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Research progress in the role of hydroxylamine in the nitrogen
cycle and its impact on N,O emissions
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Abstract: Hydroxylamine, as an important intermediate product in the nitrogen cycle, connects
ammonia oxidation and nitrite oxidation, influencing the velocities and directions of processes
like ammonia oxidation, nitrite oxidation, and denitrification. Because of the close associations
with the generation of N,O through enzymatic reactions and self-decomposition or reactions with
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other substances, hydroxylamine has become a focus and hotspot of research. This paper
summarized the generation and transformation of hydroxylamine in autotrophic and heterotrophic
ammonia oxidation, the key role of hydroxylamine in the nitrogen cycle, and the promoting effect
of hydroxylamine on N,O emissions. It analyzed the processes of autotrophic and heterotrophic
ammonia oxidation and their enzymatic differences, aiming to provide a theoretical reference for
in-depth research on the role of hydroxylamine in the microbial nitrogen cycle and for the
research and development of measures to reduce N,O emissions and protect the atmospheric

environment.

Keywords: hydroxylamine; enzymology; nitrogen cycle; nitrous oxide

RoEHek bEEMNAmITE, UARIES
fEfE T2y s AEHadEA . Hik.
Bt . IR EAA . THRRE Al [ ok #2 L
KA EFREZMisiE, iR ek LA R ZE
AR A st B b R 5 3 A
il | 3R A Ak AR A AT
(ammonia-oxidizing bacteria, AOB) Fl1V.filf iz £k 4%,
FLAH B (nitrite-oxidizing bacteria, NOB) L[] £ 5

FE M (NHOH)E Ry BAREA h A B2 1 v ]
FEpt R 20 40 50 AR R R, H R
9 FEE PR ERER A YR AE KiE .
TR A B, PR e RE A5 A2 1 Tk Ak ) R B0
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afg 5 H Al 5 R Ry A A NLOPY, AT 2 3132
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AR SC IR Al B A S il L R I A AT B
PR EAR] . B gt NoO HESS 3 NJ7 T,
LRGN T RN B4 A B P A A E NL0 JE K
HRIPER, DA Bk — 20 BR AR 2 e AR AR 35
AIHLAL . B NoO JHE B4 I 2 BOA S it i A1 3
wE%.

1 BAENSEHABEERS
AL

1.1 EEEEFIANHLEFIE~]
fEAFAA SRS, AOB, &AM H
(ammonia-oxidizing archaea, AOA)#l A AEA
41 I8l (complete ammonia oxidizing, Comammox)1
I FH 2 50N % i (ammonia monooxygenase, AMO)
W A AL R E RSO iGN, AOB B RERR I I
fili A& it T8 (Nitrosomonas europaea) ATCC 19718
FEUF SR AT FH AMO ¥ & AL R
AOA ") Candidatus Nitrosocosmicus franklandus
C13 T ¥k R RE FI FH AMO ¥ & &ALl 35 1)
Nitrospira inopinata V£ R - % BLHY Comammox
Rk, FREEFIT AMO B2 S84k R 2,
I, PR H IR E A R R i g R =
ARG R L R TR AE 2 MR 2 R
B, ALK, AR,
NH;+0,+2¢ +2H"—->NH,OH+H,0 (1)
1.2 BFEENXEE AMO ST R
AMO J&—Fha R E 2 SRR IR, 8T
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A A0 L A R R, AR AOB.
AOA F1 Comammox ¥JF|H AMO ¥z A4k h #5
e, AANTE B FR2 AR AMO 2549 3R 58 42
Al AETE 3 R AFRA AL AMO EEHH
YIRIAE amoC. amod 1 amoB 3 I, HHAR
& % B amoCAB 1Y A J fF 1 7 8] — 452 9\ 1
rpl1214151 “fH Comammox ) AmoA A[& T AOB
I AOA, T J& F — A M 4 3 “comammox
AmoA clade A”, 5 AOB Y[R EHAH I, 1p
Hb, ANTRIFRE ) 2 A AL R A AR AT AR DG 2
#ln, 7 AOB ' f£ /£ AmoD F1 AmoE!Y;
AOA ] AMO HAEFRE A PER) AmoX ., AmoY
AmoZ!' ¥ (8] 1), AOA 5 AOB ) AMO .3
A 2 40% A9 AR L ED R Rk B
Comammox ' N. inopinata ) AMO W35 h 52
%, I AH S AmoD Hl AmoE A& &5 H AL A9 [F]
2P ORTR BRI B S EUR TR AMO 145
FIBANE . [FREHL, 75 AMO IGPEN S5 T,
WF5E 2 B H AL T AmoB A1 AmoC V.3 |20, 4%
1M AmoX 255 514 W7 3 2 75 [a) A 5L AT I o7
JILXT AMO TGRS IR A i — DR 5T
1.3 BAZEUEUINEZEERELER
7 NO,y”
1.3.1 AOB F/f HAO B EE LA NO

e A FRaE A e i, mE A e
¥ M AF 7 M A Ak i )i T (hydroxylamine
oxidoreductase, HAO) W YEH T #4L°F NO,™, Jf
PR A NET, AR QTR BRI,
WF5E & B HAO By B 427 ¥ 2 NO Tk NO,,
FEMEAE HAO FIAIML (5 2 PA60 AL R4 HITH 9t
A NO, JFAEM 3 MHT, WAKG) I
R B, NO #E— Ak A A LA R i (nitric
oxide oxidoreductase, NOO)/E FH al AF A= Wy B AL A
N4 NO,™, 4 1AM+, InAX@4)
JroR . SR, 78 AOB H i ok B & M
NOO, HUIthsE &4 T 2 FrlGEF 7l NOO )
BE M B . W oneyd % B ) S L R A

T - 9-. (/) ® Conserved Cu sites
?l

o Electron .
“ ® Conserved Cu sites

vvvvvvvvvvvv

------------

Electron .
® Conserved Cu sites

Bl BHFERAUEAMOLHREE. A, B. C
I lFR/RAOA . AOB, Comammox 1 AMOZE 4 7R
B, AmoA. AmoBFIAmoC (B 0)ff5F, B
= B/ (AmoABC). AmoB HlAmoC & £ i B T 4%
FALE, TEAOAFIAOBH ZRFH. A: AmoX
(ZLf71). AmoY (Z4{0)F1AmoZ (&0 e A i)k i
AMO#H BN ; B: AmoD (i 4) il AmoE (45 {2)
JEAOBH R BB & 15 C: AmoD’ (R {2)
AmoE' (IR & ff1) /& Comammox ' & B # AmoD Fll
AmoEM[F] R W) .

Figure 1 Schematic diagram of AMO of autotrophic
ammonia oxidizing bacteria. figures A, B, and C
respectively show the schematic diagrams of the
AMO structures of AOA, AOB, and complete
ammonia oxidizers (Comammox). AmoA, AmoB, and
AmoC (yellow) are conserved and form a trimer
(AmoABC). AmoB and AmoC contain copper ion-
binding sites, which are conserved in ammonia-
oxidizing archaea (AOA) and ammonia-oxidizing
bacteria (AOB). A: AmoX (in red), AmoY (in green),
and AmoZ (in purple) are the putative auxiliary
proteins of archaecal AMO, respectively. B: AmoD (in
blue) and AmoE (in purple) are the auxiliary proteins
found in AOB, respectively. C: AmoD’ (in dark blue),
and AmoE' (in dark purple) are the homologues of

AmoD and AmoE found in Comammox, respectively.
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(nitrosocyanin, NeyA)Fl i nirK 2 i 1) 5z [m] 2 E
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55 A A I AR G At A ] e s, SR
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REIEH B RKPY, Ik, T AOB H7fli NO %
% NO, UIBenyl, Ahes it —4R5% .

NH,OH + H,0 — NOj +4¢™ + 5H* )
NH,O0H —NO+3H" +3e” 3)
NO+H,0—->NO;+2H + le” 4

1.3.2  AOA &L RRAVEE T AR
AMO 7E T F AT AOA Hh B2 R 5F 1,
{H H AT M R % 2 HAO s R R 2, B
AOA RNEAE 584G C BUMLT R ML
I, AOA XJ 32 g i) 48 Ak B A Tl ks 1 il 2 R
HiAr 2 Fhalaeny o ZA AR (1) #iE4
J& B &2 & W (the copper-based metalloenzyme
complex, Cu-ME)F|FH NO FIFHEIE i 2 143+
BOE AR L, BE S H NirK f§ 2 5 Al 1R 5 1)
NO %54k ; (2) 1 Cu-ME F1 NirK 2 i il 1% £
B A AL S R £R , NO B b ] 7= 4y
(F 2)B B985 O 1 AOA PR 2H vh % 5 K
OSSR AT, DR 3 TR A A
REMRBEAHN . 1A, HHHAY NirK i
AE % 11 1L 2 1 %2 4k o NO, I H. [F i B A8
NO, ¥ by NO g 1, SR 1M, AOA &5

NG NirK
Dl SV

=+ ~
AMO oy —CHME_ o)

NH,

AM Cu-ME/NirK  Cu-ME/NirK
O NH,OH NO NO,-

NH,

B2 BZREACAFERENTHERSHELIIE
)SEiPS il
Figure 2  The generation and transformation
processes of hydroxylamine in the aerobic ammonia

oxidation by AOA and the related enzymes'®.
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Figure 3  The generation and transformation of
hydroxylamine in ammonia oxidation by AOB and

Comammox and the related enzymes.
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Yz B S RS RS, A
FEHON I A% . HEDHZ SR R iy i o8 2 5k
TR . A BE R LS G
BRI BZRG 3T
1.4.1 HAOB FIf] AMO WG EE 1L
N

R AT A HAOB 2 A Ak i 72 1 v ]
PR (R 1), B 40K 2= B R R (Streptomyces
mediolaniy EM-B2* B RO
(Pseudomonas putida) Y-9*7 F1 K zh ¥ H
(Acinetobacter sp.) ND7U Y & S Ak 1 F v 24 oK
R BN B e . A R AR L HAOB Hr, JfA
B 5 A7 i AMO AL = el . FAAE 20 1
LA BFFE R BT TR I SR Ak T AMO
(%) PCR 51 #7143 HIF HAOB™, 8] HAOB
2 F AL A ETE R R 22 5o AN, i

1 HAOBHRYZRE K H A4 s fngs (LA X EE N fs

i P. denitrificans 1 AMO 13 H 5 455 AOB
) AMO i 3k [ 22 S5 AR RBH. B w7 35 4
HAOB A FL T AMO 1) amoAd W.HEP*4 (3 1),
EHALW IS AOB JEAHIE. SRS, K&
% HAOB Mz A kil 2 A 5144 AMO KA iy
EM S RE, RN BAEAR. HiL, 7
FRRAAS FIFAEER  AMO Ak, MR 2
AMO R JEY . HAOB FJH AMO () [R] JE455
AL RN, 5 AOB 25/, HAOB LIE MK
Y, IR TR E A R, THFE 2 A
T, A2 HAOB TG amod F[H , {HHf S5 K6
T2 T FR e B AFAERY, R AN T A AR AR
W HAR DI RE R . 25 Lk, Sy
S AR Py, B AREE
HAOB #Rer=A: ¥ e, ook, ¥y =&tk
#BHH AMO iy J2& H [ 5 4 1L 1) . HAOB 5

Table 1 Hydroxylamine in HAOB and the genes and enzymes related to its generation and transformation
Microorganisms amoA AMO NH,OH hao HAO Reference
Alcaligenes faecalis strain NR - + + [33]
Arthrobacter arilaitensis + + [34]
Arthrobacter sp. HHEPS + [35]
Acinetobacter sp. ND7 - [36]
Acinetobacter junii YB + [37]
Pseudomonas aeruginosa P-1 + + + [38]
Sphingomonas sp. YY2 + [39]
Klebsiella sp. KSND - - [40-41]
Bacillus sp. K5 + [42]
Thauera sp. SND5 - - - [43]
Sporidiobolus pararoseus Y1 + [44]
Streptomyces mediolani EM-B2 + - + [45]
Pseudomonas sp. JQ-H3 + + + + [46]

RS TR SRR, WATESK . TolgoK . 5., A5 k13 . b T 5L K™ 34 LANH, N |
TR A AL CIRBEAT SR Il o +AUHEAT T H A iz dn, —UREET TIEEA S A iZGR, = AGERRE

FrinE .

All the strains listed in the table are heterotrophic nitrifying bacteria, which were isolated from domestic wastewater, industrial

wastewater, sludge, lakes, and other places. The genes and their products listed in the table were determined through experiments

conducted with NH," as the nitrogen source and appropriate organic carbon as the carbon source. + indicates that the measurement

was carried out and the indicator is present, — indicates that the measurement was carried out but the indicator is absent, and blank

indicates that the measurement was not carried out.

http://journals.im.ac.cn/actamicrocn
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AT IR EE W AR L
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