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Bioconversion of methane by metabolically engineered
methanotrophs

Shugi Guo?, and Qiang Fei'?
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Abstract: Due to abundant availability of shale gas and biogas, methane has been considered as one of the most potential
carbon sources for industrial biotechnology. Methanotrophs carrying the native methane monooxygenase are capable of using
methane as a sole energy and carbon source, which provides a novel strategy for reducing greenhouse gas emission and
substituting edible substrates used in bioconversion processes. With the rapid development of genetic engineering tools and
biosynthesis techniques, various strategies for improving the efficiency of methane bioconversion have been achieved to
produce a variety of commodity bio-based products. Herein, we summarize several important aspects related with methane
utilization and metabolic engineering of methanotrophs, including the modification of methane oxidation pathways, the
construction of efficient cell factories, and biosynthesis of chemicals and fuels. Finally, the prospects and challenges of the
future development of methane bioconversion are also discussed.
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Fig. 1 Methane metabolism in methanotrophs (modified from [14]). pMMO: particulate methane monooxygenase;
SMMO: soluble methane monooxygenase; MeDH: methanol dehydrogenase; HPS: 3-hexulose-6-phosphate synthase;

H;MPT: tetrahydromethanopterin; H,F:

tetrahydrofolate;

FDH: formate dehydrogenase; RuBisCO: ribulose-1,5-

bisphosphate carboxylase; SHMT: serine hydroxymethyltransferase; RuMP: ribulose monophosphate; CBB: calvin-

benson-bassham.
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*1 BHREMKRFIZENENERREMNARRENEDE"R
Table 1 The reported bio-products produced by metabolic engineered methanotrophs using methane

Pathway Product Performance Methanotrophs References
Pyruvate-derived products Lactic acid 370 mg/L Methylococcus capsulatus [46]
Lactic acid 800 mg/L M. buryatense [47]
Lactic acid 600 mg/L M. buryatense [8]
Isobutanol? 220 mg/L M. capsulatus Bath [48]
Isobutanol® 1 mg/L M. capsulatus Bath [48]
2,3-butanediol 86.2 mg/L M. alcaliphilum 20Z [40]
Acetyl-CoA-derived products Fatty acids 111 mg/g DCW M. buryatense 5GB1 [49]
Crotonic acid 70 mg/L M. buryatense 5GB1S [50]
3-HP°¢ 60.59 mg/L M. trichosporium OB3b [33]
TCA cycle-derived products Succinic acid 105 mg/L Methylococcus capsulatus [51]
Succinic acid 195 mg/L Methylomonas sp. DH-1 [39]
Putrescine 98.08 mg/L M. alcaliphilum 20Z [52]
1,4-butanediol - M. capsulatus [53]
Mep-derived products Isoprene 10 mg/L M. capsulatus Bath [54]
Isoprene 0.056 mg/L Methylomonas sp. [55]
Limonene 0.5 mg/L Methylomonas sp. 16a [56]
Farnesene - Methylomonas sp. 16a [12]
Castaxanthin 2.4 mg/g DCW Methylomonas sp. 16a [57]
Castaxanthin 2.0 mg/g DCW Methylomonas sp. 16a [58]
Shikimic acid-derived products Muconic acid 12.4 mg/L M. buryatense [59]
Glycerophosphoric acid derived Lipid 45.4 mg/L/h M. buryatense [60]

products

a: Two genes pathway; b: Five genes pathway; c: 3HP: 3-hydroxypropionic acid.
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Fig. 2 The reported metabolic pathway for production of chemicals and fuels by methanotrophs from methane (modified
from [12]). Ru5P: Ribulose-5-phosphate; H6P: Hexulose-6-phosphate; F6P: Fructose-6-phosphate; F1, 6BP: Fructose
bisphosphate; G6P: Glucose-6-phosphate; 6PGL: 6-phospho-gluconolactone; 6PG: 6-phosphogluconate; DHAP:
Dihydroxyacetone phosphate; GAP: Glyceraldehyde-3-phosphate; Xu5P: Xylulose-5-phosphate; E4P: Erythrose-
4-phosphate; S7P: Sedoheptulose-7-phosphate; DAHP: Dihydroxyacetone phosphate; DHQ: 3-dehydroquianate; DHS:
3-dehydroshikimate; PCA: Protocatechuic acid; DXP: 1-deoxy-d-xylulose 5-phosphate; HMBPP: 4-hydroxy-3-methyl-2-
butenyl pyrophosphate; DMAPP: Dimethylallyl pyrophosphate; IPP: Isopentenyl pyrophosphate; GPP: Geranyl
pyrophosphate; OAA: Oxaloacetic acid; PEP: Phosphoenolpyruvic acid; dGAP: Diacylglycerol 3-phosphate; FPP: Farnesyl
pyrophosphate; GGPP: Geranylgeranyl pyrophosphate; PE: Phosphatidyl ethanolamine; PG: Phosphatidyl glycerol.
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RS E S T 2 5 b s a5 TR S g
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