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A new de novo design framework with a ranking metric based on approximate binding affinity calculations is introduced.  The framework consists of two stages: a sequence selection stage and a validation stage.  The sequence selection stage produces a rank-ordered list of amino acid sequences with the lowest energies by solving an integer programming sequence selection model [1].  The validation stage uses both fold specificity calculations and approximate binding affinity calculations to re-rank the sequences from stage one, validating the sequence’s fold and binding to a target protein [2].

We applied the framework to develop short peptide-based inhibitors of HIV-1 entry into host cells.  These peptidic inhibitors consist of 12 amino acids and target the core hydrophobic pocket of gp41.  The choice of the epitope is based on: (i) the success of enfuvirtide (Fuzeon), (ii) the work on short constrained C-peptides that inhibit HIV-1 gp41, and (iii) the crystal structure elucidated on the best inhibitor complexed with the gp41 hydrophobic core [3]. 
A number of the best-predicted sequences were synthesized and their inhibition of HIV-1 was tested in vitro.  All of the peptides examined showed inhibitory activity when compared with no drug present, and the novel peptide sequences outperformed the native template sequence used for the design.  The best sequence showed micromolar inhibition. In addition, all peptides were shown to be non-toxic, maintaining their full viability at 500 μM.
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