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A. Directed evolution

Wild-type parent gene

‘-‘

Random mutagenesis

HTS of large library

ld—

A mutant with slight
improvement is mutated
again for higher activity.

Significant
improvement can be
achieved after several
generations.

B. Rational design

A priori structural and mechanistic
information of the protein is required

&

Computer models identify
hot spots. Residues can
be specifically mutated or
subjected to saturation
mutagenesis.

g
o—

This targeted design
generally requires
less screening

efforts.

C. Semi-rational design

Combination usesdirected evolution
to create random diversity

This finds mutations
which affect the desired
activity. Saturation
mutagenesis is
performed on those
specific residues.

This optimal mutant can
be subjected to further
random mutagenesis.

Fig. 1. A schematic of the main protein engineering approaches consisting of directed evolution, rational design, and
semi-rational design approach. (A) Directed evolution involves the iterative rounds of genetic diversity, being
screened/selected for higher activity. (B) Rational design identifies residues which are expected to increase the desired activity
through a priori sequence or structure knowledge. (C) Though the methodology to combine these strategies can vary, one
example of the conjoined method is using directed evolution to identify hotspots, and then rational design to target residues
proximal to those hot-spots [Eriksen et al., 2014].
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Fig. 2. (A) Structure of designed Kemp eliminase showing the catalytic residues in the active site [105]. (B) Structure of a

novel 93-residue protein called Top7 with atomic
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