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—RFRMEFUT RILRERIERE N,O g
x| &M, B, dEt, BEY, smxE

b R A I P Al AR ZS R ST T B A A S PR N SR A, P R B MR Al AR AR e v
WiF Kv> 410125
2Rl ks, JEaT 100049
FE: [ By ] MKRE Lo B ik ) — MR et S A0 W 2GR SRR, FF R R HLAEAR R 450 F i85 N,O 116k
71, R E SR NO W HE PR A B ik . [ i ] sl A s B 5 97 4 B BOR KR - Hp 43 5
1SR4 ; I nosZ BK T 16S rRNA AN T 73 Afr 808 B bk 5 8 2ob D TR AR TEAS[R) 25428 T NoO Y38 i
i, AMHTZEMRIE R NoO R ) SoEE e ., [ 45 ] 2%, AWK A nosz B, & TR
J&, TEIRE 30 °C. BRESM Rk N,O B E A 0.0219 umol/min P b, MU R E AR E G
HAE AT, (AR R BR IR N,O /EA . [ 2518 1 DUKFE 1 w2 i i e 45 31 1) et A Ak I R/ d
SRR, EAERRIREE A T AR A RR LR N,O BB, B RE T B /b 13 NLO HEjik
PRULHIRAE, XRREA ISR A HA A Y HAEL.

KR, AR, BPRMRE, NOAEST, nosZ ZENH

IR Z B E NI . Ak
AN E R FEMBEIMZ —, B
NoO X il 28 00 Y DTk 58 A 5%, {HHIE IR 7 4
K2 CO, 1%y 300 f5M, gbsh, N.O HAHFaE
AIAE A, HEROS AR EE B A i R Gk 150 4F
Ltr, Hit \REZFERBHERA, FHR
)2 Z IR T E AL, NLO W BT 7E L 4
4F24 0.8 ppb AT, X A BRA AR

S 3 R B

HETE A NLO HERUE F 240 4s . ek
BRE . ALTAE R L WEVE L P R AR
B AN LIRS . AR, RERACHHE NLO
FEEK A TACH 1Y, gl -5 N0 F
B IR T 03 sh 5 1 A s Ak AN S Akt 2P,
B EL 20 B 2 B384 b NoO ME— TSR S fit Ak 1t
FE, 1 nosZ KPR 4t (1) 4 A0 I AU 5t it (nitrous
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oxide reductase, N,OR)¥ N,O ik J5i i N,

— N nosZ BRI TE IR A A5 K HEAE
FAT BT JUAE il 5 oA 2 4 S BT P T 40
B e, BG4 Y R S IR e e
WroE R, SR T A A Al R A T
WARRRREAEF , R A IR ER FIE Al AR £R 34 IR N, 5%
NoO Z= 528/, BN, IR SRRt Ak
KAMEE W ERENRZ — YiREEERN, M
WA, A STE AT i B K- o

B 4 A 25 i O AF 5 8 B 4 v 7 BR85S
B O BEVE 50 S 2 REE B, (R Al T A P
5T RE B0 1A Sl AR S A ML I 5 T 5 4
b R FE A W BRI A (B . B AT SC T A
AR o O B — s S, s —
TR A AL -1 SRS R A B A R B RS A B R BT 5T
(LR 4 BF 5% 40 5 B2 42 v /2 Al R AR (NO3 ™) FITIE iy
FRAR(NO) R IB LAE 1 B, HL B ARAE i 2ok
TETFHEAK 15K DL S — e A s v O, xf ok
B R b v 0 SO AL 2 T HL B R R R
N.O BEJIRBFFE AR 4D

ABEGE LAAKRE + v o3 B e B 15 20 i S R Ak TR
ARl e A AT AR IR, BF5E NLO
W IRRE TR T PR, ot A Wik A R A 1 g
NoO FYHE . A Rodids i = SRR 22 3R

1 AR %

1.1 et

111 BEARSRIR : A< 250 BT FH R Ak 4 T DA K 7
+ 3 (N: 30°38'21.6”, E: 120°46'50.9")/30 %55, LU
ARRSN . BRIAM MR & AR, TR s Bl
— S ] v AR FH A TR 6 1) SR AR TR W TR, R
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112 BARRBYTRHSE: X5 2575 3000 240 R M Hh e 4%
56 kAT 0140t 1k , 33 XX 56 Wk Sl Ak 4 ik
17 nosz JEH [ PCR 4714, W DA R AE S g b Bk
FE R KRB Bioscreener C {8 & T bk
OD fH), PAKIAJE N,O Re I, feAifistd—
P nosZ JEPH . HAE RO Ak B SR I AR KR R
U7 AL R SR AR A IR IR X 52, X R R G
b DIT,,

1.1.3 BE3RE. (1) LB Kizp#k: NaCl10g/L, #H
P 10 g/L, TERRKY 5 g/l (2) IRk 3Rl
(DM): K,HPO, 0.5 g/L, NaH,PO, 0.25 g/L,
MgSO,-7H,0 0.2 g/L, KNO;s 2 g/L, FrEm: —
B 11.35 g/L (C/N=10), pH 7.0, i ICEEFIK
500 pL/L; (3) i scRE Bl : Na,EDTA 50 g/L,
MnCl,-4H,0 5.06 g/L, ZnSO,-7H,0 2.2 g/L,
CuSO,-5H,0 157 g/L , CaCl, 55 g/L ,
NaMoO,-4H,0 1.1 g/L, FeSO,-7H,0 5.0 g/L,
CoCl,-6H,0 1.61 g/L, pH 7.0-7.2.

12 HEHRNEE

121 WHIESIE: S O IR EE
FWE) AW, SRR TSR
ARG TS AT . K . W S BESE T B
TR AR, Y RS T B (RS
SUB010) WL A AR TEFI i LA T B ZSHRRE
1.2.2 16SrRNA EREWF R RGEKE 4 : KA
2R 4 B R A R e RAR A P JE R 2 DNA 25
G R DI7 9 DNA, LA DNA AR
1% 16S rRNA KE[A, 1[5 |4 8F: 5'-AGAGTTTGA
TCCTGGCTCAG-3'; [zl 5[4) 1492R: 5-GGWTA
CCTTGTTACGACT-3'. PCR M A Z (50 pL): I
WE51%7(10 pmol/L) 2 pL. FH#E5147(10 umol/L)
2 puL . 2xPCR mix 25 puL . DNA ## & (50—
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100 ng/uL) 1 pL . #b ddH,O % 50 pL. 4 37
94 °C i 3 min; 94°C 455, 50°C 455, 72 °C
1 min, 35 /MEH; 72 °C 4 4Eff 10 min, PCR ™~
Y12V i a0 5 25 A T AR W) TR (LI ) I A R
2N ) S8 B RT3 (R0 s 5] 6 feft T R AR 1)
JBE ISR ) o K D P 25 SR AE NCBI i [A] J2 B i
AT HERT AT, A ARARLEE X 5] 90% LA b BIHI25 1A
A it R RE R P AR A (] — e o R 5 TE A 4R 3
HABBE R B R 16S rRNA K2R 41 3517 [ Y1
Fexf, 2EF 16S rRNA 340 [al a1, A #
MEGA7 LIARHEz A s ik DI7 5 HAH I 7 41 44
W REREW
1.3 nosz Zt:EW FE T

[FFELL DNA SAfbitl, FVRESES ) 543
nosZ FEH, FF5 14 nosZ-2002F: 5-CGYTGTTCM
TCGACAGCCAG-3', T it5|4 nosz-2002R : 5'-
CATGTGCAGNGCRTGGCAGAA-3'.PCR 7 ij {4
(50 pL): EHF514(10 pumol/L) 2 uL. FiF514)
(10 umol/L) 2 uL. 2xPCR mix 25 uL. DNA Fitj
1 (50-100 ng/pL) 1 L, %b ddH,O % 50 uL, 43
FL¥H: 95°C2min; 95°C30s, 65°C45s, 72°C
45 s, 10 MER, BAEHRR IORERE 1 °C;
30 MIEFR M 94°C 30s, 55°C45s, 72°C45s; fix
J& 72 °C #E4ift 10 min, PCR P2 Y ie i 4fifb f5
B T A TR (1) B0 A PR il 5 st e ([
WA S A T AR VIR [BISGR &) o i F
SERTEM G NCBI S ERL, 7 EXt o
1.4 Bk N,O EJRRE S B &
141 TARRIEESR: HANEPR DI7 T4 30 mL [l
IR FEEE R P E T KRR 24 h(RFN G 7
50155 T=30 °C, pH 7, C/N=10, #%3# 150 r/min).
BB R AT, 3 1L mL T 30 mL 55

M 100 mL 55, L RIS AR EE, FHAR EE R
GF 3 R G — A RE IR N A TR 5%

142 FERMCRE: HiFE24nh 5, BURESIHM,
B EBAEIA 50 mL BL.OAEF, 4000 r/min B0
10 min, JJC KNOs ) DM B3R BEpki% 2 Ik, I8 T
30 mL J& KNO; ) DM 35 #5565 81 A 100 mL 3557
i, WEEIM—AIERE S, #hEZ 60 s, TA
179.59 pg/L ) N,O Sk, AL THEIKN, 3Gk
10 min J&, RO, SREE NoO ik 20 mL,
KA A %Y (Agilent 7890A, USA)IIIE N,O
WeRE, BN NLO .

143 ARG TRIFERIIME: HWENANEE
() B DR 280 TR AR I i BB 7 (R i), A 355 I8 B A
SRR . OVTR BT 3l 20, 30 T 40 °C.
A BEE AN 0%, 10%F1 21%., Bk T3R5
FAFRIANTR], O E TR RRIE S NLO RB IR ik 5
1.4.2 friR—3.

2 HERFHHN

21 WREERE

2.1.1 WEMRIEA: Wtk DI7 7E LB PA BAK 2d
JFIEMBIE R, WysREDGH, B0y Hang
WerdkE e, TEVE, 2 RO E i
D IREAPE R . Nl ISR o, TPk D7
AFIE, JCHEE. oA, KN 1.5-2.5 um,
HA24 4 0.6-0.9 um (A 1),

2.1.2 16S rRNA EFEMF R RGE KB 5T : i
PCR ¥4 . DIl M, $RAG K DI7 1Y 16S
rRNA JE[H 541 B #2252 ] GenBank Wi (3 [R] [ %
S5 MF802245), il 7E NCBI $itdfa 4 H Hxt,
&I DI7 5 Pseudomonas sp.) £ kA= kR Y
16S rRNA FEHFFH{RIM: IR 100%, E K Z A DI7

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



1434

Chunmei Liu et al. | Acta Microbiologica Sinica, 2018, 58(8)

SRGMAE R AR, FIH] MEGAT #5144, LA
Neighbor-joining %:22:1 16S rRNA R4 & B (E 2).
HRHH 2 B2 S Y TR DI7 AR S AT e o
2.2 nosZ FFEMFLER

it PCR 1S . IR [DSCFm e, ARA5 00 TR

Pk DI7 19 nosZ K74 CL #2425 GenBank il
(L[N 5 3459 MF802247), il 7E NCBI %
FEFR YT, &P DJI7 5 Pseudomonas sp. i £ kifsE
PRI nosZ JEI AR5 98%LA L, Al i
Pk DI7 & nosZ LA .

B 1. Bk DI7 WA ERE (10000x)
Figure 1. Scanning electron microscopy of strain DJ7 (10000x).

DJ7 (MF802245)

Pseudomonas fluorescens A-Tom2 (I.N651255.1)

66 Pseudomonas palleroniana WIB39 (KU877638.1)

Pseudomonas proteolvtica EN4 (KU512899.1)

100| pseudomonas veronii JBL (KUL199711.1)
100 Pseudomonas sp. SW83 (HM384787.1)

0.0050

= Pseudomonas veronii N22-1 (KF484676.1)

Pseudomonas guezermei RA26 (NR114957.1)

Halomonas ilicicola SPR (NR044436.1)

99 { Halomonas subglaciescola 1DSM4683 (NR042067.1)
o8 Halomonas lionensis RHS90 (NR126205.1)

Acinetobacier proteolvticus NIPI1809 (NR148846.1)

2. B#k DJ7 BY 16S rRNA RGi & B
Figure 2. Phylogenetic tree of strain DJ7 based on the sequences of 16S rRNA gene. Numbers in bracket are the
sequences accession number in GenBank. Numbers at the nodes indicate the bootstrap values on Neighbor-joining
analysis. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000

replicates) are shown next to the branches.
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2.3 BRI N,O BB SR

2.3.1 BAKRMIIEIRE N,O BEJMIRE : FEFETE DM K;
Fr¥EH, 30 °C . 3k 150 r/min . ESHE N 0%
4T, FEA 179.59 pg/L 9 N,O 2w 10 min
J5, SCIRZHTI4Y 32.92 ng/L 1) NLO, ¥4 CK ZF 4
N,O Ui 5 S 4 4 1) N,O, BN T AR NLO i Ji
i, 4550 BN MRIE L NLO 0% 55 64.88% (I 3),
FIHBRIIEIE N,O RE 1, RN RN
0.0219 pmol/min,

2.3.2 AFENREEFMT HEMRIEIR N.O 558 .
{18 B AR T BB 2 5 ) 240 TRT P 4T S R D il T
7E 20, 30. 40 °C &0, MHaSCm 4 Fxt 2
NoO THFER Y 2E(EAG H, BARRSEPRIL 5 NLO &%
4y 9JE: 25.65% ., 64.88% . 16.78% (& 4), Rl
0.3265 umol N,O K JEEY), FEARTEAE NLO 3 55
47 0.0084. 0.0212 F10.0055 pmol/min. Hilt.A] LA
EH, 3ANEEP 30 °C BILHRIAIE N,O Hfk
HERE, HIZEZ IR R

N,O concentration/(ug/L)

w

§ <
O

D (%]

After
Treatment

3. E¥ DJI7iEJE N,O REHh&ER
Figure 3. N,O-reducing ability results of strain DJ7.

Data are meanzstandard error of the three replicates.
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Figure 4. Results of reducing N,O efficiency of strain
under different temperature conditions. Data are mean+
standard error of the three replicates.

2.3.3 AFEEREE T REMEIR NO 558 Hith
SRR B BUBARSAEAE, 760%. 10%.
U%ETIREESAT T, RS2 AT BEZH NLO 1
FERM (A, TARESPRIAIE N,O RUR A 52
62.78%. 16.34%. 8.89% (/4 5), L) 0.3265 umol N,O
HIRY), TERRTHAE N2O #5351k 0.0205 ., 0.0053
0.0029 pmol/min, Z5REH], BEIRLERAEIR A
T BA RSN NO B0R, BAEMER

&
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Figure 5. Results of reducing N,O efficiency under

different oxygen concentrations.
standard error of the three replicates.

Data are meant
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SR 25 T WA A EGR R IR IS RE )

3 itip

20 {42 80 4E{L, Robertson %5k Ik
BT AR S A T AN A S AL R AR, Bl
BT E XU A AL IE S AR A, Ok
1 22 FLAG 550 58 R0 B T 1) 47 S S A TR DA [ 1)
A SIEE PR B0 e . H ETHOE A A4 S A
Y 3 AP 2 A TR & (Bacillus) . 7 B 1A &
(Alcaligenes) . ®IEKE J& (Paracoccus) . oo & {H &
(Klebsiella) . & 14T % J& (Ochrobactrum) . {5y
[ oz W OR
(Hyphomicrobium) . 43+ 1% J& (Agrobacterium)
# HF @ J® (Eubacterium) . N B 1T H )&
(Propionibacterium) . %4 ¥ 5 J& (Blastobacter) |
+h #F i J& (Halobacterium) F1 #2 J8 1 J& (Rhizobium)
0015 i AR TR AL 16S rRNA JF I3, AL
Fk DI7 MR SMEE, BT v RIERw ], R
i AT SR 2 T AIE 9 5 M B ) e S S R A A
Miyahara™ £ #/F5¢ T Pseudomonas stutzeri TR2 1E
15 KA B R A R TSR I BRI
JEi N,O fit /1. Ikeda-Ohtsubo 2:h% Pseudomonas
stutzeri %S INENTG KA FRA: Py S g AR IR T
MR N,O R FRE ST . AR 4 B3 95 I
RS E T & Pseudomonas & E KA H 1
by AR H S NO B HEBU 7R H 5 A ¢
PEOT, b SR R R B S S R AR
MW —2, SR ESABHE EE &2
Mo B AT AR — SR R R AR A
Gao % (S17E A HH A 498 o i 1 75 1) — o JUE A sk >
NoO HE S e (& i 1 A R B AT R S 1T
f3.4% Azospirillum F Herbaspirillum J& ., 4< SCT#E#k

(Pseudomonas)
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DJ7 2 AR HH A 38 il ok DA 7R B0 R 355 B R R T
WITELF AR T & AR R R0 15 B 0 e AL
ARG, HXHAFRARESE T RREE N0
RE TR AT ST, X XK SR Ak Y 280 5 1 o P
T N2O B HER N A S5 3

i I X% BRI IR NLO R 5T & 3R,
FRTE 20 °C, 30 °C f1 40 °C W44 T, iBJH N,O
RS2 25.65% . 64.88%7H1 16.78%., 1l LI H
I BAE 30 °C 3B )RR IR L (H B AR R
JETH A A B IR SRR T, X W] AR R X
R XT3 e A ELAT R 3 PR o ST ARG b DX K
e 0 + 2 -2 IR E 7E 6-33 ol X AVERHH T
TEA-ZRHN, DA PT REZERE H LI FRRE R 47 4K
SRAY N,O IR JFRE ST AL, FEkE DI7 fEIR4A., 3
PEDR AR 25T, TERRIYIE 5 NoO %4
W 62.78% ., 16.34%71 8.89%, X i HH I RAER
SEARIE T IR RE Ty Bk, (HAE A FARE T R RE
B NoO, FRUIEEASR AL 58 A T TE 14
AV R IR TG, R TR R B SR R
H I RERR R8> N,O MIFERT . BTS2 B AT A 4
SRS A TR A R ML 3 B 2 S A A D il 2
TR BT B 12 B 52 S SO 1 52 i L
WAFHE— RS, 28 BT LIS, R RS
REPERR . AR EETR . A AR N R RE  ARGA
J5 NoO S5HRf o XHZ AR I 5 N TELF A 55T
HEAT SO A R SR L S, SR A I A
R T N2O B UHERS S A — A8 S

B T nosz JLIN A THEEIGIE, TIMRAERS L AN
fif A B b 2 A R D e e A AR (E AR AR 5T .
FAAH R L5, il PCR 717 AR X B bk
DI7 R A i SR Ak A A 2R A e SR
41 narG/napA . nirK/nirS F1 cnorB/gnorB i T #]
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IOAIF, 450 & B EA narG, nirS #il cnorB [,
BZTHE & A 2R RO PR, BB NOs 1)
JEGHE S No o AR S SUS A ALHLERL, DI7 547 narG
FE PRI AN I J8 B i J B A napA, R BTZ A E4T
AR T AT REHEA T SRS A AR FH 8 L3 AT A8 S {6 )
TGRS . YR HEYIL AR, ZR RN
VE LA 5 i — B IR R T E . A5, Al
PLUR LT A IZZE R AT IR AT . (1) X RO e
PR FE Al iE1T nosZ K i) RNA S BURIE 2 74T,
A nosZ B IR 4 35 ke BT B b 36 IE A i e
USR5 o (2) LAY Z2BRAS[R] T 1 Bk AR Sy S5 6 %
%, WEAREKZIELL T N,O G822 5 Fixt
ANFIFREEAAF R Y, X5 nosZ J Al A4 a2k Ay itk
T AT T %o (3) ALEICHE nosZ JEH Hid )i
NoO, i AJ B ik B AR A S Al A i v 0 A LA
DL NoO HEOR &R, 5 X R AR A T 4 [
LRI, B4 TR M 0 BT 2 TR R A (] i A2 ) A DG 2
ISAEAEFRR o (4) EARRT Al A4 I AR e it
TR E2s LT M b o3 B AH DG B AL, A 22
W TRAR LT B0 i e A AR TR e, SR T T R e
TR SEIRTEAE N P S B B TR AWESY, XA
XN A S B2 E M

Z % M
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Capability of N,O reduction of a facultative N,O reducer

Chunmei Liu™?, Rong Sheng®, Yi Liu', Xing Chen'?, Wenxue Wei'"

! Key Laboratory of Agro-ecological Processes in Subtropical Regions, Taoyuan Station of Agro-ecology Research, Institute of
Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, Hunan Province, China
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Abstract: [Objective] A nitrous oxide reducing bacterium (DJ7) was isolated from paddy soil and its ability to
reduce N,O was detected under different incubation conditions. Aiming to understand the mechanisms of N,O
reduction and supply theoretical basis for regulation of N,O emission. [Methods] The strain was isolated by
microbial enrichment culture and identified by homogeneous analysis of its sequences of nosZ and 16S rRNA gene
with the database of NCBI. The abilities of N,O-reducing of DJ7 at different temperatures and O, concentrations
were determined by measuring the amount of N,O reduction through GC. [Results] The strain was characterized as
Pseudomonas and contained nosZ gene, its N,O reduction rate was more than 0.0219 umol/min under anaerobic at
30 °C. Although the increase of air O, concentration and shifts of incubation temperature at either direction resulted
decreases of the capability of N,O reduction, it maintained a certain ability in N,O reduction. [Conclusion] The
strain is an active facultative N,O reducer belonging to Pseudomonas and possesses strong ability to reduce N,O,
especially under anaerobic condition. This strain may provide a new idea to alleviate the N,O issue and play an
active role in the ecological environment.
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