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Mammalian defensins are cationic, cysteine-rich peptides with broad-spectrum antimicrobial activities. α-Defensins consist
of 32-40 amino acids including six cysteines that form three disulfide bonds in a CysI-CysVI, CysII-CysIV, CysIII-CysV
arrangement. In addition to the invariant cysteines a salt-bridge is highly conserved in the family. We have investigated
the role of these features for the structure, function, stability and folding of a mouse Paneth cell α-defensin cryptdin-4
(Crp4), which is an important mediator of immunity in the small intestine. Mutations removing the disulfides result in a
highly compromised structure, evident from NMR spectroscopy studies, but interestingly do not affect the antimicrobial
activity. However, unstructured variants are highly susceptible to degradation by proteolytic enzymes. Removal of the
salt-bridge by substitution of either Arg7 or Glu15 yields a similar result. Mutated variants retain antimicrobial activity,
and although all variants adopt native-like folds the structures are more flexible, translating into a decrease in proteolytic
stability. α-Defensins are produced as inactive propeptides with a prodomain rich in acidic residues followed by the highly
basic defensin domain. Comparisons of refolding of the precursors proCrp4 and (E15D)-proCrp4 showed that even the
most conservative salt-bridge disrupting replacement Glu15Asp impaired refolding of the peptide precursor in vitro, also
highlighting a role for the salt-bridge in folding. NMR studies of proCrp4 reveal that the prodomain does not adopt an
ordered structure, but is motionally restricted based on 15N relaxation measurements. Mutations to the acidic residues
of the prodomain restores antimicrobial activity and results in it becoming fully flexible, suggesting the autoinhibition of
the propeptide is due to a charge neutralizing interaction between the domains. We conclude that both the disulfide array
and the salt-bridge are important for in vivo function by conferring proteolytic stability, including during the precursor
processing. The salt bridge also facilitates adoption of the characteristic α-defensin fold. The studies on Crp4 highlight
how protein features evolve not only to optimise a particular bioactivity, but also to ensure efficient production, sufficient
stability, and minimal toxicity.
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