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Abstract

We isolated and identified culturable Arctic bacteria that have inhabited around Korean Arctic
Research Station Dasan located at Ny-Alsund, Svalbard, Norway (79°N, 12°E). The pure colonies
were inoculated into nutrient liquid media, genomic DNA was extracted, and phylogenetic analysis
was performed on the basis of 16S rDNA sequences. Out of total 227 strains, 198 strains were
overlapped or unidentified, and 43 bacteria were finally identified: 31 strains belonged to
Pseudomonas, 7 strains Arthrobacter, two Flavobacterium sp., an Achromobacter sp., a Pedobacter
sp., and a Psychrobacter sp. For isolation of diverse bacteria, we need more effective transport
method than 3M petri-films, which were used for convenience of transportation that was restricted
by volume. We also need to use other culture media than nutrient media. We expect these Arctic
bacteria can be used for screening to develop new antibiotics or industrial enzymes that are active at

low temperature.

Introduction

The range of temperatures in which growth of organisms has been detected reaches from —12°C to
approximately 112°C. Within this frame, the velocity of chemical reactions and the physical
properties of biomolecules change dramatically, such that microorganisms are only able to grow
within a limited thermal range. At low temperature, the rate of enzymatic reactions, the fluidity of
cellular membrane, and the affinity of uptake and transport systems decrease (Phadtare et al. 2000).
Therefore, biomolecules of microorganisms living in cold habitat may show distinctive physical
properties.

The Arctic is a representative cold habitat, which remains one of the least explored, studied and
understood places on earth. The potential benefits from the exploration of the microbial diversity of
the Arctic derive from the future biotechnological exploitation of the Arctic gene pool and from new
insights into the biological mechanisms of adaptation to and tolerance of extreme environments by
microorganisms.

In this study, we isolated and identified culturable Arctic bacteria that have inhabited around
Korean Arctic Research Station Dasan located at Ny-Alsund, Svalbard, Norway.
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Materials and Methods

Sample collection

The sampling site is in the near-by area of Korean Arctic Research Station Dasan located at
Norwegian Polar Institute’s Research Station in Ny-Alesund (78°55'N, 11°56'E), Svalbard, Norway.
Soil samples were collected from the upper melted layer of soil with 0.1 m depth using sterile 50 ml
conical tubes on 5 ~ 15 August 2002. The samples collected from 6 different sites were sealed and
transferred to Dasan station. Aliquote of 0.2 g of the collected soils were diluted in distilled water,
the diluted water was spread on the 3M petri-films E. coli Count Plate, which were kept at 4°C for 1
— 7 days until transportation and transferred to the laboratory at KORDI under the cold condition.
The remained soil samples were frozen at -20°C in conical tubes, transferred to laboratory at KORDI

in package with dry ice and icepack, and stored at -20°C.

Culture conditions

For isolation in the laboratory, the petri-films were cultured at 4°C for 1 month; colonies formed
on petri-films were succeedingly cultured on nutrient agar plate (Difco 72063JD) at 4°C for every 7
days. Distinct colony types on the plates were purified by streaking and restreaking on fresh nutrient
agar plates. The purified isolates were cultured in nutrient broth media at 20°C for 1 day frozen, and

stored at -80°C in fresh medium that contained 15% (v/v) sterile glycerol.

DNA extraction and PCR amplification

Total genomic DNA for 16S rDNA amplification was extracted using AccuPrep genomic DNA
Extraction kit (Bioneer, Korea) from 1 mL of isolates cultured in nutrient broth. From the genomic
DNA nearly full-length 16S rDNA sequences were amplified by PCR using primers 27F(5'-AGA
GTT TGA TCM TGG CTC AG-3") and 1522R(5-AAG GAG GTT ATC CAN CCR CA-3"). The
PCR mixture consisted of 5 ul of 10x PCR mix (final concentrations: 50 mM KCI, 0.01% gelatin, 10
mM Tris-HCI pH 9.0), 2.5 mM MgCl,, 0.2 mM of each dNTP, 1 pl of each primer, 1 pl of template
DNA, and 2.5 units of 7ag polymerase (TaKaRa, Japan) in a final volume of 50 ul. The PCR was
performed in a thermal cycler (Biometra, Germany) using cycling conditions that consisted of an
initial denaturation at 95°C for 5 min and then 30 cycles with denaturation at 94°C for 1 minute,
annealing at 55°C for 1 minute, and extension at 72°C for 2 minutes. A final extension was
performed at 72°C for 7 minutes. The PCR products were analyzed by agarose gel electrophoresis,
purified with Highpure PCR product Purification Kit (Roche, Germany), and sequenced using an
ABI PRISM 3100 Genetic Analyzer (Applied Biosystems, USA). The nucleotide sequence data were
deposited in GenBank of the National Center for Biotechnology Information website (NCBI,

http://www.ncbi.nlm.nih.gov).

Sequence Analysis
Sequences of the 16S rDNA were submitted to Advanced BLAST search program of the NCBI to
identify sequences of closely related organisms. The related sequences were preliminarily aligned

with the default settings of CLUSTAL W (Thompson et al. 1994), and complete sequence
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alignments were performed using PHYDIT (Chun 1995) and manual comparison to secondary
structures. The phylogenetic analysis was performed with PHYLIP (Felsenstein, 1993), and
phylogenetic trees were inferred using the neighbor-joining method (Saitou & Nei 1987).

Results & Discussion

We isolated total 227 strains, 198 strains were overlapped or unidentified, and 43 bacteria were
finally identified: 31 strains belonged to genus Pseudomonas, 7 strains genus Arthrobacter, two
Flavobacterium sp., an Achromobacter sp., a Pedobacter sp., and a Psychrobacter sp (Table 1).
Pseudomonas and Arthrobacter were the dominant bacterial groups isolated in most of the tundra
soil (Zhou et al. 1997).

1. Pseudomonas

The majority of clones clustered with Pseudomonas. Most of clones showed the highest similarity
with Pseudomonas, but aligned outside of the Pseudomonas branch, and could not be identified at
the level of species. The genus Pseudomonas belongs to y-Proteobacteria is ubiquitous and diverse
bacteria in nature (Spiers et al. 2000). They possess variable metabolic abilities that utilize a wide
range of organic compounds with significant ecological position in the carbon cycle, and they are
also important as pathogens of animals and plants (Yamamoto et al 2000). Even though full genome
have been revealed from several Pseudomonas (Stover 2000; Nelson 2002), the classification of
Pseudomonas strains is not fully established due to the lack of an accurate taxonomic system.
Sequence analysis of 16S rDNA is frequently used (Moore et al., 1996). However, the degree of
resolution obtained with 16S rRNA sequence analysis is not sufficiently discriminatory to permit
resolution of intrageneric relationships because of the extremely slow rate of evolution of 16S rRNA.
Due to the gap between the valid genetic ranges of the two methods, a detailed intrageneric structure

of the genus Pseudomonas remains to be resolved.

2. Arthrobacter

Seven clones clustered with Arthrobacter that belongs to high G+C Gram-positive bacteria. Three
clones were closely aligned with 4. polychromogenes , a clone with A. psychrolactophilus, and three
clones with 4. sulfureus. Despite the high 16S rDNA sequence similarity (> 97%), new species had
been assigned on the basis of DNA-DNA relatedness or phenotypic difference (Wauters et al. 2000;
Reddy et al. 2002). Three species were reported from polar habitat such as Antarctica and Greenland
(Osorio et al. 1999; Reddy et al. 2000, 2002). Therefore, the Artic clones isolated in this study need

further study to clarify their taxonomic status.
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Table 1. Culturable Artic bacteria identified from 16S rDNA sequences.

Clone No. Site The closest species Similarity
5-4 Moss of puddle Achromobacter ruhlandii 98
32-3 Verticar sediment of red river Arthrobacter polychromogenes 99
41-1 North coastal sediment Arthrobacter polychromogenes 99
7-1 Soil of coast Arthrobacter polychromogenes 99
7-10 Soil of coast Arthrobacter psychrolactophilus 99
19-1 Soil of tundra Arthrobacter sulfureus 98
23-5 Soil of mountain Arthrobacter sulfureus 98
7-7 Soil of coast Arthrobacter sulfureus 98
4-4 Moss of puddle Flavobacterium hydatis 99
4-6 Moss of puddie Flavobacterium hydatis 99
7-6 Soil of coast Pedobacter cryoconitis 99
26-8 Soil under polar icecaps Pseudomonas anderso 95
21-9 Moss of tundra Pseudomonas borealis 99
23-14 Soil of mountain Pseudomonas borealis 99
4-5 Moss of puddle Pseudomonas borealis 99
5-5 Moss of puddle Pseudomonas borealis 99
15-5 Moss of puddle Pseudomonas chloror 95
23-7 Soil of mountain Pseudomonas chloror 97
16-4 Soil of coast Pseudomonas corrugata 95
19-5 Soil of tundra Pseudomonas corrugata 95
4-2 Moss of puddle Pseudomonas corrugata 96
7-13 Soil of coast Pseudomonas corrugata 99
4-13 Moss of puddle Pseudomonas frederiksbergensis 100
25-19 Sediment of puddle Pseudomonas lini 99
17-5 Soil of coast Pseudomonas mandeli 98
19-2 Soil of tundra Pseudomonas mandeli 97
21-7 Moss of tundra Pseudomonas mandeli 98
25-11 Sediment of puddle Pseudomonas mandeli 99
26-9 Soil under polar icecaps Pseudomonas mandeli 99
4-1 Moss of puddle Pseudomonas mandeli 99
6-20 Soil of coast Pseudomonas mandeli 99
7-5 Soil of coast Pseudomonas mandeli 99
6-21 Soil of coast Pseudomonas marginalis 99
23-9 Soil of mountain Pseudomonas meridiana 98
16-2 Soil of coast Pseudomonas migulae 99
21-19 Moss of tundra Pseudomonas migulae 99
23-2 Soil of mountain Pseudomonas migulae 99
25-2 Sediment of puddle Pseudomonas migulae 98
6-11 Soil of coast Pseudomonas migulae 99
6-17 Soil of coast Pseudomonas syringae 99
15-3 Moss of puddle Pseudomonas taetrol 97
19-12 Soil of tundra Pseudomonas tolaasi 96
12-5 Attached on a marine alga Psychrobacter glacincola 98

3. Other strains
Two clones were closely related and they were aligned with Flavobacterium hydatis that belongs
to Bacteroidetes (Cytophaga-Flexibacter-Bacteroides group). Several Flavobacterium species were

isolated from Antarctica (McCammon et al. 1998; McCammen and Bowman 2000; Humphry et al.
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2001). A clone was closely aligned with Achromobacter ruhlandii that belongs to B-Proteobacteria.
A clone was closely aligned with Pedobacter cryoconitis that belongs to Bacteroidetes (Cytophaga-
Flexibacter-Bacteroides group). Genus Pedobacter was recently isolated from Sphingobacterium
(Steyn et al. 1998). A clone was closely aligned with Psychrobacter glacincola that belongs to y-
Proteobacteria. It was collected from a marine alga. Several species originated from marine habitats

(Maruyama et al. 2000; Denner et al. 2001; Romanenko et al. 2002).

Polar habitat is a good source of new bacterial species and genera (Irgens et. al. 1996; Bowman et
al. 1997a, 1997b, 1997c, 1997d, 1998a, 1998b, 1998c; Gosink et al. 1998; Junge et al. 2002). In
polar habitat, cold-adapted bacteria should be the dominant organisms. For isolation of more diverse
bacteria, we need more effective transport method than 3M petri-films, which were used for
convenience of transportation that was restricted by volume. We also need to use other culture media
than nutrient media. Polar bacteria can be good source for carotenioids that may provide protection
against UV radiation (Jagannadham 2000), and cold-active protease that have biotechnological
potential for novel applications, including food processing, additives in detergents, or pharmacy
(Zeng 2003). We expect these Arctic bacteria can be used for screening to develop new antibiotics or

industrial enzymes that are active at low temperature.
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