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Introduction

Protein engineering has become one of the key technologies for the
success In industrial biotechnology with regard to its important role In
biocatalysis and strain development.! Rational protein design aims to
construct novel enzymes with desired activity, stability, specificity and
selectivity based on sequence, structure and biochemical properties of
enzymes. These enzymes could be further assembled into functional
modules or integrated into the cellular network of microbes to construct
novel industrial bioprocesses or new strains . Toward this goal, our
group has made large efforts in the method development as well as in
the application of protein design. Two strategies are developed and
well used In our practice: statistical evolutionary approach to analyze
sequence-structure-function relationship within and between protein
families, and molecular modeling to study proteins dynamics and their
Interactions with ligands/substrates. Based on these methods, protein
design has been successfully applied to rewire the allosteric interaction
network of enzymes in metabolic engineering and to design enzymes
with new substrate/cofactor spectra and new functions (four EU patent
applications since 2010). Together with other approaches of synthetic
biology, we propose a new framework of structural synthetic biology for
the construction of novel industrial biocatalysts (Fig.1).!

Results and Discussion

As one of the practical examples, we demonstrated the successful
application of protein design Iin the development of amino acid
producing strains covering several aspects of metabolic engineering,
such as deregulation of the allosteric inhibition of bottleneck enzymes,
enhancement of precursor supply, construction of novel NADPH
generation pathway, reduction of byproduct formation etc.23 The
promising results demonstrate the high potential of protein design for
iIndustrial bioprocess development.

1) Construction of novel NADPH generation pathway (Fig.2)
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Fig.2 Construction of novel NADPH generation pathway. (A) The generation and
consumption of NADPH in bacteria. A novel NADPH generation pathway was
constructed by the convesion of the coenzyme specificity of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) from NAD to NADP. (B) A successful design of NADP-
dependent GADPH.
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Fig.1 Application of protein design for the development of industrial biocatalysts.

2) Deregulation of feedback inhibition of enzymes (Fig.3, Fig.4)

Glugnse
|
1
v
= Phosphoenolpyruvate

Pyruvate

pyc

I aspc v v

lysc VI' __________________
L-R-Aspartyl phophate T TTTmmeeeeolll :
|

asd
v hom
L-Aspartyl-B-semialdehyde — —> L-Homoserine

dapA v : J,
L-2,3-dihydrodipicolinate i \L

1
dapB
L-Al-Piperideine-2,6-dicarboxylate

dap!\

N-Succinyl-2-amino-6-keto-L-pimelate

dapc
ddh

N-Succinyl-2,6-L,L-diaminopimelate

dapE /

L,L-Diaminopimelate

1
-
-

dapF
D,L-diaminopimelate
lysA
L-Lysine e mm e memmmm e mmmemm———————————————

Fig.3 The feedback inhibition of enzymes for lysine synthesis
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Fig.4 Deregulation the feedback inhibition of aspartokinase (lysC) and its impact
for lysine production. (A)Rational deregulation of the feedback inhibition based
on the destroy of inhibitor‘s binding sites or signial transduction pathway; (B) The
Inhibition profile of aspartokinase and its mutant. (C) Lysine production based on
single point mutation.
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