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Proteins are the central workhorse in Nature, accounting for numerous chemical
processes that dictate the function of life. In recent years, their exclusive features such
as, hierarchical order, specific activity and high efficiency have been exploited for
technological advancements in both materials and biological sciences. Notably, there is
an upsurge of activities in the field of pharmaceutics to exploit these macromolecules as
potent weaponry to combat modern diseases such as infections and cancer.
Nevertheless, the field is still fraught with challenges such as bioavailability, formulation
and stability in vivo. Consequently, recombinant technologies that exploit the biochemical
machinery has been engaged to modify native proteins to modulate their properties to
overcome some of these challenges. However, with the complexity and parallel evolution
of modern diseases e.g. multidrug resistance and heterogeneity of diseased cells, there is
an increasing urgency to develop solutions that allow rapid customization and
optimization of therapeutics to tailor to specific needs. Inspired by post-translational
processes in Nature, chemical tools have been capitalized upon to combine synthetic
entities with biomacromolecules to overcome the limitations of the genetic code and
greatly expand the existing biomedical arsenal.

Our strategies focus on developing chemical functionalization of proteins in a precise
fashion by adopting both covalent and supramolecular chemistry. In this manner, the
exact placement of synthetic functionalities into proteins results in avant garde
biomaterials with highly desirable features, namely cell-targeting, intracellular transport
and stimuli responsiveness, for applications in drug and protein delivery and bioimaging.
By further merging our chemical tools with molecular biology, the flexibility in
customization can be greatly enhanced to even configure system that possess unique
architectures and features, for e.g. to address hallmark targets in specific diseased cells.
Through an overview of our current strategies, we will demonstrate that the integration
of chemistry into biology can lead to the innovation of protein therapeutics that exceed
the limits imposed by Nature and even surpass the performance of existing approved
therapeutics.


