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Progress in biological utilization of formic acid
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Abstract: The use of microbial cell factories to achieve efficient conversion of raw materials and synthesis of target
substances is one of the important research directions of synthetic biology. Traditional industrial microorganisms have mainly
used sugar-based raw materials as fermentation substrates. How to adopt cheaper carbon resources and realize their efficient
use has been widely concerned. Formic acid is an important organic one-carbon source and widely used in industrial
manufacturing of pesticides, leather, dyes, medicine and rubber. In recent years, due to the demand fluctuation in downstream
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industries, formic acid production is facing the dilemma of overcapacity, and therefore, requiring new conversion paths for
expansion and extension of the related industrial chain. Biological route is one of the important options. However, natural
formate-utilizing microorganisms generally grow slowly when metabolizing formic acid, and moreover, are difficult to be
artificially modified by the absence of effective genetic tools. Construction of non-natural formate-utilizing microorganisms is
another alternative strategy, but still in its infancy and has a huge space for further improvements. Here, we briefly summarize
the recent research progress of biological utilization of formic acid, and also propose the future research focus and direction.
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Fig. 1 Production and bioutilization of formic acid.
Formic acid is produced by electrochemical reduction or
hydrogenation of CO,, selective oxidation of biomass,
and partial oxidation of natural gas; then, formic acid can
be further utilized via natural or artificial biological
processes.
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Fig. 2 The major formate-assimilating reactions. FTL:
formate tetrahydrofolate ligase; PFL: pyruvate formate-lyase.
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Table 1 Natural and artificial microorganisms capable of using formic acid

Origin Oxygen tolerance Examples of model species Pathway Reference
Natural No Clostridium ljungdahlii Reductive acetyl-CoA pathway [20]
Natural No Acetobacterium woodii (acetogen) Reductive acetyl-CoA pathway [20]
Natural No Moorella thermoacetica (acetogen)  Reductive acetyl-CoA pathway [20]
Natural Yes Methylobacterium extorquens AM1  Serine cycle [17]
Synthetic Yes Escherichia coli Reductive glycine pathway [28]
Synthetic Yes Saccharomyces cerevisiae Reductive glycine pathway [31]
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