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Electron microscopies reveal the extraordinary three-dimensional structure of the 

calcite particles formed by microalga Emiliania huxleyi. (Photo: Frank Friedrich, KIT)  

Biogenic calcite produced by microalgae differs from fossil 

calcite mainly by its extraordinary three-dimensional structure. 

This unique highly complex shape of the calcite disks, called 

coccoliths, results from controlled crystal growth in the center 

of the alga. Scientists of Karlsruhe Institute of Technology (KIT) 

study the fundamentals of this biomineralization. Potential 

fields of application of biogenic calcite particles are novel 

products in optics, paints, and surface coatings.  

The scanning electron microscope reveals the filigree three-

dimensional calcium and bicarbonate structures formed by the alga 

Emiliania huxleyi. Ioanna Hariskos, doctoral student of the KIT 

Institute of Process Engineering in Life Sciences, Bioprocess 

Engineering Division, compares the extraordinary structure of the 

calcite disks with flat, fine sink strainers that are connected by a 

central tunnel. “These complicated irregular structures of coccoliths 

can only be produced by nature. They can be obtained neither by 

grinding limestone nor by the precipitation of lime milk.” Hariskos 

says. At KIT, the bioengineer is involved in the interdisciplinary 
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cooperation project “Cell-free biomineralization with calcium 

carbonate being used as an example: A way towards in-vitro 

synthesis of highly structured composite materials (ZeBiCa²)”. The 

project is aimed at reproducing coccolith formation by 

bioengineering methods using calcareous algae as a model, but 

without organisms. The project focuses on potential industrial 

applications: The microstructure of the surface and special chemical 

and physical properties of the calcite particles have a considerable 

potential for use in innovative products. “Chemical composition of 

coccoliths may probably be influenced, which might be used to 

specifically adjust the resulting mechanical properties,” the scientist 

points out. It might be feasible to use calcite particles as novel 

coloring agents. Coccoliths might provide paper with special color or 

glazing properties or used in abrasive paper. According to Hariskos, 

birefringence of calcite – the property of splitting light into two beams 

– might be applied in optics. “When we will understand the 

fundamentals of the bioprocess forming the coccoliths, we may 

succeed in producing further materials, structures, and properties,” 

the bioengineer explains.  

Together with a small team of students, Hariskos developed a 

cultivation method to produce large amounts of coccoliths. She 

grows Emiliania huxleyi, a monocellular phytoplankton, in the 

bioreactor with modified artificial seawater. In nature, 1000 up to a 

maximum of 100,000 cells of the microscopically small calcite former 

are found in 1 ml seawater. “At the laboratory, we succeeded in 

cultivating 50 to 100 million cells per milliliter, which is a 

sensationally high yield,” Hariskos says. “We offer the algae a much 

better environment than the sea,” the bioengineer emphasizes. 

Apart from controlled nutrient supply, light plays an important role. 

“In the bioreactor, the algae performing photosynthesis are provided 

with light for 24 hours a day and light intensity can be adapted to the 

respective culture density,” Hariskos says. A KIT-developed 

enclosure of light-emitting diodes is applied.  

For research under the ZeBiCa² project scheduled until 2016, the 

KIT Institute of Process Engineering in Life Sciences is granted a 

total of EUR 410,000 by the Federal Ministry of Education and 

Research (BMBF) for a duration of three years. Other partners 

involved in the ZeBiCa² project are the KIT Institute of Functional 

Interfaces, the Alfred Wegener Institute Helmholtz Centre for Polar 

and Marine Research, the Center for Biotechnology of Bielefeld 

University, and the Institute for System Dynamics of the University of 

Stuttgart. The industry partner is the company Schaefer Kalk located 

in Diez.     
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Karlsruhe Institute of Technology (KIT) is a public corporation 

pursuing the tasks of a state university of Baden-Württemberg 

and of a national research center of the Helmholtz Association. 

The KIT mission combines the three strategic lines of activity of 

research, higher education, and innovation. With about 9,400 

employees and 24,500 students, KIT is one of the big 

institutions of research and higher education in natural 

sciences and engineering in Europe.  
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