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The development of new functional materials by bottom-up approaches that combine different building
blocks at the nanoscale in a novel architecture with improved or new properties and functionality is cur-
rently in focus for applications in various domains. One of the most promising strategies is to interface
biomolecules (enzymes, proteins, DNA, biomimics) with synthetic assemblies that have a variety of archi-
tectures (micelles, vesicles, tubes, particles) in order to mimic natural structures and functions. Such bio-
hybrid materials have the advantages of combining the activity and specificity of biomolecules with the
stability and precise topology of a synthetic matrix, and thus underscore conventional systems in terms of
efficacy and functionality. This project aims to develop functional protein-polymer assemblies, which will
serve as new types of catalytic nanocompartments providing efficient and controlled reaction space for
biomolecules by combining physical chemistry, nanoscience and enzyme biochemistry. In a biomimetic
approach inspired by natural organelles in living cells, we will encapsulate/insert biomolecules (proteins,
enzymes) in synthetic nanocompartments to create catalytic reaction spaces with different topology and
functionality. We will produce catalytic nanocompartments with “triggered activity” so that in situ reac-
tions inside compartments are activated by opening “protein gates” inserted inside the membrane. A
complementary objective is based on producing catalytic nanocompartments acting “in tandem” to sup-
port cascade reactions involving a combination of different nanocompartments. Catalytic nanocompart-
ments, producing desired molecules “on demand” serve as simple mimics of natural organelles, whereas
those acting “in tandem” mimic chemical communication between organelles. The development of enzy-
matic reactions in the confined spaces of supramolecular assemblies with nanometer sizes represents a
response to the increasing evidence of low bioavailability and stability of directly administrated biophar-
maceuticals, and the necessity to produce/detect compounds by controlled cascade reactions between
different spatial assemblies in new materials with complex functionality (electronics, medicine, cataly-
sis, food science). The understanding at the molecular level of the relationships between the factors
that support successful reactions in confined spaces with different topologies represents a major benefit
of this project, which aims to combine model enzymatic reactions with complementary properties re-
sulting from different architectures of the reaction spaces (single-, and in tandem- nanocompartments)
Systematic variation of the nanocompartment properties (size, thickness of the membrane, concentra-
tion of compartments), and characteristics of the biomolecules (concentration, modification with specific
molecular entities, ratio between different biomolecules) will produce efficient interfacing and result in
new functional hybrid assemblies. The project combines a fundamental study of the structural changes
and interactions that occur when a functional bio-hybrid assembly is generated with applied investiga-
tions of the relevant factors and conditions that characterise “model” enzymatic reactions for extension
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to other reactions necessary for translational applications. This will support the development of a rational
design for an efficient platform of catalytic nanocompartments by optimizing the structural and functional
details for each type of reaction space (single-, and in tandem- nanocompartments), and straightforward
changes of biomolecule or the overall polymer assembly.
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