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Manipulation of NADH metabolism in industrial strains

Yi Qin, Zhiyao Dong, Liming Liu, and Jian Chen
The Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China

Abstract: Nicotinamide adenine nucleotide (NADH), the key cofactor in the metabolic network, plays an essential role in
biochemical reaction and physiological function of industrial strains. Manipulation of NADH availability and form is an efficient and
easy way to redirect the carbon flux to the target metabolites in industrial strains. We reviewed the physiological function of NADH.
Detailed strategies to manipulate NADH availability are addressed. NADH manipulation to enhance metabolic function of industrial
strains was discussed and potential solutions were suggested.
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Fig. 1 NADH/NAD" was involved in 300 metabolic reactions.
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Manipulation strategies Results/conclusion Ref erence
Biochemical engineering

Feeding external electron acceptors

Acetaldehyde Decreased NADH/NAD® ratio [71
Fumarate or nitrate Decreased NADH/NAD" ratio [21]
Acetoin Decreased NADH level [22, 23]
Pyruvate, citrate, O,, or fructose Decreased NAD(P)H level [24]
Furfural Decreased NADH level [25]
Carbon sources with different oxidation states

Sorbitol Increased NADH availability [15]
Gluconate Decreased NADH/NAD® ratio [3]
NAD* precursor

Nicotinic acid Increased NAD" level [7]
Culture conditions

Lower temperature Increased NADH/NAD" ratio [18]
Increased dissolved oxygen level Increased NADH availability [17]
Extracellular oxidoreduction potential Decreased NAD*/NADH ratio at relatively oxidative environment [26]
Metabolic engineering

Overexpressing enzymes association with NADH metabolism

Nicotinic acid phosphoribosyltransferase Increased NAD" levels and decreased NADH/NAD® ratio [27]
Eliminating NADH competition pathways

Inactivating aldehyde dehydrogenase Increased NADH availability [28]
Deactivating adhE, IdhA and ack-pta, simultaneously Increased NADH availability [29]
Introducing heterogeneous NADH metabolic pathways

H,O-NADH oxidase Decreased NADH level and NADH/NAD" ratio [30]
Alternative oxidase Decreased NADH/NAD® ratio [31]
NAD*-dependent formate dehydrogenase Increased NADH availability [3, 5]
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Fig. 2 The difference of the oxidation state of carbon source.
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