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Abstract: A large fraction of methane is consumed by anaerobic oxidation (AOM) in marine sediments. Previous researches suggested that
AOM is coupled to the reduction of sulfate, nitrate and nitrite, which may effectively reduce methane emission into the atmosphere. Recently,
metal-dependent AOM (metal-AOM, AOM driven by active metal oxides reduction reaction) was demonstrated to occur in both the sediments
in nature and enriched cultures. But the elusive microorganisms mediating metal-AOM process have not yet been isolated from natural marine
environments, and most researches on metal-AOM in marine sediments focus on special marine habitats such as hydrothermal vents or cold
seeps. However, a series of investigation shows that geological fluids play an important role in the maintenance and evolution of these
submarine chemolithoautotrophy ecosystems, and profoundly affect the global geochemical cycle. Therefore, the research on this scientific
problem has attracted more and more attention from marine scientists. In this review, the potential microbial communities and geochemical

evidence of metal-AOM in marine sediments are summarized. On the basis of literature researches, taking the cold seeps and hydrothermal vents
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coexisted region, the Okinawa Trough, as an example, a new metal-AOM mechanism is proposed. The investigation in the global cold seeps and

hydrothermal vents system interaction areas could be beneficial to better discuss the mechanism of metal-AOM and the connectivity of

microbial distribution in deep-sea habitats.

Key words: marine sediments; metal-dependent anaerobic oxidation of methane; cold seeps and hydrothermal vents coexisted region; Okinawa Trough
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Table 1 Standard Gibbs free energies ( AGO0’) of different AOMs

Byt SR AGO’/ (kJ/ molCH,)
sulfate-AOM CH,+SO,* — HS+HCO; +H,0 -16.3"
NO;-AOM CH,+4NO;” — HCO; +H +4NO, +H,0 -517.20

Fe-AOM CH,+8Fe¢(OH);+16H'— CO,+8Fe*+22H,0 —571.207
Mn-AOM CH,+4MnO,+8H" — CO,+4Mn*+6H,0 —763.21"
Cr-AOM CH,+4/3Cr,04* +32/3H" — 8/3Cr*"+C0,+22/3H,0 —841.47
NO, -AOM CH4+8/3N0O, +8/3H" — CO,+4/3N,+10/3H,0 —928.0%
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HFRVER . BN, 7EIRK TR Y & B 5 FR T B T
I Mn(IV) ALY K ENER ™) 5 , 38 4 2% 5 P 4 A
TSR T EOR KRB, 2 5 W e S AL A MHCs 38
PRV 2 R IR R R AR T BRI ERIRY, A
Geobacter sulfurreducens 1 Fe(1I) & L ¥ 1 Mn(IV)
A ALY I D ik B v Al R i MHCs % 8 FL 1),
I, A AT AE 2 5 metal-AOM. 7 55 B %= 1% 77 ¥4
B, 8 S ARk A I TR (B3 3K Ay BU G T Shewanella

TURRY)-7K S TH 0, NO;~ / NO,~  Fe(Il)/ Mn(IV) SO>
v
" OMD
R — l
e OMD
NO;™ / NO, i&Ji NO, -, NO,-AOM !
OMD
Fe(TII) / Mn(IV)i& J& 7 metal-AOM
v

SO, 2 & R

OMD
sulfate-AOM

Bl 1 B2 R TR Y %7 R =~ B B
POM ((particular aerobic oxidation of methane) : F 3¢ 45 %8 %51k, OMD(organic matter degradation) : 75 ML [ i ; 15 ke A SCiik [2].

Fig.1 Sequential utilization of electron acceptors in marine sediments

POM :Particular aerobic oxidation of methane, OMD: Organic matter degradation; adapted from reference [2].
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Table 2 Potential microbial communities of metal-AOM from different ecosystems

EERG PRESU VIR K AU metal-AOMIE (£ L BERE
Chowder Hill 15 I R [EESHEn ANME-l¢ (Fe-AOM) 1
FIER BRI R 7 EESES ANME-2a. ANME-2¢ (Fe-AOM)
Eel River# 4 5it I WAERESE  ANME-1. B SEEREE (Methanococcoides) /ANME-3 (Mn-AOM) B
i Eel River # i/ 5% e EES 5 ANME-2 (Mn-AOM) B
Helgoland Mud RE = S ANME-2a (Fe-AOM) P
Helgoland Mud xE IR ISTAER . F=HbEh . H e £h 1 JE/ANME-3 (Fe-AOM) 7
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GIRIKIE CRA2EMD W= HERF Candidatus Methanoperedens ferrireducens (Fe-AOM) B!
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Fig.2 Models of metal-AOM potential zones in sediments'

12]

A.metal-AOM occurs over the zone of methanogenesis( drawn based on the descriptions in reference [23]), B. metal-AOM occurs under the zone of

methanogenesis( drawn based on the descriptions in reference [21]), C.metal-AOM occurs in the SMTZ( drawn based on the descriptions in reference [24]),

D. metal-AOM occurs under the SMTZ( drawn based on the descriptions in reference [37-38, 45-47, 59-60]) E. metal-AOM occurs above the SMTZ

(drawn based on the researches of Okinawa Trough in this study) ; AOM( Anaerobic oxidation of methane).
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