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Abstract: Climate warming is a global challenge, and the main culprit is the continuous emission of

greenhouse gases. Methane (CHy), the second most abundant greenhouse gas, accounts for 20% of global
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warming effects. However, it is difficult to culture methanogens and anaerobic methanotrophic archaea
(ANME), which play an important role in methane metabolism, thus hindering the research on methane
metabolism, the influence on related carbon resource-sink relationships, and the mechanism. This paper
reviewed the enrichment, culture and isolation methods of methanogens and ANME, including
enrichment culture, in-situ culture, co-culture, microfluidic technologies, dilution-extinction and solid
separation technologies, ANME reactor and flask enrichment culture, metagenomic prediction, and
reverse genomics. Then we evaluated these methods and put forward suggestions for the future

enrichment, isolation, and culture of methane-metabolizing archaea.

Keywords: methane metabolism; methanogen; anaerobic methanotrophic archaea; isolation and culture
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Figure 1

Methane metabolism pathway. ANME: Anaerobic methane oxidizing archaea; SRB: Sulfate-reducing

bacteria; mcrA: Methyl-coenzyme M reductase a-subunit gene, methanogen marker gene; pmoA: Particulate
methane monooxygenase B-subunit gene (aerobic methane oxidizing marker gene). Blue line: The process
and the microorganisms involved are known or partially known; Brown line: The process has been reported

but the microorganisms involved are unclear.
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Different methods to separate anaerobic methane metabolizing microorganisms

Sample source Separation method

Classification

Metabolic pathway References

Thermophilic fixed-bed
anaerobic digesters

Methane-seep (<2 533 m) Dilution-to-extinction

Metagenomic prediction Methanogen

Asgard archaeon/

H, reduces CO, to produce [42]
methane
Amino acid metabolism (Asgard); [34]

methanogen Interspecies H, transfer

Hypersaline lakes Dilution-to-extinction =~ Methanogen H, reduces methyl compounds to  [18]
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methane

Paddy Anaerobic coculture Methanogen H, reduces CO, to produce [8]
methane

Anaerobic fresh water or  Hungate roll tube Sulfate reducing Sulfate reduction; [55]

sea cement bacteria Oxidation of acetic acid, pyruvic
acid, etc
Natural gas-bearing Deep agar slant Methanogen Methyl compounds cleave to [56]

confined aquifers

Gas-water-producing wel ~ Six-well plate

bacteria

Sulfate reducing
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Sulfate reduction; [57]
Oxidation of acetic acid, pyruvic

acid, etc
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