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Search of methylotrophic bacteria has been carried out during time V1™ Ukranian Antarctic expedition (2003) at station «Academic
Vernadsky». The psychrotolerant bacteria obligately using a methane have been found out in samples of mosses in an island part of
Antarctic Region and in soil-plant samples. The quantity of methane oxidizing bacteria in samples from Antarctica (10*-10° /g of the
sample) was lower, than in samples from regions with a temperate climate (10>-10° /g of the sample). The psychrotolerant bacteria of
genus Methylobacterium facultatively using a methanol have been revealed in the silt of fresh and «Red» lakes, and also in soil-plant
samples. Single psychrophilic strain which, probably is a new species of genus Methylobacterium was isolated at 10°C from soil-
plant sample of Antarctic Region. The majority of the collection mesophilic strains Methylobacterium isolated earlier from soils and
plant phyllosphere from various regions of Ukraine is shown, that, also were capable to grow at 10°C.

It was shown, that strains Methylobacterium are not catalysts of process of formation of ice. Moreover, some from them are capable
to reduce temperature of freezing of water (process of crystallization of ice at their presence began at temperature lower-13°C), that
is, naturally they have «antifreezing»effect on process of crystallization of ice. These properties of strains Methylobacterium may be
very important in conditions of Antarctica for a survival both microbic, and plant forms.

As a whole, psychrotolerant facultative methylotrophs and the obligate methane oxidizing bacteria revealed by us in various
ecosystems of Antarctic Region, expand representation about a physiological diversity of these groups of bacteria, about their
distribution to biosphere and the contribution to a global cycle of carbon.

Hcuxpodinbni meruaorpodui 6akrepii y 6ioromax Anrapkruku. B.O. Pomanosceka, I1.B. Poxurko, O.b. Tammpes, C.O.
Humin, H.A. Yopaa

[ixg wac VII Ykpaincekoi antapkTrynaoi ekcnenunuu (2003 p.) Ha cTaHmil «Akagemik BepHaacbkuid» MCHXpOTOJepaHTHI OakTepii,
SIKi 00JIIraTHO BUKOPHCTOBYIOTh METaH, OyJIO BHSBICHO B PI3HHX €KOCHCTEMaX — y 3pa3Kax MOXIB B OCTPiBHIH YacTHHI AHTAPKTHKH
Ta y IPyHTOBO-POCIMHHHUX 3pa3kaX. IIpM LbOMy KUIBKICTH METAHOKHCIIOIOHYUX OakTepiil y 3paskax 3 Amtapktuxu (10%-10% / r
3paska) GyJa HIKYOIO, HIXK y 3pa3kax i3 perionis 3 momipuum krmimatom (102-10° / r 3paska). IlcuxpoTonepanTHi GakTepii pomy
Methylobacterium, 1o ¢akyIbTaTHBHO BUKOPHCTOBYIOTH METAaHOII, OYJI0 BUSIBJICHO B MyJli IpicHOTO 1 «YepBoHOro» 03ep, a TAKOXK y
I'PYHTOBO-POCIIMHHHX 3pa3Kax. 3 OJHOTO I'PYHTOBO-POCIMHHOTO 3pa3ka AHTapkTvkd pu 10°C i301p0BaHO NCHXPOQITBHUH IITaM,
1110, MOXKJIMBO, € HOBUM BHJOM poxy Methylobacterium.

[okazano, mo mramu Methylobacterium He € KaramizaTopaMHu IpoIlecy JbOAOYTBOpEHHs. bimpmie Toro, neski 3 HHUX 3JaTHI
3HIDKYBATU TEMIIEPATypy 3aMep3aHHs BOAX (IpOoLeC KPUCTai3amii b0y B IXHIA MPUCYTHOCTI MOYMHABCS MIPU TEMIIEPATYpl HIKYIE
—13°C), To0TO Yy IpUPOTHUX YMOBAaX BOHH CIIPABISIOTE «aHTU(QPU3HY» JIif0 Ha MpoIlec KpucTatizamii gpomy. Lli BmacTuBoCTI mramin
Methylobacterium MOXyTh BigirpaBaTé BaXKIHBY POJIb B YMOBaX AHTAPKTHKH Ul BIOKUBAHHS SIK MIKPOOHHX, TaK i POCIHHHUX
(bopM KHUTTS.

VY mioMy MCHXPOTOJICpaHTHI (haKkyJbTaATHBHI METHIOTPOGH i 00MiraTHi METAHOKHCIIOWYI 0akTepii, BUABJICHI HAMH B Pi3HHX
eKocHcTeMax AHTapKTHKH, PO3IIUPIOIOTH YSBICHHS NMPO (i3i0J0ridHy po3MAITiCTh UMX Tpyn OakTepiif, mpo TXHE MOIIMPEHHS B
6iocepi Ta XHil BHECOK y TTI00ATBHUI LMK BYTJICLIO.

Hcuxpoduabupie MeTHI0TPOHbIE OaKkTepuu B 0HoTONMax AHTapKTHKH. B.A. PomaHoBcKas, II.B. Pokutko, A.b.
Tammpes, C.O. Wumun, H.A. YepHas

Bo Bpems VII Ykpaunckoit antapkruueckoit skcnenuuuu (2003 r.) Ha craHmmn «AkageMuk BepHanckuii» ICHXpOTOJNEpaHTHBIC
OaKTepuu, OOJIUTaTHO UCIIONB3YIOIINE MeTaH, ObUTH OOHAPYKEHBI B Pa3IMYHBIX SKOCHCTEMaX — B 00pa3ax MXOB B OCTPOBHOW 4acTH
AHTapKTHKH W B IIOYBCHHO-PACTHUTENBHBIX 0Opasnax. IIpy 3TOM KOJIMYECTBO METaHOKUCILSIIONIMX OakTepuil B oOpasimax u3
Amnrapkruku (10°-10% /r o6pasua) ObUI0 HEXKE, YeM B 00paslaX U3 PErHOHOB ¢ yMepeHHbIM KiaumaTtoMm (102-10°% /r obpasua).
[TcuxportonepantHsie Gaktepun poxa Methylobacterium, ¢akyabTaTHBHO HCMOJB3YIOLIME METAHOJ, ObLIM BBISIBICHBI B JOHHBIX
OTJIOKEeHUsIX TpecHoro u «KpacHoro» o3ep, a Takke B MOYBEHHO-PACTHTENIBHBIX 00Opasiax. VI3 0HOro MOYBEHHO-PACTHTEIBHOTO
obpasia Aurtapktukd npu 10°C u30mMpoBaH NCUXPOQUIBHBIA IITaMM, KOTOPBIH, BO3MOXKHO, SIBISICTCSI HOBBIM BHJOM poja
Methylobacterium.

INokazano, uro mTamMmer Methylobacterium He SIBISIOTCS KaTaaM3aTopaMH Hpolecca JIb1oo0pa3oBanus. bonee Toro, HekoTopee n3
HUX CIOCOOHBI CHIDKATh TEMIEpaTypy 3aMep3aHHsl BOABI (TIPOmecC KPHCTAIM3AIWHU JIbAAa B MX HPHCYTCTBUH HAYMHAICS IPHU
temrneparype Hmke —13°C), T.e. B IPUPOAHBIX YCIOBHAX OHHM OKa3bIBAIOT «aHTH()PU3HOE» BO3/IEHCTBHE Ha MPOIECC KPUCTAININ3AINT
mpIa. OTH cBolicTBa mTamMMoB Methylobacterium MOryT urpath BaKHYIO POJb B YCIOBHSIX AHTapKTHKU IS BEDKHBAEMOCTH Kak
MHKPOOHBIX, TaK U PACTUTEIbHBIX (POPM KHU3ZHH.

B LEJIOM MCUXPOTOJICPAHTHBIC (baKyJ'leaTI/IBHbIe MeTI/I.]'lOTpO(be 1 00NHMraTHele MCETAaHOKHUCIIAKOIINE 6a1<Tepm/1, BBISIBJICHHBIC HAMU B
Pa3IMYHBIX YKOCHCTEMax AHTapKTHUKH, PACUIMPSIOT MpPEACTaBleHHne O (HU3HOJOTHIECKOM Pa3HOOOpasuu STHX IPyHI OakTepuii, 00
UX paclpoCTpaHeHUH B Onocdepe U BKIaae B INI00ANbHBIN LUK YIIepoa.

Methanotrophs and methanogens bring the essential contribution to a regulation of a metane cycle on the Earth.
Nevertheless, concentration of a methane in an atmosphere annually increases for 1 %, obviously, as a result of a
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disbalance between its formation and decomposition. Comprehension of real threat of change of a climate during one or
several centuries, as a result of pollution of biosphere, has induced ecologists and biogeochemists to engage in studying
of a role of methanogens and methanotrophs in global processes of warming. Now the fact of preservation of viable
microorganisms at constantly negative temperatures in the nature is authentically established. Microbiological and
molecular-biological methods in eternally frozen sediments find out representatives of various phylogenetic lines:
actinobacterias, endosporic bacteria, proteobacterias, etc. Not forming spores the Gram-positive bacteria concerning to
order Actinomycetales dominate over frozen sedimentary breeds. Micromicetes and bacteria are found out practically in
all investigated eternally frozen soils of Arctic and Antarctic regions of various genesis and age (from 5-10 thousand up
to 2-3 million years). However practically there are no systematized researches concerning distribution of
methylotrophic bacteria at low or negative temperatures.

Methylotrophic bacteria, that is the bacteria using for growth reduced one-carbon compounds are widely
distributed in the nature. Traditionally among these bacteria distinguish two groups: obligate methanotrophs (the
bacteria using only a methane or a methanol) and facultative methylotrophs (the bacteria using, alongside with
methanol, other organic substrates). Until recently mesophilic and thermotolerant methane oxidizing bacteria were
known only. Studying of methanotrophs of psychrosphere under the general management of the academician of the
Russian Academy of Science G.A.Zavarzina have led to an isolation from a tundra soil of first psychrophilic
methanotroph Methylobacter psychrophilus [1] which has been found out in Arctic tundra where the methanotrophic
bacterial community occupies the certain soil horizons, from pollen of a moss up to peat [2]. The new species of
psychrophilic methane oxidizing bacteria is described also: Methylosphaera hansonii which is isolated from
meromectical salty lake in Antarctica Region [3].

The purpose of our work — search of psychrophilic and psychrotolerant methylotrophic bacteria in extreme
biotopes of Antarctic Region.

Methods

The quantitative account of methane oxidizing bacteria and facultative methylotrophic bacteria was performed
making a spreading of consequent tenfold dilutions of soil-plant and other samples on agarized mineral media (used
agar Difco).

For revealing obligate methane oxidizing bacteria used medium K [4] (a source of carbon feed - methane, 50 % in
a gas mixture), for revealing pink pigmented facultative methylotrophs used medium MM [5] (a source of a carbon feed
- a methanol, 0,5 mol. %).

Cultivation carried out at temperature 10°C and 20°C during 5-10 day. Then separate colonies of methane
oxidizing bacteria disseminated on plates with an agarized medium K [4] and placed in a methane-air atmosphere. As
the control similar crops on complex organic mediums served. Absence of growth on these mediums testified to
bacteriological cleanliness of isolated bacteria. Pure cultures of facultative methylotrophs isolated, using standard
procedures.

Isolation cellular DNA, amplification of sequences of a gene 16S rRNA with use of oligonucleotide primers (27f
and 1492r) performed the methods described earlier [6]. PCR performed on thermal cycler Gene Amp PCR System
2400 (Perkin Elmer), using a standard set of reagents (DTCS Master Mix) which is given to material maintenance of
Beckman Coulter CEQ™ 2000XL DNA analysis system.

Results

During time VII™ expedition (2003) samples from Antarctic Region have been taken on islands Galindez,
Pitterman, Scua and near station «Academician Vernadsky» from various ecosystems: a soil, silt of fresh shallow lakes,
an alga film on rocks in zone of ocean inflow, the bird's excrement, a moss, ground sediments of ocean.

Psychrotolerant methane oxidizing bacteria have been found out in samples of the mosses selected in an island part
of Antarctic Region and in soil-plant samples (Table 1). In some samples (ocean silt, alga film at ocean) psychrotolerant
methane oxidizing bacteria have not been revealed. The highest quantity of methanotrophs is revealed in places of
anthropogenous pollution in area of station Academician Vernadsky. As a whole the quantity of methane oxidizing
bacteria in ecosystems of Antarctic Region (10*-10° /g of a sample) was lower, than in regions with a temperate climate
(10%-106 /g of a sample [7]).

Nevertheless, revealing of methane oxidizing bacteria in ecosystems of Antarctic Region is the valuable fact as
these bacteria are one of part which provide circulation of carbon in biosphere. Moreover, methane oxidizing bacteria it
is unique physiological group of bacteria which utilize a methane. Therefore they prevent accumulation of a methane in
an atmosphere.

Psychrotolerant methanol utilizing bacteria have been revealed in the silt of fresh and «Red» lakes, and also in soil-
plant samples. They have been presented by the pink pigmented bacteria facultatively using as a methanol, and others
carbon containing compounds as a unique source of a carbon feed, and attributed to genus Methylobacterium. From one
soil-plant sample of Antarctic Region at 10°C was isolated the psychrophilic representative of genus Methylobacterium.
Now it is known about 20 species of genus Methylobacterium, all of them are the mesophils growing at 25°C-30°C.
Psychrophilic strain Methylobacterium (An-5) was revealed for the first time.

The comparative analysis of sequences of genes 16S rRNA strain An-5 with those sequences of various species of
bacteria in database GenBank, carried out with the help of program BLASTN 2.2.4, has shown, that it relate to class
Alphaproteobacteria, in particular, to genus Methylobacterium. The highest factor of similarity of strain An-5 has been



obtained with species Methylobacterium mesophilicum (95,2 %). With other species of genus Methylobacterium this
strain had lower level of similarity — 92-95% that has not allowed to relate it to known species Methylobacterium.
Isolated psychrophilic strain An-5, probably, is a new species of genus Methylobacterium.

Table 1
Quantity of methylotrophic bacteria in the samples wich was selected in Antarctic Region (2003)
Characterization of the sample Colony quantity / g of the sample

Region Ecosystem *Methylotrophs | *Methanotrophs
UAS "Academician A moss with a soil 0 3,6%x10?2
Vernadsky"
Isl. Mario-Pedra, Greenwich Soil 3,0x102 nd
Isl. Galindes Silt of fresh lake 1,8x10? nd

Dry moss 0 2x102

Grass with a soil 3,8x10? 1,2x10?
Isl. Irizar Soil 9,0x102 nd
Isl. Pitterman Moss on the excrements 2,0x102 3,56%102

Moss on the rock 0 nd

Silt of the Red Lake 6,0x102 nd
Isl. Scua Alga film at ocean 0 0
Isl. Barhany Moss, soil, wool of seals 3,0x102 nd
Isl. King Georg, Pink lichen on stones and 7,0x10? nd
Rus. St. Bellinsgauzen soil

*Methylotrophs — pink pigmented facultative methanol utilizing bacteria of genus Methylobacterium. Methanotrophs —
obligate methane oxidizing bacteria.
nd —. did not determine.

In connection with obtained results the temperature range of growth of the facultative methylotrophs collection
strains isolated by us earlier from soils and plant phyllosphere of various regions of Ukraine has been tested (Table 2). It
turned out, that the majority of strains Methylobacterium are capable to grow at 10°C. However, if at 30°C the maximal
biomass gain was observed after 2 day, at 10°C after 2-3 day growth is absent, and the maximal gain of a biomass was
observed only after 5 day. Thus, the long lag-phase at low temperatures is observed, during which, probably, the
metabolism of a cell is reconstructed. Finally, the gain of a biomass at 10°C for 4872 h growth reaches the same level,
as at 30°C.

Table 2
Growth of the Methylobacterium collection strains at various temperature
Strain Temperature of cultivation
Species number in 100c | 20c | 30Cc | 37°Cc | 42°C
UCM During cultivation, day

5 5 2 5 5
M. mesophilicum 3352 + ++ ++ ++ -
M. mesophilicum 3354 + ++ ++ - -
M. mesophilicum 3357 + ++ + n N
M. mesophilicum 3380 + ++ ++ ++ -
M. mesophilicum 3383 + + + B _
M. fujisawaense 3342 + + + + +
M. fujisawaense 3351 ++ ++ T+ R N
M. fujisawaense 3365 + + ++ B _
M. extorguens 3360 + + ++ _ -
M. extorquens 3362 - ++ ++ _ -
M. extorguens 3368 ++ ++ + _ -
M. zatmanii 3339 - ++ T+ ++ T
M. organophilum 3389 ++ ++ ++ - -

Note: “++” —normal growth; "+" — weak growth; "-" — absence of growth:

UCM - Ukrainian collection of microorganisms.

Whether methylotrophic bacteria a aboriginal microflora in Antarctic Region are? On this question there is no
unequivocal answer. It is possible, that they have an anthropogenous origin or are introduced by birds. However among
representatives of methylotrophic bacteria psychrophilic and psychrotolerant forms are revealed. It testifies to a
potential opportunity of these bacteria to exist at low temperatures. Moreover psychrotolerant forms of methylotrophs
are found out also among mesophilic collection bacteria which have been isolated from ecosystems with a temperate
climate.

Nevertheless, objective conditions for their existence are available in the given region. So, natural processes of
transformation of organic substances (a moss, the bird's excrement, etc.) up to a methanol and a methane can provide
trophic needs of methylotrophs and their ability exist at low temperatures can to be realized in conditions of Antarctic
Region. Recycling by methylotrophs of a methane and a methanol in ecosystems of Antarctic Region, undoubtedly, has
the important ecological value as protects an atmosphere from pollution by these toxic compounds.



Earlier by us it has been shown, that epiphitic and soil strains Methylobacterium extorquens, M. organophillum, M.
mesophilicum, M. fujisawaense are not catalysts of process of ice formation. Moreover, some from them are capable to
reduce temperature of water freezing (process of ice crystallization at their presence began at temperature lower —13°C),
i.e., naturally they have an «antifreezing» effect on process of ice crystallization [8]. These properties of strains
Methylobacterium may be very important in conditions of Antarctic Region for a survival both microbic, and plant
forms.

As a whole, psychrotolerant facultative methylotrophs and the obligate methane oxidizing bacteria revealed by us
in various ecosystems of Antarctic Region, expand knowledge about a physiological diversity of these groups of
bacteria, about their distribution into biosphere and the contribution to a global cycle of carbon.
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