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The main goal of the project is the theoretical description on molecular level of non-covalent
interactions and their role in structure-function relationships in proteins. The physical bases of
molecular adaptability of extremophilic organisms will also be on focus. Special emphasis
will be placed on electrostatic interactions and their interplay with the other non-covalent
interactions. Both folded and unfolded (denatured) states of proteins will be subject of
investigations.

Research objectives:

I. Development of theoretical and computational method for prediction of ionisation
equilibria in native proteins. On focus will be the factors causing cooperative ionisation, a
phenomenon of extreme importance for understanding on molecular level of functional
properties, such as stability and enzymatic activity. Special attention will be paid on the
coupling of electrostatic interactions with the structural (conformational) flexibility of the
protein molecules. Phenomena, such as pH-dependent conformational changes, will also be of
special interest.

II. Investigation of the non-covalent interactions in unfolded proteins. Unfolded proteins are
poorly investigated on molecular level, which contradicts their importance in the context of
biological functionality, including structural stability of native proteins. Stability, solubility,
and intermolecular interactions of proteins with unstructured segments in their native forms
will be on focus, as well.

III. Investigation on protein-membrane interactions, membrane pore formation induced by
proteins and peptides, membrane penetration of cationic peptides, as well as the interactions
of surfactant proteins and synthetic peptides with model membrane structures.

IV. Molecular basis of environmental adaptability of organisms: Elucidation of the driving
forces responsible for the change of the structural stability of proteins upon change of the
environmental pressure (change of pH, temperature, salt concentration).
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