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Pe3tome. Llenb paboTsl — n3ydenue
AQHTAPKTHYECKUX SKCTPEMO(HIBHBIX
MHKPOOPTaHU3MBI, @ TAKXKE OI[CHKA
MEPCHCKTUB UX HUCIIOJIB30BaHUA IJIs CO3AaHUA
HOBBIX NTPUPOIOOXPAHHBIX OMOTEXHOJIOTHI 1
MEIUIIMHCKHX MIPENaparoB, CEIEKINH
HPOAYIIEHTOB OMOJIOTHYECKH aKTHBHBIX
BemecTB. CHCTEMHOE U3Y4YEHHE CTPYKTYPHI U
(yHKINH MEUKPOOHBIX IIEHO30B B AHTapKTHKE
IMoKasajio, 4TO UX afarnTtanusd IposaBIACTCA B
BHJIE TOMEOCTa3a, T.e. COXPAaHEHNUH
JKU3HECTIOCOOHOCTH B CIIOCOOHOCTH K POCTY B
HIMPOKOM JIMara3oHe KOHICHTpAIUN
9KCTpeMasIbHBIX (akTopoB. Co3nana
KOJIIEKIINSI MUKPOOPTaHN3MOB, YCTOWYNBBIX K
oTiM (hakTopam. Kommexmus BKiIodaeT
MHUKDPOOPTaHU3MbI, CHHTE3HPYIOIUE
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Abstract. The aim of this study is
researching Antarctic extremophilic
microorganisms, estimation of trends and
prospects for developing new environment
protection biotechnologies, using them as
producers of biologically active substances and
medications. Complex structure and function
researches have shown that microbial
communities of Antarctic Region possess a
high adaptation degree which is possible to
consider as a homeostasis, i.e. preservation of
viability and ability to grow in a wide range of
concentration of extreme factors, down to
bactericidal. The collection of the Antarctic
microorganisms, resistant to extreme factors is
developed. The collection includes
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KPHOTIPOTEKTOPBI, MUKPOOPTaHH3MBI,
YCTOMUMBBIE K BEICOKUM J03aM YD paauanuu
(500-1500 I/M”), IIHPOKOMY CHIEKTPY
aHTHOMOTHKOB U TOKCHYHBIM MeTasnam (Hg™',
Cu’”’, Cr(VI), Co”, Cd”", Ni’") B nquanazone
5x10"-6x10" MI-HOHOB/I1); H30JIATHI, KOTOPbIE
MIPOAYLHPYIOT OMOJIOTNIECKN aKTHBHBIC
BellecTBa (MEJaHUHbI, KAPOTHHBI,
AQHTUONOTHKH U JIP.).

Brbienennbie HaMu SKCTPEeMO(QHIIBHBIE
MHKPOOPTaHU3MBbI MIEPCTIEKTUBHBI IJIS
CO3/IaHUSI HOBBIX OMOTEXHOJIOTHH.
TexHo0TMM, OCHOBAaHHBIE HA MUKPOOHOM
MOOMIIM3allil HEPaCTBOPUMBIX (hOpM
METaJUIOB, Y3PPEKTUBHBI TSI TOBBIIIEHUS UX
W3BJICYEHHS B TOPHOAOOBIBAIOIICH
MIPOMBIIIJICHHOCTH, OMOpEeMeINanOHHBIX
TeXHONIOTHAX. IMMoOHIM3aus — st
OunopemMeMali BOJOEMOB H OYHUCTKH
CTOYHBIX BOJI OT IIMPOKOTO CIIEKTPa METAJIJIOB.
AHTapKTHYECKNE MUKPOOPTaHU3MbI MOTYT
UCIIOJIb30BAThCS IS ITOJTY4YEHHST HOBBIX
AQHTUOMOTHKOB, & yCTONYMBBIE K HUM IITaMMBI
— 17151 TecTHpOBaHUS Y(P(HEKTUBHOCTH IEHCTBUS
AHTUMHKPOOHBIX ITpenaparoB. MeTuiorpodb
SIBJISIFOTCSI IIEPCIIEKTUBHBIMU TTPOTYLICHTAMH
KPHOTIPOTEKTOPOB, & MMTMEHTUPOBAHHBIE
MHKPOOPIaHH3MbI — OMOJIOTNYECKU-aKTHBHBIX
BeIeCTB (MEJIaHUHBI, KAPOTHHBI). YHUKAJIbHAS
KyIbsTypa npoxokeit Exophiala nigra
(TpOAyYIICHT MeNTaHIMHA) MOJKET OTHOBPEMEHHO
HCIIONIb30BATHCS JUISl OUMCTKU CTOYHBIX BOJ OT
metanios (Hanpumep, Ni' u Co”), monydenus
V®-3auTHBIX IpenapaToB, CO31aHus
JIEKAPCTBEHHBIX CPEJICTB C
MPOQUIAKTHUECKIUMU U JICUCOHBIMU
CBOIMCTBaMH 110 OTHOIIEHHIO K SI3BEHHO-
9PO3MBHBIM IOPAKEHUSAM KETyIAKa U
IPE/IPAKOBBIM €r0 COCTOSTHUSIM.

KaroueBble ciioBa. DxcTpeModuiibHbIe
MHKPOOPTraHU3MbI, AHTAPKTHKA,
OMOTEXHOJIOTHS, METAHUH, METUIIMHCKHE
npenaparbl

BBenenue

Kusup Hencrpebuma u Besznecyma. 06
9TOM CBHUIETEILCTBYIOT COTHH ITyOIUKaLMH 00
IKCTPEMO(MIBHBIX MHKPOOPTaHH3MAX.
ITosTOMy MBI HE OyZIeM CCBUTATHCS Ha 9TH

cryoprotector-producing bacteria,
microorganisms resistant to high UV radiation
level (up to 500-1500 J/m®), isolates resistant to
a wide spectrum of the most toxic metals (Hg™,
Cu’', Cr(VI), Co™, Cd”', Ni’") in concentrations
of 5x10%-6x10* mg/l, isolates that are producers
of biologically active substances (melanins,
carotins, antibiotics ets).

Isolated extremophilic microorganisms are
perspective for a wide spectrum of new
biotechnologies designing. Biotechnologies
based on microbial mobilisation of insoluble
metal compounds are effective for increase of
their extraction in the mining industry, and in
bioremediation. Immobilization abilities can be
applied in metal-containing sewage treatment.
Antarctic microorganisms can be used for new
antibiotics production, antibiotic-resistant
strains as test-cultures for studying efficiency
of new antimicrobial preparations.
Methylotrophic bacteria are perspective
cryoprotector producers, pigmented
microorganisms - as biologically-active
substances producers (melanins, carotins). The
unique yeast isolate Exophiala nigra (a
melanin producer) can simultaneously be used
for sewage treatment (for example, Ni*" and
Co™), UV-protective preparations, creation of
medicines with preventive and curative
properties in relation to ulcer-erosive lesions of
the stomach and precancerous states of its.

Key words: extremophilic microorganisms,
Antarctic Region, biotechnology, melanin,
medications

Introduction

Life is ineradicable and ubiquitous.
Hundreds of articles devoted to extremophilic
microorganisms testify to this. Therefore we
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PaboTHI, XOPOIIIO U3BECTHBIE CIICIIUAINCTAM.
IIpuBenem nuub ABa IpuMepa,
MOATBEPKIAOIIUE CIIOCOOHOCTh
MHKPOOPTaHU3MOB CYIIIECTBOBATh B YCIOBUSIX,
«HECOBMECTHUMBIX C )KU3HBIO». DTH PabOThI
JIOKa3bIBAIOT MCIIOIb30BAHNE MUKPOMHIIETAMHA
PaaroaKTUBHOTO rpaduTa B KadecTBe
MCTOYHHUKA yIJIepOJia U SHEPTHH, a TAKKe

3P PEKT «IMOIIOKUTEIHLHOTO pajnoTaKcucay 5,
26]. B nanHOM cTaThe MBI pacCCMOTpeNn
TEOPETHYECKHE TPEITOCHUIKN 1
3aKOHOMEPHOCTH (pOPMHUPOBAHUS
9KCTPEMO(MIIBHBIX aHTAPKTHUECKUX
MI/IKpO6HBIX LIEHO30B. B kauecTBEe HCTOYHUKOB
JUTA BBIACJICHUSA ITPOMBITIIJIICHHO
MEPCIIEKTUBHBIX MUKPOOPTaHU3MOB HAMH
HCITONIb30BaHbI 00pa3Ibl BHYTPEHHETO

eI OBOTO OCTPOBHOTO apXHUIIesara, a TakKe
TIPHUJIETAIOMIETO T0OEPEkKbsI AHTAPKTHIECKOTO
nosryoctpoBa. OCHOBHBIM 00BEKTOM
UCCIICIOBAHUI CITY)KHII aHTAPKTUIECKUI
TEpMOCTAaTHPOBAHHBIN 0a3KC, PACIIOIOKEHHBIN
BOIM3HM YKPaMHCKOM aHTApPKTHUECKOH CTaHIMN
Axanemuk Bepranckuii (ApreHTHHCKHNA
apxwurernar, o. ['annanes, OpBIIas OpUTaHCKAS
cranus Maiikn @apaneit) [21, 24]. Ucnonb3yst
GPS-merozp! poBezeHa Tonorpaduueckas
cheMKa oasuca Ha o. [‘anunpes, u ¢
ucroiap3oBanneM GIS-TexHomorui co3mana
crepeomerpuueckas 3D-Mozens nonmrona ¢
CETBIO CTAI[MOHAPHBIX ITYHKTOB ITOCTOSTHHOTO
mouuTopuHTa (Oosee 200 Touek) [24]). Oazuc
HPEJICTABISIET COOON CKAIMCTBIH MBIC C
KPYTbIMU CKJIOHAMH, Ha BEPIIUHE MbICa
HaXOJIUTCS PEJIUKTOBBIH JIEHUK.
OcoOeHHOCTBIO 0a3mca SBISETCS
MaKcHMaJbHOe Onopa3zHooOpa3re Ha3eMHBIX
OMOTOIIOB (IKOCUCTEM): JICIOBBIC U
HacKaJbHbIC BOJIIOPOCIIEBO-0aKTepHaIbHbIE
Marhbl, 104YBa, 03€pa, JUIIAHHUKHU, MXH,
BeIcime pacrenus (Deschampsia antarctica,
Colobanthus quitensis), 6ecTIO3BOHOUHBIE
KHMBOTHBIC, a Takke opHUTO(ayHa. [lens
paboTHI — BBIACINTD U U3yUHUTh
AHTAPKTHYECKUE IKCTPEMOPHIHHBIC
MHUKPOOPraHmu3Mbl, OICHUTH NEPCIICKTUBLI UX
WCIIONIb30BAHMS JUISI CO3/1aHHsI HOBBIX
TIPUPOJOOXPAHHBIX OMOTEXHOJIOTHI U
CEJIeKIINN MPOYLICHTOB ONOJIOTHIECKU
AKTHBHBIX BEUIECTB (MEJIAHWHOB, KAPOTHUHOB,
AHTUOMOTHKOB), a TAK)KE JIeYeOHBIX
IIpenaparos.
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shall not refer to papers, well-known to experts.
We shall only result two examples confirming
microbial ability to exist in conditions,
«incompatible with a life». The evidence of
mentioned above is the existence of fungi
which use radioactive graphite as a source of
carbon and energy, and also the «positive
radiotaxisy» effect [5, 26]. This study is
referring to theoretical preconditions and laws
of Antarctic extremophilic microbial
communities' formation. Environments of
Antarctic oases, situated in the area of
Argentine archipelago internal shelf and
adjoining coast of Antarctic Peninsula, are the
sources for industrial promising
microorganisms' isolation. The basic research
object is the biogeographical polygon of
Antarctic oasis located near Ukrainian
Antarctic station Academic Vernadsky (the
Argentina archipelago, Galindez island, former
Michael Faradey station, UK) [21, 24]. By
means of GPS-methods topographical survey
of an oasis and polygon is carried out. Using
GIS-technologies the stereometric 3D-model of
polygon with a system of fixed permanent
monitoring points (more than 200) [24]) is
designed. The oasis is a rocky cape with abrupt
slopes, at top of cape there is a relic glacier.
Outstanding feature of an oasis is the high
number of terrestrial environments (rocks, ice,
snow, lakes, primitive soils, etc.) where
maximal biodiversity is represented: ice and
rock biofilms, lichens, mosses, vascular plants
(Deschampsia antarctica, Colobanthus
quitensis), invertebrates, and avifauna. The aim
of this study is isolating and researching
Antarctic extremophilic microorganisms, future
trends and prospects for developing on their
base new environment protection
biotechnologies, using them as sources of
biologically active substances (melanins,
carotins antibiotics), and material for
medications.
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MaTepl/laJ'lbl H METOAbI

Bovidenenue anmapkmuyeckux Mukpoopea-
Huzmos. OOpa3mbl TSI MUKPOOHOIOTHYECKIX
UCCIIeI0BaHuil 0TOMpaK B 3anajaHon
Amnrtapkruke Ha octpoBax Galindez (rue
pacmoiokeH ororeo-rpadudecKuil TOIUTOH),
Barchans, Irizar, Uruguay, Jalour, Petermann,
Berthelot, Cruls, King-Georg u ap., a Takxe Ha
1ooepexbe AHTAPKTHYECKOTO ITOJIyOCTPOBa
(mpic Rasmussen u mpic Tuxen). MccienoBanu
ciietyromniue OHOTOIIBI: T0YBa, TPaBa, MXH,
JTUIIAHHUKA U 03epHbIe WiIbl. OOpa3Is!
xpanny npu +5°C n/wmm ipu —20°C.
[oaroroBky 00pa3noB s MOceBa MPOBOAMIN
CTaHAAPTHBIMH MeTozamHu. [Ipu sTom
HCIIONIb30BaJIM J1Ba Toaxoza: (1) BeiaeneHue
9KCTPEMO(UIIBHBIX MUKPOOPTaHU3MOB
(HampuMep, OCEB Ha CPEJIbl, COJepIKaIue
TOKCHYHBIC METaJUIbI); (2) BBIACIICHUE
JOMMHHUPYIOMNX (POPM IIPH OTCYTCTBUHU
9KCTPEMaIBHBIX (PAKTOPOB.

Konuuecmeo mukpoopeanuzmos B o0pasmax
OTIPEIeIISIIN [TOCEBOM IOCIJIEA0BATEIbHBIX
JIeCATU-KPATHBIX pa3BeJeHUI 00pa3oB Ha
muTareNnbHbIe cpensl [ 13]: rereporpodHEIe
MHUKPOOpPraHu3MbI — Ha «Nutrient Agar
(¢pupma HiMedia Laboratories Pvt. Ltd) u
arapu3oBaHHOE cycio. Pa3znuunsle skon0ro-
(u3HOIIOTHYECKHE TPYITBl MUKPOOPTaHU3MOB
BBIJICIISUTH Ha CENIEKTUBHBIX cpenax [6],
METWIOTPO(HBIE OaKTEPUH — HA MUHEPATbHOU
cpene ¢ meranosiom (0.5%) [18].

Hoenmugurayuro 6akmepuii IPOBOIUIN HA
OCHOBaHMH M3YyUEHHSI KX MOP(OIIOTro-
(bU3NOTOTHYECKUX CBOUCTB [6], a TakKe
HCTIONB3Ys CHKBEHC-aHanmn3 TeHoB 16S pPHK.
Meronamu, onrcanubiMu B [ 18], n3 duomaccsl
aHTapkTuueckux Oaxrepuit Boiiessu JJHK. C
HCIIONIb30BAHHUEM ITOJIMMEPa3HOH HEeTTHON
peaxtun (ITLP) momxywammn
amrmununmrpoBanHbie reusl 16S pPHK 1 ux
cekBeHUpoBain. CpaBHUTEIIBHBIN aHAIIN3
HYKJICOTHHBIX MOCIIE0BATEILHOCTEH TeHOB
16S pPHK aHTapKTHYECKUX MUKPOOPTaHIU3MOB
C TaKOBBIMH PA3JIMYHBIX BHJIOB IIPOBOJIMIIH,
ucronb3ys 6asy nanubix GenBank.

Yemortiuusocms k memannam. AHTapKTHYE-
CKHE MHUKPOOPTaHU3MbI BBICEBAJIM Ha CPEJIbI,
coziepxalire Hanbosee TOKCHYHBIC METaIUIbI

Materials and methods

Isolation of Antarctic microorganisms.
Samples for microbiological researches were
selected in the Western Antarctic Region on
islands Galindez (on the biogeographical poly-
gon), Barchans, Irizar, Uruguay, Jalour,
Petermann, Berthelot, Cruls, King-George, etc.,
and at coast of Antarctic peninsula (cape
Rasmussen and cape Tuxen). The following
environments (biotopes) are studied: soil,
grass, mosses, lichens and lake sludge.
Samples were stored at +5°C and/or at —20°C.
Preparation of samples for microbiological
investigations was carried out by standard
methods. During researches we used two
approaches: (1) extremophilic microorga-
nisms' isolation (for example, inoculation on
toxic metal-containing media); (2) isolation of
dominating morphological species of
microorganisms without extreme influence.

Microbiological counts in samples were
carried out by inoculation of consecutive
tenfold sample dilutions nutrient media [13]:
heterotrophic isolates — on «Nutrient Agar»
(HiMedia Laboratories Pvt. Ltd) and wort agar
medium. Ecological and physiological groups
of microorganisms isolated on selective media
[6], methylotrophic bacteria — on methanol-
containing (0.5 %) mineral agar medium [18].

Bacteria identification was carried out by
studying morphological and physiological
properties using standard methods [6], and also
16S rRNA gene sequence. With the methods
described in [18], we extracted DNA from a
biomass of Antarctic bacteria. Using
polymerase chain reaction (PCR) amplified
16S rRNA genes were sequenced. The
comparative analysis of nucleotide sequence of
16S rRNA genes of Antarctic microorganisms
with those of various species was studied using
GenBank database.

Resistance to metals. Antarctic
microorganisms were inoculated on toxic
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(Hg" Cu”, Cd”, Co™,Ni" u CrO,”) B
nuanazone: ot 0 (koHTposb) 10 3000 mr-
HOHOB/J. B OTJIeNbHBIX SKCIIEpUMEHTAX
HCIIONB30BaNN 00JIee BHICOKHE KOHIIECHTPAINU
MetaioB (Oomee 1.0 mons/n, Hanpumep 60000
mr/n Cr(VI). Mukpoopranu3Mel
KynsTrBUpoBanu 5—20 cytok mpu 15-20°C
[20]. Konyenmpayuio memaniog B 00pas3max
OIIPEACISAIN CTAaHAAPTHBIMA
(hOTOKOJIOPUMETPHUUECKIMU METO/IaMH, a
TaK)Ke METOIOM aTOMHO-aICOPOIIMOHHOI
CIIEKTPOCKOIINH.

Buvioenenue MukpooHbix nuemenmos u3
KJIIETOYHOW OMOMACCHI YTOJIbHO-4EPHBIX
JIPOXOKEH MPOBOAWIA METOAOM ILET0YHON
9KCTpakiuu [ 1], nX cBOHCTBA ONpenessuiv, Kak
npuseneHo B [19]. Kapomunouow: B
MHUKpPOOHOIT GroMacce onpenestsm
xpomarorpaduiecknm n
CHEKTPO(POTOMETPHUECCKUM METOHOM. Y D
0671yyenue aHTapKTUIECKUX MUKPOOPTaHH3MOB
MPOBOIMIIU 110 METOAMKE, OMMMCAHHOM B [16].

Lumonpomexmopmnoe Oeticmeue menanuna
M3y4allk B YCIIOBHSX OCTPOTO M XPOHUUYECKOTO
ctpecca. OcTpbie Helpo-auCcTpOhUIeCKIe
TIOPAKECHUSI B CIIM3UCTON 000JI0UKE KETyaKa
KPBIC BBI3bIBAJIM METOIOM HEPBHO-MBIIICYHOTO
HanpsbkeHus o Cenbe. XpoHUUECKUE HEHPO-
IucTpoduIecKne MopaKeHUs! B CIIM3UCTON
000JI0YKE JKEeJTy/IKA KPBIC BBI3BIBAIM METOIOM
24-49acoBOTO UMMOOMITH3AIIMOHHOTO CTpecca.
ConeprkaHne OCHOBHBIX IPOTYKTOB
nepexucHoro okucienus aununos (ITOJT) -
JIMEHOBBIX KOHBIOTaTOB ONPEIEIISIN B
TOMOTEHATE CIM3HUCTOI 000T0UKH JKeTyIKa
KPBIC CHEKTPOGOTOMETPUIECKUX METOIOM,
TBK-akTHBHBIX IPOIYKTOB IO PEAKIUU C
TnabapouTypoBoii kucioroit u Indoseix
OCHOBaHMH — (PIFOOPOMETPHUECKIM METOIOM.
XKenynounyro cekperuro ucciaenoBanu
METOJIOM Nepy3UH U30IMPOBAHHOTO KETyAKa
1o [7]. IlapaduHOBBIE CpE3bl TONINHOMN 5—7
MKM HM3TOTaBJIMBAJIN HA POTOPHOM MUKPOTOME,
KpacuJIi TeMaTOKCHJIMHOM U 303HHOM.
l'ucronoruueckue npemnaparsl aHATM3UPOBAIIN
pu yBeaunueHuH mukpockona x100 u x400.
CozeprkaHne OKCHIa a30Ta B KPOBH OLICHUBAIIN
ITyTEM OIIPEAEIICHHs KOHIIEHTPAUH KOHEYHBIX
metabonmutoB NO (autput annona (NO,)) ¢
noMoleio peaktusa ['pucca [8]. Dxcnpeccuro
OenKa 3HA0TeNNAIBHOI CHHTA3bl OKCH/IA a30Ta
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metal containing media (Hg” Cu”', Cd”, Co™,
Ni’ u CrO,”) in a concentration range 0
(control) — 3000 ppm and incubated during 5-
20 days at 15-20°C. In separate experiments the
higher metal concentration were used (more
than 1.0 M/, for example 60000 ppm Cr (VI))
[20]. Metal concentration in samples was
determined by standard colorimetric and
atomic-adsorption spectroscopy methods.

Microbial pigment was extracted from coal-
black yeast cellular biomass by alkaline
method [1], pigment properties investigation
described in [19]. For carotenoids
characterization we used chromatographic and
spectrophotometric methods. UV-radiation
influence on Antarctic microorganisms was
studied by a technique described in [16].

In the study of cytoprotective action of
melanin in conditions of acute and chronic
stress we used the following methods. Acute
neuro-degenerative lesions in the gastric
mucosa of rats caused by neuro-muscular
tension by Selye. Chronic neuro-degenerative
lesions in the gastric mucosa of rats caused by
24-hour immobilization stress. Contents of the
main products of lipid peroxidation (LPO) —
diene conjugates were measured in homogenate
of gastric mucosa of rats by spectrophotometric
method, TBA-active products by the reaction
with tiobarbital acid and Shif s bases — by
fluorometric method. The activity of
antioxidant enzymes superoxide dismutase
(SOD) and catalase in the homogenate of
gastric mucosa were determined. Gastric
secretion was studied by perfusion of isolated
stomach by [7]. Paraffin sections of thickness
5.7 mm were made on a rotary microtome,
dyed with hematoxylin and eosin. Histological
preparations were analyzed at magnification
x100 and x400. Contents of nitric oxide in the
blood was evaluated by determining the
concentration of the final metabolites of NO
(nitrite anion (NO,)) with the Griss reagent [8].
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(eNOS) B cam3ucTOH 0007T0YKE JKEITyIKa KPBIC
OTIpeIeIISIIN METOIOM UMMYHOOIOTTHHTa. J{71s1
6nokuposanus PPARy mbl ncnons3oBanu
HEoOpaTHMBII CEJICKTUBHBIH aHTAarOHUCT
PPARy GW9662 (2-xmopo-5-auTpo-N-peHni-
oenzamupl) («Sigmay, CIIIA, Homep 1o
karanory M6191). Konnenrpanuto kopruzosa
B KPOBH OIPEAEIISIIA METOAOM TBEPI0(ha3HOTO
NMMYHO(EPMEHTHOTO aHAJIN3a B CHIBOPOTKE
KPOBH JKHBOTHBIX, TPUMEHSST HAOOPHI
peakTuBOB «cTepous MDA-koptuzon-01».

Pe3yabrarsl u 00cy:KaeHUE

Xapaxmepucmuxa aHmapKmu4ecKux
MuKpoopzanuzmos. B pesynprare
MHKpoOuoorndeckoro ananmuza 200 oOpasion
Ha3eMHBIX OMOTOIIOB AHTAPKTUKH BBIJIEIICHO
90 mTamMMOB a3POOHBIX XeMOOPTaHOTPOPHBIX
MHUKPOOPTaHU3MOB. J{J1s onpenencHus
TaKCOHOMUYECKOTO TOJOKEHHSI HCCIICTOBAHBI
ux cpoiictBa. Ha ocHOBaHMU u3yueHus
MOPQOJIOTO-KyJIBTYpaIbHBIX CBOMCTB 20
IITAMMOB TTOKa3aHO, YTO MX MOXKHO OTHECTH K
pomam Bacillus, Actinomyces, Streptomyces. B
pe3ynbprare CuKBeHc-aHanu3a reHos 16S pPHK
25 mTaMMOB WICHTH(QHUIIMPOBAHBI KaK
Brevibacterium, Methylobacterium,
Enterobacter, Staphylococcus, Pseudomonas,
1o BUIIOB (Brevibacterium antarcticum,
Staphylococcus saprophyticus, Enterobacter
hormachei, Pseudomonas putida, Ps.
fluorescens, Methylobacterium extorquens).
T.o., B aHTapKTHUECKUX 00pa3max
0OHapy>KEHBI TIPEJICTABUTEIN HECKOIBKUX
(bUITOTeHETUIECKIX JIMHUH MTPOKAPHUOT:
Proteobacteria, Firmicutes, Actinobacteria.
M3onupoBaHbl Takke APOXKIKU, B HACTHOCTHU 5
mTaMMoB Exophiala nigra (GpunoreHeTHuecKas
TUHAS 3yKapruoT). [TomoOHbIe pe3ypTaThl
OBLTH TIOTYYEHBI APYTHMHU UCCIIETOBATEIIIMHI
[14, 15 u np.]

BeisiBiienHOe GHOpazHO00pa3zue MUKpPO-
OpPTaHU3MOB B CYPOBBIX YCIOBHSIX AHTaPKTHKH
MOYET OBITh 00YCIOBICHO HATMIHEM y HUX
MHOXCCTBEHHBIX MEXaHH3MOB YCTOHYHBOCTH K
KOMIIIIEKCY IKCTpeMallbHbIX (haktopos. Takumu
aOMOTreHHBIMU (haKTOPAMHU SIBIISIOTCSI CYyTOUHBIE
niepema sl Temmepatypsl (o1 +10°C mo —20°C)

Protein expression of endothelial nitric oxide
synthase (eNOS) in the gastric mucosa of rats
was determined by immunoblotting. To block
PPARY, we used the selective irreversible
antagonist of PPARy GW9662 (2-chloro-5-
nitro-N-phenyl-benzamide) ("Sigma", USA,
catalog number M6191). The concentration of
cortisol in the blood was determined by solid-
phase enzyme immunoassay in the serum of
animals, using a set of reagents, "ELISA
steroid-cortisol-01".

Results and discussion

Characteristic of Antarctic
microorganisms. Microbiological analysis of
the 200 terrestrial samples of Antarctic Region
resulted in 90 strains of aerobic
chemoorganotrophic microorganisms isolation,
which specific features were studied for taxa
identification. On the basis of morphological
and physiological properties it is shown, that
20 of Antarctic strains related to Bacillus,
Actinomyces, Streptomyces genera. By the
means of 16S rRNA gene sequence analysis 25
strains were identified as Brevibacterium,
Methylobacterium, Enterobacter,
Staphylococcus, Pseudomonas, up to species
(Brevibacterium antarcticum, Staphylococcus
saprophyticus, Enterobacter hormachei,
Pseudomonas putida, Ps. fluorescens,
Methylobacterium extorquens). Thus, in the
Antarctic samples representatives of
Proteobacteria, Firmicutes, Actinobacteria
(prokaryotic phylum) are found out. Various
yeast species, in particular 5 strains Exophiala
nigra (eukaryotic phylum) are also isolated.
Similar results were reported in recent
researches on Antarctic terrestrial
microorganisms [14, 15 etc.].

The revealed microbial biodiversity in
severe conditions of Antarctic Region can be
explained by presence mechanisms of
polyresistance to a complex extreme factors.
To such abiogenous environmental factors
belong daily temperature fluctuations (from
+10°C to -20°C) during polar summer, constant
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BO BpeMs MOJISIPHOTO JIeTa, (pa30BbIe IEPEXOIbI
«3aMoOpakMBaHHe-OTTauBaHuey», YO paguanus,
0COOCHHO aKTHBHAsI 33 CYET HAINYHS
AQHTaPKTHYECKOH «030HOBOM JIBIPBI», BEICOKHE
KOHIIGHTPAIIMU TOKCHYHBIX METAJLIOB,
MOOMIIM30BaHHBIC U3 BYJITKAaHOTCHHBIX
CKaJIBHBIX opofl. Hanmpumep, B HEKOTOPBIX
o0pa3nax KOHIEHTPAHs MEH JOCTUTaeT
426558 mr/kr noussl [21]. K GnoreHHbIM
SKCTPEeMAabHBIM (paKTOpaM CIIETyeT OTHECTH
HEPaBHOMEPHOE pacIpe/IeIeHIe OPTraHNnIeCKIX
COE/IMHEHUH, YTO NPUBOJMT K JKECTKOH
KOHKYPEHIMHU 32 UCTOYHUKH YIIIepoAa JUIs
MUKPOOPIaHU3MOB. YKa3aHHBIM KOMIUIEKC
9KCTpEeMalbHBIX (PaKTOPOB, BUANMO, BIUSCT HA
(hopmuEpoBaHUE MUKPOOHBIX IICHO30B
AQHTapKTHYECKHUX 0a3ucoB. [loaTomy
CHCTEMHOE HCCIIE/IOBAHUE UX CTPYKTYPHI H
(byHKIN HEOOXOAUMO TS U3YUCHUS
3aKOHOMEPHOCTEH (hopMUpOBaHHUS
9KCTPEMO(MIBHBIX MUKPOOHBIX IIEHO30B U
BBIJICJICHUS] MUKPOOPIaHU3MOB,
MIEPCIIEKTUBHBIX ISl TIPOMBIIILICHHBIX
OMOTEXHOIIOTHIA.

KomrurekcHast aganTarist MUKPOOHBIX
LICHO30B K 3KCTPEMaJIbHBIM YCIIOBUSIM
NPOSIBIISIETCS KaK «rOMeocTas». B koHTekcTe
9TOH CTaThH «TOMEOCTa3)» MBI OTIpeieNsIeM KaK
CII0COOHOCTH MUKPOOHBIX IIEHO30B
a/IalITUPOBATHCS U COXPAHSTH CTAOMIIbHOE
(YHKIIMOHUPOBaHKE TIPH BO3JCHCTBUN
KOMILJIEKCa SKCTPEMaIbHBIX (hakTopoB. B
KadecTBe IIaBHBIX (DaKTOPOB, 3HAYMMBIX ITPH
(hopMHEpOBaHUH MUKPOOHBIX IICHO30B, HAMH
BBIOpaHBI HU3KUE TeMIieparypsl, YO paananus,
HanboJiee TOKCHYHbIE METAILIIBI U
aHTHONOTHKU. CUCTEMHOE U3yUeHUE
TOMEOCTa3a MUKPOOHBIX IIEHO30B MEI
OCYIIECTBIISUIN B YeThIpe dTana: (1)
KOJINYECTBEHHBIN y4eT MUKPO-OPraHN3MOB B
Ha3eMHbIX OHMoTONax (IKOCUCTEMAX )
AHTapKTHKH, (2) BBIICICHIE
MHKPOOPTaHU3MOB, YCTOWYIHUBEIX K
MaKCHMaJIbHBIM J103aM 3KCTPEMaJIbHBIX
(haKTOpOB ¥ CO3/]aHUE KOJJIEKLIUK IKCTPEMO-
(UIBHBIX MUKPOOPTraHU3MOB-TIPOIYLIEHTOB
OMOJIOTMYECKH aKTHBHBIX BEIECTB, (3)
KOMITJIEKCHOE M3yUCHHE CBOWCTB
MHUKPOOPTaHU3MOB, EPCIIEKTHBHBIX IS
MIPOMBIIIJICHHBIX OMOTEXHOJIOTHIA, (4) OHo-
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ice nucleation/melting cycles, UV radiation,
especially strong due to presence of Antarctic
"ozone hole", high concentration of toxic
metals mobilized from igneous rock. For
example, copper concentration in some
samples is up to 426-558 mg/kg [21]. Non-
uniform distribution of biogenic factors on
Antarctic islands such as organic compounds
concentration can be related to extreme factors
resulting in strong competition for a substratum
(sources of carbon and energy for
microorganisms). The specified complex of
extreme factors probably influences microbial
communities' formation in Antarctic oases.
Therefore complex research of their structure
and functions is a necessary for studying laws
of formation extremophilic microbial
communities, and isolation of microorganisms,
perspective for industrial biotechnologies.

Complex adaptation of microbial
communities to extreme environmental
conditions is considered as the "homeostasis"
phenomenon. In a context of this study we
determine "homeostasis" as the ability to adapt
and keep stable functioning under the influence
of an extreme factor complex. We consider low
temperatures, UV radiation, the most toxic
metals and antibiotics to be primary factors that
are significant during microbial communities'
formation. Study of microbial communities'
homeostasis was carried in four stages: (1)
microbiological counts in terrestrial
environments of Antarctic Region, (2) isolation
of strains resistant to maximal extreme factor
dozes and development of a collection of
extremophilic microorganism that are
producers of biologically active substances, (3)
complex studying of their properties,
perspective for industrial biotechnologies, 4)
biotechnological testing of extremophilic
microorganisms.
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TEXHOJIOTHYECKOE TECTHPOBAHKE
IKCTPEMO(UIBHBIX MHKPOOPIaHH3MOB.

OnuH U3 3TAroB TAKOTO aHAJIN3a — 3TO
KaueCTBEHHBIH Y KOJIMYECTBEHHBIN yueT
MHKpOOpranu3MoB. [lokazaHo, 4To B cocTaB
MHUKPOOHBIX IIEHO30B (HAIpuMep, Ha
o. lanuupes) BXOIAAT OCHOBHBIC
¢dusnonornyeckue u QyHKIMOHATBHBIC
IPYIIIBI MUKPOOPI'aHU3MOB, OCYIECTBIISIONINE
(YHKLIMOHUPOBAaHNE 3aMKHYTBIX [IUKJIOB
ymiepoza u azora. KonnuecTso
XEMOOPTaHOTPO(DHBIX MHKPOOPTaHU3MOB B
1104BE OBIJIO BHICOKUM, M HAXOJHJIOCH B
npenenax 10'-10’ knetok/r 06pasma.
OOHapyXeHBI KaK adpOoOHEIC, TaK U
aHa’POOHBIC KONHOTPO(HEIE, OIUTOTPO(HBIE U
0JIMrokapooQuIbHBIE MUKPOOPTaHU3MBI
(2x10-8x10" keTok/r 06pasma) [9]. Hecmotps
Ha TO, 4TO 0. ['ajmHes sBiseTcs
«HU3KOTEMIIEPAaTYPHBIM» 00BEKTOM, KPOME
MICUXPOPUITEHBIX MUKPOOPTaHu3MoB (+5°C,
10’10 k1€TOK/T OUBBI), OGHAPYKEHBI
me3o¢uibabIe (+25°C, 6x10°-5x10” kneTok/r
T0YBbI) M TepMoTONepanTHble (+45°C, 10°-10°
KJIETOK/T ITOYBBI) MUKpOOpranu3mMsl. Hannune
Me30(UIBHBIX U TEPMO(UITBHBIX
MHKPOOPIaHM3MOB B QHTAPKTHYECKHUX MOYBAX
MOXXHO OOBSCHUTB KaK
TPaHCKOHTHHEHTAJIbHBIM I1EPEHOCOM
MHUKPOOHBIX a3po30sieii aTMoChepHBIMU
MOTOKaMH, TaK ¥ HHTPOLYKIINEH
MHKPOOPT'aHM3MOB H3 IITHYBETO IOMETa
(HarpuMep, MOMOPHHUKOB U YaeK) B TI0YBY.

CrenoBarenbHO, aHTAPKTHUCCKHE
Ha3eMHbIE IKOCUCTEMbI XapaKTepU3YIOTCS
BBICOKHM YPOBHEM 3KOJIOTO-TPOGHIECKOTO,
(U3HOIOTHYECKOTO M TAKCOHOMHYECKOTO
6ropa3Ho00pasus, a TaKKe BEICOKOH
YHCIIEHHOCTBIO MUKPOOPTaHU3MOB.

Anmapkmuyeckue
Memanape3ucmenmnble MUKpPOOPZAHUZMD.
PaccMmoTprM Takoi cUCTEMHBIN OAXOM Ha
puMepe KCTPEMO(UITBHBIX
METaJUIPE3UCTEHTHBIX MUKPOOPTaHU3MOB.
M3BecTHO, 4TO 1151 OOJIBIIMHCTBA
XEMOOPIraHOTPO(PHBIX MUKPOOPTAaHU3MOB
OaKTepULMIHBIC KOHLICHTPALUH TOKCHYHBIX
meramtos (Hg”', Cu’ u gip.) maxomaTcs B
npenenax 5—10 mr-uonos/n [4, 11]. Tak kak
AHTapKTHKa — 3TO SKOJIOTUYSCKH YUCTast 30HA

One of stages of such analysis is a
qualitative and quantitative count of
microorganisms. It is shown, that microbial
communities of Antarctic oases (for example,
island Galindez) include the basic
physiological and functional groups of the
microorganisms which provide complete
carbon and nitrogen cycles. The number of
chemoorganotrophic microorganisms in soils
was high within the limits of 10*-10” cells/g of
soil, where aerobic and anaerobic olygotrophic
microorganisms (2x10"-8x10’ cells/g of soil)
are found out [9]. In spite of the fact that island
Galindez is a "low-temperature" object, besides
except psychrophilic microorganisms (+5°C,
10°-10 cells/g of soil), mesophslic (+25°C,
6x10’-5x10’ cells/g of soil) and termotolerant
(+45°C, 10*-10° cells/g of soil) microorganisms
were found. It is possible to explain presence of
mesophiles and thermophiles in Antarctic soils
as transcontinental transfer of microbial
aerosols by atmospheric streams, and inclusion
of microorganisms from bird's excrements (for
example, skua and gulls) into soil communities.

Hence, Antarctic terrestrial ecosystems are
characterized by a high level of functional,
physiological and taxonomic biodiversity, and
also a high number of microorganisms.

Antarctic microorganisms resistant to
metals. We shall consider such system
approach on the example of extremophilic
metal resistant microorganisms. It is known
that for the majority the chemoorganotrophic
microorganisms bactericidal concentrations of
toxic metals (Hg”', Cu’’ etc.) are within the
limits of 5-10 ppm [4, 11]. As the Antarctic
Region is a non-polluted zone on the Earth,
despite of the high content of toxic metals in
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3emiTH, TO, HECMOTPS Ha BBICOKOE COZEpKAHNE
TOKCHYHBIX METAJUIOB B CKaJIbHBIX U
0CaJIOUHBIX TIOPOJIAX, TPYIHO OBIIO
TIPEATOIOKHUTD, YTO aHTAPKTUYECKUE
MHKPOOPIaHH3MbI IPOSIBSIT
CBEPXyCTOMYMBOCTH K MeTamiam. OgHako
paHee pU TTOMOIIH TePMOAMHAMUYECKAX
pacyeToB MbI JJOKa3aJii, a BIIOCIEICTBUI
HOJITBEPIMIIN IKCTIIEPUMEHTAIBHO, YTO POCT
HEKOTOPBIX XeMOOPTaHOTPO(HBIX
MHKPOOPTaHU3MOB BO3MOYKEH TP BBICOKHX
(Bm10TH 10 1M) KOHIIEHTPALMAX TOKCHYHBIX
MeTauioB [22, 23]. Mcxons u3 5Toro, Mbl
HCIIONIb30BAJIN B OKCIIEPUMEHTE HINPOKHIA
KOHIICHTPAITMOHHBIHN THama30H METaJJIOB.
[IpuHIUNIATFHO HOBBIM TIPY BBIICICHIH
METaJUIPE3UCTEHTHBIX MUKPOOPTaHU3MOB
SIBJISIETCSI OY€Hb BBICOKHIA TIpe/Ies
koHIeHTparwii MetamuioB (3000-60000 mr /).

[Tonmy4yeHHbIE Pe3yIBTaTHI
CBHJICTEIILCTBOBAJIN O BEICOKOH YCTOHYMBOCTH
AQHTAPKTUYECKUX TOYBEHHBIX
MHKPOOPIaHM3MOB K TOKCHYHOMY KaTHOHY
Cu’'. Tak, ecii B KOHTPOJIE KOMUYECTBO
MHKPOOPraHU3MOB cOCTaBIsAno nx10° KeTok/r
o6pasa, To mpu 200-800 mr/n Cu”* — nx10° —
nx10’, a mpu 1000 mr/n Cu”" — nx10° keTox/T
obpasia. Takum 00pa3oM, KOJTHUECTBO KICTOK
MHKPOOPTaHU3MOB, BBIPOCIIHX 0e3
MIpeIBAPUTEIHLHON aTanTaIium K
«CBEPXOAKTEPHINAHON KOHIIEHTPALIUH MU
(1000 mr/n Cu®"), cOCTaBUIIO MHIUTHOHBI Ha | T
moyBHL. M3 HUX OBLTO m30mHpoBaHo 10
MEIbPE3UCTCHTHBIX IITAMMOB, KOTOPEIC
JIENOHUPOBaHbI B YkpanHckoil Komnekuun
Muxkpoopranuzmos (YKM, NeNe mrraMmmoB
3201-3210) 1 ucmoab30BaHbI B KAY€CTBE TECT-
kynsTyp. Kak Oymer mokazaHo HIDKE, STH
MHKPOOPTaHU3MbI yCTOHYUBBI HE TOJBKO K
Cu”’, HO M K CBEPXBBICOKUM KOHIIEHTPAIIHAM
PaCTBOPUMBIX COSIMHEHNUHN PTYTH, KOOAIbTa,
kaamust, HuKels u xpoma(VI). Mabmvu
CJIOBaMH, HAMH OOHAPYKEHO SIBIICHHE
HIOJINPE3UCTEHTHOCTH aHTAPKTHYECKUX
MHKPOOPTaHU3MOB K IITUPOKOMY CIEKTPY
TOKCHYHBIX METAJLIOB.

Kaxk npaBwuiio, mpoBepKa MHOKECTBEHHON
PE3UCTCHTHOCTH CBOJIUTCS K M3yUCHHIO pOCTa
Ha cpejie, CoIepIKallel TOJILKO OJJMH METaJll.
[Tpu 3TOM oTcyTCcTBYET HH(DOpMAaIHst 00
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rocks and sediments, it was difficult to assume
that the Antarctic microorganisms will show
high metalresistant level. In previous studies
using thermodynamic calculations we have
proved, that growth of some
chemoorganotrophic microorganisms is
possible at high (up to 1M) concentration of
toxic metals, what have been confirmed
experimentally [22, 23]. Proceeding this, we
used a wide concentration range of metals in
experiment. Using very high metal
concentrations (3000-60000 mg/1) during
isolation of metal-resistant microorganisms is
essentially new.

Results testified to high resistance of
Antarctic soil microorganisms to toxic Cu”’. In
the control (without copper) number of
microorganisms was 10" cells/g, while at 200-
800 ppm Cu® — 10'-10", and at 1000 ppm —
10° cells/g of a sample. Thus, the number of
microorganisms able to grow without
preliminary adaptation to super bactericidal
copper concentration (1000 ppm Cu’"), reached
millions in 1 g of soil. Among isolated copper
resistant strains 10 are deposited in the
Ukrainian Collection of Microorganisms
(UCM) at numbers 3201-3210 and are used as
test-cultures. As it will be shown below, these
microorganisms are resistant not only to Cu’+,
but also to super high concentration of
mercury, cobalt, cadmium, nickel and
chromium(VI) soluble compounds. Other
Antarctic microorganisms are characterized by
polyresistance to a wide spectrum of toxic
metals.

As a rule during multiple metal resistance,
study isolates are tested on media containing
only one metal. Thus there is no information on
integrated action of several metals on
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WHTErPaIbHOM JICHICTBUH HECKOIBKHUX
METaJIOB HA MHUKPOOPTaHU3Mbl. OZIHAKO B
TIPUPOJHBIX YCIOBUSIX M B TEXHOTEHHBIX 30HAX
MHKPOOPTaHU3MbI HaXOJSITCS B YCIIOBUSIX,
KOT/Ia O/IHOBPEMEHHO MPUCYTCTBYET IIUPOKUI
CIEKTDP TOKCHUYHBIX METAJIOB, MPOSIBIISIOIINX
UHTETPUPOBAHHOE [IEHCTBUE HA
MHKpPOOPTaHU3MBbL. B ¢Bsi3u ¢ 3TUM n3ydenue
MHOYXECTBEHHON YCTOMYMBOCTH K METAJUIAM
AQHTAPKTUYECKUX MUKPOOPTraHN3MOB MbI
TIPOBOJIMIIN HA JIBYX YPOBHSIX: «IIEPBOTO
TIOPSIJIKa» M «BTOPOTO MOPSIIKaY.

MHoOXeCcTBEeHHAas PE3UCTEHTHOCTb
«TIEPBOTO MOPSAIKAY, 10 HAIIEMY
OIIPEEIIEHHIO, — 3TO YCTOH-YNBOCTh
MHKpPOOPTraHU3Ma K HECKOJIbKUM MeTajllaM IIpH
YCIIOBHUH, YTO BIMSHUE KKJIOT0 U3 HUX
MIPOBEPSIETCSI OTAEIBbHO. MHOKECTBEHHAs
PE3UCTEHTHOCTh «BTOPOTO TOPSIIAKA» —
YCTOMUYUBOCTH, KOTZIA B CPEJIE CONEPIKUTCS
OJTHOBPEMEHHO HECKOJIBKO MeTauioB. [Ipu
3TOM MHOT000pa3ne TOKCUYHOTO JAeHCTBUS
METAJIIOB TPOSIBIISICTCS B pE3YJIbTaTe
CJICITYIOIIHMX MOBPEKIAIOIINX MEXaHU3MOB,
KOTOpBIE HET'aTHBHO JCHCTBYIOT Ha
MHUKPOOPTaHU3MBI:

1. Merasuibl «KOMOMHHPOBAHHOTO)
neitcteus (manpumep, Hg™ u Cu’) nauGonee
TOKCHYHBI, T. K. OJJHOBPEMEHHO COYETAIOT
CBOICTBa KaK METAJIJIOB-OKUCIIUTEICH C
BBICOKMMH 3HaUCHUSIMH CTaHAAPT-HBIX PEJOKC-
noteHnuaioB (E°, =+ 790 MmB u
E’ =+440 MB coOTBETCTBEHHO), TaK U
MeTaJlJIOB-3aMECTHTeElIeH, HeoOpaTumMo
3aMEAoIMX METaIbl B AKTUBHBIX LIEHTPAX
(hepMEeHTOB YHEPTETUIECKOTO U
KOHCTPYKTHBHOTO OOMEHA, KJIETOYHBIX
CTPYKTypax u T.JI.

2. MeTaJutbl-OKACIUTENH! (HApuMep,
Cr(VI) B popme annona CrO,”, E', = +570
MB), KoTopble He 001a/1a10T CBOMCTBAMHU
TOKCHYHOT'O METaJlIa-3aMECTUTEIIS.

3. Merannbi-3amectutenu (Hanpumep, Cd™,
Co” u Ni’"), koTopsle He 06Maar0T
CBOWCTBAMH METAJUIOB-OKUCIIHTENEH.

W3 Bcex N3BECTHBIX TOKCHYHBIX METAJUIOB,
KOJINYECTBEHHO XapaKTEepPHU3YIOLIHX FOMEOCTa3s,
MBI BBIOpaJIH BBILIEyKa3aHHbIC IIECTh
METAJIJIOB JJIS U3y4EHUSI MHOKECTBEHHON

microorganisms. However in natural and
anthropogenic environments both isolated
cultures and microbial communities are under
simultaneous toxic influence of metals.
Concerning to this we studied polyresistance of
the Antarctic microorganisms at two levels:
«the first order» and «the second order».

«The first order» of polyresistance we
define as microbial resistance to several metals
separately, in case of nutrient medium contains
only one metal. «The second order» of
polyresistance takes place when growth
medium contains simultaneously some metals.
The variety of metal toxic actions can be
shown by following damaging mechanisms
which negatively influence the
microorganisms:

1. Metals of the "combined" action
(for example, Hg”" and Cu®") are most toxic,
due to oxidizing properties (with high values of
standard redox-potentials £°, =+790 mV and
E’ =+440 mV accordingly) and replacing
properties (those, which irreversible replace
bivalent cations like Ca’+ and Mg*+ in enzyme
active centers, cell structures etc.)

2. Metals with oxidizing properties (for
example, Cr(VI) as CrO,” compound, £, =
+570 mV) which does not possess replacing
properties.

3. Metals with replacing properties (for
example, Cd”’, Co” and Ni’") which do not
possess oxidizing properties.

Among all toxic metals quantitatively
describing a homeostasis, we have chosen the
mentioned six metals for studying
polyresistance of Antarctic microorganisms.
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PE3UCTEHTHOCTH Y aHTAPKTHYECKUX
MHKPOOPTaHU3MOB.

Mnooicecmeennyio pesucmenmmocme
nepeo2o nopsaoKa U3ydaiu y IecsSTH TeCT-
KyIbTyp (Ne mrammos 3201-3210) o
OTHOILEHHIO K Hau00JIee TOKCHYHBIM
meranmam: Hg”', Cu®” Cr(VI), Co™, Cd* u Ni*".
[NonydeHHbIe TaHHBIE CBUACTENBCTBYIOT O
YpEe3BBIYAliHO BHICOKOM YPOBHE YCTOHUMBOCTH
k 3tiM MeTaiuiam (Taon. 1-4). B konTpoie
(6e3 MeTayIoB) BCE TECT-KYJIBTYPbI BRIPACTalN
4yepe3 CyTKU. BHeceHne MeTasioB HHOTIa
TIPUBOAMIIO K 33JIepKKe pocTa. M3BecTHO, 4TO
KAaTHOH PTYTH — CaMblil TOKCUYHBINA cpesin
METaJUIOB «KOMOMHUPOBAHHOTOY JICHCTBUS,
ero 0aKkTepHLUIHOE JIeHCTBUE POSIBIISICTCS B
muanasone 0,1—1,0 mr/n Hg™' [3]. B Hammx
9KCTIEPUMEHTaX HEKOTOPBIE TECT-KYIIBTYPbI
pociu naxe npu 500 mr/n Hg™ (Ta6n. 1), uto

The first order of polyresistance of ten test-
cultures (isolates Ne 3201-3210) has been
studied at the most toxic metals: Hg"',

Cu’ Cr(VI), Co™, Cd* and Ni’". Obtained data
testify to extremely high levels of resistance to
these metals (Tab. 1-4). In control (without
metals) all test-cultures grew in day. Metal
introduction sometimes resulted in a growth
inhibition. It is known, that mercuric ion is the
highest bactericidal influence, it inhibits
bacterial growth at 0.1-1.0 ppm Hg”" [3]. In our
experiments some test-cultures grew even at
500 ppm Hg"" (Tab. 1), level that 2.5 orders
exceeds the mercury bactericidal concentration
for the majority of chemoorganotrophic
microorganisms.

Table 1. The first order of polyresistance of test-cultures to toxic metals with «combined»

action

Tabmuna 1. MHokecTBeHHasi Pe3HCTEHTHOCTH MEPBOT0 MOPSIAKA TeCT-KYJIbTYp K
TOKCHYHBIM MeTAJJIAM KKOMOMHUPOBAHHOI0» 1€ CTBHA

N of strain The growth of test-cultures at metal concentration, ppm
mUCM Poct TecT-KyIBTYP NPl KOHUEHTPALINI MeTaLIa, MI/I
No rraviva Hg*" Cu”
B VKM 1x10° 2x10° 3x 107 Sx 107 1x10° 2x 10° Ix10°
3201 | b (4)
3202 — — - B | - -
3203 ~ 3+ - (3) | - -
3204 - - - - + - =
3205 + +(2) +(2) +(5) + - -
3206 T n + + ¥ +(3) T (7)
3207 = = N s ¥ = N
3208 T ) +(3) +(3) T - -
3209 + +(4)
3210 + +(5)
Notes. The absence and presence of growth: "-" and "+" respectively. Number in brackets — the

time of lag-phase (days). In the control (without metals) the lag-phase was 1 day, in the presence of
metals "+" without brackets also means the 1 day time of lag-phase. 3202 - Enterobacter hormachei,

3204 - Brevibacterium antarcticum.

[Ipumeuanue. «—» u «+» —oTCyTCTBUE U Hann4ue pocta. Lludpsl B ckoOKax — INTMTENEHOCTD J1ar-
¢assl (cyTku). B konTposte (0e3 merasuios) nar-aza Obiia 1 CyTKH, B IPUCYTCTBUH METAILIIOB «+» 03
CKOOOK Takke O3HadaeT, uTo yar-¢asa oeuia 1 cytku. 3202 — Enterobacter hormachei, 3204 —

Brevibacterium antarcticum.
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Table 2. The first order resistance of test-cultures to Cr(VI) (metal with oxidizing properties)
Tabmuma 2. Pe3ucTeHTHOCTH MepPBOro mnopsiika TecT-KyJasTyp k Cr(VI) (merasi-

OKHCJINTENb)
o The growth of test-cultures at concentration of Cr (VI), ppm

N_ of strain in UC_M Poct TecT-kyaeTYp mpn koHneHTpamnt Cr (VI). mr/a

Nenmavva 8 VKM P90 T 53707 | 3x10° | 4x10° | 3x10F | 3210° | 6210
3201 +(3) + - - - - -
3202 + +(3) +(3) - + + -(3)
3203 +(3) — - . = = —
3204 } +(3) — - t -
3205 - - - - - - -
3206 +(4) (@ = = = . .
3207 + +(3) +(3) + + +~(4)
3208 + — — — = — -
3209 + +(3) +(5) - + + -
3210 +(3) \ F(3)

Notes. See Table 1. In variants 3x10°, 5x10°, 6x10 - the growth in the presence of 20 g/l glucose.
[pumeuanue. Cm. Tabauny 1. B Bapuantax 3x10°, 5x10°, 6x10° — B cpeny BHecena moko3a (20

r/m).

Ha 2,5 mopsiKa NpeBbimaeT OaKTePUIHIHbIC
KOHIEHTPAIMU PTYTHU JUTS OOJIBIITHHCTBA
XEMOOPTaHOTPO(OB.

OueHb BBICOKYIO YCTOHUUBOCTH (110
2000—3000 mr/m Cu®") MpOSBUIH TECT-
KYJIBTYpPHI U 110 OTHOMIEeHHIO K Mean (Tabm. 1).
CaMbIii BBICOKHH yPOBEHb YCTOHYHBOCTH (10
1000-30000 mr/ir) TeCT-KyJIbTyp MOKa3aH Mpu
no6asinennn Cr(VI) — BEICOKOITOTEHIMAIBHOTO
Metasuta-okuciutens (Taom. 2). [Ipu BHeceHun
B cpeny mitoko3bI (20 1/71) B Ka4ecTBe
JIOIIOJIHUTEJIBHOTO UCTOYHHUKA yIIeposia U
SHEPTUH HECKOIBKO KYJIBTYP POCIIHN JaXe MPH
xorueHTparyu Cr(VI), 6muskoit k
ogHomousspHoi. Hakonen, kynsTypsl 3202 u
3207 pocmu ipu 60000 mr/im Cr(VI1), aro
npessbimaeT Ha 8000 Mr OAHOMOJISIPHY IO
koHIeHTpanuto (1 monb/i cocrasisier 51996
mr/i Cr(VI)).

Mertamnsi-3amecturenn (Tabm. 3) o6pasyror
CJICTYIOIINI KOHLCHTPAMOHHBIN Pz
toxcnanoctu: Cd”'Co ' Ni*'. MakcumanbHbIe
KOHIIGHTPAIIMU METAJUIOB, IIPH KOTOPBIX POCIIH
HEKOTOPBIE TECT-KYIBTYPbI, COCTABIISIIH
500—1000 mr/n Cd*, 1000—1500 mr/n Co™ n
3000 mr/n Ni*' (Ta6u. 3). Cresyer oTMETHTS,
YTO HEKOTOPBIE METAJLIbI-3aMECTUTEIH BIIHSIIN
Ha nar-(a3zy pocra KynsTyp. Ecin B koHTpOIIE

Test cultures showed very high levels of
resistance (up to 2000-3000 ppm Cu™) to
cupric ion (Tab. 1). Among all metals the
highest resistance (up to 1000-30000 ppm)
have been revealed concerning Cr(VI) —a
metal with oxidizing properties characterized
by a high redox-potential (Tab. 2). In the case
using glucose (20 g/1) as an additional source
of carbon and energy, some strains grew even
at concentrations of Cr(VI) close to 1M. At
last, isolates 3202 and 3207 grew at 60000 ppm
Cr(VI) that 8000 ppm exceeds 1M
concentration (1 mole/l makes 51996 ppm Cr

(VD).

Metals with replacing properties (Tab. 3)
form a toxicity range Cd*’Co’'Ni’". Maximal
growth concentrations for the test-cultures were
500-1000 ppm Cd*’, 1000-1500 ppm Co”" and
3000 ppm Ni’" (Tab. 3). It is necessary to note,
that some metals with replacing properties
influenced growth in lag-phase. During growth
without metals colonies were observed in one
day and in the presence of high concentration
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(6e3 MeTamIoB) POCT KyIbTyp HaOmomancs
4yepes OJHH CYTKH, TO B IPUCYTCTBUH BBEICOKUX
KOHIICHTPAITHI 3THX METAJUIOB Jar-dasa
COCTaBJIIsUIA OT 2 /10 7 CYTOK (B PEAKHX CIIydasix
— 10 11-25 cyrok). CrefoBaresbHo, Bce
HCCJIEIOBAHHBIE TECT-KYJIBTYPBI IPOSBUIN
BBICOKHMM YPOBEHb MHOXKECTBEHHOU
PE3UCTEHTHOCTH TIEPBOTO TTOPAIKA IT0

of these metals the lag-phase lasted from 2 till
7 day (in rare cases — till 11-25 day). Hence, all
investigated test-cultures have shown a high
level of the first order polyresistance in relation
to six most toxic metals that combine both
metal with oxidizing properties and metals with
replacing properties.

Table 3. The first order of polyresistance of test-cultures to toxic metals with replacing
properties

Tabmuna 3. MHoKecTBeHHasi Pe3HCTEHTHOCTH MEPBOT0 MOPSIAKA TeCT-KyJIbTYp K
TOKCHYHBIM MeTAJIaM-3aMeCTHTEeIAM

N of strain The growth of test-cultures at metal concentration, ppm
in UCM PocT TECT-KVABTYP NPH KOHIISHTPAITHH METATTa, MT/71
Ne mrranmva Co™* Cd*- Ni’*

BVEM [Ix102x1093x 100 Ix102x 103 x 1041 x 108 2x 10° |1 x 10°2 x 10°5 x 1041 x 109 1.5 x 1072 x 10°[3 x 10°
3201 ¥ === [=1=-1= = + | = |y - — I
3202 |~ | - - | - | - | - | - - + + - - - - | -
3203 FH@ @ HAD] - [HS)] - - FE@] ) | ) [+
204 |+ [=@] | [+ [rolrol @

3205 T | T@ @ @ T e - + @@ 0D [ +25
3206 | - |~an+q2) - | - | - | = - PR P R . S
3207 - | & - - — — - + =t - - - -
3208 T @@ D= + i I B ) Ml ¢ el € Bl )]
3209 |+ (4 |~ +(6)|+(30)]| — — — — + = |+ || (D) - _
200 P@ora) - [-T-T-T -7+ [-@l+*a+al 0 -

Notes. See Table 1.
[Mpumeuanue. Cu. Tabmuiy 1.

Table 4. The second order of polyresistance of test-cultures to high concentration of Cu2’,
Hg2 u Cr(VI)

Tabnuna 4. IloJMpe3MCTEHTHOCTH BTOPOTr0 MOPSIAKA TECT-KYJbTYP K BBICOKHM
konuenTpamusm Cu2’, Hg2 u Cr(VI)

Concentration of metals, ppm Nof stram in UCM
N | KoHUeHTpalHa MeTaL10B, MI/JI Ne mramma 8 VKM

Hg? | Cu> Cr(VI) 3203 3206 3208
1 0 0 0 + + -
2 0 200 30 + + +
3 0 200 100 t t t
4 0 500 50 +(2) - (4-6) +(2)
5 0 500 100 +=(2) +(2) +(2)
6 100 200 0 +(3) + +(2)
7 100 500 0 + + +
8 50 0 50 +(2) + +(2)
9 100 0 100 +(2) + +(2)
10 100 200 50 +(2) + T8
11 | 100 200 100 +{2) + ~(2)
12 | 100 | 500 100 +(6) +(6) +(6)
13 100 600 100 - = -
14 150 500 150 - - -

Notes. See Table 1.

[Mpumeuanue. CM. Tabmuiy 1.
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OTHOLIEHHUIO K IIECTH HanboJIee TOKCUYHBIM
MeTaJlJIaM, COYETAIOIIUM B cebe
MOBPEK/IAIOIIUE CBOHCTBA KAK METAJLJIOB-
OKHCIIUTENICH, TaK U METAJIJIOB-3aMECTUTEIIEH.

Mnoowcecmeennas pesucmenmnocms
6mopoeo nopsadka. Hamiuue B cpene
HECKOJIbKUX TOKCHYHBIX METAJIOB YCUIIUBACT
UX MHTETrpaJbHOE HHIHOMpYolIee AeHCcTBHE Ha
MHKpOOpraHu3Mbl. [103TOMY NP U3y4eHUH
JTAaHHOTO SIBJIGHHSI MBI OJTHOBPEMEHHO BHOCHIIH
B Cpelly pasiM4yHble KOMOMHAINU Hanboee
ToKcHuHBIX MeTaios: Hg”', Cu’ u CrO,”
(Tabm. 4). Tpu Tect-KynbTypsI (3203, 3206 n
3208), mposBUBIINE MAaKCIMAaJIbHYIO
YCTOHYMBOCTH IIEPBOTO MOPSAKA K METAILIAM,
OBUTH yCTONYNBBI K CMECH TOKCHYHBIX
MetaiioB (Taom. 4). HeoOxonumMo OTMETHTB,
YTO JIa)Ke BHICOKHE KOHIIEHTPAIMU METAJLIOB B
cpelie He MPUBOMIIM K CYIECTBEHHOM
3ajIepKKe pocTa KyabTyp. Tak, Ipu HaIH4uK
Tpéx meramnos (100 mr/n Hg*', 500 mr/n Cu™,
100 mr/n Cr(VI1)) Bce KyIbTypbl BBIPACcTalIH,
Kak MpaBuio, Ha 1-2 CyTKH, U TOIBKO B
HEKOTOPBIX Cily4asix Jar-asa cocrasisiia 4—6
CYTOK.

[IpenenbHO nOMyCTUMOM AJIst POCTa TECT-
KynbTyp ObU1a KomGuHarms: 100 mr/n Hg™', 500
mr/n Cu”” m 100 mr/n Cr(VI) (Ta6m. 4, Ne 12).
IIpu nanpHEMIEM NOBBILIEHUH KOHLIEHTPALUU
METAJUIOB POCT MUKPOOPTaHU3MOB
orcyrctBoBai (Tabm. 4, NeNe 13, 14).
Hawubornee 3HaunMBbIe pe3yinbTaThl 110
MOJIMPE3UCTEHTHOCTH BTOPOTO TOPsIAKA
HOJIy4YeHBI Ha CpeJie, CoAepIKallell CMech Tpex
metauioB (Tabm. 4, Ne 10-12). ITo-Buanmomy,
TECT-KYJIBTYPbl UMEIOT Pa3JINyHbIe
KOMITCHCATOPHBIC MEXaHU3MBbI JJIsl CHUKCHUS
MHTETrpajibHOr0 HHIMOUTOPHOTO JICHCTBHSA
METaJUIOB-OKUCIIUTENIEH 1 METaJIJIOB-
3aMecTuTesel, 4To 00eCIeunBaeT uxX PoCcT Npu
9KCTPEMAIbHO BBICOKMX KOHIEHTPALHSIX
METaJLIOB.

Ilepcnexmuenl cO30aHUs HOBBIX NPOMbIILL-
JIeHHBIX OUOMEXHONO2UIL Ha OCHOGE
63aUMOOCUCMBUS AHMAPKMULECKUX
MUKPOOP2AHUZMOB C MEMANIAMU.
DddexkTHBHOE HCIIOIB30BAHNE
METaJIPE3UCTEHTHBIX MUKPOOPTaHU3MOB B

The second order plural of polyresistance.
Presence of several toxic metals in the medium
strengthens their integrated toxic influence on
microorganisms. Studying the given
polyresistance phenomenon we simultaneously
brought in medium various combinations of the
most toxic metals Hg’', Cu’" and CrO,” (Tab.
4). Isolates 3203, 3206 and 3208 characterized
with the highest resistance level of the first
order also showed resistance to toxic metal
mixes (Tab. 4). It is necessary to note, that even
high concentrations of metals did not result in
an essential growth inhibition of isolates'
growth. So, at presence of three metals (100
ppm Hg™', 500 ppm Cu®’, 100 ppm Cr(VI),
the lag-phase as a rule lasted 1-2 days, and only
in some cases 4-6 days.

Maximum permissible metal combination
for growth of test-cultures was 100 ppm Hg’',
500 ppm Cu” and 100 ppm Cr(VI) (Tab. 4, N
12). At the further increase of metal
concentration growth was not revealed (Tab. 4,
N 13, 14). The most significant results on the
second order plural metal resistance were
obtained on media containing a mix of three
metals (Tab. 4, N 10-12). We suggest isolates
possess various compensatory mechanisms
against metals with oxidizing properties and
metals with replacing properties toxic
influence, which provide their growth at
extremely high metal concentrations.

Prospects of development of new
environment-protection industrial
biotechnologies on the basis of interaction of
the Antarctic microorganisms with metals. The
effective use of metal resistant microorganisms
in industrial biotechnologies assumes presence
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MTPOMBIIIJICHHBIX OMOTEXHOIOTHSIX
MIPE/INOJIAaraeT HaINIKe LEeNIOoro psijia
MEXaHU3MOB B3aUMOIECHCTBUS
MHUKPOOPTIaHU3MOB ¢ MeTauiamu. Tak,
HaIpUMep, MPH OYUCTKE METAJUI-COICPIKAIIUX
CTOYHBIX BOJI MHUKPOOPTaHU3MbI JOJDKHBI
W3BJICKATh METAJLIBI U3 BOAHOM (ha3bl 110
YCTAHOBIICHHBIX TEXHUYECKUM 3a/[aHUEM
MIPE/ICBbHO-/I0MYCTUMBIX KOHIICHTPAIUH.
[T03TOMY MBI HCCIIEIOBATH MEXaHH3MbI
B3aMMOJICHCTBUS aHTAPKTHYCCKUX
MHUKPOOPTaHU3MOB C METaJIAMH, TAKUE KaK
UMMOOMIN3aLUd U MOOMIN3aIus.
HMMMOOHITH3AIUST METAJIJIOB OCYIIIECTBIISICTCS
3a CYET UX BOCCTAHOBJIEHUS JI0

HepacTBopuMbIxX Gopm (Cu”— Cu(OH) |,
CrO,”- Cr(OH), ! etc.), ocaxknennus

OpPraHUYECKUMHU F HCOPTaHMUCCKUMHU
MHUKPOOHBIMH 9K30METa00IUTaMHK

(Cu”- [Cu’-6emox] } ; Co”'» CoS1 etc.;
Cu”'~ CuCO, !, a Takxke aKKyMyJISIUN
METaJIOB KJeTKkamu (00pazoBaHUe KOMILIEKCa

[MeTamn-kneTka] ¢ ¥ aKTUBHBIN TPAHCIOPT
METaJJIOB B KIIETKY). MoOuin3alys MeTaioB
IIPOMCXOANT BCIIEACTBUE OOpa30BaHUs
KOMIIIEKCHBIX PACTBOPUMBIX COCMHEHNIH
METaJUIOB C MUKPOOHBIMH META0O0IUTAMH
(HampuMep, ¢ OPraHNYeCKUMH KHUCIIOTaMH), a
TaKKe BCIeACTBUE CHIDKeHMst pH cpesbl ¢
MOCIIEYIOIIUM PACTBOPEHUEM OCAKICHHOM
¢dopmel meramna (Hanpumep, Cu(OH), ! +
nxH - Cu™).

B 3aBucumMocCTH OT yCII0BUI KyJIBTHBUPOBA-
HUSI aHTAPKTUYECKUE MUKPOOPTaHU3MbI MOTYT
OCYIIECTBIISATh KaK MOOMIIN3AIHIO, TAK U
MMMOOMIIN3AIMIO TOKCHYHBIX MEeTaJuIoB. Takast
HarpasJeHHas PEryJsiius MUKpOOHOTO
MeTaboJi3Ma IO3BOJISIET B TIEPCIICKTHBE
co31aTh NONMU(PYHKIIMOHATBHBIE
MIPOMBIIIICHHBIE OMOTEXHOIOTUH,
IIpeiHa3HaYeHHbIE KaK [UIsl yJaJleHUs] METaJuIOB
13 BOIHBIX PACTBOPOB, TAK U, HAIIPOTHUB,
NIePeBO/Ia OCAKACHHBIX COSTMHEHUI METaJIOB
B pactBopuMyto hopmy. Tak, nmmoOunn3anms
MOXeT OBITh UCTIONIb30BaHa B: (1)
OMOTEXHOJIOTHAX OYMCTKH METAJIICOEPIKAIINX
MIPOMBIIIICHHBIX CTOYHBIX BOJ] OT IINPOKOTO
crnekTpa MetauioB (B nuamazone 200—-1000 mr-
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of mechanisms of interaction of
microorganisms with metals. So, during
purification of metal-containing wastewater
microorganisms should uptake metals up to
level of maximal permissible concentrations in
requirements specification. It is possible to
specify such interaction of Antarctic
microorganisms with metals as immobilization
and mobilization. Metal immobilization takes
place due to their reduction up to insoluble

compounds (Cu*' - Cu(OH) !, CrO,”
Cr(OH), ! etc.), sedimentation with organic
and inorganic microbial metabolites (Cu*—
[Cu”-6enox] }; Co’'—» CoS 1 etc.; Cu™'~
CuCO, !, metal accumulation (formation of

[metal - cell] | complex and energy-
dependent transport of metals into a cell).
Metal mobilization occurs owing to formation
of complex soluble compound with microbial
metabolites (for example, organic acids), and
also pH value reduction with the subsequent
dissolution of insoluble metal compounds

Cu(OH),} +nxH - Cu’".

Depending on cultivation conditions
Antarctic microorganisms can carry out both
mobilization and immobilization of toxic
metals. Such directed regulation of a microbial
metabolism allows designing multifunctional
industrial biotechnologies aiming at metal
uptake, and opposite, transformation of
insoluble metal compounds into soluble ones.
Immobilization processes can be used in
biotechnologies of (1) industrial metal-
containing sewage purification (at metal
concentration 200 - 1000 ppm); (2)
bioremediation of metal-polluted
environments; (3) extraction and concentration
of precious metals from the diluted solutions at
the mining enterprises, etc. Biotechnologies
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HOHOB/I); (2) OnopeMearanuy MPUPOTHBIX 1
TEXHOTEHHBIX BOJJOEMOB, 3arPsI3HEHHBIX
MeTautaMu; (3) U3BJICUCHUN 1
KOHIICHTPUPOBAHUH IIEHHBIX METAJIJIOB M3
pa30aBJICHHBIX PACTBOPOB Ha
TOPHOIOOBIBAIOIIMX MTPEATIPUSTHSX, U T.]I.
BuorexHosorun, OCHOBaHHbBIE Ha
MOOMIIM3aLU HEPACTBOPUMBIX COCANHEHUH
METaJUIOB, IEPCHEKTUBHBI [UIS TIOBBIILICHUS

3¢ PEKTUBHOCTU M3BJIICUCHHUSI METAJIIOB U3
IIOPOJ1 B TOPHOI00BIBAIOIIECH 1
ropHonepepa0arbIBarOIeH NPOMBIIIIIEHHOCTH.
MoOunun3aiys MeTaJuIOB aHTAPKTUYECKUMHU
MHKPOOpPTraHH3MaMH MOXKET IPUMEHSITHCS B
OropeMeIMallMOHHBIX TEXHOJIOTUAX B 30HAX
TEXHOTEHHBIX KaTacTpod AJIsI OUMCTKH
TEPPUKOHOB ¥ MIOYB OT TOKCHYHBIX METAJUIOB 1
T.JI.

Iuzmenmuposanusle anmapkmuueckue
MUKPOOP2AHUIMBL U UX IKODu3uonozuueckue
ceoiicmea. 1 IMTMEHTUPOBAHHbIE
MHKpPOOPTaHU3MbI BBIJEISUIN HA CPEAAX, B
OTCYTCTBHE HKCTpPEMalIbHBIX (pakTopoB. B
pesynbrare ObUIO MOKAa3aHO, YTO OHU IIHPOKO
pacIpocTpaHeHbl B Ha3eMHBIX OMOTOIax
Awnrtapkruku. Harmpumep, B HaCKaJIbHBIX
AQHTaPKTUYECKUX (PUTOICHO3aX YacTOTa UX
BCTPEUAEMOCTH, a TaKXKe 00II[ee KOTMUECTBO U
O6mopa3Ho0Opa3re 3HAYUTENBHO BEIIIIE, YEM B
JPYTHX aHTApKTHYECKUX OnoTonax. M3ydenne
MOP(OJIOTOKYIIBTYPaJIbHBIX CBOWCTB
W30JIMPOBAHHBIX MTUTMEHTHPOBAHHBIX
MHUKPOOPTaHU3MOB 110Ka3aJ10, YTO OHU
IpezcTaBiIe-Hbl Kak MPOKapHoTaMu (OakTepuu
1 aKTHHOMHUIIETBI), TAK U 3yKapHOTaAMH
(MHLIeTHaTBHBIE TPUOBI U APOXOKN). MBI
W3yYaii IPUPOY MMTMEHTOB Y U30-
JIMPOBAHHBIX MUKPOOPTaHU3MOB, TaK KaK OHU
SIBIISI-IOTCS IOTEHIMATBHBIME MIPOIYLICHTaMU
OMOJIOrNYECKN aKTUBHBIX BEIIECTB (MEJIaHUHBI,
KapOTHHBI U JIp.), KOTOPbIE MOTYT OBIThH
HCIIONI30BaHbI B IPOMBIIITIEHHBIX
OMOTEXHOJIOTHSAX.

Cunmes menanuna. HeCKoIbKo mTaMMoB
yroneHO-u€pHbIX Apookeit (Exophiala nigra)
CHHTE3UPOBAIN TEMHbIC TUTMEHTEI. V3ydeHne
(PU3UKO-XUMHYECKHX CBOWCTB ATUX ITMI'MEHTOB
MI0KA3aJ10, YTO 110 KOMILIEKCY crieuduiyecknx
XMMHUYECKUX TECTOB OHM TTOI00HBI MEJIaHUHY.

based on insoluble metal compounds
mobilization are perspective to increase the
efficiency of extraction of metals from breeds
in mining industry. Mobilization of metals by
the Antarctic microorganisms can be applied in
bioremediation technologies of highly metal-
polluted areas such as heaps and soils, etc.

Pigmented Antarctic microorganisms and
their ecophysiological characteristics.
Pigmented microorganisms were isolated on
media without influence of extreme factors. It
has been shown, that they are widely occurring
in terrestrial environments of Antarctic Region.
For example, their total number, occurrence
and biodiversity in rock samples is much
higher, than in other Antarctic biotopes.
Morphological and physiological properties
characterize pigmented isolates as prokaryotes
(bacteria and actinomycetes) and eukaryotes
(fungi and yeast). We studied the nature of
extracted microbial pigments as far as they are
potential producers of biologically active
substances (melanins, carotins, etc) which can
be used in industrial biotechnologies.

Melanin synthesis. Several coal-black yeast
isolates (Exophiala nigra) have shown the
ability to synthesize dark pigment. Studying
pigment characteristics confirmed their relation
to melanin by a complex of physical and
chemical properties. This conclusion is
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DTOT BBIBOJ HOATBEPKIEH TAKKE XapaKTePOM
Y®-criextpoB (B obmactu 220-230 HM) 1
CIICKTPOB MOTJIONICHHS TATMEHTA B BUIHMMOMN
obmactu (400-800 uMm). Beixon nmurmenTa
MEeJIaHMHOBOW TPHPO/IbI cocTasisu 6onee 10%
OT OMOMACCHI. ITO MOXKET OKa3aThCsl
HEePCIEKTUBHBIM JUIS MEMIIUHCKON
MIPOMBIIUICHHOCTH, T.K. MEJIAHHUHBI,
BBIZICJICHHBIC U3 YEPHBIX aHTAPKTUYCCKHX
JPOXOKEH, 00/1aIat0T YHUKATbHBIMU
Je4eOHBIMU CBOWCTBAMH.

Cunmes kapomunos. JleTanbHblil XpoMaro-
rpaduyeckuii u criekTpodoromeTprdecKuit
aHaJIM3 PO30BO-MIMIMEHTHPOBAHHBIX OaKTepHid
(Methylobacterium extorquens) oka3ai, 9To
KapO-TUHOMBI HCCIICTYEMBIX IITAMMOB
MPeNICTABICHBI IPEUMYILIECTBEHHO
kcanTodmntamu. O0muit st Beex
HCCJICJOBAaHHBIX [ITAMMOB U NPECTABICHHBINA
B HauOOJIbIIIEM KOJIMUECTBE KAPOTHHOU ObLT
UACH-TU(QUIIUPOBAH KaK OCIHIOKCAHTHH (pHC
1). KommaectBeHHOE cotepKaHme
KapoTHHOHUIOB cocTapisuio 0,23-0,35 mr/r
CYXOro Beca KJIETOK Y Pa3HbIX IITaMMOB.
HccnenoBannbie METHIOTPO(BI MOTYT

confirmed also with UV-spectra at 220-230
nanometers and absorption spectra in visible
light (400-800 nanometers). Melanin output
made more than 10 % from total yeast biomass.
It can appear perspectives for the physical and
chemical properties.

Carotenoid synthesis. Detailed
chromatographic and spectrophotometric
analysis of pink pigmented bacteria
(Methylobacterium extorquens) has shown, that
carotenoids are mainly represented by
xanthophyll. Common feature of isolates is that
carotenoids are identified as oscilloxanthins
(Figure 1). Carotenoid content was 0.23-0.35
ppm of dry cells weight at different strains.
Investigated methylotrophs can be considered
as potential industrial carotenoid producers. It
is known that caroptenoids possess high
antioxidative activity which appears in highly
reacting oxygen radicals' deactivation. As it is

Optical density
OnTHYecKad [NTOTHOCTE

Figure 1. Oscilloxanthin
absorption spectra (a pigment
extracted from
Methylobacterium extorquens
cells). 1 — native carotenoid, 2
— carotenoid after effects
NaBH,, 3 — carotenoid after
effects HCI.

Puc. 1. Cnekrpsl
MOTJIONICHHUS OCIIMIIOKCAHTHHA
(BBIACTICHHOTO U3 KIETOK
Methylobacterium extorquens).
Hudpamu 060-3Ha49CHEL: | —
HaTUBHBIA KApOTUHOM, 2 —
KapoOTHHOM TT0CIIe IeUCTBHS
NaBH,, 3 — xkaporunous nocne

O 1 1 1
350 400 450 500 550 600

Wav elength, nm
ImiHa BOMHE], HM
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paccMaTpuBaThCs Kak MOTCHIINAIBHBIC
MIPOMBIIIICHHBIE TPOYIEHTH KAPOTHHOUIOB.
W3BecTHO, 9TO KAPOTHHOUABI NMEIOT BHICOKYIO
AQHTHOKCHJIAHTHYIO aKTHUBHOCTB, KOTOpast
TIPOSIBIISIETCS B JIE3aKTHBALIMN
BBICOKOPCAKIIMOHHBIX CBO6OHHI)IX paauKajioB
kucnopoja. Kak ckazaHo Bblle, B
AHTAPKTHUECKUX (PUTOIICHO3aX HAMHU
0OHapy’KEHBI KPACHBIE APOXKIKH, ITMTMEHTBI
KOTOPBIX cozepikar -kapotuH. [Toatomy oHn
MOTYT paccMaTpUBaThCs KaK MOTCHIUAIbHbIC
MIPOYLEHTHI B-KapoTHHA ISl IPOMBIIIUICHHBIX
OMOTEXHOJIOTHH.

Cunmes kpuonpomexmopos
memunompogamu. Hexotopeie 6akrepun
KaTaJIM3UPYIOT IpoIiecc 00pa30BaHus JIb/a IPH
temneparype or —2 °C 1o
-5 °C. SIBnssich LEHTpaMH KPUCTAIUIA3ALUN
JIbJ1a, TAKKE OAKTEPHH CIIOCOOCTBYIOT
00pa30BaHMIO JIbJA JaXKe TPH HEOOIBIINX
3aMOpO3Kax, B Pe3yJbTaTe Yero MOBPEXKIAI0TCSA
pacTHUTENbHBIE TKAHA. DTO CIIOCOOCTBYET
MIPOHUKHOBEHUIO OaKTepHaIbHOW HHPEKINA B
paCTeHUs M UX THOCIH MPH 3aMopo3Kax [12].

above, we have found out red-pigmented yeast
in Antarctic phytocenoses which contain f3-
carotin. Therefore they can be considered to be
potential B-carotin producers for industrial
biotechnologies.

Synthesis of cryoprotectors by methylo-
trophic bacteria. Some bacteria cata-lyze ice
nucleation processes at temperature from -2°C
to -5°C. Being ice nucleation centers such
bacteria provide crystallization even at a small
touch of frost that results plant tissues damag-
ing. This causes penetration of a bacterial
infection into plants and their destructions at
low temperatures (freeze) [12]. In the majority
of Antarctic phytocenosis (moss, lichens, grass)
on islands of Antarctic Region we found out

;
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Figure 2. Survival of the Antarctic microorganisms at various dozes UV irradiation. Numbers of
strains are resulted in a legend: I — pink pigmented strains Methylobacterium; 11 — red yeast (3133,
3136) and coal-black yeast Exophiala nigra (3084,3135).

Puc. 2. BpDKHMBaeMOCTb aHTAPKTUYECKHX MHUKPOOPraHU3MOB IpPU pa3ivyHbIX [o03ax YD
o0iyueHust. B yerenne npuBeneHsl HOMEpa ITaMMOB: | — PO30BO-NIMIMEHTHPOBAHHBIC IITAMMEI
Methylobacterium; 11 — kpacubie npoxku (3133, 3136) u yroneHO-4épHBIC ApoxKu Exophiala nigra

(3084, 3135).
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Hamu B GONBIIMHCTBE aHTAPKTUIECKUX
¢uTOIICHO30B (MOX, TUITAWHUK, TPaBa) Ha
OCTpOBax AHTAPKTUKU 0OHApY KEHBI
SnHU(UTHBIE METHIOTPO(dHBIC OaKTepuu
(metunorpodsr). [TosTomy mpeacrasisiioch
1esIeco00pa3HbIM U3YUYHUTh Yy HUX
JbI000pasyroiue cBoiictaa. [lokaszaHo, 4To B
MIPUCYTCTBUH METWIIOTPO(OB KPUCTATITU3ALINS
JB/1a HAYWHAIACKH TIPH Temneparype oT —6°C 1o
—13°C [17].

Takum 00pazoM, METHIOTPO(DBI, KOTOPHIE
SIBJISIFOTCSI TIOCTOSTHHBIMU OOUTATEIISIMH
(UTOLIEHO30B, HE KaTAJIM3UPOBAIIN MPOLIECC
00pa3oBaHuMs Jibjia, U 00JIEe TOTO: HEKOTOPBIE
W3 HUX OKa3BIBAIN «aHTH(PPUIHBIN P PEKT.
CrenoBarenbHO, B OTINYHE OT APYTUX
0akTepHii OHU MOJOKUTEIHHO BIHSIOT HA
(uTonEeHO3bl AHTAPKTHKH B IIEPUOJ
3aMOPO3KOB B pe3yibTaTe KPHOIPOTEKTOPHOTO
nerictBus. BuauMo, B mepcrekTuBe U3
METWIOTPO(GOB MOTYT OBITh TOJYyYEHBI
MIPOMBIIIICHHO-3HAYNMbBIE KPHOTIPOTEKTOPBI.

Yemotiuusocms k Y@ paouayuu. Met
TIPEATIOIOXKIIIH, YTO Ha BEPTUKAJIBHBIX CKaJaXx,
OTKPBITBIX JUISl HEPEPBIBHOTO JICHCTBHS
ConHIla BO BpeMs NMOJISIPHOTO JI€Ta, JOIKHBI
CYILIECTBOBATh MUKPOOPTaHU3MBI, YCTOHYHBbIC
K YO panuanuu. [{elicTBUTENbHO, 0Ka3aJI0Ch,
YTO AaHTAPKTHYECKHE PO30BO-
ITUTMEHTHPOBaHHBIE METHIIOTPO(BI BBICOKO
ycroiuuBsl K YO (puc. 2, I). CybneransHas
no3a YO (LD,,,,) misa Hux cocrasisuia 200-300
JIK/M’, B TO BpeMst Kak JUls OeCLIBETHBIX
MeTunoTpohos — 2040 JIx/m’.

Kpachble, a Takke yroabHO-4EpHBIC
npoxoku Exophiala nigra 6sumn emeé 6omee
ycroiuuBbsiME K YO (puc. 2, I1). CybneransHas
n03a YO 111 yrojbHO-YEPHBIX JPOXIKEH
cocrasisa 500-800 I[)K/MZ, JUTS KPACHBIX
aHTapKTHYecKuX Apoxxei — 1000-1500
JIox/M.

Wrak, BriepBble Ha BEPTHKAJIBHBIX CKaJlaX B
AHTapKTHKe TIOKa3aHO HATM4Yue OakTepuil u
JPOXIKEH, PE3UCTEHTHBIX K BHICOKHM J03aM
Y@ paguanmn, JeTaNbHBIX TSI MHOTHX
MHUKpoopranu3mos. [To-Bugumomy,
3HAYUTEJILHOE KOJIMYECTBO
ITUT'MEHTHPOBAHHBIX (DOPM aHTAPKTHUECKUX
MHKPO-OPraHU3MOB Ha BEPTUKAIBHBIX CKallax
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epiphyte methylotrophic bacteria (further
methylotrophs). Therefore we have found
reasonable to study their ice nucleation
properties. It was established that in the
presence of methylotrophs ice nucleation
process starts at temperatures from -6°C to -
13°C [17].

Thus, methylotrops which are constant
phytocenosis inhabitants did not catalyze ice
nucleation, and, moreover, some of them
provided antifreeze effect. Hence, on the
contrary to other bacteria, they positively effect
phytocenosis of Antarctic Region and act as
cryoprotectors. We suppose Antarctic
methylotrophs to be significant source for
industrial cryoprotector.

Resistance to UV radiation. Since vertical
rocks are under permanent action of the Sun
during polar summer we assumed there should
be microorganisms resistant to UV radiation.
Indeed, Antarctic pink-pigmented
methylotrophs were found out to be highly
resistant to UV radiation (Figure 2, I).
Sublethal UV dozes (LD,,,,) for pigmented
methylotrophs made 200-300 J/m®, while for
non-pigmented - 20-40 J/m’.

Red and coal-black yeast Exophiala nigra
were more resistant to UV-radiation (Figure 2,
I1). Sublethal UV dozes made 500-800 J/m’ for
coal-black yeast, for red-pigmented Antarctic
yeast - 1000-1500 J/m’.

So, for the first time on vertical rocks in
Antarctic Region presence of bacteria and
yeast, resistant to high UV radiation dozes
lethal for the majority of microorganisms is
revealed. The high number of pigmented
microorganisms on Antarctic vertical rocks
(cell/g of sample): (1) pink-, yellow- and
orange-pigmented bacteria — from 10° up to
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(xkeTok/T o6pasna): (1) po3oBkIe, KeNThie U
opamnkesble 6akTepun — ot 10 10 10° (2)
KpacHbIe U uépHble apoxoku — ot 10° 10 10°;
(3) 6ypsbie 1 4€pHBIE MUKPOCKOITUIECKIE
rpubsl — 10 10° 06bACHAETCSA HENPEPHIBHBIM
JICWCTBHEM Ha MPOTSHKEHHUH TTOJISIPHOTO JIeTa
AKTHBHOH COHEUHOH paauanuu. Msl
HpeJonaraeM, 4To aanTamus MUKpOOHBIX
COO0IIECTB K BBICOKOMY YPOBHIO Y® pamuanuu
MIPOUCXOIUT IIYTEM IPUPOIHON CENEKIIUU
MHKPOOPTaHU3MOB, Y KOTOPBIX yCTOHYUBOCTD K
9TOMY (DaKTOpPYy T€HETHUECKHI
JIeTepMHHUpPOBaHa. Bu1umo, B yClioBusix
TMOBBIIIEHHOTO YPOBHSI COJTHEYHOU pajiuanuy B
AHTapKTHKE NPEUMYILECTBO ISl BEDKUBAHUSI
Ha CKaJlaX MOJIyYHIIM MUKPOOPTaHU3MBI,
KOTOpBIE IMETH Y(PPEKTHUBHBIC MEXaHH3MBI
penaparmu nospexacauit JJHK, w/mmm
TTUTMEHTBI, 3aINIIAIOIINE KIETKH OT
COJNHEYHOH pajguanuu. [IurMmeHTHpOBaHHbIE
U30JIATHI MPEJCTABIISIIOT NEPCIIEKTHBHBIE
HPOAYLIEHTHI OMOJIOTMYECKH aKTUBHBIX
BEIECTB (MEITaHNHOB, KAPOTHHOB,
KPHOIIPOTEKTOPOB).

Cunmes anmuduomuKos u
YCMOUYUBOCMb K HUM AHMAPKIMUYECKUX
Mukpoopzanuzmos. Kax yxxe ynmoMuHanoch, B
30HE CyOIOJISIPHBIX 0a3MCOB, Ha IIOBEPXHOCTH
AQHTaPKTUYECKUX OCTPOBOB KpaiiHe
HEpaBHOMEPHO PacIpe/IelIeHbl OPraHNIeCKNe
COEIMHEHUSI. DTO MPUBOANT K KECTKOH
KOHKYPEHIIN MUKPOOPTaHN3MOB 3a cyOcTpar
(T.€. 32 MICTOUHMKH YIVIEpOJia U SHEPIUH) U KaK
CJICJICTBHE — K aHTHOHO03y. AHTHONO3
HPOSIBIISICTCS KaK CHHTE30M aHTHOMOTHKOB, TaK
U YCTOWYMUBOCTHIO K HUM.

Cunmes anmubuomuxos. U3
AHTAPKTHYECKUAX OMOTOTOB BBIAEIECHO 50
mramMmMoB (iryopecumpyronux 6akrepuii pora
Pseudomonas [10]. ITokazaHo, 9TO IJIs1 HUX
ONTUMaJIbHas TEMIIepaTypa pocTa paBHa
+26°C. OgHaxo KyJIbTUBHPOBAHUE 3TUX
Gaxtepuii mpu HU3KUX Temreparypax (+4 °C)
TIPUBOANIIO K PE3KOMY BO3PACTaHHIO
AHTHOMOTHYECKOH aKTUBHOCTH. DTO
HEOOBIYHOE MTPOSIBIICHUE a/IalTalluN
MHKPOOPTaHU3MOB K yCIOBHSIM JKECTKOU
KOHKYPEHIIMH 3a CyOCTpaT B aHTApKTHYECKUX
yCIOBHAX OBIJIO TTOKA3aHO HAMH Ha

10% (2) red and black yeast — from 10" up to
10% (3) brown and black fungi — up to 10°, can
be explained by continuous action of active
solar radiation during polar summer. We
assume that adaptation of microbial
communities to high level of UV radiation in
Antarctic Region occurs by natural selection of
microorganisms which resistance is genetically
determined. Probably, in conditions of the high
level of solar radiation in Antarctic Region,
anadvantage to a survival on rocks got
microorganisms which had effective DNA
reparation mechanisms and/or possed
protective properties of pigments. Pigmented
isolates present industrial interest as
perspective producers of biological-active
substances (melanins, carotins, cryoprotectors).

Synthesis of antibiotics and resistance to
them of Antarctic microorganisms. As it was
already mentioned, in a zone of Antarctic
oases, on a surface of the islands organic
compounds are extremely non-uniformly
distributed. This results in a severe competition
of microorganisms for a substratum (i.e. for
sources of carbon and energy) and as
consequence to antibiosis phenomenon.
Antibiosis means both synthesis of antibiotics,
and resistance to them.

Synthesis of antibiotics. 50 fluorescing
Pseudomonas strains are isolated from
Antarctic biotopes [10]. Their optimum growth
temperature is equal +26°C. However
cultivation at low temperatures (+4°C) resulted
in sharp increase of antibiotic activity. This
unusual effect of microbial adaptation to
conditions of severe competition for a
substratum in Antarctic environments has been
shown for several Pseudomonas putida isolates.
At +26°C antibiotic activity was minimal, and
at +4°C — sharply grew and resulted in growth
suppression of conditionally pathogenic Gram-
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Figure 3. Resistance of Antarctic cultures Entherobacter hormachei 3202 (white columns) and
Brevibacterium antarcticum 3204 (grey columns) to antibiotics of a wide spectrum of action (1 - teicoplanin, 2 -
clindamycin, 3 - cefuroxime, 4 - cefoxitin, 5 - amikacin, 6 - chloramphenicol, 7 - oleandomycin, 8 - lincomycin,
9 - oxacillin).

Puc. 3. YcToiunBOCTh aHTAPKTUUECKUX KYIBTYp Entherobacter hormachei 3202 (Genple cTONOUKH) U
Brevibacterium antarcticum 3204 (cepble CTOIOMKH) K aHTHOMOTHKAaM LIMPOKOro crekrtpa aedcteust (1 —
TEHKOIIaHUH, 2 — KIWHAAMHULWH, 3 — nedypokcum, 4 — meQOKCUTHH, 5 — aMUKaluH, 6 — JICBOMHIICTHH,
7 — oJileaHAOMHIIMH, 8 — IMHKOMHUIMH, 9 — OKCAIIMIUINH ).

HECKOJIBKMX aHTAPKTHYCCKUX IITaMMax positive and Gram-negative bacteria:
Pseudomonas putida. Tak, npu Temmeparype Staphylococcus aureus, Escherihia coli,
+26°C aHTHONOTHYECKAss aKTUBHOCTH OblTa Pseudomonas aeruginosa, Ps. aeruginosa, and
MUHUMaJIBHOH, a ipu +4 °C pe3ko Bo3pacTaia fungi Fusarium oxysporum, Penicillium

U TMIPUBOJIMIIA K TIOJIABIICHUIO POCTA YCIOBHO- chrysogenum, Mucor circinelloides.

MTATOTCHHBIX TPAMITOIOKHUTCIBHBIX 1
rpaMOTpHIATEIbHBIX OakTepuil Staphylococcus
aureus, Escherihia coli, Pseudomonas
aeruginosa, Ps. aeruginosa, a Takxe
MHUKPOCKOITUYECKUX TPUOOB Fusarium
oxysporum, Penicillium chrysogenum, Mucor

circinelloides.

Yemotiuusocmo k anmubuomuxam. Jpyroit Resistance to antibiotics. Other aspect of
aceKT aHTuouo3a (YCTOHYUBOCTD K antibiotic resistance has been investigated at
AQHTUOMOTHKaM) ObUT U3yUEH Y Antarctic strains Enterobacter hormachei 3202
AQHTapPKTUYECKUX IITaMMOB Enterobacter and Brevibacterium antarcticum 3204. Isolates
hormachei 3202 u Brevibacterium antarcticum ~ have shown resistance to antibiotics of wide
3204. VccrenoBaHHbIe MITAMMBI POSIBUIIN spectrum action (Figure 3) which cause
Pa3IMYHYIO CTETICHh YCTOHYHUBOCTH K cytoplasmic membranes degrading,
AQHTHOMOTHKAM IIMPOKOTO CIIEKTpPa ICHCTBUS suppression of protein synthesis, etc.

(puc. 3), KOTOpBIE BBI3BIBAIOT MMOBPEIKICHHE
I.[HTOHHaSMaTH‘{eCKOﬁ MCM6paH]:-I, IIOJaBJICHUEC
cHHTE3a OeJIKa U T.JI.

BricokoycTOHYNB K aHTHOMOTHKAM Enterobacter hormachei 3202 was highly
Enterobacter hormachei 3202, B oTmaue ot resistant to the antibiotic spectrum while
Hero Brevibacterium antarcticum 3204 B Brevibacterium antarcticum 3204, basically
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OCHOBHOM UYBCTBHTEJICH K HCCIIEOBAHHOMY
CIEKTPY aHTHOMOTHKOB. PaboThI 1Mo
WCCIIEJOBAaHNIO CHHTE3a aHTHOMOTHKOB 1
YCTOH-YMBOCTH K HUM aHTAPKTUYECKUX
MHKPOOPIaHU3MOB HayaTbl HAMH HEJIaBHO,
OJIHAKO MPUBE/ICHHBIC PE3YJIbTaThl OJJHO3HAYHO
CBHJIETEIILCTBYIOT 00 aKTHBHOM IPOSIBJICHUH
AQHTHOMO3a B AHTAPKTUICCKUX OMOTOIAX.
Taknm 00pa3oM, Ha MEPBBIX JTATAX
W3y4YEHUs SBJICHHS aHTHON032 HaMM IOKAa3aHo,
YTO B COCTaB MHUKPOOHBIX aHTAPKTHYECKHUX
LICHO30B BXOJIST ITPOYLIEHTH aHTHOMOTHKOB,
KOTOpBIE B MIEPCIIEKTHBE, IPU CUCTEMHOM
HCCIIC/IOBAaHNH, MOTYT HAWTH MPUMECHEHHE B
MEIUIMHCKON NpoMblIeHHOCTH. Kpome Toro,
Ha IIpUMepe yCTONYMBBIX K aHTHOMOTHKAM
AQHTAPKTHYECKUX MUKPOOPTaHN3MOB MOYKHO
TeCTUPOBATh 3P (PEKTUBHOCTH ICHCTBHUSI HOBBIX
AQHTUMHMKPOOHBIX MIPENaparos.

Lumonpomexmopnoe oeiticmeue
menanuna (IPOAYICHT — AHTAPKTUUECKHUE
npoxoxu Exophiala nigra). VI3ydanu BaustHIC
MeJIaHWHA Ha Pa3BUTHE 5I3B, PO3HH,
KPOBOMBJIMSAHUN B CIM3UCTON 000I0UKE
JKEJTy/Ka KpbIC, a TAK)KE HA pa3BUTHE
TIPE/IPAKOBBIX COCTOSTHUHN B YKETy/IKe.

Bnusnue menanuna Ha
Helpooucmpoguueckie nopaxicenus 6
cauzucmotl 060104Ke d1cenyoKa Kpuic,
sbizeannvie ocmpuim cmpeccom no Cenve.
Ocrtpslii cTpecc o Celnbe BbI3bIBAI
oOpazoBaHue HeHpoaUCTpOoPUIECKUX
TOpaXXCHUH (SI3BBI, 9PO3HMHU, KPOBOUBIHSHUS) B
CIIM3UCTON 00O0JIOUKE JKETy/IKa KPBIC,
MHTEHCU(UIIPOBAT IIPOLECC TEPEKUCHOTO
OKHCJICHHS JINIUJIOB B CIIM3UCTONH 000I0UKe
KEITYAKA, YTO MPOSIBISUIOCH B YBEIMUCHUH
KOHILIEHTpALUH IMEHOBBIX KOHBIOraToB Ha 63%
(p<0,05), TBK-akTHBHBIX IPOYKTOB — Ha
98,5% (p<0,05), muddHoBsIX OCHOBaHUIT — HA
82% (p<0,05). OgHOBpEMEHHO BO3pacTaa
aKTUBHOCTb ()ePMEHTOB aHTHOKCHAAHTHOM
3amuThl: akTuBHOCTH COJ] 1 KaTanasbl
yBenmuuBainchk Ha 29% (p<0,05) n 37%
(p<0,05) cooTrBercTBeHHO. BBeieHME
MeJlaHWHA KpbIcaM Tepe]l HaHECEHHEM CTpecca
[IPUBOAMIIO K YMEHBIICHHIO TUIOLIA M 5138 B
CJIM3UCTON 00O0JIOUKE JKEIy/IKa KPbIC,
BBI3BAHHBIX METOIOM HEPBHO-MBIIIEUHOTO

was sensitive to the same antibiotics. Works on
antibiotic synthesis and antibiotic resistance of
the Antarctic microorganisms we started
recently, however results testify to active
antibiosis in Antarctic environments.

Thus, at the first stages of the antibiosis
phenomenon studying we have shown that
Antarctic microbial communities contain
antibiotic producers which can find their
application in medical industry. Besides this
Antarctic microorganisms can be used as test-
cultures for studying efficiency of new
antimicrobial preparations.

Cytoprotective effect of melanin (producer
- Antarctic yeast Exophiala nigra). The
influence of melanin on the development of
ulcers, erosions, hemorrhages in the gastric
mucosa of rats, as well as the development of
precancerous lesions in the stomach were
studied.

Effect of melanin on neuro-degenerative
lesions in the gastric mucosa of rats caused by
acute stress according to Selye. Acute stress by
Selye formed neuro-degenerative lesions
(ulcers, erosions, hemorrhage) in the gastric
mucosa of rats, intensified the process of lipid
peroxidation in the gastric mucosa, resulting in
increased concentrations of conjugated dienes
by 63% (p<0.05) , TBA-active products - by
98.5% (p <0.05), Schiff's bases - by 82% (p
<0.05). Simultaneously, increased antioxidant
enzyme activity: SOD and catalase activity
increased by 29% (p <0.05) and 37% (p <0.05)
respectively. Introduction of melanin to rats
before the application of stress leads to a
decrease of ulcers area in the gastric mucosa of
rats caused by neuro-muscular tension by
Selye, for 79% (p <0.001), to reduce the
content of the products of lipid peroxidation in
the gastric mucosa of rats and a further increase
of SOD activity. The activity of catalase
decreased to control values.
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Hanpsbkenus no Cenbe, Ha 79% (p<0,001), k
YMEHBIIECHHUIO COAEPKaHMUS TPOTYKTOB
TIEPEKHUCHOTO OKUCIICHUS JIMTTHIOB B CIIM3HCTOM
000JI0YKe JKEeIJTy/IKa KPBIC U AajbHEHIIeMy
yBenuuenuto akrusHoctd CO/L. Ilpu sTom
AKTUBHOCTDb KaTajia3bl I1aJiajia 10 KOHTPOJbHBIX
BCJIMYUH.

Bausanue menanuna na
Helpooucmpopuueckue nOpadcenus 6
cauzUCmotl 060104Ke JicenyoKa Kpulc,
6bl36AHHblIE XDOHUYECKUM
UMMOOUNUAYUOHHBIM cmpeccom. MellaHuH
OKa3bIBaJI BEIPAKEHHOE IIUTOIPOTEKTOPHOE
JICUCTBHE Ha CIM3HUCTYIO 000JIOUKY KENy/IKa
KPBIC, YTO TIPOSIBIISUIOCH B YMCHBIICHUN
KOJIMYECTBA U IUIOMIA! HEHpo-
JUCTPO(PHUIECKNX MOPAKEHHUH, BEI3BAHHBIX
METOJJOM HUMMOOMIIM3AIIMOHHOTO CTpecca.
Menanus ycuiuBal skcripeccuto oenxa eNOS
B CIIM3HMCTOI 000JI0UKe KeTyaKa KpbIC,
TOABEPIIINXCA BOSHeﬁCTBHm XPOHUYECCKOTO
cTpecca, YTO MPUBOANIO K YBETHUCHUIO
TeHEepalny OKCHA a30Ta, B PE3yJIbTaTe Yero
BO3pacTaja KOHIEHTPALus B KPOBH €ro
meTaGormuta NO™. Takum 06pa3oM, OIHH U3
MCXaHU3MOB aHTUCTPECCOBOT'O BIIUSAHUA
MEJIaHWHA COCTOUT B YBEJIMUEHHUH TIPOTYKIINT
OKCHJIa a30Ta, KOTOPOMY HNPHUHAJICKUT BayKHAS
pOIIb B IUTONpPOTEKIUH. biiokaTop penentopos
aKTHBAIMU MPOSH(epaluy NEPOKCHCOM raMMa
GW9662 ycTpansi 3aliuTHOE JeicTBHE
MeJlaHWHA Ha 00pa30BaHME SI3B U MaCCHBHBIX
KPOBOU3IHMAHUHN B CIIM3UCTON 000T0UKE
KEJTyIKa KPbIC, IIOJBEPTHYTHIX BO3JCHCTBHIO
XPOHHYECKOTO CTPECCa, UTO SBISETCS
CBHJICTEILCTBOM TOTO, YTO LIUTONPOTEKTHBHBIC
CBOICTBa MEJIaHMHA B YCIIOBHSX CTpecca
YaCTHYHO 0OYCIJIOBJICHBI CTUMYJISIIIUCH
PeLenTopoB aKTUBALWH MTpoJHdepariu
MIEPOKCHUCOM T'aMMa.

Taxum 00pa3om, MEeXaHU3M
AQHTUCTPECCOBOTO BIIMSIHUS MEJIAHWHA
00yCIIOBJICH aHTHOKCHIAHTHBIMH CBOHCTBAMHU
MeJlaHWHA, CTUMYJISIIAEH peLenTopoB
aKTHBAIMU MPOJIUQepaluy NepOKCHCOM TaMMa,
ycuiienueM skcnpeccun eNOS, a Takke
YMEHbIIIEHHEM KOHLIEHTPALUH B KPOBH
TOPMOHA CTpecca KOPTH30J1a, YPOBEHb
KOTOPOTO PE3KO BO3PACTACT MO BINSHHEM
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Effect of melanin on neuro-degenerative
lesions in the gastric mucosa of rats caused by
chronic immobilization stress. Melanin has a
pronounced cytoprotective effect on the gastric
mucosa of rats, which manifested in reducing
the number and area of neuro-degenerative
lesions caused by immobilization stress.
Melanin enhanced the expression of eNOS
protein in the gastric mucosa of rats exposed to
chronic stress, leading to increased generation
of nitric oxide, resulting in increased
concentration in the blood of its metabolite
NO”. Thus, one of the mechanisms of anti-
stress effect of melanin is to increase the
production of nitric oxide, which plays an
important role in cytoprotection. Blocker of
peroxisome proliferator-activated receptor
gamma GW9662 eliminated the protective
effect of melanin on ulceration and massive
hemorrhage in the gastric mucosa of rats
susceptible to chronic stress, which is an
indication that the cytoprotective properties of
melanin in stress conditions are partly due to
the stimulation of peroxisome proliferator-
activated receptor gamma.

Therefore, the mechanism of antistress
effect of melanin is due to antioxidant
properties of melanin, the stimulation of
peroxisome proliferator-activated receptor
gamma, increased expression of eNOS, as well
as lower blood concentrations of the stress
hormone cortisol, the level of which increases
dramatically under stress.
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cTpecca.

Bruanue menanuna na cmpyxkmypHo-
QDyHKYUOHANIbHYLE UBMEHEHUs. 8 CUSUCTON
0007104Ke JHcenyOKA KPbiC, 8bI36AHHBLE
onumenvHou eunepeacmpunemuell. JImarenpHas
TUMEPracTpUHEMHUs, BbI3BaHHAs 28-IHEBHBIM
BBEJICHHUEM oMeTpasoina [25], mpuBoauia K
Pa3BUTHIO THUIEPIUIA3UH B CIIM3UCTON 000T0UKE
xeryaka y 50% kpoic u Metarutazun —y 50%
KPBIC, YTO TPOSIBISUIOCH B U3MEHCHHSX
Mop(hOoMeTpUICCKUX TToKa3aTenei [2]. Y kpbic
C THIEpIUIa3uel PerncTprupoBaach
[IOBBILLICHHAS, @ Y KPBIC C METaIUIa3uei —
TIOHIKEHHAs 0a3abHast CEKPEIHs COMSTHON
KHCJIOTHI B JKeNTyIKe. BBenenne MerannHa
OJTHOBPEMEHHO C OMEIIPa30JIOM
MIPEOTBPAIIATIO PA3BUTHE CTPYKTYPHBIX
M3MEHEHHH B CIIM3UCTOM 000JIOUKE JKEITy/IKa
KPBIC, B pe3yJIbTaTe Yero HopMajk30Baiach
0a3asibHasi CEKPEIHs COJSTHOM KHCIIOTHI B
xeny/ke. [lomydeHHble JaHHbBIE SBISIOTCS
9KCIIEPUMEHTAIBHBIM 000CHOBaHHEM
BO3MOKHOTO CO3JIaHHSI HA OCHOBE MEIIAaHWHA,
MIPOIYIIEHTOM KOTOPOTO SIBIISTFOTCS IPOXKIKH
Exophiala nigra, MeInIMHCKUX TIpENIapaTos.
Hanpumep, 1u1st TpopHIaKTHKN PELUINBOB
SI3BEHHOM OOJIE3HH XKEITyIKa 1
JIBEHA/ILATUIIEPCTHOM KUIIKHU, TPENaparoB JJIst
MPO(UITAKTHKN HEOTIACTUIECCKIX M3MEHEHHUI
B XKETYJIKe, aHTHOKCHIAHTOB ¥ aJallTOTCHOB.

Effect of melanin on structural and
functional changes in the gastric mucosa of
rats caused by long hypergastrinemia.
Prolonged hypergastrinemia, caused by the 28-
day administration of omeprazole [25], led to
the development of hyperplasia in the gastric
mucosa in 50% of rats and metaplasia in 50%
of rats, which manifested in morphometric
parameters changes [2]. In rats with
hyperplasia of the recorded high, and in rats
with metaplasia - reduced basal secretion of
hydrochloric acid in the stomach. Introduction
of melanin in conjunction with omeprazole
prevented the development of structural
changes in the gastric mucosa of rats, resulting
in normalized basal secretion of hydrochloric
acid in the stomach. These data are
experimental justification for the possible
establishment on the basis of melanin, the
producer of which is the yeast Exophiala nigra,
of drugs for the prevention of recurrence of
gastric ulcers and duodenal ulcers, drugs for
the prevention of neoplastic changes in the
stomach, antioxidants and adaptogens.
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Figure 4. Perspectives of multifunctional industrial biotechnologies development on the basis of Antarctic
coal-black yeast Exophiala nigra as natural result of system investigation of Antarctic microbial cenoses'
structure and functions.

PucyHok 4. [TepcrieKTHBbI CO34aHMs NONU(YHKIIMOHAIBHBIX TIPOMBIIUICHHBIX OMOTEXHOIOTHIT HA OCHOBE
AQHTApPKTHYECKHX YEPHO-IMIMEHTHPOBAHHBIX JpOXOKed Exophiala nigra kak 3aKOHOMEPHBIH pPe3ynbTaT
CHCTEMHOTI'0 MCCIIEIOBAHUS CTPYKTYPBI U (DYHKIIMI aHTAPKTHYECKMX MUKPOOHBIX LIEHO30B.
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3akntouenue. CuicteMHOE U3yUCHUE
CTPYKTYPHI U (PYHKITUH aHTapKTHICCKAX
MHUKPOOHBIX IIEHO30B [10Ka3aJI0, YTO OHU
MIPOSIBIISIIOT BBICOKYIO CTEIIEHb aanTalluy K
sKcTpeMasibHBIM (hakTopam. Co3nana
KOJUIEKLIMSI MUKPOOPTaHU3MOB, YCTOHUUBBIX K
SKCTpeMalbHBIM (akTopaM. Komreknus
BKITIOYAET MUKPOOPTAHU3MBI, yCTOWYHBEIC K
BBICOKHM j103aM YO paamarun (500—1500
JIK/M®), IIEPOKOMY CHEKTPY aHTHOMOTHKOB 1
Hanbosee TokcuunbiM MeTamiam (Hg™, Cu™,
Cr(VI), Co™, Cd*, Ni*") B qnamazone
5x10°...6x10" Mr-MOHOB/J, IPOLYLIEHTHI
KPHOIIPOTEKTOPOB, OMOIOTHYECKNA aKTHBHBIX
BelIecTB (METAaHUHBI, KAPOTHUHBI,
AHTHOMOTHKH).

D¢ PeKTUBHOCT CHCTEMHOTO ITOAXO0/a MPH
U3YYCHHUH CTPYKTYPBI U (PYHKITHI
AHTAPKTUYECKUX MUKPOOHBIX [IEHO30B IS
IOy YCHHUS TIPOMBINUICHHO-TIEPCTIEKTUBHBIX
IITaMMOB TIPOIGMOHCTPHUPOBAHA HA TIPUMEPE
npoxoxet Exophiala nigra, cuaTE3UpYyIOMICH
MenaHuHbl (puc. 4). Jta KynbTypa Oblia
n3onupoBana B 2004 r. U3 HAKUITHBIX
JIMIIAHUKOB HA CKaJlaX MOJIMTOHA
(0. T'anunnes) u xpanutcs B8 UCM.
Ycranosneno, uto Exophiala nigra obnamaer
PAIOM YHUKAQJIBHBIX CBOMCTB: YCTOMYHUBOCTBIO
K TOKCHYHBIM MeTasuiam (250 mr/a Ni*™ u 1000
mr/n Co™) ¥ K BEICOKHM j103aM Y® (600—800
JIx/M’), a MeTaHUHBI 0671aAI0T BHIPAKEHHBIMH
MIPOQUIAKTHUECKIMI CBOMCTBAMH 110
OTHOIIICHUIO K psiy 3a00yieBaHUM. YHUKAbHAS
KyJbTypa apoxoked Exophiala nigra
(TpOAyIICHT MeTaHMHA) MOJKET OTHOBPEMEHHO
HCTIOJTB30BAThCS B IIPOMBIIUICHHBIX
TEXHOJIOTHAX OYUCTKU CTOYHBIX BOJ OT
metaios (Hanpumep, Ni° u Co”), mosnydenus
Y®-3amuTHBIX IpenaparoB, a TaKKe CO3AaHUS
JIEKAPCTBEHHBIX CPEJICTB C
MPOGUITAKTHIECKIMU CBOHCTBAMU TI0
OTHOIICHHUIO K S3BEHHO-3PO3UBHBIM
MTOPAKSHUSIM JKEITyIKa U MPEIPAKOBBIM €ro
COCTOSIHUSIM.

Brinenennbie HaMu SKCTPEeMOQUIIBHBIC
MHUKPOOPTaHU3MBI SIBIISTIOTCS TIEPCIIEKTHBHBIMU
JUTSA CO3JaHMS MIUPOKOTO CIIEKTPa HOBBIX
omoTexHoyornid. TeXHOJIOrnH, OCHOBAaHHBIE HA

Conclusion. System study of structure and
functions of Antarctic microbial communities
has shown their high adaptation degree to
extreme factors. The collection of the Antarctic
microorganisms, resistant to extreme factors is
developed. The collection includes
microorganisms resistant to high UV radiation
level (up to 500-1500 J/m®), isolates resistant to
a wide spectrum of the most toxic metals (Hg",
Cu”', Cr(VI), Co”, Cd”* and Ni*") in
concentrations 5x10°-6x10° ppm,
cryoprotector-producing bacteria, isolates that
are producers of biologically active substances
(melanins, carotins, antibiotics).

Efficiency of the system approach
concerning structure and function of Antarctic
microbial communities for obtaining industrial
perspective strains is demonstrated on the
example of melanin-producing Exophiala nigra
(Figure 4). This strain has been isolated in 2004
rock sample colonized by lichens (island
Galindez) and deposited to UCM. It is
established that Exophiala nigra possesses a
wide range of unique properties: resistance to
toxic metals (250 ppm Ni*" and 1000 ppm
Co2+) and high resistance to UV radiation
level (600-800 J/m®), extracted melanins have a
pronounced preventive and curative properties
in relation to the ulcer-erosive lesions of the
stomach and precancerous conditions of it. The
unique yeast isolate Exophiala nigra (a melanin
producer) can simultaneously be used for
sewage treatment (for example, Ni2" and Co2"),
UV-protective preparations, creation of
medicines with preventive properties in relation
to the ulcer-erosive lesions of the stomach and
precancerous.

Isolated extremophilic microorganisms are
perspective for a wide spectrum of new
biotechnologies designing. Biotechnologies
based on microbial mobilisation of insoluble
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MHKPOOHON MOOMIIM3AIH HEPACTBOPHUMBIX
(hopm MeTamoB, 3 HeKTUBHBI T
TIOBBIICHUS UX M3BJICUCHUS U3 IOPOJ B TOPHOM
MIPOMBIIIJICHHOCTH, B OMOpEMeHaIHH.
HmmoOun3anys nepcreKTuBHa B
6I/IOTCXHOHOFI/I51X OYHCTKH CTOYHBIX BOJ,
6H0peMeJII/IaHI/II/I MMPUPOAHBIX U TEXHOICHHBIX
BOZOEMOB. AHTApKTHYECKHE MUKPOOPTaHU3MBI
MOT'YT HCIOJIb30BATHCS IS OJIYYEHHST HOBBIX
AQHTHOMOTHKOB, 8 YCTOHYMBBIC K aHTHOHMOTHKAM
LITaMMBbI — JUISl TECTUPOBAHUS 3(PPEKTUBHOCTH
JICWCTBHSI HOBBIX aHTUMHUKPOOHBIX IIPEIaparos.
W3 metunnorpodoB MOTYT OBITH MOTYUYESHBI
IMMPOMBITIJICHHO-3HAYUMBIC KPUOIIPOTCKTOPEI, a
[IUTMEHTHPOBAHHBIE MUKPOOPTaHN3MBI
SIBJISIIOTCS [IEPCIICKTUBHBIMH IPOJYLICHTAMH
OMOJNOrMYECKU-aKTUBHBIX BELIECTB
(MenaHWHBI, KAPOTHHBI U JP.).
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metal compounds are effective for increase of
their extraction in the mining industry, and in
bioremediation. Immobilization abilities can be
applied in metal-containing sewage treatment.
The Antarctic microorganisms can be used for
new antibiotics production, antibiotic-resistant
strains as test-cultures for studying efficiency
of new antimicrobial preparations.
Methylotrophic bacteria are perspective
cryoprotector producers, pigmented
microorganisms — as biologically-active
substances producers (melanins, carotins, etc).
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