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Protein engineering of nicotinamide coenzyme-dependent oxidoreductases
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Abstract: Nicotinamide-based coenzyme NAD(P) is the most common electron mediator in the redox processes in
living organisms. As NAD and NADP play an important role in catabolism and anabolism, it is essential to ensure their
supply and consumption, as well as to maintain their balance in synthetic biological systems. Synthetic pathways that
fail to match coenzyme supply with demand will probably result in low product yield and slow volumetric productivity.

To solve the problem of coenzyme imbalance, the best strategy is to change the coenzyme preference of
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oxidoreductases in the pathway by protein engineering and then replace the wild-type enzymes with the mutants. In
addition, biomimetic coenzymes can be designed and used to replace natural nicotinamide-based coenzymes for redox
reactions due to the low cost and better stability. However, most of the oxidoreductases in nature have no or little
activity on biomimetic coenzymes. Therefore, this review first focuses on the methodology and research progress of
natural nicotinamide-based coenzyme engineering, with its application in improving product yield and decreasing
production cost. Studies on the utilization of protein engineering technology for the switching of coenzyme preference
from natural to biomimetic coenzymes are also presented, indicating a broad application prospect of biomimetic
coenzymes in the construction of both in vivo bioorthogonal redox pathways and in vitro synthetic enzymatic pathways.
Despite some general rules have been proposed for natural coenzyme engineering, coenzyme engineering for changing
the preference of oxidoreductases on biomimetic coenzymes remains its early stage due to the significant differences in
structures and sizes among various natural and biomimetic coenzymes. Nevertheless, with the increasing numbers of
resolved high-resolution protein crystal structures and homogeneous oxidoreductase sequences, the development of
novel high-throughput screening methods, as well as the design of more biomimetic coenzymes with improved
properties, the modification of coenzyme preference from natural to biomimetic coenzymes will become a prior

direction of coenzyme engineering in the future.

cofactor engineering
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semi-rational design
random mutagemesis
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Fig. 1 Structures of natural nicotinamide-based coenzymes and biomimetic nicotinamide coenzymes
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Tab.1 List of coenzyme engineering of oxidoreductases on biomimetic nicotinamide coenzymes mNADs

Cofactor specificity

Enzyme Source Specificity Mutations ) @ Reference
shift toward mNADs ™~
alcohol dehydrogenase Pyrococcus furiosus NAD—NMN  K249G/H255R 180-fold [15]
phosphite dehydrogenase  Ralstonia sp. 4506 NAD—NCD I151R/P176R/M207A 770-fold [19]
malic enzyme Escherichia coli NAD—NCD L310R/Q401C 33000-fold [20]
malic enzyme Escherichia coli NAD—NFCD  L310R/Q401C 30000-fold [20]
D-lactate dehydrogenase Lactobacillus helveticus ~NAD—NFCD  VI152R NA [20]
glucose dehydrogenase Bacillus subtilis NAD—NMN 1195R/A93K/Y39Q/S17E 2x107-fold [28]
glucose dehydrogenase Bacillus subtilis NADP—NMN  I195R/A93K/Y39Q/S17E 1x107-fold [28]
glucose dehydrogenase Sulfolobus solfataricus NAD—BNA 1192T/V3061 29-fold [31]
6-phosphogluconate Thermotoga maritima NADP—NMN  Al11G/K27R/R331/T341/F60Y/D82L/ 4300-fold [43]
dehydrogenase T83L/Q86L/K118N/I1120F/D251E/
D294V/F326S/F329Y/Y383C/N387S/
V390G/A447V
formate dehydrogenase Pseudomonas sp. 101 NAD—NCD V1981/C2561/P260S/E261P/S38 1IN/ 3500-fold [58]

S383F

(OMutant / Wild type, (k. /K, ) wnans Ko /Koy ) NAD(P)$

NA: Not Available.
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