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Center for Geomicrobiology
The Center for Geomicrobiology was founded in 2007 by Prof. Bo Barker
Jørgensen, director at the Max Planck Institute for Marine Microbiology
in Bremen. The Center was jointly funded for ﬁve years by
the German Max Planck Society, the Danish National
Research Foundation, and Aarhus University. On October 1st, 2012,
a new ﬁve-year funding period started for the Center for Geomicrobiology, this time as a Center of Excellence
under the Danish National Research Foundation. The Center is organized
under the Department of Bioscience and continues a close cooperation
with the Department’s Microbiology Group, with the Max Planck Institute
for Marine Microbiology, and with many international research groups.
The Center studies microbial life in the seabed with a particular
focus on the deep sub-seaﬂoor biosphere. Our aim is to understand
the predominant microbial life on our planet: communities
of microorganisms buried in the dark subsurface and subsisting
at the minimum energy ﬂow that can sustain basic biological processes.

Group members

Resources:

Methods &

Members of the Center join research expeditions to
diﬀerent regions of the world oceans in order to obtain
the precious sediment core material. In the laboratory
we combine high-capacity genomic sequence analyses
with sensitive chemical and isotopic techniques to search
for the coupling between organisms and processes.
We also apply new high-resolution techniques
for singlecell studies in order to reveal the coupling
between phylogenetic identity and metabolic
function of dominant
microorganisms.

Key publications

Our research on biogeochemical
processes in the surface layers of
marine sediments have revealed that electric currents can couple spatially
separated biogeochemical processes, such as oxygen reduction
at the sediment surface and hydrogen sulphide oxidation in anoxic
layers several centimeters below. This spatial separation of microbial
processes has a major impact on the geochemistry of the sediment.
It induces pH extremes that accelerate mineral dissolution or precipitation
by mechanisms that have not previously been known to exist.
In a collaborative project we discovered that sulfate-reducing bacteria
of the genus Desulfubulbus in the sediment form unique “electric
cables” that mediate electron conduction. These organisms are highly
abundant in sediments with bioelectric properties. The rod-shaped
bacteria form cm-long ﬁlaments composed of many hundreds of
individual cells and each cell is joined to its neighbors with multiple
longitudinal ﬁbers. Electrostatic force microscopy suggests that these
ﬁbers have metallic conductive properties. We use both metabolic
and nano-science approaches to understand this electron conduction that is completely new for biology.

Microbial processes in the seabed

Life at the energy limits

Geochemistry
analysis
- Several HPLC instruments are available with conductivity
detectors for ion chromatography and with ﬂuorescence
detector for derivatized biomarker molecules.
- Two gas chromatographs (SRI Instruments and Peak
Laboratories) used for measuring methane (Flame Ionization
Detector) and hydrogen (Reducing Gas Detector).
- A specially designed, two-dimensional ion chromatograph
and mass spectrometer (IC-IC-MS) instrument
(Dionex) is available for separating and quantifying very
low concentrations of anionic compounds, used to
measure volatile fatty acids in marine pore water.
• Two isotope ratio mass spectrometers (IR-MS) (Sercon
20-22 and Thermo Delta V) are equipped with gas samplers
and elemental analyzers for resolving the natural
isotopic composition of carbon, nitrogen and other isotopes
in solids, liquids and gases.
• Gravity corer for up to 12-m long sediment cores.
• Manheim press for sampling of pore water.

We have determined the mean metabolic rate of microbial cells
from measurements of their bulk activity in the sediment divided
by their cell numbers. From this we have estimated the turnover
rate of their biomass and thereby calculated their generation time.
We have done such calculations speciﬁ cally for sulfate
reducing microorganisms in marine sediments and discovered
a systematic variation where generation times range from one
year near the seaﬂ oor to a thousand years deep beneath the
seaﬂoor. In comparison, laboratory cultures of these bacteria
have generation times of days, that is 100,000 times shorter than
in the deep biosphere.
Such extremely slow life is diﬃcult to reconcile with our laboratory
knowledge of microbial growth and maintenance metabolism.
Importantly, we could conﬁrm these controversial results by a
completely independent approach that uses the slow
interconversion between the mirror images of common amino acids
as a molecular clock. By determining the ratio between these L
and D mirror images in sediment amino acids, their age can be
estimated and used to estimate the turnover of amino acids in
the microbial community.

Molecular biology
- Standard PCR (Verity) and qPCR (Roche Light Cycler
and Agilent) thermal cyclers are used for detecting
and quantifying microbial taxonomic and functional
marker genes from environmental DNA extracts.
- Concentrations of DNA and RNA isolated from
environmental samples are determined with
a Bioanalyzer (Agilent).
- An Ion Torrent Personal
Genome Machine
(Life Technologies)
can sequence entire microbial
genomes within hours.
- A six core, 48 GB ram
Fujitsu R570 computer is used
for analyzing genomic
sequences.
- Laser microdissection (Leica) and laser tweezer (Zeiss)
microscopes are used for physically isolating

Biodiversity
of
the
deep
biosphere
To answer these questions we have extracted
community DNA from distinct biogeochemical
zones in marine sediments. We have analyzed
hundreds of thousands of gene sequences
of important marker genes for speciﬁc
physiological types of organisms such as sulfatereducing bacteria or methane-producing
archaea. This allows us to compare the diversity
of microbial species in the diﬀerent
biogeochemical zones in the seabed.
The results show that even well-known
physiological types belong to unknown
phylogenetic groups that may even be deeply
branching in the tree of life. This is, for example,
the case for the sulfate-reducing microorganisms
in subsurface sediment. The extraction of DNA is
fundamental to studies of community
composition. Some of the DNA may not reside
in living cells, however, but be free or adsorbed DNA that remains from microorganisms
that lived there in the past. During the last years we have developed a DNA extraction
method to separate cellular DNA (iDNA) and extracellular, fossil DNA (eDNA).
We can now recover and PCR-amplify
bacterial and archaeal DNA in the
sub-seaﬂoor and have applied our
methods to low-biomass, sub-seaﬂoor
environments, such as the central South
Paciﬁc, the Bering Sea, and the Northeast
Paciﬁc. The new eDNA extraction
protocol will be used in future research
to examine the potential for marine
sub-seaﬂoor sediments as a genetic
archive of past environmental change.
Sketch illustrating how the functional gene approach can be combined with
geochemical, microbiological, and molecular biological approaches
to investigate the microbial ecology of subseaﬂoor ecosystems
(Lever, M. A., FEMS Microbiology 2012 1-23)

Turnover of cell carbon and corresponding generation time in
microbial communities from surface environments (blue, e.g. lakes
and soils) and sub-surface environments (red, e.g. young and old
marine sediments) at diﬀ erent temperatures.

