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ABSTRACT

Getting across biological barriers and deliver therapeutic cargo to the right site is indeed a very challenging
task that requires the judicious combination of physiological information with carrier engineering. In the last
decade, we have approached this problem, applying a constructionist approach where we mimic biological
complexity in the form of design principles to produce functional bionic units from simple building blocks and
their interactions. We combine synthetic and supramolecular chemistry to tune inter/intramolecular interac-
tions and self-assembly processes to form dynamic soft materials. Among the different bionic efforts, we have
focussed our attention to possibly one of the few that encompasses polymerisation, compartmentalisation and
positional self-assembly in the same unit; Polymersomes. These are vesicles formed by the self-assembly of
amphiphilic block copolymers in water. We have equipped polymersomes with the critical elements to address
the challenges for getting across biological barriers. They have surface engineered to control both attractive
(binding) and repulsive (anti-fouling) interactionwith proteins and receptors to create systems that can avoid op-
sonisation and yet target specific cell populations. We have engineered their mechanical properties so as to be
flexible and able to penetrate dense tissues exploiting size-exclusion percolation patterns. We have equipped
them with both asymmetric topology and enzymes to control their fluid-dynamics and diffusion so as to create
chemotactic and active propulsion toward endogenous signalling molecules. Finally, we have engineered their
shape and size to guide cellular endocytosis as well as to escape the endocytic sorting accessing and delivering
cargo within the cell interior. I will present our design efforts discussing each structural and functional elements
as a function of the respective biological challenge, I will conclude presenting applications where these preci-
sion systems are being applied to address challenges in oncology, immunology and neurology.
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