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Aerobic ammonia-oxidizing microorganisms and the mechanisms
of nitrous oxide production: a review
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Abstract: The rising level of atmospheric nitrous oxide (N,O) has garnered the attention of
researchers to microorganism-mediated N,O synthesis in recent years. According to the recent
studies, one of the main sources of N,O in the world is the nitrification process carried out by
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aerobic aerobic ammonia oxidizing microorganisms (AOMs). We summarized the taxa of AOMs,
the ecological distribution of AOMs, the environmental factors influencing the distribution, and the
hotspots, pathways, and influencing factors of AOM-mediated N,O production. Finally, we
prospected the future research directions in this field. This review improves our understanding of

AOMs and their mechanisms of N,O production.

Keywords: aerobic ammonia oxidizing microorganisms; nitrous oxide production; influencing

factors; hotspots
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microorganisms
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Phylogenetic evolutionary tree based on 16S rRNA gene sequences of aerobic ammonia oxidizing
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Table 1 Summary of typical hotspots and flux of N,O
Hotspots Samplinng environments N,O flux or concentration Reference
Various types of soil Alkaline, neutral purple soil 103.71 ng/(g-d) [63]
Oil palm soil 408.57 ng/(g-h) [60]
Forest soil 18.86 ng/(g-h) [61]
Agricultural soil 226.60 pg/(m*-h) [62]
Marine The eastern tropical south Pacific 13.73 ng/(L-d) [65]
The eastern tropical north Pacific 13.20 ng/d [64]
Various freshwater systems River 580.80 pg/(mz'd) [68]
Stream 264.00 pg/(m*+h) [69]
Lake 69.41 g/(m*-y) [67]
Sewage treatment system 7.00 pg/(g-min) [66]
Various types of sediments Plateau wetland sediment 50.29 ng/(g-d) [71]
Thawing Yedoma permafrost 1.72 mg/(m*-d) [72]
Estuarine sediment 9.24 ng/(g-h) [70]

1% Wit fx ¥1] 7€ Nitrosomonas europaea " #% /% ¥,
J& K AEH Al AOB i A3 T Hgmi L [N, izt
TR Z IR T REAE KA, HEBTM ARG B
EHE B2 5 T AOB fifb e i fbid F2 4w
il R 6 1 38 SRS 5 — A S 24 W R A
MCBP), H f1F
Nitrosomonas europaea PR E N, JERAME
S W nirk FE R B negd £ gt wl DL
Nitrosomonas europaea Tt 52 WAS TR, Jf44 H:
R JE(80-81]

5 AOB 1L, AOA WY& — b S it 2 5%
R B2 A 2R AR B R VE TR A R R fl, (H)2
ha] = AT g kA ARk, IEYEA . (1) 7E AOA
1) 55 DR 21 ke = AT DL AR R I T AR S Y
fig i B2 ] 5 (2) TEFVE AOA MR IR BR 1 X4,
A RER N0 774 (3) SRS T AOA
AL PE ) AL G NOP ¥, ST it , 2234 (1%}
AOA 774 NoO IRARAEH T 2 MR (& 2B):
(1) AOA FIH] AMO ¥z 8k Rl , FRREwE4
¥ M A b & JE B (copper hydroxylamine
oxidoreductase, Cu-HAO)— > 5 1k il W Al FR AR |

(multicopper blue protein,
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YERD™ A2 NoO5 - (2) AOA FiIJHl AMO H 2 6fk
fitg % (nitroxyl, HNO), i 2 94 fif§ 2 %A 1L id: J5t il
(nitroxyl oxidoreductase, NXOR)— 25 5 Ak 1 0. A
PR AR, Al R AR 38 A PR Eh 4 L 5 il
(copper nitrite reductase, Cu-NirK) it it & NO,
NO ZkgLi o A W 1E ™= A NoOF»%, 25 1 i
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A E AL S 1

TEXF AR B i LA S e R NLO 77 AR 1 2
FETTHRH W EFSME A T, TanUR1 Wang % 071%
Bl Comammox Xf N,O =4 19 o7 ik g & Ik T
AOA F AOB Ky & Il . 1E 5 5 % N X L
Nitrospira inopinata 5 H.Ah 1% 5t & B AL 5L 9
N,O 7= & () #F 55 F , Han 5 & #
Comammox Y N,O /&4 &L T AOB, {HA]
HHELE AOA A4, T Comammox 1) JE P 4
Hhi = % NOR BYEEIH, e NoO 7=/ ik fe 2 2
SEFR AR R
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Figure 2 Schematic diagram of N,O production pathway of aerobic ammonia oxidizing microorganisms. A:

Three pathways of AOB-mediated N,O production; B: Two hypotheses for AOA-mediated N,O production.

AMO: Ammonia monooxygenase; HAO: Hydroxylamine oxidoreductase; NOO: Nitric oxide oxidase; NIR:
Nitrite reductase; NOR: Nitric oxide reductase; Cyt P460: Cytochrome P460; NXOR: Nitroxyl oxidoreductase;
Cu-HAO: Copper hydroxylamine oxidoreductase; Cu-NIR: Copper nitrite reductase.
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7= A o T e R K ORI A 346 1 75 T B 5
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