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Abstract. Studies of bacterial communities in the samples of Antarctic soils by different
methods showed that, both in liquid soil suspensions and in situ, microbial complexes are
functioning presumably by forming biofilms — the phenomenon that is more expressed in such
habitat than in soils of temperate zones. Functional (trophic) diversity and physiological
state of hydrolytic bacteria was studied in the samples at the upper layer (0-2 cm) of
gravel pavement with algae, in the underlying peat horizon (2-4 ¢cm) with inclusions of dead
biomass and its underlying mineral horizon (4-10 cm) with signs of fungal mycelium. The
investigated samples of Antarctic soils revealed different trophic diversity and the maximum
specific growth rate on mineral medium with different biopolymers as the sole carbon source
(starch, chitin, pectin, xylan, dextran-500, tween-20, casein); this can testify to differences in
the physiological state of hydrolytic bacteria in various soil horizons and their readiness for
growth. The most remarkable characteristics of the studied Antarctic soil as compared to the
soils of temperate zone, was the unusual ability of hydrolytic community to consume chitin
in the mineral horizon; this can be explained by the presence of fungal mycelium. Also,
an almost complete lack in consumption of tween-20 (a water-soluble analogue of fat) by
bacterial community of Arctic soil horizons are not explained and needs further verification.
The higher functional diversity was detected in the upper horizon of the gravel pavement,
which “protects” microorganisms from exposure to extreme temperatures, UV radiation,
and desiccation, but the maximum specific growth rate was higher in the lower mineral
horizon; this can be explained by the specificity of bacterial colonizing processes and unique
formation of Antarctic soil microprofiles in the Larsemann oasis. The obtained data indicate
a specific environmental strategy in the samples of Antarctic soils: development in lower
mineral horizons of microorganisms with a high metabolic readiness to life revival and high
maximum growth rate.

!Talk presented at the Interdisciplinatory Colloquium on Cosmic Factors of Evolution of the Biosphere and
Geosphere, Moscow, May 21-23, 2014.
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Introduction

Low temperature is a predominant environmental characteristic of interstellar space, aste-
roids, meteors, and our Solar System, including most of the planets and their satellites. An
understanding of the impacts that low temperature affects on preservation and evolution
of biological organisms is, therefore, integral to our knowledge in astrobiology. Microbial
adaptation to low temperature in Antarctic soils and permafrost is widely studied now as
the most representative models for the search of life preservation in extraterrestrial cryogenic
habitat.

Antarctic soil investigations concentrate mainly on soil genesis, development of relatively
detailed soil maps and molecular-genetic analysis of microbial components in such soils
(Vishniac H.S., 1993; Yergeau E., et al., 2007). Molecular-genetic methods showed the
diversity of bacteria in Antarctic soils, but these results do not reveal biological activity,
physiological status, and stability of microbes in external environment. For understanding
the functioning of bacterial ecosystems, it is necessary to find out whether the bacteria
are able to perform in extreme conditions one of the important functions in biosphere, the
decomposition of biopolymers.

The subject of the research was to study the total count of bacterial cells in situ,
physiological diversity, and physiological state of hydrolytic bacteria, their environmental
strategy in the samples of Antarctic soils.

Materials and methods

The samples for the study were taken from the interhill wet valleys area of Larsemann Hills
(East Antarctic Coast). The bottoms of inter-hill valleys show maximum biota concentration
and highest bio- and soil diversity. Moss, lichen, and algae ground covers are formed here
as well as algal-bacterial mats, and microorganisms develop various soil profiles in sandy
granitoid sediments.

The total count of bacterial cells was obtained by fluorescence microscopy (Zeiss Axioskop
2) and staining with acridine orange (AO). Morphological analysis of microbial populations
was carried out using a scanning electron microscope (JSM-6610LV with X-ray microanalyzer
Oxford Instruments).

Functional (trophic) diversity and physiological state of hydrolytic bacteria were studied
in the samples at the upper layer (0-2 cm) of gravel pavement with algae, in the underlying
peat horizon (2-4 c¢m) with inclusions of dead peat biomass and its underlying mineral
horizon (4-10 cm) with signs of fungal mycelium (Figure 1).

Determination of the functional (trophic) diversity of bacteria in soil samples and their
maximum specific growth rate on nutrient media containing various organic substances were
carried by a specific method (Jakushev et al., 2011, 2012) based on the determination of
the duration of the lag phase of growth of microorganisms isolated from natural substrates
in the culture media, which may depend not only on the culture conditions, but also on
the physiological state of microorganisms in natural substrates before their selection. It is
assumed that the shorter the lag phase of growth of the microorganism in a culture medium,
the more active the body was in the natural environment. The physiological state of the
microorganisms was determined from the initial growth curve (lag phase and the phase of
unlimited growth) on nutrient media. The method is based on synthetic chemostate model
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Figure 1: Profile of the investigated soil horizons. Soil at the wet valley of Larsemann Hills oasis
beyond the meltwater flow. Source of moisture: snow patches. (Site M3): GP — gravel pavement,
GPalgae — green algae and cyanobacteria in the sandy bedding of gravel pavements.

for a simplified description of the lag phase and phase of unlimited growth of a batch culture
of microorganisms.
Growth equation is as follows:

z(t) = xo (1 — po + poe“mt)

where z(t) is the concentration of microorganisms in the culture at time ¢, xq is the initial
concentration of microorganisms, yn, is the maximum specific growth rate (h™!), po is the
initial value (value in soil) of the physiological state of the growing culture.

The method can also determine the functional (trophic) diversity of microbial communities
(number of media on which growth was recorded) and growth kinetic parameter — the
maximum specific growth rate (), which reflects the environmental strategy of bacterial
growth.

All procedures were performed under the sterile conditions. Each time the analysis was
provided for the control of sterility. The scheme of the experiment is shown in Fig. 2.

Homogenization and desorption of microorganisms were carried out in an aqueous slurry
(1:1) for 20 min at 2000 rev/min on a shaker “vortexes”, model “Multi Reax”, firm “Heidolph”.
Fungal growth in suspension was inhibited by adding an antibiotic nystatin in a concentration
of 0.05%. The excess of substrate particles were removed by centrifugation at 3200g for
5 minutes. The concentration and composition of the cultured microorganisms in supernatant
at the step of initial seeding on the substrate was determined on glucose-peptone-yeast agar
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Figure 2: The framework for the method of complex structural and functional characteristics of
microbial populations.

medium in a conventional manner. The supernatant was added to 100 upl in 96-well cell
culture flat-bottomed plates with a lid, which has made a set of different liquid media with
100 microliters.

The following substrates (polymers) for different research goals were selected as the sole
carbon source:

—starch (glucose reserve polysaccharide of plants and green algae), carboxymethylcellulose,

— chitin (aminopolysaccharide part of the cell walls of fungi and the shells of arthropods),

— pectin (polygalacturonic acid methyl ester) performing the function of the adhesive in
the cell walls of plants),

— xylan (most abundant polysaccharide from the group of hemicelluloses, a part of the
filler plant cell wall polymer xylose), dextran-500 (branched bacterial polysaccharide aD-
glucopyranose, is a part of the mucous capsule of microorganisms),

— Tween-20 (water-soluble analogue of fats),

— casein (milk protein).

Two types of control were used: for the uptake of biopolymers the mineral salt solution
without introducing organic matter was used, and for the sterility a version without inoculation
of cells containing biopolymers by an aqueous suspension of soil samples was taken.

The bacterial growth on a medium with different biopolymers was measured by an
optical method using enzyme immunoassay analyzer Sunrise company Tecan (Switzerland).
As on the liquid nutrient media mixed populations usually grow, the obtained parameters
considered to be averaged.
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The identification of taxonomic groups in associations grown at various biopolymers was
determined after 215 hours of cultivation at +250°C by plating on yeast-glucose-peptone
agar medium using culture-morphological characteristics.

The description of the lag phase (the stage of preparation of microorganisms to growth)
and of the phase of exponential growth (the growth phase when food is in abundance) in the
complex model of growth of a batch culture allows us to characterize the kinetic parameters
of bacterial growth. The conducted experiments use a parameter of metabolic readiness to
consume a particular polymer occurring microbial association v = —1In (pg) = ftmtiag. This
value is directly proportional to the associated tj,,—duration of the lag phase.

Results and Discussion

The total number of bacterial cells counted by staining with acridine orange (AO) was rather
high for the Antarctic habitat and varied in the range of more than 10 mln cells/g. in the
samples from different sites (Fig. 3).

10-15L1 GPalgae, 0-1 cm F
Crack B1, 13 cm
Wet valley
B2, 3-10cm
10-15P1 KM, 0-2 cm
Polygon B1, 2-10 cm
Wet valley
B2, 40-50 cm
10-06 GPalgae, 0-2 cm | i FH
High board of T 24 cm —
wet valley | |
Microdepression B1, 4-10cm H
B2, 10-20cm |
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min. cells/g of soil

Figure 3: Total number of bacteria, AO staining, sites 10-15L1, 10-15P1, 10-06.

The increased number and proportion of viable cells (counted in number of colony forming
units — CFU on nutrient medium per gram of soil sample) was observed in the fine earth
directly under the gravel pavement. Such habitats (sand beddings with moss pads, algae,
and micromycetes colonies) are most favorable for the development of bacteria, as sheltered
by the gravel pavement from wind corrosion, dehydration, and aggressive UV radiation, but
at the same time they are close to the surface, well warmed by pavement insolation, and are
fed by the melting snowfields.

Study of viable bacteria in Antarctic soil horizons, where we investigated functional
(trophic) diversity and physiological state of hydrolytic bacteria, revealed a sharp decline
in the number of colony forming units (CFU/g) with the depth — from the upper to the
lower mineral horizon (Fig. 5).
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Figure 4: Total number of bacteria, AO staining, sites 10-45, M3, M2.

The most remarkable phenomenon in the studies of bacterial complexes of the investigated
Antarctic soil horizons is that, unlike soils in temperate zones, which are characterized by
the presence of free-swimming planktonic forms, in liquid associations of Antarctic soils
dominated cells that formed biofilms (particularly, Bacillus cereus var. mycoides). The study
of microbial complexes in situ by SEM also revealed biofilms that play an important role for
preservation of life in such an extreme habitat (Fig. 6).

Physiological diversity of bacteria — hydrolytic, assessed by the number of culture media
with polymers in which there was an increase after the introduction of the soil suspension.
In this modification of the threshold sensitivity of >10 cells are able to grow on the polymer
per gram of soil.

The study of the functional diversity of microbial communities revealed differences in the
utilization of substrates by bacterial communities from different horizons. For instance, it
was shown a reduction in the functional diversity of communities of hydrolytic bacteria.

In a sample of the upper horizon of gravel pavement all examined substrates were taken
up by microorganisms (starch, pectin, dextran-500, casein, carboxymethylcellulose (CMC),
chitin, xylan), while in peat and mineral horizons the amount of consumed substrates
decreased to 5 and 3, respectively, in the peat (starch, pectin, dextran-500, casein, chitin)
and mineral horizon (chitin, starch, casein).

Figures 7 illustrate the growth in a mineral medium with different biopolymers. It was
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Figure 5: Number of colonyforming units (CFU/g) in the samples of various horizons.

shown that the utilization of biopolymers such as xylan, dextran is revealed only in the
upper horizon (gravel pavement), where cellulolytic bacteria apparently dominated; this can
be explained by the presence of algae in this horizon.

Chitin was consumed in the subsurface peat horizon due to high abundance of fungal
mycelium containing chitin and visible by the naked eye. For hydrolysis of the chitin in the
liquid medium are responsible bacteria of the genus Bacillus. The consumption of substrates
such as Tween-20 and pectin was noted in two horizons. Thus, pectin was consumed by
bacteria only in peat horizon and a sample of gravel pavement, and a twin — 20 only in peat
horizon.

Paradoxical poor growth of bacteria in the medium with tween-20 (analogue of water-
soluble fats), which are usually regarded as easy disposition substrate, may be considered as
specific feature of Antarctic bacteria. Finally, bacterial growth on such substrates as casein,
starch and chitin was detected in all horizons.

The study of the physiological state of bacteria in the samples of soil in terms of their
growth activity on examined substrates at the initial period of growth and at the stage of
maximum specific growth rate revealed the following.

Figures 8 demonstrate the diagrams of metabolic activity and maximum specific growth
rate of bacteria for each substrate, and Figures 9 show the total value of metabolic readiness
for growth on all the substrates. High readiness to grow on different substrates was revealed
in the sample on the gravel pavement, especially on casein, dextran, and pectin, but not
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Figure 6: Biofilms in the sample of Antarctic soils (the fine earth directly under the gravel pavement).

starch. The maximum specific growth rate is higher in the mineral horizon. This manifests
itself on substrates casein and starch, and it is connected with the fast growing bacteria.

The physiological state of the bacteria in the soil, which was estimated by the metabolic
preparedness growth of microbial associations (), suggests naturally greater microbial activity
in the upper horizon stone bridge (see Fig. 8). An interesting increase in the maximum specific
growth rate of bacterial associations in the liquid media after inoculation suspension of the
lower horizon (Figure 9), which indicates an increase in the proportion of Community mineral
horizon dormant growing bacteria — according to seeding of casein and starch as possible
Bacillus.

Conclusions

Studies of bacterial communities in the samples of Antarctic soils by different methods
showed that, both in liquid soil suspensions and in situ, microbial complexes are functioning
presumably by forming biofilms — the phenomenon that is more expressed in such a habitat
than in soils of temperate zones.

The recent study of soil-forming processes in the oases of East Antarctica, where soil
samples were taken for microbiological examination, revealed that the organic-film may be
the only product of soil formation in the absence of “classical” soil horizons (Mergelov et
al., 2014). Such films can also protect cells from adverse environmental impacts as well
as regulate their physiological state at the expense of communication links within the
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20 [2] Gravel pavement 8
Peat horizon 6
B Mineral horizon
S = 4
2 =
5 : 2
s 2 0
7 ©
2 9
g g 4
2 5 5
£ =
= =)
E £
g : = 10
% 12
/
pectin  Dextran Tween Xylan Casein Starch Gravel pavement Peat horizon Mineral horizon

Figure 8: Metabolic preparedness growth on polymers of microbial associations.

community immersed in a matrix of the biofilm. It can be assumed that “brown crusts”
or biofilms in Antarctic soils, due to their withstanding to extreme conditions, may be not
destroyed. Thus, it can make difficult the desorption process of the cells in the application
of standard methods for the isolation of bacteria from such substrates. The latter requires
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Figure 9: The maximum specific growth rate pm, bacterial associations in the liquid media with
polymers.

further improvement techniques of isolation and stimulates growth procedures on nutrient
media because of different physiological state in biofilms.

The investigated samples of Antarctic soils with gravel pavement, peaty and mineral
horizons revealed different trophic diversity and the maximum specific growth rate on mineral
medium with different biopolymers as the sole carbon source. It should be noted that a higher
functional diversity was detected in upper horizon of gravel pavement, which “protects”
microorganisms from exposure to extreme temperatures, UV radiation, and desiccation.
However, the maximum specific growth rate was higher in the lower mineral horizon in spite
of lower number of CFU/g in comparison with upper layers. This can be explained by the
specificity of bacterial colonizing processes and unique formation of soil microprofiles in the
Larsemann oasis, which distinguishes such soils from soils of temperate latitudes.

It was shown that microbial communities that formed micro profiles of investigated
Antarctic soil were characterized by functional (tropic) diversity and the rate of growth
on nutrient media with different carbon sources.

The latter may suggest differences in the initial physiological state of the bacterial
populations in various soil horizons. Antarctic primitive soils, forming on the surface of the
rocks, seem to be not less attractive as a model for study of life preservation than Antarctic
permafrost. In contrast to subsurface layers they are characterized by less stable external
factors, due to changing cycles of freezing and thawing and high doses of UV radiation that
make such biotopes more extreme for microbial survival.

In spite of the harsh conditions and lack of higher plants, bacterial communities are able
to colonize the subsurface layers of Antarctic species and maintain their metabolic activity
in biofilms forming soil microprofiles, as evidenced by our findings about the differences in
the utilization of various substrates by hydrolytic bacteria.
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HNccnenoBanue (pyHKIIMOHNPOBaHNA O0aKTEpPUATIbHBIX KOMILJIEKCOB
B II0YBAaX BOCTOYHOII AHTapKTHUABI KaK MOIEJb JJis aCTPOOUOJIOrum

A.B. dkxymes*, H.A. Uypuauu*, B.C. Couna*, A.I'. Kyaunosa*
E.A. Bopob6séBa***, H.C. MepregoB***
*@axysvmem nouwsosedenus Mockosckozo 2ocydapcmeenozo
ynusepcumema umenu M.B. Jlomonocosa
Bopobwésu, Topw, Mocksa, 119234 Poccus
E-mail: o yakushev84@mail.ru

“* Unemumym kocmuveckux uccaedosanuti PAH
IIpogicorosnasn ya. 84/32, Mocksa, 119997 Poccus
* Unemumym eeoepaguu PAH
Cmapomonemmnwit nep. 29, Mockea, 109017 Poccus

Pesome. VccnenoBanne 6axTepraabHONO COODIIECTBA B OOpa3nax HOYB AHTAPKTHIHI
PA3JIMIHBIMEA METOJAMU TI0KA3aJ10, 9TO KaK B YKUJIKUX CYCIIEH3UHU IOYBBI, TaK U 1 Sitt MHUK-
pOOHBIE KOMILIEKCHI (DYHKIIMOHUPYIOT, IIO-BHIUMOMY, 00pa3ys OUOILIEHKU — ABJIE€HUE, KOTO-
poe DoJiee MPHUCYIIE TAKUM MECTOOOUTAHUSAM, YeM OIBaM yMepeHHbIX 30H. DyHKIMOHAIBHOE
(Tpodbuveckoe) pasnoobpasue u HGU3MOJOIHIECKOE COCTOSTHUE MHIPOJUTHIECKUX DaKTepuii B
obpasiax BepxHero ropuszonta (0-2 ¢M) — KaMeHHash MOCTOBasi ¢ BOJOPOCJISIMHU, TOPMDIHOTO
ropusoHTa (2-4 M) ¢ BKJIIOYEHHsIMH MEDPTBOiT GHOMACCH M HOJACTUIAIONIET0 MHHEPAIHLHOTO
ropu3sonTa (4-10 cM) ¢ npusHakaMu rpubHOTO Mutesust. ccrepyembie 06pas3isl aHTAPKTHYe-
CKHUX I'PYHTOB MTOKA3aJIH Pa3/JTUuIHOE TPOPHIECKOe Pa3HOOOpa3ne I MaKCHMAJIbHYIO VIeTbHYIO
CKOpPOCTb POCTa Ha MHHEPaJbHOIl cpejie ¢ pa3JuYHbBIME OHOIOJUMEPAMH B KadecTBe €JIiH-
CTBEHHOI'O HCTOYHHKA yIVIepo/ia (KpaxmaJi, XATHH, MeKTHH, KCuIana, gekcrpad-500, Tun-20,
Ka3erH), 9TO MOYKET YKa3blBaTh Ha PA3/IH4usi B (DU3MOJOIHIECKOM COCTOSIHUU THPOTHTHIE-
CKUX DakTepuil B pa3JndHbIX MOYBEHHBIX TOPU30HTAX W B TOTOBHOCTH UX K pocry. Hanbosee
3HAYMMbIE XapaKTEPUCTUKUA H3ydaeMOil aHTAPKTHYECKOH MMOYBBI 110 CPABHEHHIO C MOYBAMU
YMEPEHHOT'O T0sica — HeOoObIYHAas CIIOCOOHOCTH IM'MIPOJIUTHIECKOTO COOOIIeCTBa MOTPEOIAThH
XUTHH B MHHEPAJIBHOM TOPU30HTE, UTO MOMKHO OObSCHUTH HAJUIHEM I'PUOHONO MUIIE/IH.
Kpowme Toro, mouru He norpedssiercst TBun-20 (BOJOPACTBOPUMBIN aHAJIOD KHUpa) OakTe-
PUATBHBIM COOOIIECTBOM apKTHYECKUX MOUYBEHHBIX T'OPU30HTOB. DTOT (DAKT HEOOBACHUM U
HYy2KJ1aeTcs B JjlajibHelineii nposepke. Haubosbliee pyHKIHOHATBHOE pa3HOOOpa3ue OBLIO
0OHApPY?KeHO B BepXHEM TOPU30HTE KaMEHHOH MOCTOBOil, KOTOpasd ‘3aIuiiaer’ MUKPOOP-
FaHU3MbI OT BO3JEHCTBUSI SKCTPEMAIbHBIX TEMIEPATYP, YJIbTPA(pUOIETOBOIO H3IyUEeHUS U
BBICBIXaHHS, & MaKCUMaJbHas yaeJlbHas CKOPOCTHb POCTa ObLIa BBHIIIE B HUXKHEHl MUHEDAJIb-
HOM T'OPHU30HTE, 9TO MOYKET ObITh 00'bsICHEHO clieluduKoil 6akTepuaaIbHbIX ITPOIECCOB KOJIO-
HU3AIMA U YHUKAJIbHOCTHIO (POPMHUPOBAHKS MUKPOIPOMUIST aHTAPKTUICCKUX ITOYB B 0A3KCe
Jlapcemann. [lorydaennble JaHHBIE YKA3BIBAIOT HA KOHKPETHYIO 9KOJOTHIECKYIO CTPATErHIO B
obpa3rax mouB AHTAPKTUKU: PA3BUTHE B HUZKHEM MHHEPAJTbHBIX TOPH30HTAX MIUKPOOPTAHM3-
MOB C BBICOKOI MeTaDOJIMIEeCKOil TOTOBHOCTBIO K POCTY U BBICOKOI MaKCHMAaJIbHOW CKOPOCTHIO
pocrTa.

Pabora nomnepxkana rpantom POOU Ne 13-04-01982-a, a tak:xke IIporpammoit dymza-
MeHTaIbHBIX uccaegoBannit Ne 28 [pesuanyma PAH “IIpobembr mponCcxXoXKIeHsT KU3HA U
craHOBJIeHUs1 Ouocdepnl”’; noaporpamma, 2; Hanpasiaernue 1. [Ipeanocklikn BO3HUKHOBEHUS
»ku3an B CoTHEUHOI cucTeMe u 3a e€ mpeje/iaMu.
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