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Abstract: The redox processes of iron significantly influence secondary mineral formation, nutrient
transformation, and the fate of contaminants. As a novel process of global iron cycle first discovered in
anaerobic environment, microbes-mediated coupling of ammonium oxidation and Fe(IlI) reduction
(Feammox) accounts for up to 10% of ammonium oxidation in natural and agricultural ecosystems.
Thus, it is of great significance for environmental protection and agricultural production. This review
summarized the research on microbial Feammox in recent years, including its research history, related
microbes, underlying mechanisms, influencing factors, and environmental significances. In Feammox,
Acidimicrobiaceae sp. A6 and dissimilatory Fe-reducing bacteria (DIRB) are potential functional
organisms, and pH, Fe(IIl) concentration and speciation, carbon sources, and Mn(IV) oxides are the
main environmental factors. Feammox might be driven by biological process alone, or by the
biological-chemical coupling processes. As for the environmental significances, Feammox can reduce
the greenhouse gas emission and influence heavy metal transformation, but it causes alternative N loss.
Further investigations could focus on the cultivation of related microorganisms and the development of

new research methods to further disclose the Feammox mechanism.
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Table 1

The summary of related microbes, natural habits and nitrogen loss for Feammox

Related microbes Natural habits pH Nitrogen loss References
Exiguobacterium sp. WK6 Tropical forest soil 4.30-6.20 1-4 kg N/(hm?-a) [7]
Digested sludge 6.70-7.80 [10]

Geobacteraceae spp., Shewanella spp.

Uncultured Acidimicrobiaceae bacterium A6
Geobacteraceae, Pseudomonas, GOUTA19,
Nitrososphaeraceae

Geobacter, Desulfovibrio, unclassified
Pelobacteraceae

Geobacteraceae spp., Shewanella spp.,
Acidimicrobiaceae bacterium A6

Bacillus, Geobacteraceae, Clostridium,

Pseudomonas, Anaeromyxobacter

Anaeromyxobacter, Pseudomonas, Geobacteraceae Riparian zones

Geobacteraceae, Shewanella, Bacillus,

Anaeromyxobacter

Geobacteraceae, Acidimicrobiaceae bacterium A6 Wetland sediments

Geobacteraceae spp., Shewanella spp.,
Acidimicrobiaceae bacterium A6

Geobacter, Anaeromyxobacter, Pseudomonas,
Thiobacillus, Bacillus

Paddy soils
Intertidal wetland
Paddy soil

Paddy soils

Riparian soils

Freshwater sediment

Farmland soils

4.70-5.70 7.8-61.0 kg N/(hm>a) [12]
8.32-8.75 115-180 kg N/(hm*a) [13]
6.80-7.20 0.13-0.48 mg N/(L-d) [17]

5.11-7.36 1.63 Tg N/a
[18]

Forested riparian 3.50-4.50

[19]
wetland
Eutrophic lake sediment 7.19-7.62 10.9-20.1 kg N/(hm®-a) [20]

5.95-7.85 0.038 mg N/(kg-d
mg N/(kg-d) [21]

7.26-8.06 23.7-43.9 kg N/(hm>a) [24]

Wheat-rice rotation area 5.98-7.86 7.3-43.3 kg N/(hm?*a)

4.00-8.00 [26]
7.35-7.96 0.14-0.34 mg N/(kg-d)

6.34-7.50 0.17-0.24 mg N/(kg-d)

Geobacter, Anaeromyxobacter, Acidimicrobiaceae Farmland soils, riparian  7.20-7.95 0.02—-0.19 mg N/(kg-d)

soils, river sediments
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BRE | AW, 2022, 62(6)

2253

FEHRRGE T RRAAEEEZLL A6 R
() A FE RV AL TR, SRS B O B R AE R
SHACE AL R, Bk A6
) & B ek e A A AR A AR AR 3
B HA —E MR IRYE. A6 T HEER NH,
h NO,™, X5 HARR PR Al |
B Lh Ny oA EZ Y I G A AT,
Tk, A6 T ESR T LAIK Sk A At #R , (HJE R
RETEIR G WA TP AE, Al gR e TR
5 I ik s Ry BRE TR B A H AR IR
X Bk s A A R R PT BE AR — A, T2
DL A6 TN ACER B 22 i A PAs) s A % 2[R
ERMZE R, X—AE MR E &7y —FlhE
B AR A 1 AR TR W B S A R R I
A WAk AL R rp & B

1.2 R4 EEE (DIRB)

SEAL kA )5 B (DIRB) & — 28 7] LLFE i P 46
B = Al 1, RN LU AMEY Fe(ll) AR
Ui HL A2 A, 3l I M Ay 25 A AR 3
e AT A 3 KN EYRY. Rk
B, DIRB 71 8k 22 b i F2 A= 10 A B b AR 4%
SR, HEILATRES e E s T 22 A
fead it Li SFIUE R R o B 5, &
M2 DIRB F2E h Hu kT 1 J& (Geobacter)F
v FUEC T & (Shewanella), I H.PA R & 09 =F 5
Y9 5 R R B RS [R] 24T 1Y) ON, 7= o 5
FIEA . WA AT B2 t T AN R A 045 2%
5% m T DIRB {4, 1M DIRB 16 PE#E—4 5%
Wi T Ak AL R Qin S5 i BIF 5 K TR 48
PR S B R, & BIAE 20-30 cm B PR AE 1- 4%
o, BREEE R RCOR, 1M DIRB B EETEX
—IREEJE NIk B, R DIRB A REXS £k
A R EEEARY RS
A, NH, —AE R TCHLRIE AT DIRB 4 i)
FARAE T, B35 A Sy S A R Ak 3 i 1 2R g ™

Y, 1A AT R G I 2 T AT DL R R
NH, P70 IR A f BEF, DIRB 7E4E 55
b 5 R 2 AL T R I 2 5 BRIt R T P REAH
H3E4r, HAE Ding S 0HE, REH LR
AL TR IR Bl 1 BRI i el R A o R O D A 1Y
0.81%—4.00% , K &R 8kik i 72 J2& H1 DIRB 1
SIEE ST IRsU, Mg |, DIRB A REJCHE
Z 5 R 55 AR Fe(lID) 0 2k
AR, (AR R A b B R ERAE
B R Y 2% 5 DIRB 3B 1 [R5 A8k iR
DIRB A gE AL SE T X2 i F s T Il 72
it DIRB 7E 8k 2 A Ak ol B2 Hh 43 10 /1 66 S5 1
FAML R — 258 . (EASE R, BRT
A LR 5L Fe(II)4h , DIRB i A DLig Ji 4 4 A Ak
SRS PR, W NO, M NOs -, PAEAT
T2 AT RS R DT, Al Rk R R
HAXT T Fe(lll), #K4> DIRB B 5 T FI VA S
1) NO N HLFZ K 744, 1 DIRB 3K/
KAkt AR AT LA B N, X AT fEJE DIRB &
S E et i Kz —P
1.3 HBEERBEH

BT A6 F M DIRB Z4b, i AG &#B 43 B AP 1E
PR EE R PR R, AT R AR
SE AR A7 B G , (AT TR /R AN B 200
Sawayama 5% T 1AL 15 U Hh ik s A AL i 72
WAL 16S rRNA JEH i R AR X UE Y i 240
P, K 2] Exiguobacterium spp. , i HA
BB R AE IR R KB, HEW Exiguobacterium
spp eIt iA RN A E b R EEE S 5 H I,
Zhou S5 & B, A= Wtseds T LUAAE E ARG H 4 g rp
Rk A LR, EM I FEFR Geobacteraceae
B BE N R%, 1 Pelobacteraceae . Desulfovibrio
S A A P S A TR R Y R 2
FR . PR A 0k 2 T AR AT R R Bk A A Ak it R
KAMEZEEY IR, I RNA-SIP #

http://journals.im.ac.cn/actamicrocn



2254

Cheng Kuan et al. | Acta Microbiologica Sinica, 2022, 62(6)

A, @RS PC ENRICHIEY, Li %
XPHERS T 12 FPREH LU TR AL
MR E, 45 KIFR T DIRB 4b,
5 8RB ARG PR A SE I GOUTAL9 il B A 1k ity
W Nitrososphaeraceae W58 AL
R G I SENY, Shuai S 7ERF T8 A T 184l
FH KRR P RAE LR, BT —E%
WAL R AAAERY SRR, — Bk
HEEERNS5A TS A A b i, m
BIE MR R, FEIRAR T, Fahsie
Y P RE S LA F AR S FEL -2 AR BK B NHL i AL,
M HJE 75 T LARS & NH, 48046 5 Fe(IID Y id 5t
R, T ES I BR T R
Flish, Bao S8 MFTH HIEVIRY HE4E T —Fb
Al LIRS EAFTE R LA PR v HI-4 T REIS
Anaerospora hongkongensis 5 85%, I LIA>
SR A 2R 91 3K 3 Fe(IID) iA J5t R Fe(ID) ;
Comamonadaceae 5 15%, B]PLSKS)Z A
e, IR PEERERFN Fe( 1) Z A A F I,
LR FR T Fe(IIDI#b 72 5 2k & Skl 72
IOESES RN

2 REANIENF

BERRA AL R E 2 S T —E itk
J&, AHASCHY R Ae S ALHAT A WA . BT
RAMA AR, ARSI T RE AL
RERER 3 A SONHLE], AN 1 B, 350
PR E AR i IR S B Bk A R T
RN SRR AL i AR A
FRRE A R . ASCRET X . AL
e IR R SE |, Xk Atk R T
T35 3 RIRAER S B AL], AnlE 2 o, a3l
N+ TR W b R A LA SR B0 A Bk e A A 5
A AR AR IR S R B A B 5 by
HEALAE FH UK Bl i Bk A AL 7 R B 1(A-C)

<l actamicro@im.ac.cn, & 010-64807516

KL 2(A-B) (14 Bk 24 48 Ak 2od 72 fR AR P 4R HTEK
8l B 2C H it B Ak 2= e AR S . X F ik
Yok sh ek A A RE, B B A
AL A Fe(IDiR )RS NH, A AL~ id
2, A2 o r BB A Y BB 8 L NH, 46
fbid 2, Fe(ITD)iA Jiiad #2 ol Ho A s A 9 8 fb 2 R
TUR BN 58
21 WEYEEREMERSNGIENTE

Fe(IIl)ik Ji5t o 2 2 2k 2 S Ak F i B B A
BERAY, Yang S HEM o R AT BE S f A A= 4 LA
By e T, i 1A R . X
5 5 AT RS B A 0 B S W R BIK 3 1)
Fe(II1)id JF 1 FEAEAE — 5 WA U o 76 L AR i
AR, AR P e AR PN A L A
T, et — R LA B R 2K F T 2
AL 2 Fe(ID)PY, fEk & AL FE T,
AR AEEE R R 7R, IR A
AU A Wb B N NH, 8 AL 7 A (1 | T
i AN B A Fe(lll). A0 i 280
WAEY S Fe(IlD) B e fihiff 47 M F1& 38 A7 A
HIRKMWZS, Bl Geobacter 1 Shewanella
HR AT LAGE 77 AR ANOK 2R B S A Fe(TIT
filt, T RIAIK LS HAT o T AR T 1Y
LFE, 1S T AR AN B 4 S AT R bk
A A TR FT RE DARE R 47 1 O =X 52 i 4 e B 2
Fe(IID) A H F 1L o #
22 BTFHFRENMESHNHRISEILILE

HL 2R Ll A S E Y S5 Fe(D
Z IR ALk, SEPK BB A VS N
Fe(TTDiA J it A2, DA I 2 1 R 55 v A R A 31
RPN BEIE R, B SRR M T DA Sk
REAL P Fe(lDiR 572, & 1B fr
No RGN LR, BT
P Ao 4k B S A 3 R 1 s i LA o A 2
Peo —Jrm, HEikMEZHE T ERET S



BRE | AW, 2022, 62(6)

2255

JO Feammox bacteria
(A)

Fe(I1I) hydroxides

Fe(I1T) —— Fe(Il)

NH,

Fe(1ll) hydroxides
Fe(II)

@ @ Electron shuttles (ESs)

©

Fe(Ill) hydroxides

Fe(Ill) j Fe(Il)

E1 DAERRBREMBEDENOERE NS ER LN

Figure 1
ESs mediation; C: oxygen used by bacteria.
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The mechanism of Feammox driven by bacteria reported by current studies. A: direct contact; B:
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Figure 2 Potential mechanisms of Feammox. A: interspecies interactions; B: coupled chemical-biological

process; C: mineral catalysis.
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3.1 ZIfiE pH
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4T VOIS 1 28540 40 DT BB VK 8 1 8 Bl 1
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B, BREE L BT R pH JEFIN B & i
11, AFEMR pH A PR L= ZhER . Y
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BRI A RE K, kA ST 1 S 3R U T
ATRESE I T RNK R T pH BT s, 24
OIEFAR R BB pH H 4.27 T2 6.12 B, £k
AAMNEFERETRE, JFH N AERETE 6L G
A B A, RUML pH AIREE AR F
BA AL N AT VB B A & B vE—
1 BRIk A A b B ARG A, A6 B
SR TGP B 2557 3 pH OS2 . A6 T 5 7E
ik pH &/ FAEAE, 24 pH>6 B, A6 HRERA
AL A7 B 4 RO, A - R
R, AL pH HIEIREERT A6 R m 1 F
g2 R R I, B AL AR T BE
P FAEAL pH &F &4, SRMHs ISR
TR A A AL BRI R R BRI pH S W 451
gk 1 FoN, 7EE A BT, Q0 a) s i dth (pH
8.32-8.75) . 1] j# 2 -5 (pH 7.26-8.06) Flifl i
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R A R A B P K O 3 pH
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5%, EEXTE R RS R T BZEVEH pH 1)
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S D36 BB T A (] A A B (Pl PR Pk B ik ), s
S B 5 AT B8 T A AP A AR B R YA TR
pH T s b R, e —2 8 pH Xt
BRAEEAL L FE IR
3.2 Fe(ll)ikE 5z

Fe(Ill)] Z AF7E T - 58 0 Hb ALBATA 55 A 4R
AT, BB POTR M EEANT S, W
FEFRM, Fe(lIN)AT LIMEA NH, 48 LA L3214,
IR Sh I Ak S A R A K A 5 Ry R
Fe(IIT) 3= &3 3o 77 70 T8 28 Tk B X gk a4 Ak i
A . BN, ek AN Y Fe
Y Ah R EF R AR, NH B AL A R N, AT RLZE
pH<6.8 1 OL T~ B R HEAT, (HA B NOs FEAEA]
FAFTERICIE B & T, Y Fe(II) K ERD™,
pH 24 7.0 I, AR N, A NO;y 77 23 2 Mg
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SR ESREE PR A A RN R
(1 EE P 2 FERIFSE — i XSk AR ] A 35 (o
S IR D=t SRR 1 B/ TR VTV 2L 7 DR ==K C U R S A
%% B Fe(TI)HE BE T N, 7™ o A 8 35 AR S PR,
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T RE RS AT RS BT SR Fe(TIDF2
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A=W 1) BN AR B A AR I EA TN BR TV
JE | Fe(IID)Fh 2t i 52 ma gk 28 S Ak i e 1 i 22 [
R TE A6 WY RE SRR R [FFP 2R Fe(11D),
WKERE™ . SHERET LR T LIRSS A6 1Y
B 3244, EACAE KB R 2k i st 300
F| NH, B A A i A i U 7 - e =
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Ve, REFER Fe(ll)H A A 1A LA
B, A [F TR P AR AP Fe(IT)HY
FIFRE I IE AR, IS [RFDSE B9 8™ ) s
Bl GESZM 1 AR MR ETR o A, T S2 i 1
B A e
3.3 THlRxRIREFIE H IR

fi Ak G Py 2 S A 0 1 B B R R VR AN AL AR
HRLER Y, PRt ib & 9 a] R 52 e G A= )
PG FE , DA Rk 28 S b e B ™ A S
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T2 ) [ 2 T 4 s A AR, e Fe( 1AL
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X g 5 1.35%-29.26%12, KA ZE 1
RAT LS IR m e, ARk A 7 v
AFIFEM (R 20— A B R AR
A, UL, BETHES) B RAERS RGP EIGH
EFRAN, AT R gk A A R TP R
FEAr R, X PO A 7 ) - SR I
[i) et LAY HE ) SE PR

5 E%

HUE RS R AL R, 24K
HuBR A2 R R B B2 R, — B TR AR
Prkad A b B R L S SR, BA
HEPREMAE . BAR B e S 1
R R R R 2 AE T R T —
kR, (0T IR BT A A 24 P FA 56
WUeE it B — @ WX, HajdFRRaE Ak
T AR B SEOU S N HIL L A S AR A= 1 R S B g
LT TR Y B, AR BIWFFE AT I T
LR JLAS 5 T

(1) H A8 R ] DUIE 528k 2 E 1k 1 & A= Fn
LIRS, H e R SO0 S B BIL R AT A
AW . Fe(ITD)if J5F1 NH, 48 Ak 3 2 ] % 4=
PRI R Anfu] BARFE A 4 Ak, ok L [A) ok 251 £
o BTG YR A A, R
O3 F A W2 R A 0 R OO S I ML A T
iR AT 2 AR 2RI [ T 1 DG B L PRI IS R R 5
Hh N 24k S T J AN [ A 35 1 gk e SR AR I A i v 4l
BT AR,

(2) TEBRE AL FE WA S 5T |, TRl 26
NERFARJE E BB T B 7R 2L IR 1A



BRE | AW, 2022, 62(6)

2261
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