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How do organisms manage to fabricate complex composite materials? Prominent examples are wood, 

bone, insect carapaces, birds' feathers and ceramic sea shells. In the time course of evolution, the 

properties of these materials were optimized with respect to various purposes such as mechanical 

toughness combined with stiffness. Some of them reach the performance of man-made high-tech 

fibers, ceramics and metal alloys. 

In terms of bioinspired materials, Nature has an excellent variety to offer. Scientific knowledge about 

natural resources can also help to develop sustainable production routes towards new functional 

materials for the benefit of our planet. In our laboratory, for example, we take a closer look at one 

specific class of enzymes involved in mollusc shell formation. In the biochemical literature, they are 

referred to as "chitin synthases". These are small biological machines, similar to weaving looms. Also 

relatively simple organisms such as baker's yeast synthesize their rigid outer cell wall by means of such 

chitin synthases. 

Some chitin synthases, including the ones of molluscs, have an additional function. In addition to 

weaving the soft organic matrix for the mollusc shell, they produce mechanical movements in response 

to specific biochemical stimuli. They do this by means of molecular motors such as myosins. Our 

muscles, for example, consist to a large fraction of similar kinds of myosins. These are "molecular 

machines" by definition, which are frequently found within cells of higher organisms. The chitin synthase 

involved in mollusc shell and mother-of-pearl formation also has such a myosin domain, which provides 

a direct link to the cytoskeleton (=the skeleton of the cell, a network which provides stiffness by means 

of polymer bundles). So far, the question remains whether and how the motor activity of this "myosin-

chitin synthase" is related to specific biochemical stimuli in the context of shell formation, in addition to 

inorganic stimuli. 

In close collaboration with Prof. Motomu Tanaka (Univ. Heidelberg), we currently investigate how this 

molecular machine works and how it controls the formation of shells and mother-of-pearl in the natural 

system. For example, by studying how this enzyme differentiates between various mineral surfaces, we 

gain fundamental insights into self-sustaining mechanisms, which are located directly at the interface 

between the inside and the outside of living cells. By investigating the tissue-mineral interface while 

new organic matrix and mineral is deposited and transformed, we hope to be able to partially follow the 

evolutionary pathway of mineralized skeletons, from single-cellular origin to the shells and bones 

formed by complex organisms – a very unique event in the life-time of our planet. 
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