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Abstract: Methanol is an important and attractive non-sugar carbon source for industry biotechnology due to its
advantages of available source, easy storage, convenient transportation and competitive price. The widely-studied
microorganisms such as Escherichia coli, Corynebacterium glutamicum and Saccharomyces cerevisiae have a long
research history, clear genetic background and a number of matured genetic tools, showing their potential in

engineering cell factories for bioproduction. With the accumulated knowledge of native methylotrophs in recent years,
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these traditional industrial microorganisms have been engineered as methylotrophic cell factories (MeCFs) capable of
using methanol as the major carbon and energy source. In this artical, we review the recent research progress including
genes involved in the methanol oxidation, assimilation and regulatory elements of MeCFs. We also summarized the
strategies based on the adaptive laboratory evolution which applies sugar as the co-substrate to construct the ribulose
monophosphate (RuMP) cycle, as well as strategies for designing and tuning methanol assimilation pathway. In the
synthetic MeCFs, the construction of the RuMP cycle requires the introduction of three heterologous enzymes, i.e.,
methanol dehydrogenase encoded by mdh, 3-hexulose 6-phosphate synthase encoded by Aps and 6-phospho 3-
hexuloisomerase encoded by phi. These enzymes can be further engineered to improve activities through protein
engineering and directed evolution. Meanwhile, genes involved in methanol oxidation and assimilation pathways can
be finely tuned to exhibit dynamic expression. To further improve methanol utilization of the synthetic MeCFs, the co-
substrate for supporting growth has been developed to propel methanol assimilation, which rationally designs a
methanol dependent growth model, and thus provides an ideal starting point for subsequent long-term adaptive
laboratory evolution experiments. At the end, we discuss the challenges of engineering the synthetic MeCFs, and
summarize the future prospects for improving the efficiency of methanol utilization through the combined strategies of

genome-wide targeted gene editing and adaptive laboratory evolution.
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Fig. 1 The construction of the synthetic methylotrophic cell factory based on the sugar as the co-substrate®*** +*

[The blue represents the Rump pathway; the orange, purple and gray represent the metabolic pathway of knocking out genes (edd, rpi and
maldh) based on the gluconate as the co-substrate, knocking out genes (edd, rpi and pgi) using glucose as the the co-substrate, knocking
out the gene rpi based on the xylose as the co-substrate, respectively; the green represents the heterologous expression of genes g/px and
fba. The red represents the regulation of leucine-responsive protein, in which "+" represents the activation pathway and " —" represents

the inhibition pathway]
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Tab.1 Enhancement of methanol assimilation based on the sugar as the co-substrate
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Fig.2 Dynamic regulation of formaldehyde metabolism and

reducing power in the cell factory
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