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Researches on the atypical nitrous oxide reductase

LIJi ZHU Ying ZHANG Xiao-Jun'

(State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China)

Abstract: Nitrous oxide (N,O) is a powerful greenhouse gas which can destroy the ozone layer.
Nitrous oxide reductase coded by nosZ gene in microorganisms, can reduce N,O to harmless N, thus
the study on nosZ gene in the environments becomes a research hotspot. A recent study of genome
sequence comparative analysis revealed that a new class of nosZ gene (atypical nosZ Il gene) is present
in diverse nitrogen metabolism microbes. This type of nosZ gene encodes a functional nitrous oxide
reductase and is found in variety of natural environments. However, the research on microbes
containing atypical nosZ Il genes is still incomplete, and the environmental conditions in which these
microorganisms act and characteristics of N,O reduction process is still unknown. This paper reviews
the differences between atypical nosZ 1l and typical nosZ 1, and their distribution in environment. We
also propose the direction of future research on the nosZ II gene.
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Table 1 Phylogeny of nosZ I and nosZ 11
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nosZ 1 #7H5 #
nosZ 1 carrying bacteria

Alpha-proteobacteria Alpha-proteobacteria
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Aquificae; Gemmatimonadetes;
Spirochaetes;

Deferribacteres

SEAEH T WA — G A A 01 ) B8 114 25 J5E 2 1 )
TV, P2 nosZ Sl i) 4 0 U S A i
S50 A —E X, FeRilE A nosZ 1 G )il
oA Tat BUESRR, MILFFA nosZ 11 4wk 1)
S Sec AUF SR, MRNEHUF S BRE IR =5 1Y)
RERANE], XWHER AW nosZ MRUEYE
M AEAER A —E 2 57

nosZ 11 S Bt i L) RE Y 55 — RS >k B X240
Wolinella succinogenes 1 Campylobacter fetus [t
oL, BNz X AR B RS DL A AN
ME — WL 52 A R AT A KPP X T A
Anaeromyxobacter spp. A THFFEHIER] T nosZ 11 4
W AR NO S Ny B9 A H I 6
Anaeromyxobacter dehalogenans 1) nosZ 5 I itk
Bradyrhizobium japonicum W EJHLEIY) 1 K nosZ
PR SERRAR LB AT 33%, HAK SR LIS L
WRANE N ME— W, T Z KB, Anaeromyxobacter
dehalogenans K N,O B JFFEHE AR, IESE T H
nosZ 11 BRI RE At A7 DI Reny Ak AU I i . 5
G AL Pseudomonas stutzeri DCP-Psl
FRAREL, A. dehalogenans 2CP-C BFRTE LA NoO JFyH
T2k, DABSER o B (R OR B 1% 48 i = o 2
Pseudomonas stutzeri DCP-Psl FHREH 1.5 %, TN
# Anaeromyxobacter W) nosZ Ymhi = fe i
FHOG, I FLATRE o8 42 S AL B I WP ™ B R 1Y)
R Y Yoon PN i JUbK & A nosZ 18§, nosZ
I EARTE NoO T HARARDL , R AL nosZ
PR AT o SCIR A R R Bl A AR K A
REX PR RUAEY), (HETRERSREAY] 5
2555 0 3T NoO IR R 2L K AT DA R
X PIZETAY, nosZ 1 AW K BB AR T
nosZ 1 89 K, YEE N RIX AT LUERER nosZ 11 1-EW)
X N,O HSRIIR I RE ST, A B2 nosZ 11 #5H7iAE
P -3 NoO HEBCAE FH T RERE 28 o

4 JEBH nosZ B WA
1 F nosZ15 nosZ 11 A —EE/N T 60%,

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



PR AR BRI LN nosZ 1T T E )

1717

BT nosZ 115 IATEA B 3 nosZ 11 5
, B, XTI nosZ FERAIWESE ]
REERIRAS T E R HSE B S 2 E. Jones S5 4T XT
nosZ 11 FL R A PR ST IX IS T Re s ks 19, 5K
B9 Uk 52 5 [ P %F AT DL S e 3 A SRR R
nosZ 1L JP 4 Bt o %F 21 AIRIEFE S PR nosZ iE
TR E BRI, 2R nosZ 11 FUMIXTEE Y nosZ 1
AR, HL Y E R R 1 PR B 2
P RIARAAR K, andedlitth +58, HERT 1,
7% Pl 458 nosZ 11 JEHHE DU nosZ 1 1 7 1%
FHECHERE . BATR BT 1L 408 . KRS H - 48 i A
— AR (—f<1)**), Orellana %5236 3 [ vt
BN T KN o w1 L e i B A Ve = S A 2 R | S
TIPS nosZ BERFREERZRENE, L IFE S ol
1t 70%8 nosZ F:HET nosZ 1, FiA nosZ Fedh
FME 15%1E572524 @ T Anaeromyxobacter., iH—
AR E A I v B 2 - S5 o R R A e
175307, KK nosZ WAEMREE 3 A +43 ) iZ2 3F HA
WEmEFERE, BRTACHEMMERE, F2amiiy
PR, BB JUE R AR SRR, nosZ
I F 5 B T nosZ 1, Jones 2275 150 5 R
47 R IR, FHIARV AR nosZ BEIA R
SEVES I RERE S B B SE AT 8G IF A T AR
TR Y , Z5 R WR T nosZ 1 FEREREEH I+ H
ZHEE, I nosZ AN FEMAG KT 20
T IFEEAL NLO BB B EAHOC, FiliE nosZ 11 (M) FJiE
FZEAYIE 135 NLO S AbRE 7 O X IR K Sk
FV e B R AR LS 44 DA SR STP 3R 0058 A I il Ak D i
RO RN, B TR WY SRS A6 21 TR A
Dechloromonas . Bacillus % & 4 & 76 S B R
ZRIEAAE, BAUREIHEHY nosZ 11 A]
RETES N avia A 755 T R4 R R . ik Lt
KR, TERZIHEET nosZ 11 FEEET nosZ1,
A REE R b AR P R FE s E VR
MREBRIFIZE nosz BA W T A A4
{k(Niche differentiation), 41 Graf ZEMF5T 1 3SR AN
FRAEAE XS 13 NLO 77 A= R Jir A DG 356 R 52 i) i

K, TEMRAHSEHTE(Root-associated communities)
W nosZ 1A FEEE R E R T nosZ 11, W11
PESABERER nosz T HIAATH R ERE, A iF
FHRIMMZE nosZ I GAEH) R A,
TEENRAERZRGET, nosZ 1 FEE S 384k~
FRSECgh . SOM., #ilREL . B, AHERERSE), M
nosZ 11 WS HIEYHIEFAHCEnY> . Je. K
+55), IEHMZE nosZ BYFJEALEAT I B 22
SRR E ENTEA DM . (B2 BT,
TE 5 & PREE K Al SE A P2 nosZ (3 Aii ik
WAHEWR . G—0Er, TEAFRBPBFE 2
HPIE MY, R IRARSE

FEACH 358 | K AR PR 2R 4045 AU A AR S
R, 1 N,O HEi & 28 R S AR AR5 1 A
o EX NoO WHERI AR AR, nosZ #BALT
DML, ABHHET nosZ SERIIMFR FELEF T nosZ 1
FER TG, BT nosZ 1 ZFEM: AT HEY)
REMRE, CglE TR, (B2 XT nosZ 11
FERDIBER) MR AR AR . BT B h e
T o0 3k R 20 27 1 P 91 6 A [R] A= 28 BR R it 1
nosZ FER 3 BE R Z AR UE 77 S 1) bedss, LA
LT nosZ B 545 IS IREE K 55 (A AH G Ao
5%, MELIXTIZE nosZ BEIHTE NLO AL e S
s 25 th A MNME MRS . BFAELD pH. BrREE
RRVEHNI S nosZ FEDH B 3355 WG TS i
o, AR AUES RS R E, Wi
MR T 20750, XFZERERSER, Ahef
AP TR R s DL, QRAE SR E B
BERRFHEAT, i R DB R R
SRR S PR AR A, B/ RT AARAS B AT A
Hg5ie. Rk, WAXTF Wolinella succinogenes .
Campylobacter fetus ¥l Anaeromyxobacter spp.55/
BULATEEI nosZ 11 BB, A G R fHE AL BE
JI RGBS A AP AN B G
W] nosZ 1 B PR AR 280 . 18 st 2R3
A RRZE S, MELIXIAFR nosZ FEPHMAZS/EH
AT EEE I HLAS . G AR T DAAE HAT AR AL sl AH [R) st

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



1718 A=) 2 10

HfR Microbiol. China

2017, Vol.44, No.7

B S ANTE T ELEZE nosZ JER L) BE
AR 7
ZE P TR, IT AR S 2R BH nosZ 1 &K AT RE
HAT S HE 25 3 S BRI nosZ 11 HEIA Y
NPT RR AP RAR A R, AR e
4 NI F IO R A 2 107 910 SAR G50 #r, i
B2 A AR S 2R I IR I S . nosZ TT FEHAE
BRI AR R VZINAT, TG L% PR
K nosZ KRR A BRAE SR U T 20858, LU
HEIXT NoO i il AR M i A 5 D RE DG ZR A 2
fift, ¥ nosZ 11 FENAEA Yy AL v AR 280
N

% 3wk

[1] Montzka SA, Dlugokencky EJ, Butler JH. Non-CO, greenhouse
gases and climate change[J]. Nature, 2011, 476(7358): 43-50

[2] Lashof DA, Ahuja DR. Relative contributions of greenhouse gas
emissions to global warming[J]. Nature, 1990, 344(6266):
529-531

[3] Bouwman AF, van der Hoek KM, Olivier JGJ. Uncertainties in
the global source distribution of nitrous oxide[J]. Journal of
Geophysical Research, 1995, 100(D2): 2785-2800

[4] Wrage N, Velthof GL, van Beusichem ML, et al. Role of nitrifier
denitrification in the production of nitrous oxide[J]. Soil Biology
and Biochemistry, 2001, 33(12/13): 1723-1732

[5] Zou JW, Lu YY, Huang Y. Estimates of synthetic fertilizer
N-induced direct nitrous oxide emission from Chinese croplands
during 1980-2000[J]. Environmental Pollution, 2010, 158(2):
631-635.

[6] Zumft WG. Cell biology and molecular basis of denitrification[J].
Microbiology and Molecular Biology Reviews, 1997, 61(4):
533-616

[71 Tian H, Yang LQ, Cao WC, et al. Comparison of microbial
communities and denitrifying gases emissions between the soils

Regy

from a greenhouse and nearby farmland[J]. Microbiology China,
2015, 42(5): 835-844 (in Chinese)
I, I, 0/, 4. SOt SHNo MR F LS R S
AT AR LM, TR, 2015, 42(5): 835-844
[8] Richardson D, Felgate H, Watmough N, et al. Mitigating release
of the potent greenhouse gas N,O from the nitrogen cycle-could
enzymic regulation hold the key?[J]. Trends in Biotechnology,
2009, 27(7): 388-397
[9] Roesch LFW, Fulthorpe RR, Riva A, et al. Pyrosequencing
enumerates and contrasts soil microbial diversity[J]. The ISME
Journal, 2007, 1(4): 283-290
Kirchman DL, Cottrell MT, Lovejoy C. The structure of bacterial
communities in the western Arctic Ocean as revealed by
pyrosequencing of 16S rRNA genes[J].
Microbiology, 2010, 12(5): 1132-1143
[11] Yang LQ, Zhang XJ, Ju XT. Linkage between N,O emission and

[10

[t}

Environmental

(12]

[13]

[14]

[15]

(16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

functional gene abundance in an intensively managed calcareous
fluvo-aquic soil[J]. Scientific Report, 2017, 7: 43283

Philippot L, Andert J, Jones CM, et al. Importance of denitrifiers
lacking the genes encoding the nitrous oxide reductase for N,O
emissions from soil[J]. Global Change Biology, 2011, 17(3):
1497-1504

Chapuis - Lardy L, Wrage N, Metay A, et al. Soils, a sink for
N,O? A review[J]. Global Change Biology, 2007, 13(1): 1-17
Iwasaki H, Matsubara T. A nitrite reductase from Achromobacter
cycloclastes[J]. Journal of Biochemistry, 1972, 71(4): 645-652
Zumft WG, Matsubara T. A novel kind of multi - copper protein
as terminal oxidoreductase of nitrous oxide respiration in

Pseudomonas perfectomarinus[J]. Febs Letters, 1982, 148(1):
107-112
Charnock J, Dreusch AH, Ko6rner H, et al. Structural

investigations of the Cu, centre of nitrous oxide reductase from
Pseudomonas stutzeri by site-directed mutagenesis and X-ray
absorption spectroscopy[J]. The FEBS Journal, 2000, 267(5):
1368-1381

Frunzke K, Zumft WG. Inhibition of nitrous-oxide respiration by
oxide in the

nitric denitrifying bacterium Pseudomonas

perfectomarinall). Biochimica et Biophysica Acta
(BBA)-Bioenergetics, 1986, 852(1): 119-125

Zumft WG, Korner H. Nitrous oxide reductases[M]//Bothe H,
Ferguson SJ, Newton WE. Biology of the Nitrogen Cycle.
Amsterdam: Elsevier, 2007: 67-81

Henderson SL, Dandie CE, Patten CL, et al. Changes in
denitrifier abundance, denitrification gene mRNA levels, nitrous
oxide emissions, and denitrification in anoxic soil microcosms
amended with glucose and plant residues[J]. Applied and
Environmental Microbiology, 2010, 76(7): 2155-2164

Morales SE, Cosart T, Holben WE. Bacterial gene abundances as
indicators of greenhouse gas emission in soils[J]. The ISME
Journal, 2010, 4(6): 799-808

Sanford RA, Wagner DD, Wu QZ, Unexpected
nondenitrifier nitrous oxide reductase gene diversity and
abundance in soils[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2012, 109(48):
19709-19714

Jones CM, Graf DRH, Bru D, et al. The unaccounted yet
abundant nitrous oxide-reducing microbial community: a
potential nitrous oxide sink[J]. The ISME Journal, 2013, 7(2):
417-426

Payne WJ, Grant MA, Shapleigh J, et al. Nitrogen oxide reduction

et al.

in Wolinella succinogenes and Campylobacter species[J]. Journal
of Bacterioogy, 1982, 152(2): 915-918

Simon J, Einsle O, Kroneck PMH, et al. The unprecedented nos
gene cluster of Wolinella succinogenes encodes a novel
respiratory electron transfer pathway to cytochrome c nitrous
oxide reductase[J]. FEBS Letters, 2004, 569(1/3): 7-12

Yoon S, Nissen S, Park D, et al. Nitrous oxide reduction kinetics
distinguish bacteria harboring clade I NosZ from those harboring
clade II NosZ[J]. Applied and Environmental Microbiology, 2016,
82(13): 3793-3800

Orellana LH, Rodriguez-R LM, Higgins S, et al. Detecting nitrous
oxide reductase (nosZ) genes in soil metagenomes: method
development and implications for the nitrogen cycle[J]. mBio,

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



AR AR A A W EGA JE LR nosZ T WF78 b 1719

2014, 5(3): €01193-14 nitrogen cycle in salt marsh ecosystem[J]. Frontiers in
[27] Jones CM, Spor A, Brennan FP, et al. Recently identified Microbiology, 2016, 7: 902

microbial guild mediates soil N,O sink capacity[J]. Nature [31] Domeignoz-Horta LA, Spor A, Bru D, et al. The diversity of the

Climate Change, 2014, 4(9): 801-805 N,O reducers matters for the N,O:N, denitrification end-product
[28] Mcllroy SJ, Starnawska A, Starnawski P, et al. Identification of ratio across an annual and a perennial cropping system[J].

active denitrifiers in full-scale nutrient removal wastewater Frontiers in Microbiology, 2015, 6: 971

treatment systems[J]. Environmental Microbiology, 2016, 18(1): [32] Teraguchi S, Hollocher TC. Purification and some characteristics

50-64 of a cytochrome c-containing nitrous oxide reductase from
[29] Graf DRH, Zhao M, Jones CM, et al. Soil type overrides plant Wolinella succinogenes[J]. The Journal of Biological Chemistry,

effect on genetic and enzymatic N,O production potential in 1989, 264(4): 1972-1979

arable soils[J]. Soil Biology and Biochemistry, 2016, 100: [33] Liu XQ, Gao CX, Zhang AX, et al. The nos gene cluster from

125-128 gram-positive bacterium Geobacillus thermodenitrificans NG80-2
[30] Dini-Andreote F, de L.Brossi MJ, van Elsas JD, et al. and functional characterization of the recombinant nosZ[J].

Reconstructing the genetic potential of the Microbially-mediated FEMS Microbiology Letters, 2008, 289(1): 46-52

R oY oY R Y SRY R RY RY R RY RY R RY RY Y RY R S RY RY R RY RY R RY R R RY R R RY R R RY R R RY R R RY R R RY R R RY RY R RY RY R Y RY R Y RY LY

(3% p.1588)
iE #=/ & W

33 WHEGEEEFH
330 HESCHEE: 1) BUETRS — ARR, DAEA] XA B A AR S A SCHRIE RAEE 1S i 2) @A FINES, sk
BRBWFIEN, A, ST LU A, DR EIEMT; 3) Bt Ratas, BORIERIE, ﬁ%men%
SCHH BRI N AN SR SO —8, BT SOREE R, 5505 50 IE 3 SCRUT BBl R R 1) & 58 IR 5 A S TR
g, 5) WEPAEFHABEEE, RIERANERN, 0. DNA, ATP %; 6) fEJ U, ANEAHHH SCF A
HAFE .
3.3.2 CEEWE: RIER. B4R, —LBR0 . BHEENERGAE, WERE. Rk
4 FeBlULE
4.1 TP

FL#S K7€ DNA  RNA 508 5750 918 3, 3 Jcil 1o 8 bR 2L EMBL (B )5k GenBank (35 [E)sk DDBJ (H 4%),
R 15 2 [ PRk R 2 375 (Accession No.)JF %K
42 KFHHL
4.2.1 APIREEZRATFRERNCE, EI—HPE,
422 JUEATEEE TR, FERHGCE, AR EIEFSCT . SR BB ARG A . fE5
A5, BOEF A
423 XFFEHAMNF A RETE ST, By RN AN RN, BiEfEE H R
424 SCTTAT, EEUHBIRE O ESIYE, HIPEES . FEIERE NS RN — wF% miEE A .
4.3 R KRR KR
431 ERTIBSEHRESRGHE XA, —BAAERE 2 4~ Z WD E-mail SEEE, 1EF SR T
REWA AR, MALSF ., KHFELE, 7EE MRS ETRR F RS W B e, SRJE LARRET A9 - 24 A
B TR MEUES , Frdmia il e 4015 R ha i B AR, Fafhie R se e HEA R 3= .
432 XA NN — LR REESCRR BT A ME—AR i, XA SR BB S B e s )

5 REBBRLMHE
WI—ZR ], AR FATHAE RRETCOR — 52 (19 K R I AT AR . s ke T
6 BRRITH

Mokl JERCIEIFHIXALR PR 1588 3 5 P ERFEBRUEWRT T T (AEY)2AiE N ) SidEr(100101)
Tel: 010-64807511; E-mail: tongbao@im.ac.cn; Wiik: http://journals.im.ac.cn/wswxtben

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



