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Summary

Marine sediments harbour vast and diverse prokaryotic communities. With ongoing
burial and ageing of respective sediment layers, however, available organic matter
becomes more recalcitrant. Thus, sedimentary microorganisms face starvation and
ultimately death. Nonetheless, live and active cells are present in old and decply
buried sediments, up to 111 Ma (Roussel et al., 2008). During 10DP Leg 307 an
organic-matter poor, cold-water, buried coral carbonate mound was sampled.
Nineteen isolates, mainly Proteobacteria, were obtained from the mound and
surrounding sediments. Additionally, one putative new species belonging to the
genus Ornithinimicrobium (Actinobacteria) was isolated. Strains were subsequently
phylogenetically and phenotypically characterised.

Selected isolates and other sedimentary bacteria were subsequently subjected
to anaerobic starvation-survival experiments and their responses to substrate
limitation were compared to those of near-surface relatives. All strains survived long
periods of starvation (incubated up to 3 years). This was confirmed by constant total
cell counts and only slowly increasing proportions of dead cells (20% after one year).
Culturability and FISH detectability decreased with time but radiotracer experiments
conducted after starvation confirmed viability and potential metabolic activity of
many strains. No significant correlations between FISH detectability and other
viability measures occurred. Instead starvation time was significantly positively
correlated with percentages of dead cells and inversely with culturability.

Pure culture starvation experiments were complemented by a study on an
estuarine, surface-sediment microbial community, which was stressed in sediment
slurry sequential heating experiments. This mimicked burial and resulted in
decreasing total counts, culturability, and FISH detectability but these were still
present even after heating to 90°C. Temperatures above 42°C were significantly
correlated with the reduction of total cells and FISH detectability.

This project showed that marine sedimentary microbes maintain high levels
of viability and culturability during long-term anaerobic starvation and during
sequential heating to mimic burial; this is consistent with the large cell population in

sub-seafloor sediments.
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Chapter I:

Introduction

1. Microbial Ecology as an emerging scientific field

Microbial capacitics were used by mankind for the production of wine. beer and
bread for thousands of yecars, but it was not recognised for a long time that these
processes are mediated by unseen little helpers, microorganisms. These small life-
forms were first discovered and described by Robert Hooke and Antonie van
Leeuwenhoek in 1665 and 1676 (Gest, 2004), respectively. Much later, in the second
half of the 19" century. Koch was the first who linked bacteria to diseases and was
able to prove it (www.rki.de). In France, Louis Pasteur worked on lactic and

alcoholic fermentation and used sterile culture medium for his experiments. This is

said to be the “origin of all microbiological techniques™ (www.pasteur.fr).
Furthermore, he studied infectious diseases (e.g. rabies) and subsequently discovered
vaccines to prevent them. At the same time the industrial use of microorganisms for
purposes like the production of chemicals (e.g. acetone and citric acid) began. Thus,
in the early days microbiology was mainly an applied science or focussed on medical
aspects.

In addition, microorganisms are of great importance to humans not only for
the reasons mentioned above. At the end of the 19" century scientists started to
investigate the role of microbes within the environment, for example their role in
geochemical cycles. Winogradsky, a Russian microbiologist, worked on
geochemically important bacteria isolated from the environment and described the
phenomenon of lithothrophy (Schlegel, 1996). A new science developed: microbial
ccology. Since that time much research has been done in the field of microbial
ccology due to the importance of microorganisms for ecosystems and their effects on
the environment. They are involved in all biochemical cycles (e.g. carbon, sulphur,
manganese, iron etc.) of which many reactions are exclusively driven by prokaryotes

and, thus they affect our lives in many ways.




Chapter I: Introduction

2. The deep biosphere

2.1 Discovery of the deep biosphere

In the beginning of the 20" century researchers investigated soils in regard to the
indigenous bacterial population to identify potential pathogens (Schmidt and Weiss,
1902). They found a decrease in plate counts with increasing depth (from 10° cells
cm™ sediment near the surface to 10% cells cm™ sediment at 4.5 metres below the
surface) and concluded that soil is bacteria-free in depths below five metres.
Additionally, since mostly spore-forming bacteria were enriched they concluded that
bacteria were only present in an inactive form in greater depths.

Bastin er al. (1926) were among the first who investigated the widespread
occurrence of sulphate-reducing bacteria in oil producing wells. They addressed the
question whether the microorganisms were indigenous or introduced into the
reservoirs by drilling water due to oil mining operations. Scientists assumed that the
deep subsurface was sterile and thus bacteria within the oil reservoirs were
introduced by human activities (Magot et al., 2004).

Morita and ZoBell (1955) studied pristine marine sediments and concluded
that the marine biosphere ended at the depth of 7.47 m below the surface. They based
this conclusion on their inability to cultivate microbes from deeper layers. At that
time microscopic detection of microbial cells in sediments was impossible. Later, the
use of fluorochromes like acridine orange enabled the detection of microorganisms in
a microscopic sample and made them visible to the human eye (Kepner and Pratt.
1994). Because of these findings the deep-sea was referred as a “microbiological
desert” (Jannasch ef al., 1971) and was even thought to be sterile. This assumption
was supported by results of Jannasch et al. (1971). Their study of food (soaked with
seawater) within a sunken submarine vessel revealed that rates of microbial
decomposition were 10 to 100 times lower than in control experiments under similar
conditions.

However, geologists were interested in the geosphere below the oceans. In
1968 the Deep Sea Drilling Project (DSDP) started. During these scientific journeys
researchers made observations within the sediment that could not be explained by

geological processes alone (e.g. changes in porewater chemistry, production of gas
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