOJIOTI'usl, CACTEMATUKA U AHTUBUOTUYECKAS

AKTUBHOCTbBb PSEUDOMONAS BATUMICI N ALTEROMONAS MACLEODII

U UX CBA3b CO CTPYKTYPOM TEHOMOB

Pesrome

Ha ocHOBe KOMIUIEKCHBIX MCCIEI0BAaHUN CTPYKTYpPhI TeHOMA U psijia OMOJOTHYECKUX
CBOWCTB TIOyYEHBI HOBBIC TAHHBIC 110 SKOJIOTHH, CHCTEMATHKE W CHHTE3Yy OHOJIOTHYECKA
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AKTHBHBIX COCIIMHEHHH THUIIOBBIM HITAMMOM-TIPOIYLIEHTOM BbICOKOI()(EKTHBHOIO aHTH-
CTaQHUIOKOKKOBOTO aHTHOMOTHKA OaTrymuHa Pseudomonas batumici YKM B-321 u mmpo-
KO pacrpocTpaHeHHBIX B MUPOBOM OKeaHe mTaMMoB Alteromonas macleodii.

TakCOHOMHMYECKHUM aHAJIN30M II0Ka3aHo, uTo P. hatumici npeacTapisieT co00i HOBBIN
By Oaktepuil. [10HBIM CHKBEHCOM I'€HOMA THUIIOBOTO mitamMma P, batumici YKM B-321
metonoM [llumina Hi-Seq ycranosneno, uto JIHK mramma cogepxut 127 KOHTHTOB 00-
et amHoi 6608172 m.H. UneHTHGUIrpoBaHO OnepoH OnoCcHHTe3a OaTyMHUHA, KOTOPBII
cocrout u3 77000 1.H., conep>XuT 28 KOAMPYIOUIMX T'€HOB U MMeeT Oosee Boicokoe ['+1]
coaepxkanue JJHK; komnbrorepHoii mporpammoii SeqWord Genomic Island Sniffer ycra-
HOBJICH FOPU30HTAILHBIH IIEPEHOC orepoHa oarymuHa. Hanbosnee gpuoreHeTnaecku Ou3-
kumu K P batumici YKM B-321 Bunamu senstrores P. gingeri u P. protegens, OTHAKO B HUX
OTCYTCTBOBAJ OIepoH OmocuHTe3a OarymuHa. HPLC-anann3 KynbTypaabHOH KUIKOCTH
P. batumici YKM B-321 nokazan Hanuuue B Hel 0aTyMUHa; B KyJIbTYPaJIbHON )KUAKOCTH
P. gingeri 6aTyMuH WU €ro aHAJIOT'H OTCYTCTBOBAJIH.

W3ydensl GeHOTHIHUECKHE, XEMOTAKCOHOMHYECKHUE W T'C€HETHUYECKHE CBOMCTBA
5 TIIyOOKOBOTHBIX MOPCKHX IMITaMMOB A. macleodii, N30TUPOBAHHBIX U3 TIYOWHBI
1000-3500 M 1 5 mWITaMMOB, BBIJEIEHHBIX C TIOBEPXHOCTHBIX CJIOEB BOAbL. MeTonom
ANIEKTPOHHON MUKPOCKOIIMHY YCTaHOBJIEHO, YTO NITyOOKOBO/HBIE IITAMMBI OKa3aJIiCh BIBOE
nuaEee (2,1+0,2%0,7+£0,1 Mxm), yem noBepxHocTHble (1,1£0,1%0,64+0,1 mxm). AHanu3
JKMPHOKUCIIOTHBIX NPO(uiiel ITyOOKOBOAHBIX X TOBEPXHOCTHBIX IITAMMOB ITO3BOJIMI Pa3-
JIETTUTh UX Ha J[Ba KJIacTepa. BBISBICHHBIC OTINYUS B JICKTHHCBSA3BIBAIOMICH aKTHBHOCTH
IITaMMOB, BBIJICTICHHBIX M3 PA3JIMYHBIX [TyOWH, CBUECTEILCTBOBAIM O PA3IMYHON CTPYyK-
Type UX SK30MO0NHcaXxapuIHOro Marpukca. Ananu3s pesyasraron 1P ¢ JJHK-mapkepamu
nokaszai 0oJiee BBICOKHI YPOBEHb NOIMMOpP(H3Ma y TOBEPXHOCTHBIX IITAMMOB TI0 CpaB-
HEHHIO C TITyOOKOBOAHBIMU. HaiiieHHbIe 0COOEHHOCTH ITaMMOB A. macleodii, 0ueBUIHO,
SBJIIOTCSI OTPAKEHHEM CIIEIN(UUECKUX YCIOBHUI CYIIECTBOBAHMS, B KOTOPBIX OHH HAaX0-
JISITCSL Ha TIOBEPXHOCTH WIIK B TITyOMHAX MHPOBOTO OKeaHa.

Kiouesvle cnosa: Pseudomonas batumici, aHTUOUOTUK OaTyMuH, Alteromonas macleo-
dii, cucteMaruka, CTpyKTypa reHOMOB.
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