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Lake Sælenvannet is a meromictic lake localized south of Bergen and is characterized by 
two permanent strata separated by a steep salinity gradient called the chemocline. The 
mixing of the upper and lower strata is limited because of the physical surroundings and 
differences in water density. The interfaces in a meromictic lake can appear as zones 
with elevated bacterial activity and where bacterial community composition may 
change. Such zones are therefore highly suitable for studies of bacterial diversity and 
community structure. By visual inspection of the different water layers significant 
changes in community compositions can be determined (figure 1).  
 

 
Figure 1. Water collected at different depths in Lake Sælenvannet. The bottles at the right are collected 
from the top layer and then deeper indicated with the colourful pigmented organisms in the middle and 
the deepest samples containing black sulphur precipitates to the right.  
 
A fundamental understanding of aquatic ecosystems requires knowledge of the diversity, 
distribution, and function of bacterioplankton because of their importance in 
biogeochemical processes. Prokaryotic organisms are known to be functionally and 
metabolically diverse, exceeding that of all the eukaryotes. Assessing the bacterial 
diversity within an ecosystem is difficult because for most bacteria, taxonomic 
classification requires their isolation and cultivation. A fingerprinting analysis of the 
community structure has been examined by PCR amplification in combination with 
Denaturant Gradient Gel electrophoresis (Øvreås et al 1997), where the major 
community members were discovered. These analyses showed the presence of both 
sulfate-reducing bacteria and methanogens throughout the water column, but they 
appeared to be most abundant below the chemocline. Among the dominant populations 
were representatives we found the photolitotrophic green sulphur bacterium 



(Chlorobium phaeovibrioides), chloroplasts from eukaryotic algae, and unidentified 
Archaea. 
 
In 2012 new samples was collected and a more in-depth analysis was performed using 
the next generation sequencing method (454 pyrosequencing). At the sampling time we 
found the chemocline to be at 6m depth and the abundance of bacteria to be highest 
around the chemocline. In these dataset we found a surprisingly high diversity in the 
chemocline and in the deep water masses with high degree of novelty. Especially 
interesting we found a distinct group of planctomycetes, magnetotactic bacteria and 
Thaumarchaeota. All these groups represent deepbranching organisms with an early 
evolution. 
 
 
 
From Lake Sælenvann we want to present three topics for a master thesis focusing on: 

• Planctomycetes 
• Magnetotactic bacteria 
• Thaumarcheaota 

 
 
 
1. Planctomycetes: 
 
Planctomycetes form a distinct phylum of the domain Bacteria and possess unusual 
features such as intracellular compartmentalization and a lack 
of peptidoglycan in their cell walls. Some planctomycetes also 
contain a membrane-bound nucleoid analogous to the 
eukaryotic nucleus. Most of the well knowm planctomycetes 
are heteroptrophs. However the so-called 'anammox' 
planctomycetes have a unique autotrophic, anaerobic, 
metabolism with the ability to oxidize ammonium; this process 
is dependent on a characteristic membrane-bound cell 
compartment called the anammoxosome, which might be a 
functional analogue of the eukaryotic mitochondrion. The 
compartmentalization of planctomycetes challenges our 
hypotheses regarding the origins of eukaryotic organelles. 
Therefore planctomycete marks this phylum as a very 
interesting group to watch for future research on the origin 
and evolution of the eukaryotic cell (figure 2). 
 

Aims 

The aim of the master project is to analyse the high throughput sequencing data 
obtained in 2012 with specifically emphasis on the sequences affiliating with 
planctomycetes to get an idea of what type of planctomycetes are present and how 
abundant they are in the different layers. Based on these analyses specific 
enrichment conditions for planctomycetes will be set up and followed over time. 
The enrichment will be followed by microscopy and molecular methods as 
sequencing of 16S rRNA gene as well as other genes characteristic for this phylum. 



2. Magnetotactic bacteria 

Magnetotactic bacteria are a polyphyletic group of bacteria first characterised by 
Richard P. Blakemore in 1975. They produce organelles called magnetosomes that 
contain magnetic crystals, and by these they manage to orient along the magnetic 
field lines of Earth a process that is referred to as magnetotaxis. They have most 
likely existed on the earth for more than 2 billion years, they are found highly 
distributed at the bottom of the sea and in lake sediments all over the globe. To 
date, all magnetotactic bacteria are reported to precipitate either magnetite or 
greigite, crystals that can be preserved in the geological record as magnetofossils.  
The oldest unambiguous magnetofossils come from the Cretaceous (145 – 66 million 
years ago) chalk beds of southern England (Kopp and Kirschwink, 2007).  

Recent ccomparative time studies of magnetotactic bacteria from 4 distantly lake 
systems have shown that this group of organisms were absent the first 2000 years 
after the last ice age and then reappeared in all the four lakes at the same time 
(Paasche and Løvlie, 2011). Interesting questions here are where did they come 
from and why did the all appear at the same time? 

The bottom of Lale sælenvann consists of old seawater, 
and a high abundance of cells containing 
magnetosomes were seen below the chemocline (figure 
3). So far we do not know what phylogenetic group 
these organisms belong to.   

 

 

Figure 3. Magnetotactic bacteria from lake Sælenvann containing dark 
electron dens magnetosomes 

 

Aims 

The aim of this master thesis is to enrich for magnetotactic bacteria using a 
combination of methods with sterile filtered lake water and strong magnets. The 
samples will be screened with microscopy and molecular methods. Novel isolates 
will be further characterised and identified. The data obtained during the master 
thesis will be correlated with the 454 pyrosequencing data. 



 

3. Thaumarchaeota 

Taumarcheota represent a recently proposed phylum 
within the Archaea in 2008, after the genome of 
Cenarchaeum symbiosum was sequenced and found to 
differ significantly from other members of Crenarchaeota 
(hyperthermophilic phylum).  All organisms of this lineage 
identified so far are chemolithoautotrophic ammonia-
oxidizers and may play important roles in biogeochemical 
cycles, such as the nitrogen cycle and the carbon cycle. 
In the deep water of the lake we found a high diversity of 
morphotypes when examined by electron microscopy 
(figure 4) and the 454 pyrosequencing data confirm that 
there are a large proportion of the sequences that are 
phylogenetic affiliated to Thaumarchaeota but still 
distantly related and novel.  

Aims 

The aim of this master thesis is to do an detailed study of the 454 pyrosequencing 
datasets (sequences) to determine the closest related organisms, to get hints of 
who is there and what they are doing. New samples will also be collected RNA will 
be extracted and analysed in order to get more knowledge about the active 
Thaumarchaeal population in these samples. It will also be possible to set up 
enrichment for cultivation of these organism, and to characterise these 
enrichments by its functional characteristic and molecular methods to gain exciting 
new valuable insights into the composition, evolution, function and physiology of 
the heart of these early evolutionary microbes.  

 

Financing 

These thesis will be linked to the research group in Marine Microbiology.   

 

Working place 

Marine microbiology research group, Department of Biology, Marineholmen. 


