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The complement system, a natural host-defense mechanism for clearing damaged and microbial cells, can
become dysregulated which contributes to a vast variety of inflammatory diseases. Subsequently,
therapeutic modulation of complement activity has emerged as a promising clinical intervention, creating
an urgent need for new therapeutic strategies.!") Blood-feeding leeches have evolved to secrete proteins
that inhibit complement activation, but their application directly as therapeutics is hindered by
immunogenicity and their challenging preparation. Inspired by nature, we have utilized structural insights
of the leech protein, gigastasin, in complex with a protease target as a template to design bivalent peptide
analogs.!?
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Gigastasin exerts its activity by directly blocking the active site of multiple complement-initiating
proteases, whilst remaining inactive against other serum circulating enzymes. Meanwhile, the
sulfotyrosine-containing protein tail binds to a distal anion-binding exosite (ABE) utilized for recognition
of the native protein substrates. Through rational redesign of known protease substrates, we first created
short peptides capable of blocking the enzyme active-site. Conjugation of a lead inhibitor with a peptide
derived from the ABE-binding tail of gigastasin, yielded a bivalent peptide with improved inhibitory activity
against the complement protease Cls. Subsequently, we demonstrated that the bivalent-peptide analogs
are capable of inhibiting complement-activation in human serum via both the classical (antibody-
activated) and lectin (glycan-activated) pathways. The lead bivalent analogs will be subject to further
structure-activity relationships, while also investigating the potential for fine-tuning the peptide towards
specific target proteases within the host-defense system. Collectively, this work illustrates the potential
of designing peptides inspired by naturally-evolved proteins — yielding functionality difficult to achieve
using de novo discovery efforts.
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