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Abstract

Directed evolution of stereo-, regio-, and chemoselective enzymes has enriched the toolbox of
synthetic organic chemistry and biotechnology and provides a means to generate biocatalysts
for synthetically interesting transformations. In order for this protein engineering technique to
be efficient, fast and reliable, methodology development was and still is necessary. Saturation
mutagenesis (SM) at sites lining the enzyme’s binding pocket has emerged as a particularly
viable approach to control selectivity and activity. Traditionally, NNK codon degeneracy
encoding all 20 canonical amino acids is used, but as the size of the randomization site increases
beyond a single residue, oversampling of transformants needed to ensure >95% library
coverage rapidly reaches astronomical dimensions, impossible to screen in a practical manner
(bottleneck of directed evolution). Therefore, many groups have been content with screening
only a small segment of the designed protein sequence space, but this means that the best
mutants will be missed. Alternatively, it has been shown that the use of highly reduced amino
acid alphabets allows the generation of small and smart libraries requiring less screening. Here
we address the question of which approach is more efficient. Statistical analyses clearly show
that it is more efficient to opt for rationally designed reduced amino acid alphabets because this
approach results in a distinctly higher frequency of active mutants, stereoselectivity also being
notably higher.
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