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Figure 1. Pathway for reverse methanogenesis (a) coupled to denitrification (d) proposed by Chistoserdova L et al. (D 1perform the enzymes in this

process: (D Methyl-CoM reductasedikeprotein (MCR) ; @ Methyl-H, MPT: coenzyme M (CoM) methyl-ransferase (Mtr) ; @ Methylene-H, MPT

(Mer) ; @ F420-dependent methylene — H,MPT dehydrogenase (Mtd) ; (® Methenyl-H, MPT cyclohydrolase (Mch) ; ©® Formyl-MFR: H,MPT

formyliransferase (Fu) ; @ Formyl-MFR dehyfrogenase (Fmd) ; Nitrate reductase (Nar) ; (9 Nitrite reductase (Nir) ; (0 Nitric oxide reductase

(Nor) ; @ Nitrous oxide reductase (Nos) . Reverse methanogenesis is thought to be connected to denitrification through an unknown intermediate (X) ;

e represents an electron.
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Figure 2. Intra-aerobic metabolism of the nitrite-dependent (¢) methane-oxidation (a) proposed by Ettwig et al. @ - (@ perform the
enzymes and intermediate in this process: (1) Particulate methane mono-oxygenase (pMMO) ; 2 Methanol dehydrogenase (MDH) ; &)
Tetrahydromethanopterin (H,MPT) ; (@ Tetrahydrofolate (H,F) ; (& Mehylene-H, MPT dehydrogenase (MtdB) ; ® Methylene-H,F
dehydrogenase (FolD) ; (D Formate dehydrogenase (FDH) ; Nitrite reductase (Nir) ; (@ Nitric oxide dismutase (Nod). These two

parts are thought to be connected through an unknown intermediate (X) ; e~ represents an electron.
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Table 1. The reported enrichment cultures of anaerobic oxidation of methane coupled to denitrification

composition /%

inoculum T/C corjversion rate/ reference
bacteria archaea [nmol NO, = / (mg protein*min) ]
canal sediment ( Twentekanaal) 25 80 10° 6.2 [4]
canal sediment ( Twentekanaal) 30 70 3.7 [16]
canal sediment ( Onijp()lder) 30 70 3.4-5.6 [24]
mixed inoculum' 22 15" / [25]
mixed inoculum' 35 30" 40° 2.5 [25]
wastewater sludge 20 -23 60 - 70 / 0.9 [23]
canal sediment ( Onijp()lder) 30 70 - 80 / [26]
minerotrophic peatland 25 80 0 1.06 [20]
' Mixed inoculums including sediment from sediment from a freshwater lake,

anaerobic digester sludge, and returned activated sludge from a sewage
treatment plant. * Anaerobic methanotrophic archaeca (ANME) . " The bacteria of NC10 phylum.
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Research progress in microbial anaerobic methane
oxidation coupled to denitrification—A review

. . . *
Mengdong Yuan, Jing Zhu, Weixiang Wu
Institute of Enviromental Science and Technology, College of Environmental & Resource Sciences of Zhejiang University,

Hangzhou 310058, Zhejiang Province, China

Abstract: The process of denitrifying anaerobic methane oxidation (DAMO) , which uses methane as electron donor for
denitrification, can achieve nitrogen remove of wastewater and simultaneously reduce the emission of methane. The
research of DAMO mechanism focuses on two pathways —the reverse methanogenesis coupled denitrification and the nitrite—
dependent anaerobic methane oxidation (n-damo) . Considering that DAMO process makes a significant contribution to
global carbon and nitrogen cycling, our review summarizes the progresses of DAMO in recent years and focuses on the
enrichment culture of microorganism, especially the microbiological characteristic of enrichment containing M. oxyfera.
The microbiological mechanisms and parameters of the process are also reviewed. On this basis, some practical problems
and prospects in the engineering application of the process are also discussed.

Keywords: anaerobic methane oxidation coupled to denitrification, nitrite-dependent anaerobic methane oxidation (n-

damo) , Candidatus Methylomirabilis oxyfera, intra-aerobic, mechanism
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