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Figure1. Sampling at Outokumpu deep borehole,( 2.5 km deep).  
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Figure 3. Deep saline waters contain dissolved gases up to 1.1 L/L, methane and nitrogen as typical 
components, but pronounced hydrogen concentrations were also measured deep in the Outokumpu 
borehole. Sulfate concentrations of deep methane-rich waters are low (< 17 mg/L), indicating that this 
electron acceptor is effectively consumed. Nitrogen is the most important remaining electron acceptor. 
Remarkable correlation exists between the geochemically different water types (I-V) and bacterial 
community structuring. 

Methane is the major gas component in Fennoscandian deep subsurface environments, and one of the most abundant carbon sources in this environment. Anaerobic methane 
oxidation may be an important process in the cycling of carbon in this environment. The potential for anaerobic sulphate reduction mediated methane oxidation of the microbial 
community at 500 m depth in Outokumpu was tested by activity screening and single cell sorting techniques (Fig. 6). The metabolic activity of microbial cells in the sample water was 
studied by redox indicating fluorescent dye detected by fluorescence microscopy or FACS. By treating samples with methane and sulphate, the metabolic activity of 50% of the 
microbial cells was induced, and methane activated 30% of the microbial cells (Figs. 6 & 7). In addition, the methane+sulphate addition also increased the transcription activity of 
many functional genes, such as the dsrB of the sulphate reducers (Fig. 8). Metabolic pathways prevailing in the deep subsurface environments are being studied by metagenomics 
(Fig. 5). 
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Figure 6. Sample preparation. Carbon substrates, electron acceptors and redox-dye are injected into a head space bottle containing sample water. Activated 
microbial cells areidentified as  by their green fluorescence using microscopy or FACS. 
Activated cells are sorted by FACS and single genomes are amplified using the MID method. Single Amplified Genomes (SAGs) are identified by 16S rRNA or 
functional genes, e.g. the pmoA.  
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Figure 7. The number of total cells ml-1 

in relation to the proportion of the cells 
activated by C1 compounds and 
sulphate.  

Figure 8. The number of dsrB genes (DNA) and 
transcripts (RNA) in the sample water in comparison to 
the number of dsrB transcripts after addition of C1 
substrates and sulphate. 
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Scientific goals 
The research consortium of Finnish Deep biosphere is studying biodiversity and metabolic functions of microbial communities in deep groundwater of the Fennoscandian Shield. 
Geochemistry, gas composition and geophysical parameters are connected to microbiology to understand the functions and energetic mechanisms of deep microbial communities. 
The overall objectives of the research are to elucidate the existence, diversity, metabolism and energetics of the deep subsurface microbial communities. We also aim at improving 
the understanding of the origin of the deep subsurface microbes as well as their significance in active processes between the crystalline bedrock and fluid (water & gas). The major 
study sites are Outokumpu scientific deep borehole (2.5 km) and Olkiluoto final deep geological disposal site of high radioactive wastes (300 m-1000 m). 
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Figure 4. Phylogenetic distribution of  microbial 
communities based on 16S rRNA from three 
fracture zones in the Outokumpu deep drill hole. 

Figure 5. Metabolic pathways are constructed 
based on Illumina and 454 pyroseqeuncing of 
metagenomes 
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Figure 2. Molecular microbial ecology methods applied in our research. 
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