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Hydrogels have proven to be valuable biomaterials for repair, regeneration and engineering
of soft biological tissues. However, classical hydrogels are quite soft and fragile materials
that fail in mimicking stiff yet elastic tissues like cartilage and tendon, stimulating an
increasing interest in so-called tough hydrogels.! Ideally, such biomaterials should, at first,
close the defect and assure the cohesion of adjacent tissues, while limiting adverse
reactions, and then, in the longer run, help in the repair of the tissue and the
(re)establishment of normal functionality.? Mechanical and adhesive properties therefore
need to be combined with the presence of biological clues and controlled degradation.

Our lab has recently discovered a new approach to obtain mechanical resistant biomaterials
composed only of albumin, through simple drying of protein solutions in the presence of
certain salts, without any chemical crosslinking.® The objective of the present PhD thesis will
therefore be to extend this approach to the development of protein based tough hydrogel
materials with mechanical properties close to those of cartilage and tendon, suitable for
tissue-engineering applications.

In a first step, the formation of albumin based materials will be monitored using fluorescence
microscopy and Forster resonance energy transfer (FRET), IR spectroscopy, and
mechanical tests. Modification of the surface chemistry of albumin will be used to link
properties of constituents, assembly conditions and final properties. The results will be the
basis to extend the approach to the incorporation of increasing concentrations of (i) other
soluble proteins and peptides, notably fibrinogen, elastin like peptides, charged peptides and
resilin. (ii) Different types of other biomacromolecules, notably charged polyscaccharides will
be integrated. And (iii) fibrous proteins, notably collagens, will be included. In this way the
spectrum of biochemical composition and mechanical properties will be largely extended,
and elastic modulus and toughness will be increased. The obtained materials will then be
evaluated with respect to their interaction and colonization with cells and their biodegradation
profile.

The PhD project will result in a new family of all natural tough biomaterials produced in low-
energy, waterborne processes with potential applications as structural biomaterials for
cartilage and tendon repair and engineering.

This work will be performed at the Biomaterials and Bioengineering lab
(https://www.biomaterials-bioengineering.com) in close collaboration with clinicians and the
start-up Albupad .
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