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Advance in producing higher alcohols by microbial cell
factories
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Abstract: Higher alcohols have a high energy density, low hygroscopicity and can be mixed with gasoline at any ratio. It
is the trend to replace fossil fuels with biofuels produced via microbial fermentation of renewable resources. We reviewed

the progress in the development of engineered Saccharomyces cerevisiae and Escherichia coli that can produce higher
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alcohols, as well as the related technology platforms. We mainly focused on the construction of CoA-dependent pathways

and a-keto acid mediated non-fermentative pathways, analyzed their respective characteristics, and summarized the

construction strategies. The problems to be solved and future research direction were also discussed.

Keywords: higher alcohols, a-keto acid, amino acid metabolism, system metabolic engineering
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Fig.1 Ehrlich pathway for higher alcohol production
by metabolizing branched-chain amino acids, aromatic
amino acids, and sulfur-containing amino acid. BAT1/
BAT2: mitochondrial or cytosolic branched-chain
amino acid aminotransferases; ARO8/ARQO9: aromatic
amino acid aminotransferases I/I[; AROI10:
phenylpyruvate decarboxylase; THI3: carboxylase;
SFAIL, formaldehyde dehydrogenase; GRE2:
3-methylbutanal reductase; YPR1: NADPH-dependent
aldo-keto AADG6: aryl-alcohol
dehydrogenases.
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thiolase; HBD: 3-hydroxybutyryl-CoA dehydrogenase;
CRT: crotonase; BCD: butyryl-CoA dehydrogenase;
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Table 1 Higher alcohol production from engineered Saccharomyces cerevisiae

Substrate Strategy Product Yield (mg/g) Reference

Glucose Overexpress ILV2, ILV3, ILV5 and BAT2 Isobutanol 3.9 [9]
Overexpress KivD

Glucose Overexpress ILV2, ILV3 and ILVS in the cytosol Isobutanol 7.6 [44]
Overexpress KivD and ADH6

Glucose Overexpress ILV2¢, ILV3c and ILV5c in the cytosol Isobutanol 32 [45]
Delete pdcl gene

Glucose Overexpress ILV2, Kivd and ADH6 Isobutanol 6.6 [46]
Delete mitochondrial ilv2, ilv3 and ilv5 genes

Glucose Overexpress ARO10 and ADH2 Isobutanol 15 [47]
Overexpress ILV2, ILV3, and ILVS in the cytosol
Delete mitochondrial ilv2, ilv3 and ilv5 genes
Overexpress ARO10 and ADH2

Xylose Overexpress ILV2, ILV3, and ILVS in cytosol Isobutanol — [48]
Overexpress XylA, TAL1, XKS1

) ) ) Isobutanol 3.9
Glycine Glycine as the sole nitrogen source Butanol 6.1 [49]
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