ag» - v © B ¥ @ PR %/MEMBET FEOREDE
Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn January 25, 2017, 33(1): 16-26
DOI: 10.13345/j.cjb.160232 ©2017 Chin J Biotech, All rights reserved

PRk M, X, Bk, IR

1 214122
2 214122
3 214122

) ) > , 2017, 33(1): 16-26.
Chen XL, Liu J, Luo QL, et al. Manipulation of cofactor balance in microorganisms. Chin J Biotech, 2017, 33(1): 16-26.

W OE: B TRA TR, AR FRNAE AR ERNMER. AT HAT LML FTR, %Ki
AT RIA AR FZARBAZH AT G BAFRM B F B ALEEEHME T AR A
b, AAEIRFRB IR @AM THETORAERS, FREAZTHE TR —FHRBAEOLK
e,

: # BT, NADH, KR#t T, GriMF, AER%

Manipulation of cofactor balance in microorganisms
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Abstract: Cofactor balance plays an important role in producing enzymes, pharmaceuticals and chemicals. To meet the
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demand of industrial production, microbes should maintain a maximal carbon flux towards target metabolites without

fluctuations in cofactor. We reviewed the physiological function of cofactor and discussed detailed strategies to manipulate

cofactor balance through biochemical engineering and metabolic engineering. Furthermore, we indicated future research

needs to further regulate cofactor balance.
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Fig. 1 The classification and quantity of different cofactor-dependent enzymes. (A) The classification of different
cofactor-dependent enzymes. (B) The quantity of different cofactor-dependent enzymes.
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Fig. 2 Strategies of biochemical engineering are used
to regulate cofactor balance. The intracellular cofactor
state can be improved by providing various compounds
that can serve as electron acceptor (red), co-substrtes
(green) and NAD" precursors (light blue), or by
altering the environmental conditions such as dissolved
oxygen (DO, yellow) and oxidoreduction potential
(ORP, deep blue). Such strategies can affect electron
transfer by modifying NADH reoxidation, and thus
achieve cofactor transition to improve cofactor balance.
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Fig. 3 Strategies of metabolic engineering are used to regulate cofactor balance. Promoter engineering (red) is used
to regulate the gene expression levels by engineering promoter strengths, properties, ribosome binding and intergenic
regions. Protein engineering (green) can be used to achieve cofactor balance by improving enzyme activity, changing
substrate specificity, modifying cofactor specificity, constructing multi-enzyme complexes and creating
bioorthogonal redox systems. Structural synthetic biotechnology (light blue) has fostered a variety of activities in
cofactor-dependent metabolic pathways, aimed at designing and synthesizing DNA scaffolds, RNA scaffolds and
protein scaffolds. Systems metabolic engineering (deep blue) is adopted to create new metabolic pathways, cellular
regulatory circuits, and functions with the availability of necessary cofactors through the ‘omic’ techniques and
computational techniques. Cofactor engineering (yellow) has provided an extra route to alter the intracellular cofactor
pool and maintain the cellular redox balance by cytoplasmic H,O-forming NADH oxidase (NOX), mitochondrial
alternative oxidase (AOX), phosphite dehydrogenase (PTDH), mitochondrial NADH kinase (POSS5), soluble
transhydrogenase (UdhA) and membrane-bound transhydrogenase (PntAB). Based on these strategies, the production
and consumption of cofactors are approximately equal, and thus achieve cofactor transition to improve cofactor
balance.
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