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A W= 1) AN Al ER 1R A Ak (e =X 2) AN ) I
I

NH; ——NH,OH——NO——NO,"~ D
NO,” NO;z~ (2)
1.1 H&EMA

AR D AR TR 5 — 28 [ I 2
PR A TR o T3k — 25 BRAR S 2 5 fin 48U i (AMO)
K 5E A, PR AT 1228 R ) A P 7 3 i P
5 AMO 1 amoA JE[NR 4 . RZ 4 AOB J&
Tk IR B ARTEHNAM vy BIREN, i
4 Nitrosomonas . Nitrosospira #1 Nitrosococcus
B, ACA MR ARG L B R AW HUUTIE
Nitrosopumilus. Nitrosotalea. Nitrosocaldus Il }
Nitrososphaera™, #1jf L5541 AOB T2l
Nitrosospiral*#l Nitrosococcus, J&# F %441 T
H o 8 AOA % 5 Nitrosotalea  #l
Nitrosopumilus H Ak ER B 4 S 190, 7 3 i e i
4, Yang %5 (2013) & Bl AOA E BN
Nitrososphaera #1 Nitrosopumilus DA & —A~“fikEh
JE53 37, SR ARG AOA FHEH A & &
F2ERPO WOR T HRBIES R AOA 43 HA b
FH2E SFREIRYE . AOA 5 AOB HAGT A [A] 1Y 145
TR bf FIAEZSAL, 32 B A — R
FE, BINEREE . pH. FURE . FE . wifk
WIve LA R R b Wk 25, (HAST B 5 K AR B

HAR ML B 22 5 A 56 (3R )P, AOA HAML &
(R EC ) 2 R T (CRARL RN 20 K=133 nmol/L) FIik A%
AR Im SE (< 10 nmol/L), 4355 AOB 1) 200
F5R1 17100, —F BRI 2 15 AOA TEIRY)
W 1B = B FRBE P o A XA AL
&, AOA TEilffbid B RT3 V-ATPase |73k
5 IZ MR LA By AOA 7= ATP Fls 3K 8h 77,
PETE N IR YE . Frdh . w2 HLik )
WHAREL R, KZBEB T, AOA ERIEEFRE I
B AOBMZ 2 (A A7 AE M I ST, M4l
AT AARIE , 7675 R WA | b
FE AL B 1A 2L e F K PR SR B B K AR
EER S AOB HYEREE T AOA. H Rifit
A EE R ESEH AOA, AOB FETEFEME
5 pH IR R, AT g 5 KER IS0 pH 6 B AL
JIN ELAR AR A 4 A 1220290 X pH Y [l 4.8-7.7
P22 A TR M AOA AR 32 BE 9k & B 5 pH
R, BR T AOA XHE pH A fr-: 128 4
BRI EoR, pH RS sIREAN R 16, M
T FEARES P i A= ml R R, (A5 32 52785 3R 11
AOA 447 T 3, T AOB JLF-ANRETE pH X T 6.5
(g ER 8 P E AT S AR, B AN, AOA B RENS
TE R BAC 0 25 1F T A AA T SRR Ak e, T
AOB MAERIZ R4, XFTaEYS AOB H &4

T 1. AOA 5 AOBHRIEEBIIESHHER

Table 1. Physiological and ecological distribution
differences between AOA and AOB

Parameter AOA AOB

Substrate affinity  High Low

Substrate threshold Low High

Ammonia Low High

pH From acidic to alkaline Near neutral pH
Oxygen Low High

Sulfide Presence Absence
Phoaphate Low High

http://journals.im.ac.cn/actamicrocn
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KT R A R 7= NLO FLEEAFN o1 ik ()
Y B M R, AN A R A A R A 5K

NOR fitfk I 4= i N,O*#-¢1 ) 3) AOB i 4 ) CytL
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Sk, EHENLR SR ZERE S, NO T IR HEAIE N N0 RS> Comammox 1175
LA VI =Rhis AR 2, | 1): 1) B4 250 Cytl A (FRUE /N T 55%), EHF3A &

AR, WARASZHAE N N2O o TEUF4EZRF T, AOA,

*x 2 ETEREEMBIEHEEHEE NO FERERR

AOB Fi1 Comammox 24 & L1 H [a] F=4) NH,OH 5 ze
NO, k27 B i 2B i NL,OB384 2y fils b i S ik 4 Table 2. Genes involved in N,O-producing nitrifying
p - . pathways.
4éo Eﬂi%%ﬁ:_’: AOA ﬂl AOB i Eﬁﬁ&%ﬁ Gene AOA AOB Comammox
W5 Nirk Br NO, iR )58 NO, 523 W il 5 — nirk +i- +- -

soe norCBQDSY - +/— -
ﬂi‘y ;gf k —ﬂifirﬂﬁﬁﬁﬁﬁﬁﬁ AOB % T p450nor +/_ _ _
SALEUE ST NOR 7771 N,O; AOA Hiltfsify % - te -

+/- denotes gene detected in several but not all organisms, -
denotes not detected.

XFPEE L norB, TiZFEAL pH T A/ P450

‘,""""bkfé """"""""""" Anoxic N, N,
| Oxidants (Low yield) Reduc,tants A T NOS
: (Fe’’, MnO,) (Fe**, Cu* humlcs)'
: N:O ‘\ 1 NEO
s [ e e
: ' HZS NO
! : 1 NIR
] 1
\ ; NO,
S I B
NH3—>AMO 4 > NO T ONO, Yy NO. /‘NXR
: Nirk : NXR ’
NorCBQD/NorSY(AOB) i

P450 NOR(AOA) | N,O forming pathways
it Abiotic/hybrid N,O formation

N,O ; =--=: Nitrifier-denitrification
................. AOB CytL pathway

L (High yield) P

1. @EWIEP NO FEHENFIEEDIEZE

Figure 1. Biotic and abiotic pathways involved in N,O production derived from ammonia oxidation. Solid and
dashed arrows depict confirmed and proposed reaction pathways, respectively. The enzymes or redox involved in
the reaction are noted next to the arrow. AOB and Comammox contain AMO and HAO, while AOA does not
contain HAO. The enzyme that catalyzes the oxidation of nitric oxide to nitrite is unknown. AMO: ammonia
monooxygenase; HAO: hydroxylamine oxidoreductase; NirK: copper-containing nitrite  reductase;
NorCBQD/NorSY: nitric oxide reductase in AOB; P450 NOR: cytochrome P450 nitric oxide reductase in AOA;
CytL: periplasmic tetraheme cyt. ¢ P460 protein; NXR: nitrite oxidoreductase; NIR: nitrite reductase; NOR: nitric
oxide reductase; NOS: nitrous oxide reductase; HZS: hydrazine synthase.
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K52, AOA. AOB, Comammox Zflfkis =4

%3 MASHMKERERLREEED

Table 3. Nitrification rate ranges in lakes and other aquatic ecosystems[95]
Ecosystem Lake River Coastal marine Deep ocean

Sed Water Sed Water Sed Water Sed Water
Rates 2-20 0-1 3-23 0-4 0.2-7.0  0.002-0.200 0.003-0.100 0.001-0.010

Sed denotes Sediment, coastal marine and deep ocean are divided according to maximum depth of less then 100 m and above
100 m. Units for sediment nitrification rates are mmol N/(m?.d), for water nitrification rates are mmol N/(L-d).
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Research progress in microbial nitrification in lakes
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State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, Hubei
Province, China

Abstract: Microbially mediated nitrification plays a key role in nitrogen transformation and emission of
greenhouse gases N,O in lacustrine ecosystems. Thus, studying microbial nitrification process and rate in lake
environments helps comprehensively understand nitrogen biogeochemical cycle in lacustrine ecosystems and its
response to regional and global climate change. This review summarized processes and microbial community
compositions of nitrification (including ammonia oxidation, nitrite oxidation and complete ammonia oxidation) in
lacustrine ecosystems and their influencing factors. Spotlight was given to the mechanisms and relative
contributions of N,O production through ammonia oxidizing archaea and bacteria and complete ammonia oxidizing
bacteria, followed by summary and prospect on the current situation and future development of nitrification
researches in lakes.
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