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Abstract: Methane is an important greenhouse gas affecting the global climate. Meanwhile, methane is a major component of natural gas
hydrate which regarded as a potential energy resource below seafloor. Seafloor sediment is an important ecological region for methane
biotransformation. The methanogens can use H,, CO,, and simple organic compounds (e.g. methanol, methylamines, dimethylsulfide) as
substrates to produce methane. The methane produced in the bottom of the sediments would be consumed by aerobic methanotrophs and
anaerobic methanotrophs during its upward migration, which reduces greatly the methane emissions to the atmosphere. Aerobic methane
oxidation occurs mainly in oxygenated sediments and sediment-water interfaces, and is mediated by aerobic methane-oxidizing bacteria.
However, most of the methane is consumed by anaerobic methane oxidation before it reaches the seafloor. The anaerobic methanotrophs oxidize
methane coupled by SO, NO, /NO;™ or Fe*'/Mn*". We reviewed the status quo and perspectives of the taxonomy, metabolic and ecological
diversity of methanogens and methanotrophs in marine sediments, and emphasized deficiencies and issues need to be solved in future studies.
This review provided theoretical foundation for the study of biotransformation process and element coupling of methane in marine environment.

Key words: methane; marine sediment; methanogen; methanotrophs
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Fig.1 The process of methane migration and transformation in marine sediments
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Fig.2 The generation of low-molecular-weight substrates and methanogenic pathways in marine sediments
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(—CH,), BfiJ5 B 3L 7F CoM H JEFE RS Tl (M) /E T
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Fe(—H e . ZH e . = R A DO R ) R .
S A v, Uy F B ARG W 28 0 Mt B BT, —
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il B 1 ( Verstraetearchaeota) H1 g & B 29, £ 3T,
F 58 N B LE I 0 35 3= W v A BT — o AL
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T FRAL 5 WA T A K AR SN AL, 30 e T X8 7 H e
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3%, P WL 5 SRB W] BB & Ak BRI, A
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ANF LT S A 3 B H s AL U

FA T E B AE (kJ-mol™! CH)

CH,+20,—C0,+2H,0
CH+S0,7—HCO; +HS+H,0
CH+4NO; —HCO; +4NO, +H+H,0
3CH,+8NO, +8H — 4N,+3CO,+10H,0
CH,+8Fe"+2H,0—CO,+8Fe*+8H"

SCH+8MnO, +19H —5SHCO; +8Mn*+17H,0

—858.7

-33.0

—483.4

—928.0

—471.0

—1008.1

Methanosarcina

mcrA group f
(ANME-3)
Methanococcoides burtonii

Methanomethylovorans
hollandica

Methanococcales

Methanobacteriales

mcrA group e
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mcrA groups c-d
(ANME-2¢)
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thermophila

Methanomicrobiales

mcrA groups a-b (ANME-1)

10%

Kl 4 3T merd 5 H) ANME &6 R4 K B # @0

Fig.4 The phylogeny of mcrA gene in anaerobic methanotrophic archaeal
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32 REUEHFRREASRM ( denitrifying anaerobic
methane oxidation, D-AOM )
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33 $EABERBKRRKAEN ( manganese-and

iron-dependent anaerobic methane oxidation, Metal-
AOM )
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Fig.6 Different mechanisms of microbe-mediated metal-AOM

a. metal-AOM by ANME alone, b. metal-AOM by cooperation between ANME and partner MRM, c. apparent metal-AOM by the stimulation of metal oxides

on sulfate-AOM .
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