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£ 1. EGRELINEIFIXT AOA F1 AOB BYINFIF R

Table1. Strength of inhibition of traditional nitrification inhibitors on AOA and AOB
Inhibitor Concentration AOA AOB Reference
DCD 10 kg/hm? + ++ Di and Cameron, 2011
50 mg/kg ++ + Zhang et al., 2012
0-1500 pmol/L + ++ Shen et a., 2013
DMPP 10 kg/hm? + ++ Di and Cameron, 2011
1.94 kg/hm? - ++ Kleineidam et al., 2011
ATU 100 pmol/L ++ Hatzenpichler et al., 2008
100 pmol/L ++ Taylor et a., 2010
0.1-500 umol/L + ++ Shenet a., 2013
20 pmol/L - ++ Jung et al., 2014
10 pmol/L + ++ Sauder et al., 2017

++ significant inhibition; + low inhibition; — no inhibition.
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2. BREBRAINFIFIXT AOA F1 AOB RO R

Table 2.

Strength of inhibition of alkyne inhibitors on AOA and AOB

Inhibitor Concentration AOA AOB Reference
Acetylene 8 umol/L ++ ++ Taylor et al., 2010
0.01% VIV ++ ++ Lehtovirta-Morley et al., 2011
0.01% VIV ++ ++ Hink et al., 2016
6 umol/L ++ ++ Sauder et al., 2017
10 umol/L ++ ++ Taylor et al., 2017
6 umol/L ++ ++ Yang et a., 2017
1-Octyne 20 umol/L - ++ Taylor et al., 2013
20 umol/L + ++ Taylor et al., 2015
0.03% VIV - ++ Hink et al., 2016
8 umol/L - ++ Sauder et a., 2017
4 ymol/L - ++ Taylor et al., 2017
4 ymol/L - ++ Yang et a., 2017

++ significant inhibition; + low inhibition; — no inhibition.

1.3 —HALA(NO)EER

PTIO (2-phenyl-4,4,5,5,-tetramethylimidazoline-
1-oxyl 3-oxide)s&—F—A L A TERA, TEBEZ5HF
FEAR A )z B0 PTIO B & R AL PTIO
(carboxy-PTIO) 23R NO KA i, Azpl NO, Fil
PTIs, MRS NO WA, NO; 5 PTIsik
JEZ AT 18] 2 Z [,

AOB & S AR 4 AR M, {1 AOA
A A I i A 30 R S8 AR . Walker 2512054 42 iy
AOA 5 AOB myz A bt Alm, FH4EN NO 2
AOA Z AT R —Fhep ]y, T, BFoes
TN —E ARG R A6 AOA I Atk 2
FEARIER, (ERE&XT AOB P52, ARZH)
WP AESE 13X — WA . Shen 2585t e T ZFh il
B35 %F AOA (N. viennensis EN76)#1 AOB (N.
multiformis) i fEHIRBCR , Hrr, HAARKEE PTIO X)
AOA HARSRMINEIVER, HASXS AOB =4 5%
i, PTIO X B N. viennensis 411l ik B Ky
(18.3+5.2) pmol/L, 544l R 52 pmol/L,
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SR 200 pmol/L ) PTIO X%t AOB L ¥ A {Efaf 41l
MR . Jung 2 T HESE NO 78 AOA & Ak
AR RER, mIGFREREINT PTIO, 455k
AE 100 umol/L PTIO IIFEATT, AOA A KA
MR E A mE . Martens ZE Y BFSEIESE T 2 Bk
VETERD AOA(SCML Fil HCAL) B AR it i #2774
HiE] 24 NO, 3 H SCM1 f1 HCA1 2 E Ak
FAEZR N 100 pmol/L PTIO Ky 414 T 9o 4l
i, 7 100 pmol/L i PTIO X AOB ¥4 7= A= 41
il VEH

PTIO X} AOCA WA B2, HASMm
AOB A, IR 7E 2 A A P A AR DGR 5
PTIO % % Wi FIfE AOA RY4FSHEMEIF, ATIX
SRR EUR G 3R AOA L AOB XIiF kA
FEARXE Bk, N, Yan ZEUYER A B
WINT 200 pmol/L PTIO JH 45 S P41 ol v v
AOA N. maritimus, %t 40%—60%) 2 A AL
F&H N. maritimus 4L . PTIO ZEA [R]85 Hr i
e v B RN R AR Ik 3 s o
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#* 3. PTIO X AOA #1 AOB HIHIHIZIR
Table 3. Strength of inhibition of PTIO on AOA and
AOB

Concentration/ AOA AOB Reference

(umol/L)

200 ++ = Yanet al., 2012

50 ++ - Shenet al., 2013

100 ++ = Jung et al., 2014

100 ++ = Martens-Habbena et al., 2015
100 ++ — Sauder et al., 2016

150 ++ — Kozlowski et al., 2016

200, 400 ++ - Sauder et al., 2017

++: significant inhibition; +: low inhibition; —: no inhibition.

Br T PTIO Z 4k, HAtJLAN NO T BR 5t Bl ik
SN AOA A HE SN IV AU kiR | 22 9 %K
P FR G R FD 2B O O BR DY MR R TR X AOA (N
maritimus)#1 AOB (N. europaea) 41 I /E FH A A,
REFERCARH S R X AOA F= A=/ A, L3 il 5
JEIE KT AOB., JEH S 100 umol/L (i r{l iR F1
3 umol/L BYEH L, #RREXT AOA 74 100%ft
WHIVER, 5 100 umol/L PTIO (M A4 .
BT, — % AE bR e M —— ST LURR S e
il AOA IR, ZES TG MR P B ESH B L
N

2 EKAH A

o2 R 00 A A ),
FESRPAER, BEEOLT, X401
PIPTAE ZO T AR BCA R, Ltk N. viennensis
R R ., FIER. RYEEEMEATEER
AR AL E YIS b R PR R
SRR, HER. FIER. KKEXNE
R PUARFENTHREMSELRE, Fla

7E Nitrosotalea devanaterra 19 & 4E i #2 |

Lehtovirta Z 4 E 7 F AT 50 mo/L 8575 K
FAF 0 A e i A 4K o I Lt A (5 R TR R 1 s
343 T Nitrosocosmicus franklandus f 4l 55 #y1%8! ,
e R —HRE A N. viennensis & 54 A5
Bk, Tourna SO AR R . RALE R
AR HRRERERBIMA, BREHHRT 218
44 EN76 Fl EN123. Chen 45117 AOA 84
AR T 7 RBUER, BT MRS
CERRIFR AR ER . FIPER. A75%
RN BRSO 5019 AOA
EHEME RS, ik 41.23%. Kozlowski %7 7E#E
5% N. viennensis HZ ML HLIRI BT TR
B ZOR A UE BRI Sl

PRtz oh, Hid R ae T IX ol T 5 i
(2R (A RGRE T, BIINTE A= B SC B0, Taylor %1%
N T XAAFEE T AOA Fil AOB HILEMIA N
BE, M8 TR EE R R R R AN A
MG . BiAE AR 2 A TR A AR DG A 5 b (i
o, A B R AR AR TR A
SER

3NgEfREE

A FAL A Y g e A R R —
FhEH ARV FB, BERT DU 2 A fb it 1A
A, tnT DL B IRATT X 2ot A 5 4 T R A
YER B TR A S AT A B G AR BE 0y o 7ESE
= LB T, B 2EHURD PTIO W 4T
FX 53 AOA . AOB XIiFALAE BTk, T fESemy
Al ] 500 D0 =2 A S SR g . AR
R BB R, 7 AOA 115 4RI 43 B S 52
B, HUAERE AR E AR, il
W E 4, 76 AOA MHIIEMRFT LR, bR b
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AT 4Rt R = Al
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ammonia oxidizing, comammox) !, A i & A AL 2 S
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Application of inhibitors in research of ammonia oxidizing
microor ganisms

Weiling Yang, Jigiie Hu, Baolan Hu
College of Environmental & Resource Sciences, Zhejiang University, Hangzhou 310058, Zhejiang Province, China

Abstract: A variety of inhibitors are commonly used in related research on ammonia-oxidizing microorganisms,
including inhibitors for nitrification and inhibitors against microbial growth. Since the discovery of
ammonia-oxidizing archaea, researchers have re-screened different inhibitors to meet the needs of the study of
ammonia oxidizing microorganisms. Inhibitors both accelerate the enrichment of archaea, and help researchers to
distinguish between archaea and bacteria for their contribution to nitrification and their own anabolic potential. In
this paper, the concentrations and inhibitory effects of various inhibitors were reviewed, including traditional
inhibitors, like dicyandiamide, 3,4-dimethylpyridine phosphate, and allylthiourea; alkyne inhibitors such as
1-octyne; nitric oxide scavengers and antibiotics. These inhibitors are specific or versatile in their ability to inhibit
the activity and growth of ammonia-oxidizing microorganisms. By summarizing these inhibitors, we hope to
provide a reference for the choice of inhibitor in the research of ammonia oxidizing microorganisms.

Keywords: nitrification inhibitors, ammonia-oxidizing bacteria, ammonia-oxidizing archaea, dicyandiamide,
acetylene, 2-phenyl-4,4,5,5,-tetramethylimidazoline-1-oxyl 3-oxide
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