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Abstract: The discovery of nitrite-dependent anaerobic methane oxidation (N-DAMO) process, mediated
by functional microorganisms, gives us a new understanding of the natural carbon and nitrogen cycle. This
process can simultaneously reduce methane and nitrogen pollution. The reaction mechanism of N-DAMO
process and the physiological and biochemical characteristics of the functional bacteria Candidatus
Methylomirabilis oxyfera (M. oxyfera) were systematically introduced in this paper. The molecular and
microbiological methods for the study of the functional bacteria were overviewed. This paper summarized
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and analyzed the research reports of M. oxyfera bacteria in different natural habitats. The potential effects
of macro environmental factors such as average precipitation, annual average temperature, different
natural areas and growth factors, like carbon source, nitrogen source, pH and oxygen content on the
structure of functional bacteria community were revealed. The future research direction of the functional
bacteria is proposed, which is expected to clarify the N-DAMO process and the ecological function of the

functional bacteria in carbon and nitrogen cycle.

Keywords: Nitrite-dependent anaerobic methane oxidation, Candidatus Methylomirabilis oxyfera,
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S H%F A 202F/1545R Fil qP1F/qP2RP? LI B
)@ 1) pmoA A H iR K % i) £ PCR 514
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T nod I #g 3 KNIt PCR 5 ¥ X N
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9% H BTR A AR % J& pmoA BRI A 1Y ot
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YERB IR Koy WSS FI % 16S rRNA
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&1 M. oxyfera-like B9 PCR ¥ 1& 5|4 & &4

Table 1 Experimental primers and annealing temperature of PCR for M. oxyfera-like

FI bR EE Al 514 1B L 275 3CHik

Target gene Primers Annealing temperature (°C) References

M. oxyfera 16S rRNA 202F/1545R, qP1F/qP2R 57/63; 57/65; 63/63 [22]

M. oxyfera 16S rRNA (qPCR) qP1F/gP1R 54; 55; 63 [22]
qP2F/gP2R 63; 65 [22]
qP1F/gP2R 60 [11]
qP1mF/gP1R 62 [34]

N-DAMO pmoA A189_b/cmo682, cmo182/cmo568 56/59 [15]

N-DAMO pmoA (qPCR) cmo182/cmo568 59 [15]
HP3F1/HP3R1 54 [33]

nod nod684Fv2/nod1706Rv2 57 [31]

nod (qPCR) nod1446F/nod1706Rv2 60 [31]

4 HERAZEH M. oxyfera BIRFFEIR

HETERTT A SRS M. oxyfera AURFST 2
FEF R R AT T T R T A A
ABEHBREITIE, 3 2 LB TIREARFE A+
A PR TR R Y e SR A A TR R T O A AR AE o AR
M FEANEE T [ SR AR B I TSR 80, AUH RE
WrHBrsi (T . EEW(HA), B 25K
FIM) V458 . M M. oxyfera 16S rRNA I F B
FRFE, R BUAE = N KA I B
(4.70x10% copies/g), X A 5 I X I K A7 Sl
LI AR 8 A R R o s e, R
Fe g i 1 B KT P10 (9.77%107 copiesfg),
YO BGE B A B E E P2 e f SRh
IR RE S BT IR AEBE R R KPR Y BUGR
4.1 FHREKEFMEREIT M. oxyfera HIEZNT

Bahram 25095 4 pk )2 ML WIBETE 25 H 1Y)
KREASHREY, EEEHEKEENRZ
NIRRT 5 Wi 4 320 TR I T BE 2 RE I . A3
T 25 T TR AN [) A 25 B v IV A R 5 7R PR
Pt AL TR RIS A SR B, B SR AR AR Yy
MoK AR . B AR XA 43 5 20K R B
B FARGE A, TR ERE I S OC R .

5T 20 M. oxyfera f¥) pmoA JRESEN Z Ak

Wit A= T v G, AP IR ARG A A A e T R R K 2
A BT I SRR R Fe R 9293299 | (180 2 2
TEART 5 °C MYZERIREE IR Y AP E SRR R
W, Zhu 25 % BLAZERE L M. oxyfera MIRESE
HZERERmTEZE, BEFSREK R
FHes, ULE 165 rRNA JEHEREHIK. Ettwig 2522
W58 & BRI R A K FIRE R 20-35 °C, X HH
1E A RAE IR TR R IAR R o 75 B K X N 5
RIS P RIS BB, (1) R
R AKAT BT 0 S R B 4 IR A8 Joe S Ak 4 v 1) e
KUURA LA (2) Bk BTk b b
BV | RUUR A58 IR Tl i b e b K AR A
Wit A 25 R G O B T R R
42 AEBAXHFB M. oxyfera BE%

BIA M. oxyfera 4 SHF5TEHE S5 F A AR IX
R HEATERE 0 FT ol B0, M. oxyfera BEVETEZE X
X BHAR NS 2B S FERE,; H
TR AR ORI PG I X R T
PSSR 2R KUK 5 3= B 78 M A W2 1) DX RN B4 1
8 X AT g K099 L s PR
Pk FRIAME R, X AT BRI X AR B RO R T AE
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Fz2 HMBEKELED M. oxyfera B9 FiEHE
Table 2 Distribution of M. oxyfera in different natural habitats
WX OTUs OTUs Shannon index Shannon index 16S rRNA F:Ji# Sk
Habitats (16S rRNA  (pmoA) (16S rRNA (pmoA) 16S rRNA abundance References
gene) gene) (copies/qg)
W#i/K 35 i Zoige wetland ND ND ND ND 2.80x10° [29]
YT 1 Zhangjiang estuary 3-90 0-21  0.770-1.230  0.000-0.010 2.43x10°-2.09x10" [32]
KMeim /K3 Tailamchung reservoir ND 7 ND 1.890 ND [33]
KIFEE IR Maipo reed bed ND il ND 0.290 ND [33]
H w2 | 4k Shigatse forestland ND 2 ND ND 1.50x10* [35]
EL P} Badain lake 3-8 6-8') 0.443-1.696 1.390-1.450 ND [36]
FRA T MM Sumujaran lake 25 8-10" 0.240-0.580 1.275-1.800 1.12x10°-1.64x10° [36]
7N 3k TIT B4 Guangzhou urban wetland 1-5 1-57  0.000-0.780 0.000-0.990  8.74x10°-4.80x10° [37]
I Hun river 3-6 0-5%  0.520-1.400 0.000-1.570 ND [38]
KL Daliao river =zt 1-3®  0.000-0.210  0.000-0.420 ND [38]
9 I FS il Tibet plateau Maqu 28-46M ND  0.160-1.390 ND 1.65x10°-3.20x10° [39]
Jtiz3 North canal 2-6 2-9  0.270-0.770  0.210-1.480 ND [40]
1% % The Three Gorges Baijia stream 3-8 1-4°  0.235-1.148 0.000-0.975 4.72x10*-5.32x10° [41]
— i /\A] The Three Gorges Xiao stream 471 4241 0.392-1.482 0.675-2.541 8.98x10*-3.31x10° [41]
kiR Xilin river wetland 2-14" 2-7"  0.080-1.270  0.290-0.970  8.92x10°-4.61x107! [42]
4311847 East China Sea intertidal zone 23 ND  0.300-0.900 ND 5.50x10"-2.80x10° [43]
K3 IEH Maipo wetland ND 3-4"1  ND 0.245-0.979  2.06x10°-1.25x10" [44]
4RYT. Dong river ND 5-16 ND 1.480-2.490 ND [45]
AT Xianggiu river ND 7-18° ND 1.560-2.580 ND [45]
A1 i) Shima river ND 2-12"1 ND 0.420-2.160 ND [45]
£ Y1 Xinfeng river ND 2-10°) ND 0.420-2.070 ND [45]
PEAZYL. Xizhi river ND 1-9  ND 0.000-1.970 ND [45]
237K 5 Green bay wetland 29-521 ND  1.890-2.140 ND 6.10x10°-3.20x10"  [46]
=M 7K J%E Gaozhou reservoir ND 3-15"" ND 0.320-2.500  1.37x10°-8.24x10° [47]
Sl A14F Zhoushan intertidal zone ND 1-5®  ND 0.000-1.330  4.90x10°-3.27x10° [48]
KIT [ Yangtze river estuary 47" 5-9C7  0.470-1.440 1.300-1.940  1.03x107-9.77x107"! [49]
B Hangzhou bay 1-41 ND  0.000-1.100 ND 1.80x107-5.00x10"  [50]
Ft1L1¥E3, Zhoushan sea area 1-3¢ ND  0.000-0.900 ND 5.40x10°-2.10x10" [50]
=IJ/INT. The Three Gorges Xiao river 37t 1-4  0.080-0.950 0.000-0.970  4.70x10*-5.30x10° [51]
I Z<m ¥ Guangzhou Nanling ND 1-6  0.000-0.900 0.000-1.290  1.69x10°-5.07x10° [52]
#J¢ 191 Bailong lake ND 19 ND 2.400 2.29x10° [53]
- B Puzhehei lake ND A ND 0.100 ND [53]
KA Changgiao lake ND 2 ND 0.110 ND [53]
=13k % Sanjiaohai reservoir ND 4 ND 1.170 ND [53]
Tk Qingshuihai lake ND oLl ND 1.100 ND [53]
%137 Jian lake ND 2l ND 0.460 ND [53]
T PE /K JE Haixihai reservoir ND 1 ND 0.000 ND [53]
P& BLA] Tarim river ND AR ND 0.690 ND [25]
TEUT A% ) Bosten lake ND 2 ND 0.480 ND [25]
K ALKt Tianchi lake ND ot ND 1.810 ND [25]
(GE3)
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(8% 2)
it 457§ Turpan river ND g ND 0.850 ND [25]
B (224 1i7) Yellow River (Lanzhou) ND il ND 0.000 ND [25]
13,28 253 Ulansuhai lake ND 4 ND 0.990 ND [25]
R [E/K % Shanggiu reservoir ND e ND 1.690 ND [25]
[52l B 521 Old summer palace lake ND 3 ND 0.980 ND [25]
Z &) Duolun lake ND 6 ND 1.390 ND [25]
k32 North canal ND 2 ND 0.690 ND [25]
FAFEYT. Songhua river ND 7 ND 1.670 ND [25]
AR LM Panjin red beach ND 4t ND 1.120 ND [25]
FLERTHPE Panjin swamp ND 1 ND 0.000 ND [25]
Y3 Baiyangdian lake ND il ND 0.000 ND [25]
£435] Chao lake ND 61 ND 1.790 ND [25]
Fa 24 Jiaxing wetland ND 89 ND 2.020-2.030 ND [25]
% Dong lake ND <jtd ND 0.8000 ND [25]
F1Z Tiao river ND 3« ND 1.000 ND [25]
HBIAM) Poyang lake ND 2 ND 0.600 ND [25]
T £ 151 Dongting lake ND M ND 0.690 ND [25]
ERYL(" M T)Pearl river (Guangzhou) ND 2-6"  ND 0.620-1.190 ND [25]
b3 Sha river ND 5 ND 1.370 ND [25]
¥ Xiazhu lake 041 0-1¥  0.000-1.430  0.000 1.80x10°-5.10x10"  [54]
PR IR Xixi wetland 2-5 ND  0.620-1.410 ND 1.60x10°-1.30x10"  [55]
EZIETT. Qiantang river 4 39 0.680 0.560 1.23x10° [56]
& 11, Fuchun river 4-7" 1-9%  0.680-1.550 0.000-1.980 ND [56]
>£YT. Lan river =l 347 0.850-1.290  0.440-0.710  1.03x10’ [56]
BTZEIT. Xin'an river b8 A 1.400 0.670 ND [56]
HUITIA 1T Jiao river estuary 1-39 1-8%  0.000-1.000 0.000-1.890  5.80x10°-8.35x10™ [57]
F+111% 5 Zhoushan island 2-30 ND  0.300-0.900 ND 8.70x10°-5.20x10™ [58]
M PG Hangzhou west lake 2 ER ND ND 2.15x10% [59]

i [a]. [b].
FIR ALY AR copies/g TE; ND KRR ARG EE.

[CIFI[d]ZFIC FEAE 93% . 95% ., 97%F1 98% ML K Xt HE K HEf T OTU B2k,

F2JiE BALFER TN copies/g 1T ; [e]

Note: [a], [b], [c] and [d] respectively represent OTU clustering of genes at 93%, 95%, 97% and 98% similarity levels; The default
abundance unit is copies/g (wet weight); [e] represent the abundance unit of this item is copies/g (dry weight); ND represent as no data.

4.3 HFEX M. oxyfera B &0

TAYZSEAE N N-DAMO R T32 1K, 78
AR AE 3 b 22 b A A R0 A A VR A TR ok
EARTR R A, KIEPFEE AL
Ty TR D 2 T e SRR 1) 0 A R A, 4R T
RV A AS A S, N T M. oxyfera F2 el
DR A [R5 384 0T Bex ™= A= s . 22 T
5% 2 B 2 N0 Al R0k B 1) 2 T A R e R =
(i i ES2 A48k B A UM R 4 T e o I

£ OTU /KF E R Rh 2 Rebks ™, N-DAMO i
R, i 25 T 5% S8RV 45 G0 e i v i i kM)
Shen 21V BT, . TSASEUR pH 3 DNIRESIA 11
[R5 M) 1 O R R 9 1 25 ) 40 A1 o (RS AL T RE T 5
M. oxyfera [H] P [F]85E 5 ¢ RIE A Fr ik — 221
WFIE
4.4 FEIEXT M. oxyfera BY 0

F o A2 SV i 7R 5 78 R A FH e 4 A P M — 1
B, M. oxyfera i i 48 e B AL R AR A AL P
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fi o AR R A RE RO KA AORT S R B
VA HLBRAT B 48 = FE B AT N-DAMO i
L2590 A A RIS W B e | 2 A o
FREEROMAFES, fEAEFERE M. oxyfera JE[K 24
P G AR B2 3t 26 I 9 1 A B R 2 IR 5 4
SRR GETEES, [BET M. oxyfera Y Z 3R EE A
FERG AR IR D, BB e il . IR
AR R . PR b A A S A S
UL TR P A G R IR R T IR A
45 pH % M. oxyfera B 520

A FRRFSY 3B M. oxyfera 5& pH 2 7.6027,
Xof K I A B AT R B, ZEDUEL pH 1
(5.98-6.47)KF 7.60 i, MEFEFEE pH KT
iR 24 g kA BT pH KT 7.60 I,
N-DAMO [z i 34 2 1 I TR 25 P 35 222 3 4, A
B4 zhu P RETE IR pH RN 2R
SRR, FIE R pH AT M. oxyfera i
FREREIN . ZFEPEFRIAF N-DAMO #HIE R .
4.6 HEHRESIT M. oxyfera KIS

Vi TR 5 72 DR AR FR e 4 4 T — T o) 2R
H U AR R U DA, AR A B R
e BB 24 M. oxyfera F P P4 LI, E T %
R b FIVIE i R ke A A B B O, Hu 458
W9 R B A & IR Z 3 M. oxyfera 1
B TRIZ L, MILREE OTU /KF E&IEH
PEFRBAATE RS B RANIR 2 m TR
JERRRZRE A G (H G T 1 S B B 7R I X 3R
B v AU i A AL ) TR R B AR N IR I A F 5
BRI, GTREE— B RAIRTR -
5 GiRLRY

AR R R R A e Ak ) 2 A EF A
SRAETE TR, FEAE R I 3 AR H e 9 3 4 T) 3 9k
T H 2R i R T S T e
W) M. oxyfera FIBFFEHLIZETRA , MHETHFIE 23k
T N-DAMO i # I Besafbiz e pmoA Thfg kAl
JEIT, ARSCF AR AS R ER A iR ol NO B

FEFE IR R No A1 O, 9 NO LB (Nod) B 5 5570
TES> T M2 45 28 % nod HAERL N pEf 78
L 2GR EW AT, [FEF Nod MR
2 [A) 2540 L AR AR R LB 25 T AT T T R A
IFRFT o

e Y 1 2 R 2 5 PR A 0 AR 48 98 A ] 4l
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