Antarctic microbial mats: treasure-troves of new Flavobacterium
diversity
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Abstract

Antarctica is the most isolated continent on our planet: it is surrounded by oceans and has
been separated from the nearest continent South America by the 1.800 km wide Drake
Passage since 17 to 32 million years [1]. It has been cold since at least 15 million years and
isolated by the Atlantic Circumpolar Current in the oceans and the clockwise atmospheric
circulation that together impede inflow from lower latitudes [2] and reduce the chances of
non-native organisms to reach the continent [3]. Antarctica is largely ice-covered with just
0.32 % of its surface area being ice-free [4]. The extremely low temperatures with freeze-
thawing cycles, varying light conditions with high UV irradiation, strong winds and
desiccation and varying salinity and nutrient levels impose extreme conditions on the
continent that place considerable physiological stress on living organism [4]. Eukaryotic
diversity is relatively limited while microorganisms are more numerous and diverse, yet
relatively less well known. Their study is of interest because it will yield baseline data for
future reference and may provide novel extremophilic organisms of biotechnological use (for
example [5]).

As part of a project funded by the Belgian Science Policy service to assess the distribution of
microorganisms in Antarctica, we performed a large-scale campaign to isolate heterotrophic
bacteria from microbial mats from various terrestrial and aquatic habitats in several locations
in Antarctica. Starting from at least 1 g of material, dilution series were set up and plated on
four media (Marine agar, R2A, 10 times diluted R2A and Peptone Yeast Extract Glucose
medium) and incubated aerobically at three temperatures (4, 15 and 20°C). We obtained
several hundred isolates per sample and isolates were first screened by (GTG)s-PCR, a whole-
genome repetitive element (rep-PCR) fingerprinting method that permitted to recognize
similar isolates and make an initial grouping. Representative strains were then identified by
partial 16S rRNA gene sequencing and comparison with the RDP database. The results
revealed that Flavobacteriaceae were very regularly isolated from these Antarctic samples on
all media and at all temperatures used [6] and Flavobacterium was the most frequently
recovered genus of the family (Fig. 1).

With about 90 named species, the genus Flavobacterium is a large genus that has grown
particularly in recent years with 42 species being described over the last 5 years. Our finding
of flavobacteria is in agreement with the observation that many Flavobacterium species
originate from relatively cold habitats and 15 were first described from Antarctica
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(www.bacterio.cict.fr). We initiated a more detailed characterization of a selection of 74 of
our Flavobacterium isolates originating from samples near the Princess Elisabeth Station (Sar
Rondane Mountains), Pourquoi-Pas Island, the Transantarctic Mountains and Skarvsness,
Syowa. The completion of the 16S rRNA gene sequence revealed 15 groups of isolates that
had internal sequence similarities of at least 97% and that were distinct from other species.
This was also confirmed by a phylogenetic analysis of the gyrB gene, a more variable protein-
encoding gene that gave a more resolved phylogenetic grouping [7].

Figure 1. Bar chart showing the relative recovery of the different genera of the family
Flavobacteriaceae, expressed as the number of Operational Taxonomic Units (OTUs)
delineated at 99% 16S rRNA gene sequence similarity (# 99% OTUS), or 97% (# 97% OTUs),
the number of sequences and the number of different samples (out 9 studied) that a genus was
recovered from.
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a species described from
Antarctic mats. The other groups can be differentiated from each other and from existing
species by means of a combination of several phenotypic characteristics. We are currently
performing DNA-DNA hybridizations to verify whether they indeed represent novel species
for which new species can be proposed.

We also were interested in the geographic distribution of our isolates. There is an on-going
discussion regarding the distribution of micro-organisms which are traditionally regarded as
cosmopolitan because of their very small size, vast populations and easy dispersal [8]. We
verified the distribution of our isolates by comparing their 16S rRNA sequence with
sequences from public databases and verifying the geographic origin of highly similar
sequences (>99% sequence similarity). For most of our isolates in general we did deduce a
cosmopolitan distribution from the fact that similar sequences originated from locations in
quite different places worldwide [6]. This is different for Flavobacterium. While we
recovered flavobacteria from 7 of 9 samples tested, a particular group was mostly only
recovered from one sample; only four groups were found in two different samples. This
observation is not surprising given the limited sampling effort and number of isolates studied.
Comparison of the 16S rRNA sequences of the isolates with sequence databases, including
environmental datasets, revealed very few hits outside Antarctica, Arctic or alpine locations.



It would therefore seem that most of our Antarctic Flavobacterium isolates are at present
restricted to Antarctica. This conclusion is only tentative because the deduced geographic
distribution depends on the comprehensiveness of the databases. It is generally accepted that
knowledge on bacterial diversity and ecology is currently still limited from many habitats on
our planet and in particular from many extreme habitats including Antarctica. Some of these
groups might thus be more widespread than currently available data indicate.

Our finding of a large number of potentially new flavobacterial species from microbial mats
in various Antarctic locations demonstrates that these habitats represent a rich source of new
Flavobacterium diversity. The preliminary observation that these groups are restricted to
Antarctica further emphasizes the importance and urgency of cataloguing Antarctic
biodiversity in view of growing signs of climate change and increasing human activities on
the South Pole [9].
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