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The final electron acceptors involved in AOM reaction are mainly divided into three categories: sulfate,
nitrite/nitrate, and metal ions represented by Fe(Ill), Mn(IV), etc. Both soluble metal substances and
insoluble metal minerals can be used as electron acceptors for AOM, which greatly enhances the
ecological value of microorganisms participating in metal-dependent anaerobic oxidation of methane
(Metal-AOM). The current research focuses on functional flora, ecological distribution, etc. Some
anaerobic methanotrophic archaca (ANME) have the ability to participate in Metal-AOM process directly
or indirectly. However, due to the difficulty in purification, enrichment and isolation of functional
microorganisms, the study on their physiological, biochemical and ecological characteristics has been
limited. Meanwhile, with the discovery of Metal-AOM in different aquatic habitats, its application in the
field of pollution control has been widely discussed; but there is a lack of in-depth research of estuarine
habitats. Based on the discovery of Metal-AOM, the main microorganisms involved in the process and
their ecological distribution in the aquatic environment were described, and the reaction mechanism of
Metal-AOM and its opportunities and challenges in practical application were introduced. Finally, based
on the existing research results, this paper puts forward the research prospects of functional microflora,
mechanisms and environmental applications, including the isolation and purification of microorganisms,
the analysis of their metabolic activity and mechanism of action, as well as the design, development and
application of new production techniques, in order to provide reference for environmental pollution control
and industrial applications in the future.

Keywords: Aquatic environment, Anaerobic oxidation of methane, Anaerobic methanotrophic archaea

(ANME), Metal ion electron acceptor, Ecological distribution
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Table 1 AG comparison during AOM process

AOM /A3 Formula AG

SAMO CH,4+S0, — —34 kJ/mol™
HS +HCO; +H,0

Metal-AOM  CH4+4MnO,+7H — —556 kJ/mol*"
HCO5 +4Mn*"+5H,0
CH4+8Fe(OH);+15H —  —270.3 kJ/mol?"

HCO; +8Fe*'+21H,0
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AAA
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10%

GoM Arc 1
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>700 sequences
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Methanomicrobiales
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1 ERkRRigHHE L L B (16S rRNA EF B934k &™)

Figure 1 Phylogenetic trees of archaea associated with methane metabolism (the phylogenetic tree of 16S rRNA gene)

[19]
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Table 2 Characterization of various ANME-2 subgroups

B HA AOM [k J5 s i BT
ANME-2 (3 2)A]#IA N T Metal-AOM i 2
1) FE LAY

ANME-2 1145 SRB LIS A s R4 B4t
A ARAEEM . ANME-2 %384k 57 2R 18] A4 AL 2
MR AE , FF00 & ANME-2d L3 # A GoM
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WX BRI, A EEEL R BERE S, W
A5 SRB 4L FREPY. ANME-2d ffh—FhH
biE IR, HEZIEeNE B2 A T HAEA R AR5
ST e A AN [A] ) AL W VE i & W F 52
A, 7E N-DAMO W& ERFEwk T, kM
ANME-2d FI £ Bt 40 1 7T 43 5078 i F Fe® ™
Mn* etz A5 5 Metal-AOM 1 2,

IREERE S 1 2 24 P AS Metal-AOM A1
K IAFAEATENE . I A AT, R AGEAT B —
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AR | ARG T SR, Hid ANME-2d 9
kil — gk 2—7 A, MELLIH A R YR
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i H Item ANME-2a  ANME-2b ANME-2c ANME-2d (GoM Arcl)
KERH i bt /\ BB )8 Methanosarcinales Methanoperedens
Systematization
A5 VIR, PRI, TR, R WOKIREANRH . e REE . WAL R .
Habitat %55 VKb S
Cold spring area, black sea, part of fresh water Fresh water environment such as wetlands, soil,
wetlands, landfill, etc paddy fields, lakes, rivers, sewage treatment
plants, etc
REpE PRI, 5 SRBIERBUR G4 B ANL  AHMBKE, BAEHR 1-3 um 24, A LA
Feature Jo fi ) 2% N-DAMO™8!
Coccus, and SRB formed mixed cell mass and Irregular coccus, with a diameter of 1-3 pm,
covered with organic matter membrane!'”! can complete N-DAMO alone™*®!
A b ke se = i
The ability to oxidize methane Yes No
B IR 4 IR B8 T ik Fe3t34] LA Fe3t140] FeH* 41, M1, opt147]

Metal ion receptors are known to act

Temporarily no
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