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Cyanobacteria are photosynthetic 
prokaryotes commonly found in soils 
and freshwater. They are also an im-
portant component of marine phyto-
plankton and contribute significantly 
to the overall primary production in 
ecosystems of all climatic zones. Cy-
anobacteria often dominate the pico-
plankton community in oligotrophic 
systems. Picocyanobacteria are 
increasingly investigated due to their 
ecological significance. Recent stud-
ies indicate that picoplankton plays an 
important role in calcite precipitation 
in oligotrophic lakes (Dittrich et al. 
2004). However, the mechanism of 
calcite precipitation on picocyano-
bacteria is still unclear.

In this presentation we will show 
the results of our studies on the role of 
picoplankton for CaCO

3
 precipitation. 

Our studies include field observations 
and different kinds of laboratory ex-
periments. In the field research we 
examined the correlation of spatial 
and temporal patterns of picoplankton 
abundance and calcite precipitation in 
the oligotrophic Lake Lucerne (Swit-
zerland).

In the laboratory experiments we 
concentrated on the analysis of the 
surface characteristics of picocyano-
bacteria cells and in-situ nucleation 
experiments in order to improve 
the understanding of precipitation 
mechanisms.Potentiometric titrations 
were applied to determine the differ-
ent types of sites present on bacte-
rial cell walls. Infrared spectroscopy 
gave information about the kinds of 
functional groups (R-NH2, R-COOH, 
R-OH, R-PO2) and measurements 
of zeta-potential provided informa-
tion about the isoelectrical points of 
the strains. In order to investigate 
the nucleation of calcite on the cell 
surface, experiments under controlled 
conditions were performed in a flow-
through design of an AFM.
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Figure 1 Acid/base titration data from the titration performed using Syn. 
Green. Also shown is the titration curve for the electrolyte in the absence of 
bacteria.

Figure 2 Calcite precipitated during the laboratory experiments



Figure 3 AFM image of Synechococcus cell
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Titrations, for example, reveal 
three distinct sites on the bacterial 
surface of phycocyanin- and phyco-
erythrin-rich strains with pK values 
of 4.85±0.31/4.98±0.16, 6.56±0.2/
6.69±0.39 and 8.76±0.06/8.66±0.21, 

corresponding to carboxyl, phos-
phate and amine groups with surface 
densities of 2.56±0.39/7.4±1.57 
x10-4, 1.88±0.54/4.4±0.84 x10-4 and 
2.47±0.44/4.8±0.75 x10-4 mol/g of 
dry bacteria.

The results of laboratory experi-
ments showed that picocyanobacteria 
may adsorb calcium cations and there-
fore strongly influence the biogeo-
chemical cycling of calcite in pelagic 
systems. The results from the labora-
tory experiments are encouraging and 
demonstrate by direct measurements 
the potential of cyanobacteria Synec-

cococus to precipitate calcite.
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