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As a rate-limiting step of nitrification, ammonia oxidation is the core of the global nitrogen
cycle, which has attracted extensive attention. Exploring ammonia oxidation in acidic soil and
the involved functional microorganisms is of great significance for deciphering the nitrogen
cycle mechanism and promoting soil nutrient cycling. This paper summarized the mechanisms
of ammonia oxidation in soil and compared the relative contributions of ammonia-oxidizing
bacteria (AOB), ammonia-oxidizing archaea (AOA), and complete ammonia oxidizers
(Comammox) to ammonia oxidation in acidic soil. Then, we analyzed the effects of microbial
endogenous function differences and environmental factors such as pH and substrate
concentration on the abundance, activity, and community structure of ammonia-oxidizing
microorganisms. Finally, the future studies about ammonia-oxidizing microorganisms were
prospected. This paper is expected to provide scientific references for future research on
ammonia oxidation in acidic soil, as well as the application and practice of microbial
remediation.

Keywords: acidic soil; ammonia-oxidizing archaea; ammonia-oxidizing bacteria; complete

ammonia oxidizers
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SRR ARSI W A0 2 A1) T H 5 AOB

amoB FEH [y 9 3 S v AR FEEAR EE , amoB FE A
TE AOA FE[H 2 vh A i BEORATIE , SE 2 W] REAF
TE5 4 FhPAE 3 amo X, H:Yk , AOB Fil AOA
1) AMO TE P04 8 B A F, AOB T
LA JBICE IS Fe, T AOA WEMEP.OERICE
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(Quinone reductase) (Ubiquinone oxidoreductase) (Cytochrome bbg) (Cytochrome aa;)  (ATP synthase)

B1 SELEFQOMIELTEGMREIEES AMO: ZUINAR ; HAO: Fl S bR 5 ;
CuHAO: &4 B FE NG AL L il ; NXOR : EANFREL A AL IE I ; CuNIR: 5 Hd i) A FRIE )5t s Q
5 QHy: FiRh; cyt: UMEEE; pey: FIAWKR; a@fik: BT

Figure 1 Ammonia oxidation metabolism pathways of AOB (A) and AOA (B)[22’24]. AMO: Ammonia
monooxygenase; HAO: Hydroxylamine oxidoreductase; CuHAOQO: Copper-dependent hydroxylamine

oxidoreductase; NXOR: Nitrite oxidoreductase; CuNIR: Copper-dependent nitrite reductase; Q/QHj:
Quinone pool; cyt: Cytochrome; pcy: Plastocyanin; Red arrow: Electron flow.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



g R SR A A A B LR i DR R T

417

amoA {E}7 AOB i1 AOA HIINRENRICIEA,
LI R R 3k KO AN 3 [ = R 2 E AOB Al
AOA Ui 7 K & AT 2 8 AR A T il 4 X o2
fik, 4JEITE Cu & AOA R i vh e R 1
ity &% PEAE R A B K 7, et 3 Cu AT
FIFVER R, #1715 AOA 4ifi ) AMO. CuHAO
FI CuNIR %55 Cu MM it FE R A s k)
AN, AR LR R -, AOB 4HfE
M4ihS HAO B hao P =EEREAC, i H i)
AMO [ i iDL R amod FLNFEETHE, HE
BT AOA FEFRPE+ e B ESE S LY, 18
pH {H} 5.11-7.36 MIFEH 15 H, AOA amoA
Fl AOB amod LA FL{E A 1.91-1 048%%), T
amod FEH M 5 43 AT 22 B, AOA amod Fl AOB
amoA FEIN FLAE RIS pH {E(3.2—6.8) A A% M &
JI3E I, AT UL AOA amoAd FEH ] ZEAX pH 4514
TEsRr SRm, AR ERD,
Comammox MJEY NH; =M 1@ T K E2 5
AOB il AOAPY, i H AR A3, ok
A A BEPR AR AOA TEMR I - (1) = T b
1.2 =EHEEER

KWLk, W5 —E e 2 B

Ammonia oxidation module

BAAH (AOB Hl AOA) K W il iR £ 481k 14
(nitrite oxidizing bacteria, NOB)EE 5 ZE .. HZE
2015 4%, WHEE X BRI R G &
B TR B A W) R SR LA P e b R, A
TE—RhA 9, HARN A 985 AMO Fl HAO
HYFER, oA G it 0 A R 6 A8 Ak iR J5E i (nitrite
oxidoreductase, NXOR)MFE[H, HEMLAH 37 58 AL
AL VE 4 A K HoAr 44 o Comammox!™7,
X — R PE R T i R AR AE FH A A
A, IEXFoe g A AHLE A HE S L 2
A0 A A= W R 4 AR AL TR AR 5 A 2 S A O B il
AMO F1 HAO, fHHGwi%EE P A2 | HESIUT
e DUES AT, B Comammox Fl AOB.
AOA HANFM AR & 2)°, |
HIZ A1) Comammox )& TRSLIR G &1 R 1T
(Nitrospira cluster 1), M4 amod FE ) R G K&
it —43 K clade A F1 clade B 43 32 B4,

WF2E &, Comammox P ¥ IR Z /3% NH; LA
R AL AR Y K, T AOB Fl1 AOA & %1k
AR E NO,, FITX NO, R
Comammox YK AHIREL AALAE, =& Z[E) "]
REAATES BRI S R, FERE A T,

Nitrite oxidation module

NH,0H+H,0 ~ HAO | — NO,+5H*
- . . H+

oyt H*

NO,+H,0 NO, +2H"

H+

Complex III

gocon

aamecopng
oo

(Cytochrome bbg) (Cytochrome aa;)

2H+0.50, H,0

Complex IV

ooogin
W

2H+0.50, H,0

Complex IV
(Cytochrome aa,)

E 2 22K E (Comammox)ftiffigkZ 143538

Figure 2
ubiquinone redox module, other same as above.
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Ammonia oxidation metabolism pathway of Comammox

[34-35,38] . HURM: Hydroxylamine_
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ARG EXEEMEM . R
i) HYfH NH; #2460 NH,", S 2UKY NH; W
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i AOB IE & G ISy il ke FE e &,
39—4 500 umol/L-NH;"*"!, AOA 7£fik . " AIE K
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5 FhERI - HECR I, B, FEARM . VAN
M, pH {E N 4.99-6.50)F & E LAY F
B, RIR H 3 AOB F 1 B E m T H Ak
B A4, MR H 5P AOA 1 Comammox
amoA F&PH 3k 5 W) i 2K T HAh 2 A + 35000,
ARAMRFNR H 3 2 E A E T 2l AOA
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groupl.la-associated 3K} 5¢ 8., AOB Nirtosospira
cluster 1 I Nirtosospira cluster 2 HJAH X 3= & I
3 S FE R B IR AR A B R A HH o e T
EA A TR LI (pH {Eh 3.6-6.3)H
JIEW 1 A0 B L BRbk -3 (pH (O 3.2-6.8)
SEAIG, AT HREGA B R YR, B SR
AT S 7

NV Bl B A 39 T 4 ¥ G A hn ™ E Y
[, o lals g 1 4 5 s S Ak v 1 S s i Ak
A VR ALY AOA HLAT AR (14 41 i
gitgmamyiE RN, R AR SRS T5&
AN, S E R Ia . DhRETEMEEL AOB
Ml Comammox B fME&E>4>4 ) B+ Cu
£ B (0-800, 0—1 600, 0—2 400 mg/kg)t i, T
17 Rty + 3 (pH {58 4.93-8.90) 1 7E 2 %
b3 R B WY, fEE 4 E(Cu, Zn, Cd,
Cr) i F & XA, AOA Fl AOB T
A W A A (=0.672, P<0.01;
r=0.541, P<0.05), AOA FAHCEH B30
IEAh, Cu #ETHE I REE T AOA 4l Cu
PUEFEIN copC M copD FRFRE, AUBEHEHKE
Cu ¥eiz B ANMEAL, I v]Re HE G W 1] 5 TE 20 i
W, B AR A R,

3 £wE5RE

A Y T IR R A E A
o3 NG Sh A A5 12 A 5 3 iR Ak
P, AU EN T RIEAE R RGNS
hig, B T HIEAEAER . IR+
e AL 52 AOB . AOA 1 Comammox
X ERE . BRSSO R, AT
HAXS DTlk, o 58 35 R 1 4 A A AR AR AL
HAEHFEZ Y., 5 AOB il Comammox fH I,
AOA EH A AIMES Y . pH A FRF 5 HLH] |
2o AR AL o B RS ) S5 N ) SR

TE IR M 4 3 A Ak i AR rp B WK 3E AR
e, RWEERIEM.

ARG AL S LA D VR 45 M B
ZREVERISE 2P, MHOCHEE LIRSS AOB,
AOA Fl Comammox ¥ & 5t A A bk
T, AOA Rz A MEM M E SRS . SR,
AOB fll AOA BA Z R ikAe, MFHLER
PE by 2 AR AR N I . S,
Comammox & ¥ Bf 8] 45 , W& ¥k 1 1
Comammox {5 . 7% 45 F4) FNAE FAPLHH 45 40 5
HFRA TS, AR S 2 HERT T Comammox Xf
MRk 3B 2R AR E AR X STk . Rtk 724
JE g, ARG s S R R A A AR
YRR, E—2HE78 AOB, AOA #i
Comammox I FE 2257, X 58 3% R 1 4 43¢
S EAE LR EA T EE (1) #F—
AR E T AOA RIHE 1R KL FZ m L
i, WA s A A 2 (2) SAAMk
A YIAH L, AR AL T B A W55 3
TEMPLE A 55 v = S A AR 3) BRI TE 1
Herp G PR B A A9 Comammox ZE K HAE
HLEE
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