The interplay between protein design and directed evolution
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Two systems will be discussed, which are both of basic science interest and considerable
economic importance.

The first is the challenge of designing binding sites around given ligands, to change
the paradigm of peptide binding reagents: the current state of conventional reagent antibodies
is extremely unsatisfactory, as about half of them do not show the presumed specificity, and
none of them is molecularly defined and thus not renewable [1,2]. Even with current
recombinant technologies, still, for each protein and each modification, an individual reagent
has to be separately generated and validated. We have been working on creating a completely
modular detection technology for polypeptides (e.g., unstructured regions, denatured forms or
proteolytic digests) bind to a modular counterpart, built from Armadillo repeat proteins
(ArmRPs). Combining evolutionary engineering, NMR, X-ray crystallography and structure-
based computation, we have now achieved well crystallizing ArmRPs with bound peptides,
picomolar affinities, and a well functioning selection and evolution technology, as well as a
portfolio of biochemical and biophysical analysis technologies for the engineered ArmRPs
[3-10].

The second example is to create ligands for a given protein, which however, is so
unstable that its structure determination is a challenge. G protein coupled receptors (GPCRs)
have enormous pharmacological relevance but our understanding of GPCR architecture and
signaling mechanism has remained limited, as have the design features of agonists and
antagonists. We have now developed evolution methods to solve this problem [11-15]. The
crystal structure of a stabilized GPCR, NTR1, with agonist bound was determined [16, 17] in
short chain detergents directly from protein made in E. coli, not requiring insertion of
lysozyme. The stabilized receptors have been used successfully for computational docking,
leading to agonists that work on cells.
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