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Protein Engineering

Increase catalytic activity

Change substrate binding site to increase specificity

Change the thermal stability
Increase proteins resistance to proteases
Change codon composition

Protein Engineering

Protein Engineering

Cloned

Site-directed

Mutagenesis

Structure-function Purification
relationships Protein chemistry of mutants

Enzymology

New/improved
enzyme

v
Protein diversification «  Generate variants using random mutagenesis
strategy cted site saturation
changes) mutagenesis, shuffiing of genes and so on
Molecular understanding «  Test under conditions close to process conditions
preferable, but not «  Identify variants or amino-acid substitutions that
essential improve fitness, optionally using bioinformatics

tools such as ProSAR

)

Improve transcription of the gene of interest
(overexpression, fidelity)
Nucleic-acid and genome «  Improve stability of the mRANA

optimization (silent « Improve translation of the MANA
mutations, non-coding *  Adapt promoter strength
changes) «  Improve ribosome binding sequences

«  Improve mRNA stability sequences
« Improve codon usage to fit the enzyme-
production organism
Imp usage to
transiation when needed for proper foiding
« Delete genes that code for enzymes that
catalyse side reactions of substrate or product or
that degrade the enzyme of interest

Bornscheuer et al. Nature 485, 185-194 (2012)

Protein Engineering

Higher activity at process conditions
Increased process stabiity
*  Increased thermostability to run at higher

temperature
Process design criteria «  Stability to organic solvents
(one, several or all) «  Absence of substrate and/or product inhibition
Quantitative measure of *  Increased thermostability for storage and
property change needed shipping

*  Increased selectivity (enantio-, regio-, chemo-)
Accept new substrates
*  Catalyse new reactions

|

«  Destabilize unfolded enzyme
Stabilize folded enzyme
Increase substrate binding
Hinder unwanted substrate
Reshape substrate-binding site
Add key mechanistic steps

-

Protein design goal
Mechanistic and kinetic
understanding of protein

*  Create steric hindrance
Protein design strategy Add hydrogen bonds o ion pairs
(amino-acid changes) «  Decrease or increase flexibility (entropy) by ring
Structural model desired formation
together with computer *  Hydrophobic interactions
modelling .

Computational Mutagenesis

Assumption: the structural differences between

each mutant and the wild-type protein
are usually minor and, therefore, their
tessellations are similar

Approach: a single tessellation of either the

wild-type or mutant protein structure

can be used to develop environmental
descriptors for quantitative evaluation
of changes in mutant properties

Bornscheuer et al. Nature 485, 185-194 (2012)



Residue and mutant score Dealunay simplices classification
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Delaunay Tessellation of Protein Structure Compositional propensities of Delaunay simplices
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Counting Quadruplets Log-likelihood of amino acid quadruplets
« assuming order independence among residues comprising with different Compositions
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Reversibility Analysis
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Reverse Mutation

Computational mutagenesis of T4 lysozyme
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Reversibility of mutations

Mutation ~ Score change

T26E -2.49

E26T 2.01

A82S 1.49

S82a  -1.49 \
V8TM -0.28 '.
M87V 0.22

A93C -1.98
C93A 1.78
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T152s -1.08
S152T 1.12

Protein-protein and protein-DNA interfaces (HMG-D)
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Structural Analysis
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DNA binding residues in HMG1
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Universal Model Approach:
980 Experimental Mutants from 20 Proteins
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Protein Engineering

Thr 142 Cys

Thr 21 Cys
\4\)’ /
NS

Leu 164 Cys

Protein Engineering

Xylose isomerase
monomer

G708/G74T

A73S

G70S/G74TIAT3S

Protein Engineering

Codon-222 % activity wrt | Codon-222 % activity wrt
wild type wild type
Cys 138.0 Gin 7.2
Met 100.0 Phe 4.9
Ala 53.0 Trp 4.8
Ser 35.0 Asp 4.1
Gly 30.0 Tyr 4.0
Thr 28.0 His 4.0
Asn 15.0 Glu 36
Pro 13.0 Tle 22
Leu 12.0 Arg 05
Val 93 Lys 03

Mutant

Wild type
K253R

K294R

Xylose isomerase . j |
monomer

¥ Y
‘) Lys 253 Lys 294

Protein Engineering

[ Mutant Keat/Km (min nit)
H Xyl
Xylitol i
Tp 138+ Ty
Tip 133 Phe
Val 188 - The

Val 134 Met 87



Protein Engineering

Interdimer
interface




