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Abstract The abundance and community composition of
culturable bacteria in four snow cores along the 1300 km
traverse from Zhongshan Station to Dome A, East Antarc-
tica, were investigated through the combination of liquid and
solid media and small subunit 16S rRNA sequences. Under
aerobic cultivation conditions, the average concentrations of
bacterial colonies from each snow core varied from 0.008 to
0.32 CFU mL™". A total of 37 and 15 isolates with different
morphologic characteristics were recovered from solid and
liquid media PYGYV, respectively. The phylogenetic analysis
of 14 representatives with different ARDRA patterns from
RFLP showed that all the isolates were affiliated with five
phylogenetic groups: Firmicutes, Actinobacteria, Alpha-
proteobacteria, Gammaproteobacteria and Bacteroidetes.
Actinobacteria represented the largest cluster with 43% of
strains, and these strains exhibited unique phenotypic
properties. The community compositions of culturable
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bacteria in the four snow cores were distinctly different from
each other and the concentrations and community sizes of
culturable bacteria along the traverse decreased with
increases of latitude, altitude and distance from coast, which
likely reflected the different bacterial sources and biogeog-
raphies under the different regional climate conditions in the
snow cover of East Antarctica.

Keywords Culturable bacteria - Abundance -
Community composition - Snow cover - East Antarctica

Introduction

At present, the cryosphere is important not only as an
integral part of the global climate system but also as one of
the major habitable ecosystems of the Earth’s biosphere and
the best analog for the search for extraterrestrial life. Sea-
sonal snow cover is an important component of the cryo-
sphere and can at times cover ca. 35% of the Earth’s surface
(Jones 1999; Miteva 2007). The eolian varies in content and
quantity depending on climate and creates different local
snow ecological systems, characterized as dynamic nutrient
and microbial reservoirs (Jones 1999). Recent reports sug-
gest that microorganisms impact the abundance and com-
position of nutrients (Hodson et al. 2008) such that they may
shift surface albedo of snow and ice (Thomas and Duval
1995) and impact hydrochemistry (Tranter et al. 2002). In
addition, they play important roles in governing redox
conditions and Fe, S, N and P cycling (Hodson et al. 2008).
Snow algae have been studied extensively at different gla-
ciers (Hoham and Duval 2001; Painter et al. 2001), whereas
there is a paucity of information concerning the character-
istics of bacteria in snow cover. In the polar region, Car-
penter et al. (2000) found 10-20% of all 16S rRNA gene
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sequences obtained from Antarctic snow samples to be
related to Thermus—Deinococcus-like organisms, known for
their high radiation and desiccation resistances, and reported
low rates of bacterial DNA and protein synthesis. Amato
et al. (2007) reported that bacterial concentrations were
about 2 x 10* cells mL™" in snow cover at Spitsbergen,
Svalbard, and recovered strains belonging to Alphaproteo-
bacteria, Betaproteobacteria, Gammaproteobacteria, Fir-
micutes and Actinobacteria. Segawa et al. (2005) collected a
psychrophilic bacterium, Cryobacterium psychrophilum, and
two psychrotrophic bacteria, Variovorax paradoxus and
Janthinobacterium lividum in the surface snow from the
Tateyama Mountains, Japan. Bacterial abundance ranged
from 10% to 10° cells mL ™" in the snow at Mount Sonnblick,
Austria and in the Tyrolean Alps (Alfreider et al. 1996;
Sattler et al. 2001). Liu et al. (2009) reported that bacterial
abundance in the snow from the Tibetan Plateau ranged
from 0.68 x 10° to 720 x 10° cells mL™" and detected 15
common genera in the 16S rRNA gene clone library.
Dome A, the highest ice feature in Antarctica, is located
near the center of East Antarctica, and is commonly named
“the inaccessible pole” due to its most stern climatic
condition. To date, several shallow ice cores, snow pits and
surface snow samples collected along the traverse from the

Fig. 1 Map showing the

Zhongshan Station to Dome A, have been investigated for
chemical and physical parameters such as annual mean
accumulation rate, major ions and microparticle analysis,
and isotopic composition (Hou et al. 2007; Ding et al.
2011), but the bacterial features are not yet studied. In
2005, four 1.6 m long snow cores were collected along the
traverse at LT886, DT313, DT416 and Dome A at dis-
tances of about 280, 920, 1128 and 1251 km from the
coast, respectively (Figs. 1, 3). We applied traditional
cultivation methods (1) to investigate the abundance,
phenotypic properties and community composition of cul-
turable bacteria, and (2) to probe into the spatial distribu-
tion of culturable bacteria under the modern climate
condition along the traverse in East Antarctica.

Materials and methods

Decontamination

The four snow cores were placed in a UV-sterilized posi-
tive-pressure laminar-flow hood in a biologically clean

room and manipulated at about —4°C. An annulus (around
16 mm) was cut twice successively from the surface of
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each snow core with two clean and sterilized sawtooth
knives. Each decontaminated snow core was placed into a
sterile glass beaker and allowed to melt completely at 4°C
in the dark.

Bacterial isolation and count

Meltwater samples (300-500 mL) from each snow core
were filtered with 0.22 pm polycarbonate filters (What-
man). The particulates collected from each sample were
resuspended in 0.6 mL phosphate buffered saline (Zhang
et al. 2007a), and 0.4 mL of each suspension was spread
onto the surface of solid media PYGV (http://www.gene
bank.go.kr/gp/resourcelnfoSearch/microbe/media_pop_view.
jsp?sMediaSn=164&sMediaName=PYGV %20Agar) con-
taining low levels of nutrients. The duplicate plates were
incubated aerobically at both 4 and 20°C. The concentra-
tions of cultured bacteria were estimated by counting the
average colony formation units (CFU) per milliliter on
each plate colonies. The remaining suspension from each
sample was pipetted into 50 mL flask filled with 20 mL
liquid media PYGV, and the flasks were shaken at 80 rpm
and 9°C. Two replicate 10 mL samples of meltwater from
each snow core were pipetted into 150 mL flasks with
40 mL liquid media PYGV. Half of the duplicate flasks
were shaken at 100 rpm and 20°C, and the other half were
incubated at 9°C. After aerobic enrichment, 0.1 mL inocula
from each turbid flask were plated onto the corresponding
solid medium for isolation of colonies. The colonies with
different morphologic characteristics were checked for
purity by streaking on plates of the same medium, and
stored in glycerol at —70°C.

DNA extraction, PCR amplification, restriction
fragment length polymorphism (RFLP) analysis,
and sequencing of amplified 16S rRNA

Genomic DNA of the isolates was extracted according to
the method described by Zhang et al. (2007a). The uni-
versal bacterial primers 27F (5-AGAGTTTGATCCTGGC
TCAG-3') and 1492R (5'-GGTTACCTTGTTACGACTT-3)
were used for polymerase chain reaction (PCR) amplifi-
cation of 16S rRNA in a 25 pl system with Taq DNA
polymerase (MBI) and standard amplification conditions
(Miteva et al. 2004). Amplified rRNA restriction analysis
(ARDRA) was performed with Alul and Haelll (MBI)
digestion. The 16S rRNA fragments representing each
distinct ARDRA pattern were further purified with PCR
purification columns and sequenced with bacterial universal
primers 27F (5-AGAGTTTGATCCTGGCTCAG-3'), 517F
(5'-CCAGCAGCCGCGGTAAT-3’) and 907F (5'-AAAC
TCAAATGAATTGACGGG-3') to obtain overlapping
sequences.

Phenotypic characterization

Gram staining, cell morphology observations, presence of
pigment, oxidase and catalase tests and oxidative or fer-
mentative acid production from carbohydrates test were
performed on the 13 strains according to previously
reported methods (Maugeri et al. 1996).

Phylogenetic analysis

All the sequences were checked for the presence of chi-
meric sequences using the CHECK_CHIMERA program
(available at http://rdp.cme.msu.edu/). For further phylo-
genetic analysis, the single-stranded 16S rRNA gene
sequences of the 14 isolates were matched with those in the
National Center for Biotechnology Information database
(http://www.ncbi.nlm.nih.gov) by BLAST searching. The
similar reference sequences were downloaded and aligned
with the isolate sequences using Clustal X 1.8 program
(http://bips.u-strasbg.fr/fr/documentation/clustalX/).  Phy-
logenetic relationships of the sequences were constructed
using MEGA 4.1 software (Kumar et al. 2008).

Nucleotide sequence accession number

The 16S rRNA gene sequence data reported in the present
paper have been submitted to the GenBank nucleotide
sequence databases under accession numbers: MC10-5
(HM196763), MC10-6 (HM196764), MC10-12 (HM196
765), MC10-14 (HM196766), MC10-17 (HM196767),
MC10-21 (HM196768), MC10-F2 (HM196769), MC7-1
(HM196770), MC8-1 (HM196771), MC5-1 (FJ932656),
MC5-5 (FJ932658), MC5-F2 (FJ93260), MC5-F4 (FJ932
663), MC7-F1 (FJ932666).

Results
Isolated strains

After 3 months of aerobic incubation, a total of 89 visible
colonies were detected on the PYGV plates. However,
there were some plates on which no colonies were
observed. All the colonies on plates were classified into 10
bacterial strains through sequencing. Among them, strain
MC5-5 was recovered at 4°C and strain MC5-1 was
recovered at both 4 and 20°C. The other eight strains were
recovered at 20°C. After 2 months of aerobic enrichment,
four strains were recovered from liquid media PYGV.
Strain MC10-F2 and strain MC7-F1 were enriched from
flasks inoculated with suspensions at 9°C. Strain MC5-F2
and strain MC5-F4 were enriched from flasks containing
meltwater at 20 and 9°C, respectively (Table 1).
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Table 1 Characteristics of bacteria strains along the traverse from Zhongshan Station to Dome A and the cultivation conditions

Snow Strain Colony description Nearest phylogenetic neighbor Identity Cultivation condition
core (origin; GeneBank accession no.) (%)
LT886  MCI10-5 Cream; large; mucoid Rhizobium cellulosilyticum strain 99.4 Suspension plating at 20°C
ALA10B2 (sawdust; DQ855276)
MC10-6  Orange; medium; smooth Kaistella flava strain YIM 47657T 98.9 Suspension plating at 20°C
(soil; AM421015)
MC10-12  Yellow; small; mucoid Microbacterium sp. CTDE4 99.9 Suspension plating at 20°C
(deep sea sediment; GQ169066)
MCI10-14 Laurel-green; small; mucoid Dermacoccus sp. BSi20643 99.6 Suspension plating at 20°C
(Arctic sea ice; EU330343)
MCI10-17 Dark yellow; medium; Uncultured bacterium clone 1H3C_20 98.0 Suspension plating at 20°C
smooth (subseafloor sediment; JN229885)
MCI10-21 Yellow; medium; raised Microbacterium sp. CTDE4 (deep sea 96.2 Suspension plating at 20°C
sediment; GQ169066)
MCI10-F2 Pale yellow; small; mucoid  Kocuria rosea (Arctic Ocean marine 99.9 Suspension enrichment
sediments; DQ060382) at 9°C, 80 rpm
DT313  MC5-1 White; large; matte Paenibacillus vortex strain V453 99.7 Suspension plating
(other samples; HQ005270) at 4 and 20°C
MC5-5 Orange-yellow; medium; Clavibacter michiganensis (arid and 99.7 Suspension plating at 4°C
mucoid semiarid environments; DQ507208)
MC5-F2  Orange-red; small; raised Stenotrophomonas rhizophila strain 99.9 Meltwater enrichment
Asd M1-7 (Midtre Lovenbreen at 20°C, 100 rpm
glacier sediment; FM955853)
MC5-F4  Cream; small; smooth Brevundimonas vesicularis strain Asd M7-3  99.9 Meltwater enrichment at 9°C,
(Midtre Lovenbreen glacier sediment; 80 rpm
FM955876)
DT416  MC7-1 Orange; medium; smooth Kytococcus sedentarius DSM 20547 99.6 Suspension plating at 20°C
(marine; CP001686)
MC7-F1  Purple; small; raised Sphingomonadaceae bacterium PB59 99.6 Suspension enrichment
(terrestrial and freshwater environments; at 9°C, 80 rpm
AB220107)
Dome A MC8-1 Yellow; medium; mucoid Uncultured bacterium clone 99.8 Suspension plating at 20°C

EDWO07B001_137 (Texas state
well; HM066326)

The strains tested showed unique morphological traits,
enzyme production and fermentable carbohydrates profiles
(Tables 1, 2). The majority of the strains formed pigmented
colonies. The colonies of six strains presented pale yellow,
yellow, orange-yellow and dark yellow and laurel-green
colonies were rare. Four strains had deeper orange to
purple pigmentation and few strains formed white and
cream colonies. Almost 86% of the strains formed small or
medium colonies, which were mostly smooth or mucoid
and the remaining were raised. Only one strain produced
matte colonies. Strain MC7-1 had potentially useful oxy-
dase and urease, whereas its closest relative (Kyfococcus
sedentarius DSM 20547) had been reported not to (Sims
et al. 2009). Strain MC10-14 had no catalase activity, but
its most similar strains (Dermacoccus sp. BSi20643) had
been reported to have catalase activity (Stackebrandt et al.
1995). The sequences of strain MC5-F4 and MCS8-1 were
very similar, but the former could utilize gelatin, mannose
and xylose, while strain MC8-1 could not.

@ Springer

16S rRNA-based phylogenetic relationships

Among all the initially recovered colonies by liquid and
solid cultivations, 52 isolates with visually different mor-
phologic characteristics were subcultured to obtain pure
colonies. To avoid sequencing several identical 16S rRNA
samples, the PCR products of the 52 representative bacterial
isolates were digested with restriction endonucleases and
grouped into 14 different ARDRA patterns. The sequences
obtained were affiliated with five phylogenetic groups:
Actinobacteria, Firmicutes, Alphaproteobacteria, Gamma-
proteobacteria and Bacteroidetes representing the bacterial
genera or families Rhizobium, Microbacterium, Dermacoc-
cus, Kocuria, Paenibacillus, Clavibacter, Stenotrophomonas,
Sphingomonadaceae, Kytococcus, Brevundimonas and
Kaistella (Fig. 2).

Actinobacteria was the dominant group with 43% of all
strains and fell into five major lineages. Two strains were
clustered in the genus Microbacterium. Strain MC10-12
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Table 2 Phenotypic properties of bacteria strains along the traverse from Zhongshan Station to Dome A

Strain MC10-5 MC10-6 MC10-12 MC10-14 MC10-17 MC10-21 MCI10-F2 MC5-1 MC5-5 MC5-F4 MC7-1 MC7-F7 MC8-1
Gram staining - + + + - + + + + - + — —
Cell morphology r r c c c c c r r r c r r
Indole production — — — — - — — — — — — _ —_ _
Nitrate reduction — — — — — + + — — — — — _
Catalase - + + - + + + — — + + + +
Oxydase + + - - + + - + + - + — —
Citrate — - - — — — - — — —_ _ _ _
Phenylalanine - - - - - — - — — - — - _
deaminase
Hydrolysis Urea + + - + - — — — - - + + _
Gelatin — + + + — — — + — + _ + _
Acid produced F - F (0] - F F F F F F -
aerobically from
O-F Glucose
Arabinose + - — — - — + + - — — — _
Mannose + — + — — + + + + + — _ _
Mannitol + Nd + - — + + + + — - — _
Sucrose + Nd + — — — — + — — — — —
Fructose + + + - - + + + + - - — —
Galactose + — + - — + — + + _ _ _ _
Xylose + - - - - - + + + + - + -
Lactose + — + — — + — + + — — _ _
Rhamnose + — — — - — + + — — — — _
Maltose + + + - - + + + + + - - +
monohydrate

O oxidation, F fermentation, Nd not determined, ¢ cocci, r rod

and strain MC10-21 had 99.9 and 96.2% sequence simi-
larities, respectively, to Microbacterium sp. CTDE4
(GQ169066) from deep sea sediment (Fig. 2; Table 1).
Strain MC10-14 had 99.6% sequence similarity to Der-
macoccus sp. BSi20643 (EU330343) from Arctic sea ice.
Strain MC10-F2 showed 99.9% sequence similarity to
Kocuria rosea (DQ060382) from Arctic Ocean marine
sediments. Strain MCS5-5 showed 99.7% sequence simi-
larity to Clavibacter michiganensis (DQ507208) from arid
and semiarid environments. Strain MC7-1 shared 99.6%
sequence similarity to Kytococcus sedentarius (CP0O01686)
from marine.

Another predominant group was Proteobacteria which
classified into alpha and gamma subdivisions. Five strains
belonged to Alphaproteobacteria and two strains of these
were affiliated with the genus Brevundimonas. Strain MC5-
F4 shared 99.9% sequence similarity to Brevundimonas
vesicularis (FM955876) from Midtre Lovenbreen glacier
sediment and strain MC8-1 shared 99.8% sequence simi-
larity to uncultured bacterium clone (HM066326) from
Texas State well. Strain MC10-5 and strain MC7-F1 of
Alphaproteobacteria shared 99.4 and 99.6% sequence sim-
ilarities, to Rhizobium cellulosilyticum (DQ855276) from
sawdust and Sphingomonadaceae bacterium (AB220107)
from terrestrial and freshwater, respectively. Only one strain

(strain MC5-F2) belonged to Gammaproteobacteria and had
Stenotrophomonas  rhizophila (FM955853) from Midtre
Lovenbreen glacier sediment, as the nearest neighbor in lineage
with 99.9% sequence similarity.

Firmicutes and Bacteroidetes both had only one strain.
Strain MC10-6 belonged to Flavobacteria, with 98.9%
sequence similarity to Kaistella flava (AM421015) from
soil. Strain MC5-1 showed 99.7% sequence similarity to
Paenibacillus vortex (HQ005270) from other samples.
From the work of Stackebrandt and Ebers (2006), it was
clear that a cutoff of 98.7% 16S rRNA gene homology was
appropriate for species differentiation within a genus.
Strain MC10-21 and strain MC10-17 possibly represented
new species in virtue of their highest similarities (96.2 and
98.0%) to Microbacterium sp. CTDE4 (GQ169066) and
uncultured bacterium clone 1H3C_20 (JN229885),
respectively.

Spatial distribution of cultured bacteria

The average concentrations of cultured bacteria isolated
from snow core LT886, DT313, DT416 and Dome A were
0.320, 0.160, 0.017 and 0.008 CFU mL™', respectively.
Members of Alphaproteobacteria were found in all snow
cores (Fig. 2; Table 1). The isolates in the Brevundimonas
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Fig. 2 The phylogenetic
relationships of isolates from
the Antarctic snow cores and
their nearest relatives based on
GenBank 16S rRNA sequences,
bootstrap values of >50% (of
100 iterations) were obtained by
maximum parsimony analysis
for bootstrap sampling of 100;
scale bars indicates p distance
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genus were recovered from snow core DT313 and Dome A.
No strains were distributed in all snow cores. Seven strains
isolated from snow core LT886 were affiliated with the
bacterial genera Rhizobium, Kaistella, Microbacterium,
Dermacoccus, and Kocuria. Four strains isolated from
snow core DT313 were affiliated with Paenibacillus,
Clavibacter, Stenotrophomonas and Brevundimonas. Two
strains isolated from snow core DT416 were affiliated with
Kytococcus and Sphingomonadaceae. Only one strain from
snow core Dome A was affiliated with Brevundimonas.

Discussion

Cultivation and isolation of bacteria

Two-sevenths of all the strains were enriched with melt-
water from snow cores and this enrichment was, therefore,
an effective complementary method for the recovery of

isolates from the Antarctic snow cover. Amato et al. (2007)
and Elster et al. (2007) had successfully increased the
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| Kaistella flava strain YIM 47657T (AM421015)|Bacteroidetes
63L Haloanella gallinarum (AB035150)

number and diversity of recovered isolates with such
methods of amendment. Many bacteria might have been
damaged or persist in a dormant or very low metabolic
state in the harsh environment and the incubation in liquid
media allowed them to recover the ability to form colonies.

Comparison between bacteria in the Antarctic ice sheet
and other glaciers

The concentration and phylogenetic diversity of cultured
bacteria in Antarctic snow cover were distinctly lower than
that in non polar glaciers likely due to different microbial
sources (Zhang et al. 2007a). Low-latitude, high-altitude
glaciers are usually close to exposed soils and tropical and
subtropical ecosystems, while the Antarctic ice sheet is
surrounded by the Southern Ocean and remote to the ter-
restrial environment. A low biomass and biodiversity of
air-borne microorganisms have been detected at Halley
station, Antarctica (Pearce et al. 2010). The advection of
moisture toward inland Antarctica is mostly provided by
midtroposphere airflow from the subtropics, partially
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replenished by intense vertical mixing associated with
midlatitude cyclonic activity (Masson-Delmotte et al.
2008). The main terrestrial sources of the Antarctica ice
sheet are large Australian desert and South America
(Marshall 1996; Grousset et al. 1992). The phylogenetic
diversity of cultured bacteria in Antarctic snow cover was
almost equivalent to that of Lake Vostok accretion ice and
Arctic snow cover (Amato et al. 2007; D’Elia et al. 2008),
while it was lower than that of Greenland ice core, prob-
ably resulting from the contribution of soil particles in the
Greenland ice core (Miteva et al. 2004). The low concen-
tration and phylogenetic diversity of cultured bacteria were
possibly also influenced by the use of 0.22 pm filters which
could not retain ultrasmall cells such as those recently
detected in other ice cores (Loveland-Curtze et al. 2009).
Almost all genera determined in Antarctic snow cover
were also detected in other glacial environments. For
instance, isolates of Kocuria and Brevundimonas have been
recovered from East Rongbuk, Puruogangri and Muztag Ata
ice cores from the Tibetan Plateau (Zhang et al. 2007a, b;
Xiang et al. 2005). Members of Dermacoccus, Clavibacter
and Paenibacillus have been isolated from Vostok ice core
(Christner et al. 2000; D’Elia et al. 2008). Members of
Stenotrophomonas and Microbacterium have been obtained
from Greenland ice core and many members of Sphin-
gomonadaceae have been found from Sajama (Bolivia),
Taylor Dome, Siple (Antarctic) and the Guliya glaciers on
the Tibetan Plateau (Christner et al. 2000; Miteva et al.
2004; Sheridan et al. 2003). Members of Rhizobium have
been detected in 16S rRNA gene clone library of the Palong
No. 4 glacier on the Tibetan Plateau (Liu et al. 2009). These
findings indicate that the occurrence of related phylotypes in
geographically diverse cold environments is possibly due to
similar strategies to survive freezing and remain active at
low temperatures (Priscu and Christner 2004). However,
Members of Kaistella and Kytococcus were not detected in
other glaciers. Kytococus sedentarius is known for the pro-
duction of oligoketide antibiotics and Kaistella flava pro-
duces a lipophilic polysaccharide (Sims et al. 2009; Gargiulo
et al. 2008). These two special metabolites may enhance
bacterial resistances to extremely harsh environments.
Based on bacterial 16S rRNA sequences, 14 determined
sequences were dominated by Actinobacteria. Amato et al.
(2007) documented that isolates from the Arctic snow
cover were dominated by Alphaproteobacteria and Liu
et al. (2009) found that Gammaproteobacteria dominated
in the 16S rRNA gene clone library for the snow cover on
the Tibetan Plateau Glaciers. The distinction among niches
and different methods employed in various studies might
be responsible for the differences in bacterial communities.
The feature of pigmented colony dominance in cultured
bacteria from Antarctic snow cover was also detected in
other cold habitats (Zhang et al. 2007b; Miteva et al. 2004).

Pigments might be a result of low temperature and UV-
tolerant strategy on surface snow that the pigments could
absorb UV light and detoxify superoxide and free radicals
(Dillon et al. 2003). Fong et al. (2001) found a correlation
between the production of carotenoids and the cold adap-
tation of microorganisms, possibly due to increased rigidity
of the membranes and Newsham (2003) reported that UV-B
radiation arising from stratospheric ozone depletion influ-
enced the pigmentation of Antarctic moss. The colonies of
strain MC7-F1 were purple with 99.6% sequence similarity
to aerobic phototrophic bacteria and might synthesize sub-
strates to maintain life under the oligotrophic habitat. Rel-
atively low proportions of autotrophic bacteria were also
reported in the Antarctic Dry Valleys (Moodley 2004).

The fact that the 16S rRNA gene sequences of cultured
bacteria from Antarctic snow cover closely related to that of
other habitats, but were physiologically distinct populations,
were probably attributed to differences in the ecological
conditions of bacteria survival habitats. Zeng et al. (2010)
identified three bacterial strains isolated from the Arctic and
the Antarctic sea waters belonging to the same species, but
with different phenotypic properties. Klassen and Foght
(2011) found that horizontal gene transfers and phenotypic
variation emerged among five new species of Hymenob-
acter, even between apparently closely related strains, and
might reflect evolutionary trajectories resulting from dor-
mancy during interment in glacial ice.

Variation in the cultured bacteria along the traverse

The concentrations and community sizes of cultured bac-
teria along the traverse decreased evidently with increases
of latitude, altitude and distance from coast (Fig. 3). A
negative relationship was found between bacterial diversity
and latitude for fell-field soils, but no such pattern was
observed for vegetated sites, across a range of Antarctic
terrestrial habitats (Yergeau et al. 2007). Lawley et al.
(2004) reported that the microeukaryote diversity across a
range of Antarctic terrestrial sites revealed no clear pattern
of decreasing diversity with latitude. These results indi-
cated that the interrelation between bacterial diversity and
latitude might be dependent on characteristics of spatial
scale and taxonomic hierarchy. Along the Zhongshan
Station to Dome A traverse, it is thought that, near the
coast, the oceanic climate affected bacterial sources and
they were derived from short-distance marine masses. The
continental climate mainly affected the Antarctic inland ice
sheet, with the bacterial sources derived from the remote
continent with long-distance transportation. It is also
known that the humidity and temperature decline on the
upper layers of the East Antarctic from coast to inland.
Dome A is the most arid region and the “pole of cold” on
Earth (Ding et al. 2011). Therefore the coastal environment
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Fig. 3 The variation of
bacterial concentration and
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was more favorable for bacteria survival than inland. This
was also supported by the decreased density of aerial het-
erotrophic microflora with increasing distance from the
coast in Antarctica aerosol samples (Wynn-Williams 1991;
Elster et al. 2007).

The community compositions of cultured bacteria in
four snow cores were different and no strain was present in
two snow cores. The layered distribution of bacteria in ice
cores presumably reflected the diverse bacterial sources
and inhabiting niches under different past climate condi-
tions (Miteva et al. 2004; Zhang et al. 2007b). Segawa et al.
(2010) suggested that each bacterial phylotype was adapted
to a distinct set of conditions on the glacier. LT886,
DT313, DT416 and Dome A sampling sites were more than
100 km apart and subjected to different climatic environ-
ments. Given this explanation, the community distribution
of bacteria recovered from the four snow cores might
reflect the different bacterial sources and biogeographies
under the different climate conditions in the upper snow
layers of East Antarctica. Further studies are necessary to
define the local scope and understand the characteristics of
the different biogeographies.

Conclusion
The concentrations of cultured bacteria in the four snow

cores along the traverse from Zhongshan Station to Dome
A, East Antarctica ranged from 0.008-0.320 CFU mL~!,

@ Springer
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and were lower than that in ice cores from mountain glaciers.
This was likely attributed to the remote sources of airborne
microorganisms in the Antarctica ice sheet compared with
other glaciers. A total of 14 partial 16S rRNA gene fragments
were sequenced into five groups: Actinobacteria (two
Microbacterium sp., one Dermacoccus sp., one Kocuria sp.,
one Clavibacter sp. and one Kytococcus sp.), Alphaproteo-
bacteria (two Brevundimonas sp., one Rhizobium sp. and one
Sphingomonadaceae bacterium), Gammaproteobacteria (one
Stenotrophomonas sp.), Firmicutes (one Paenibacillus sp.)
and Bacteroidetes (one Kaistella sp.). Actinobacteria was
dominant with 43% of all strains. Members of all genera
obtained from the four snow cores had already been detected
in other glaciers except Kaistella and Kytococcus, which
suggested bacteria similar strategies to survive freezing and
remain active at low temperatures. Some strains from snow
cores had high genetic homogeneity with some from differ-
ent ecological niches, whereas their physiological charac-
teristics were different.

Along the traverse, the abundance and diversity of cul-
tured bacteria in the four snow cores decreased with the
increases of latitude, altitude and distance from coast. The
community compositions were also distinctly different,
which indicated the different bacterial sources and the dif-
ferent biogeographies under the different regional climate
conditions in the upper snow layers. This study presents the
first results of culturable bacteria corresponding to spatial
variation in East Antarctica. A more profound investigation
is required to better understand the correlation between
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microorganisms and the complex regional climatic condi-
tions in East Antarctica.
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