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Figure 1.
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Y1 strain under the scanning electron
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Table 1. The result of the specific phospholipid fatty acids identification

Library Sim index Entry name
RTSBA66. 21 0. 159 Ewingella-americana
0. 144 Pantoea-agglomerans-GC subgroup C (Enterobacter)
RCLING66. 20 0.523 Pseudomonasluorescens-biotype B
MI7HI03. 80 0.410 Pseudomonas-putida-biotype A

(No Match)
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bp, K H 347 BLAST [R5 E 81, KBLE B Y41 5

FEhr 7 8 28 i 7 (Pseudomonas tolaasii) [#) A ALk &
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51, F| ] MEGA 6.0, LA Neighbor-Joining Jj 4 2 il %
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Figure 2. Phylogenetic tree of the Y- 1 strain. Numbers in parentheses represent the sequences in GenBank. The number at each branch points

is percentage supported by bootstrap (1000 re-samplings) . Bar: 0. 1% sequence divergence.
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Figure 3. The growth curve of Y1 aerobic denitrifier in the

denitrification medium.
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Figure 6. Effects of pH on nitrogen removal of strain Y-1.

2.8 FEEEEMNERITHBRTMEAHNFIG

TR AR 22 ) B 0 K /N 2 5 e 2 ) B R 2
oo M RN L AE AN B SO A B AU AR S S R R
Z TR AW 5E A8 IR ) T B ES o> A0 AE T B
HOAMGER RS ELBRAY G, &5 53R 5 M &
iR A aE ) R 8 . HIE 7 W F3, B
Pl i 03 K 12 B R VA R R R I & B
B Tb MR R 1.0 x 10° CFU L B, 48 h iy
5 66K A TR 4R 100% 2% B, X R 25 R R
1% 61.75% UL I, Hodafh & 4 1.5 x 10° CFU I, % i
HEB R,k 65.20% , T 1Y K Fl i, R R
M ERERAREER.

Nitrite nitrogen Total nitrogen
100

80+ Z
% 601 S
=
= J
2
£ 404
O
Df' -

20

] T T T T |

1.0 1.5 20 25
Amount of bateria liquid (x10* CFU)

7. BEMENENK Y41 RENZ M0
Figure 7. Effects of inoculated quantity on nitrogen removal of

strain Y- 1.

2.9 FRBIEXEREHRLRNEAHHMN
WU A (2 T P 0 RO 9 1 R



996

Tengxia He et al. /Acta Microbiologica Sinica (2015) 55 (8)

T ) R T AR A, L T M e A A ) A
TRRE RN B A o 1] 8 R Wi B e R ) ke Y el
HIE A )iz B RERE A, % B T R AR DY R R
100 % b 25 B W0 i 982 56 0 1H 6 6 UK 25 BR RN R
) > DL R IR A T R A R IR Ak Ay Al Y N ) R
F R B, Wik 58.68% LA b, Hovh DL 2R Bk B
BB R RS, b 61.28% ;1% M AR ik LU
250 A R AT b 2 B A 1R SR G (H R U 2
[FENTE

FZANitrite nitrogen  EZJ Total nitrogen

W A %

oo
<
1

=]
<
1

2,
KX <]
XK LK
SRR

N
(=
1
<
bt

<
325
<
S5

Removal rate/%

<505
o

L

fol

borels
%
botels!

5

FoToete!
S

SRS

X X
2%

20+

o

55

-,

X
K
e

<2

o

<
b}

25

255

Carbon source

B 8. BREX Bk Y41 BREM S
Figure 8. Effects of carbon source on nitrogen removal of strain

Y1,

2,10 FEMBTREBBRFRENEBRTHELR
MEEEN

AN [7) b 25 f 400 B8 T Ui TR R T 52 T L
A 255 WA R 2K 5 b M R BE W B A K
AT 5 B R o T R S EUEY S FE R
TE AR A KA B 2 PR AR ORI . ) AR R
i T A R0k J3E S i G P 9 BT 2k 3% W R 4 WV A R 26
R JE Jy 10 mg /L, % 1 6 WA R 6 0R1 R AU
iR 2 4 i A 100% K 63.10% , b 45 2 4 WV
it 8 6k 3 8 0 » 12 181 ) U S R R R R AL I B
B 56 B AR, {H IR AR H IR 40 8 K R TS II S, HLXE
Bt T Ak RUR R U3 AT 10 s B R, R W%
R T U R R H A (T A2 1 i SR R K
I ) 5 UV ) R 0% 50 i 3t 2 B L 2 00 i R BE T

3 itk

PRI 2 AF AN E 2 5 W 40 1 10 A A i L2

100
7

804

;ﬁ Nitrite nitrogen
[EZ3 Total nitrogen

604

404

Removal rate/%

o

%
5%

Cateteloted

<
X O
S

.
%
5%

204

oL

s

;
X
b
botatatas

o

ol
%
%

0 50
Initial nitnite nitrogen contents/(mg/L)
9. FfHBR B8 R X B #E Y41 BRA AR 0T

Figure 9. Effects of nitrite contents on nitrogen removal of strain

YAI.

S Wi I 2500 O L R B 5 A R E SR ) B ik
T A AR AN 2 v 2R i R e BE A A o A
WA E  pH AL VA A4 A 0 U0 45 A 2 S i) S i A B
G A E0F AN [l 2K 10 41 B A DL i 2 &
SO R AN AR [|] 5 AT 5 R T il 2 <V A 4 pH
(R AWNIESTINE Rl Fy PN Rl &R A TR
AE 4 12 W AE S B N v B8 43 PEL VR L il

A T A5 S A A B IR AR v AR AC BT S 2 1 DY A I
31, BT E 300 o6 B A K AR IR I T, S AR
Ak TR BTN FEAS T8 3 5 A B R G AR E
HOO BRS8N 8 ) o BRI O T IR IR A S G 3 AR 4
FRT AL Tk B BEAT > AR 8 12 R AE S i AL B 7R 2 P
AR 2 AR K il 0] i AR ) R A
e

B 2 0 G 4 S il A 4 R T 9 I AN TR N, K
AP R AT S v LA B 2 S A A AR T TR A B A i 2
2 Gk AR, W Guo 45 B FR AL I AW 4y
B I R O AL 4l T ( Pseudomonas stutzeristrain
T1) s PRI A AR 5 b AW Hh o 25 SR 12 28 011
LR 60% A 75% ; Wong 2 ™ Wl 51 e 45
[ Il /S S S W~ < B S ( Pseudomonas
yangmingensis sp. nov. ) , {H 47 5 [ Al AL g 11 & &
WA s Guo 25 P 4y BEAG B T bR SR IR AL AT SRR
TiE§ A 40 1R 5 BE [F) I 25 R 22 P G L 2 0 il . 3 40 TIE.
TiF§ 1R 6 RN o URE /N IS 25 Bl % 73 01 Oy 87.5.68. 3
A18.33 mg/L:Ji & P E v e v 2 B B — Bk
U 48, [ hE Ak 41 & ( Pseudomonas stuizeri X31) , 7E 24 h
PR TR 5k UIK) 25 BR A8 AT ik 93.7% o AR5 L W IR



] 5 5 25 0 it A T2 A IR 26 2 S B AL B Pseudomonas tolaasii Y1 [ % 52 K L0 AU VE. 1404 ) 22 48 (2015) 55 (8) 997

VB Ay S5 1L B0 3 4 T A 41 B8 A S T g o B, AR
FUO> B ARAF L A RS A T YL, & T 40 B R
P B (Pseudomonas tolaasii) , Y2 2 K 1k, i& R WL i%
ol B A 1B AT 17 S0 B A A AR D B3 SR 1 AH DG R i

T JBE 2 5 A AV FH RN S A A A T ) R 3 I 2%
2, Huang 25" % B7 4% 8 3043 00— Bk i 4 B
(Acinetobacter sp.) Y16 W 3¢ & 7~ » 1% B #k 76 H & AL
WE (20 C) 4 fF X e A 0 25 Bk % b (61,40 =
1.01) % . Zheng 2% %t B 4% & 1 i %
(Psychrobacter sp.) W5 3% WY, 1% W 78 3L d5 J& W 2
(20 C) & F, oW BRI LB E N
63.50% , Xt & L bR R AT 31.89% o« AW T
o3 B TR A U S R A A A R YL AE 15 C &4 T g
% LL 100% F1 60. 33% (1) 2 B % v 24 Hh 2 B 0 fird 12
EEM B A R T8 & A RS RE . H
55 A0 N 7 A R — 2D A .

VR E AN AR D IO AR L R 0 H 1 A2 A IE g
SOV I A 8 R R (19 9% 1 B R R R 2 1
S A A A B 0T A L T S R B e i TR
25 B b i A 4 T () T AR T T O R W, B
W2 I YJO6 7% fif %/ T 1 mg/L i3 B0 H & 3% 1)
JRAEABE I35 AH 2 f# UK T 2 mg /L I, YJ06 KR A
e K RO RE 75 T W2 FEHE R AUIR B 4.9 mg /L[
ZAF TR RIE I 92% « ARSI HIFI YA
FRAE 200 r/min % 3O B ¥ %5 8 0K PR I R R I
HSZ AR R JE R R A R — PR R

B 0 B Ry SO Ak ok B 4 AR BB UROR LT, B
2z Bl 1) 42 5 W) S A A0 T S0 R R JIE G 7 4 s A R
1125 B BRIE 9 2 B2 W A N R R A T 5 H
T 3 5 9% B A 40 5 HP1 (Pseudomonas alcaligenes)
742 N,0, N, O J& — P 5 B 5L 42 23 T (1 5 ZE =
AR, IR BT R CE RN B R Co, 1 300 %
155073 R SEG B T % R U bR YL A
RE 7 1R 5% W) 5 AR 0 G B S0 W b AT 3 s O T AR K
s I8 FH 3ok v 9 A T A O R A R R B A oK s
F 00 WO AT A A N,O bR R

4 i

NS

A& 5 S A R U R A U AN

16S tRNA K DR Jy> 53 A1 o A S 36 5 0 124 119 B Al AL 11
¥R Y1 Ky #T 7 e 2 i 5 (Pseudomonas tolaasii) o
B YL BEAT A I 200 el it B2 O 15 °C
X i R A AR S  BR R 4 i 100% A
60.33% , & 5 —40 Cfi J5% it il Py 33 REREAT SOl A6 A
FH o — BRI v U TR 5 784 S Al 4 40 1R 5 12 AT 0 e
FR S~ i p BN R P TR Uk T B A 8 1
Sk, HRAT A6 eI 2 R PR e R R AT IR 0
TR CTRANAE AT B A R AR R

2 2% JCHR

[1] Kroupova H, Machova J, Svobodova Z. Nitrite influence
on fish: a review. Veterinarni Medicina, 2005, 50 (11) :
461-471.

[2] Wang Z, Chen Y, Lin Y, Su X, He J, Zhou T, Chen

W, Chen B, Liu X, Pan S. Relationship between quality
of drinking water and gastric cancer mortality from 11
counties in Fujian Province. Chinese Journal of Public
Health, 1997, 16 (2) :79-80. (in Chinese)
T, RS, B, TEa, HEE, MK, JX
MR BRSO, BREZR, XUAGE, Wb WA 11 AR
AR S WA TR KR, o E AL DA,
1997, 16 (2) : 79-80.

[3] Deng X, Lin Q, Gu J. Correlation between concentration
of nitrate, nitrite in drinking water source and cancer
mortality for Guangzhou city. Ecologic Science, 2004, 23
(1) : 3841. (in Chinese)

XSEG, AREBKFT, B4R 6. ) T KU PR R
TH IR £ o B AR AL TR R, AR E ¥, 2004, 23
(1) : 3841.

[4 ] Huang F, XuJ, Qin M, Ma T. The relationship of nitrite

Journal of Henan University —( Natural
Science) » 2009, 39 (1) : 3541. (in Chinese)

EHEE, Vraite, ZWE, BEE VRS SRR
KA. WM KA CEREERRD) » 2009, 39 (1) @ 35-
41.

[5] Yang X, Li W, Chen Y, Cao Y. Identification and

and cancer.

bacterium. Acta
Microbiologica Sinica, 2011, 51 (8): 1062-4070. (in
Chinese)

M/, ZESCH, BREE, WA AR, — BRI AR B AL A
)4 B M E N R AURE M. AR A i, 2010, 51
(8) : 10624070.

denitrification  of an  aerobic



998

Tengxia He et al. /Acta Microbiologica Sinica (2015) 55 (8)

6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Liu Y, Kong HN, He YL, Liu BB, Inamori Y, Yan L.
Isolation and characterization of a new heterotrophic
nitrifying  Bucillus ~ sp.  strain.  Biomedical  and
Environmental Science, 2007, 20 (6) : 450-455.

Yao S, Ni J, Ma T, Li C. Heterotrophic nitrification and
aerobic denitrification at low temperature by a newly
isolated bacterium, Acinetobacter sp. HA2. Bioresource
Technology, 2013, 139: 80-86.

Wang W, Cai Z, Zhong W, Wang G. Research advances
in aerobic denitrifier. Chinese Journal of Applied Ecology,
2008, 18 (11) : 26182625. (in Chinese)

E, BRALIE, BhCKE, E AR LA RO AL K o
FUHERE. N AE A 24 ), 2008, 18 (11) @ 2618-2625.
Takaya N, Catalan-Sakairi MAB, Sakaguchi Y, Kato I,
Zhou Z, Shoun H. Aerobic denitrifying bacteria that
produce Applied and
Environmental Microbiology, 2003, 69 (6) : 3152-3157.

LiY, Wei M, Zhang A, Wu B, Zhong W.

low levels of nitrous oxide.
Isolation,
Identification and characterization of a nitrite-oxidizing
bacterium. Biotechnology Bulletin, 2010, 5: 196-202.
(in Chinese)

Fakb, B KB, B, B —HRRIR W
i T2 5 A A0 T 1 R R R R PE PRI . AR
AR, 2010, 5: 196202.

Ridgway HF, Safarik J, Phipps D, Carl P, Clark D.
and  catabolic of well-derived

Identification activity

gasoline-degrading bacteria from a contaminated aquifer.

Applied and Environmental Microbiology, 1990, 56:
3565-3575.

Bonin P, Gilewicz M. A direct demonstration of " co-—
respiration " of oxygen and nitrogen oxides by
Pseudomonas nautical: some spectral and kinetic
properties of the respiratory components. FEMS

Microbiology Letters, 1991, 80(2/3) : 183-188.

Wang H, Wang P, Liu J. Characteristics of heterotrophic
nitrification by aerobic denitrifiers. Environmental Science
& Technology, 2008, 31 (11) : 4547. (in Chinese)
EX S R L SRR A BRI R IR AL e
WE5T. MRl HHR, 2008, 31(11) @ 4547.

Qiu X, Du G, Chen J. Performance of nitrogen removal
WSH 1001. Chinese Journal of
Applied & Environmental Biology, 2012, 18 (5) : 768—
774. (in Chinese)
DML, 5% [ s R 1.

by Pseudomonas sp.

BB T WSHI001 ) fid

[15]

[16]

[17]

[18]

[19]

[20]

1]

22]

(23]

4]

FURETE. NS B B A 2012, 18 (5) 1 768
774.

Wan CL, Yang X, Lee DJ, Du MA, Wan F, Chen C. A
denitrification by novel isolated strain using NO,-Nas
Bioresource 2011, 102

nitrogen source.

(15) : 7244-7248.

Technology ,

Shao Q, Yu X. Isolation and characterization of a strain
denitrobacteria. Biotechnology, 2008, 18(3) : 63-65. (in
Chinese)

HRIE > Axmexik. S S A A 40 B R O 28 A A A R R
Wt APHEA, 2008, 18(3) : 63-65.
Song ZF, An J, Fu GH, Yang XL. Isolation and
characterization of an aerobic denitrifying Bacillus sp.
YX-6 from shrimp culture ponds. Aquaculture, 2011, 319
(1) : 188493.

H J636. 7K J5t A 20070 52 B 1 i 108 R I A 5% 4 4 O
Y6 J¥ 5 (Doctoral dissertation) , 2012.

B R, S, FFOCR. KRR KR I 3 4 5. 5 4
B Ab it E RS RE A AR AL, 2002 268271,
Zhang G, Wu W, P an R. Determination of fatty acids in
cells by GC-MS and its application in bacterium
identification. Journal of Hefei Union University, 2005,
10 (4) : 92-96. (in Chinese)

SRR T, SESCRY, WRATEG. ORI — vk R I 4
JiL 7 R B JLAE AN M e BN . A RS R R A
i, 2005, 10(4) : 9296.
Lan J, Liu B, Chen L, Xiao R, Shi H, Su M.
Characteristics of PLFA biomarkers for the endophytic
bacteria inside musa plants. Scientia Agricultura Sinica,
2010, 43 (10) : 2045-2055. (in Chinese)

WTLAR, XU, BRBE, HoRRG R, A, TR
R P9 A 40 B i P 0 R (PLFA) AR M s ic 4 M F 5.
A B2, 2010, 43 (10) @ 20452055.

Pratt B, Riesen R, Johnston CG. PLFA analyses of
microbial communities associated with PAH-contaminated
riverbank sediment. Microbial Ecology, 2012, 64 (3) :
680-691.

Goor M, Vantomme R, Swings J, Gillis M, Kersters K,
Deley J.  Phenotypic and genotypic diversity of
Pseudomonas tolaasii and white line reacting organisms
isolated from cultivated mushrooms. Microbiology, 1986,
132(8) : 22492264
Vicent T, Lafuente FJ.

Carrera J, Influence of

temperature on denitrification of an industrial high-strength



] 5 5 25 0 it A T2 A IR 26 2 S B AL B Pseudomonas tolaasii Y1 [ % 52 K L0 AU VE. 1404 ) 22 48 (2015) 55 (8)

999

5]

6]

27]

28]

29]

[30]

[31]

[32]

nitrogen wastewater in a two-sludge system. Water SA,
2003, 29(1) : 1146.

Rodriguez-Caballero A, Hallin S, Pahlson C, Odlare M,
Dahlquist E.

Ammonia oxidizing bacterial community

composition and process performance in wastewater
treatment plants under low temperature conditions. Water
Science & Technology, 2012, 66 (2) : 197204.

ARTHE. TR v S B W AR A HD 0 S B B L AE TR K Ak B
TR AT 5. 2 A K 2 Tt 2 18 30, 2013,
Wang R, Zheng P, Li W, Chen H, Chen T.
Identification and function test of an alkali-olerant
denitrifying bacterium. Acta Microbiologica Sinica, 2013,
53(4) : 372-378. (in Chinese)

T, A il R, BRIgE. Tk i AL A BRI
G T R T BE AN WL AR A A, 2013, 53 (4) ¢
372-378.

Guo LY, Chen QK, Fang F, Hu ZX, Wu J, Miao AJ,
Xiao L, Chen XF, Yang LY. Application potential of a
newly isolated indigenous aerobic denitrifier for nitrate and
ammonium removal of eutrophic lake water. Bioresource
Technology, 2013, 142: 45-51.

Wong BT, Lee DJ. Pseudomonas yangmingensis sp.
nov. , an alkaliphilic denitrifying species isolated from a
hot spring. Journal of Bioscience and Bioengineering,
2014, 117(1) : 7174,

Guo Y, Zhou XM, Li YG, Li K, Wang CX, Liu JF, Yan
DJ, Liu YL, Yang DH, Xing JM. Heterotrophic

aerobic denitrification by a novel

Biotechnology Tetters, 2013, 35

nitrification and
Halomonas campisalis.

(12) : 20452049.

Ji B, Wang HY, Yang K. Tolerance of an aerobic
denitrifier  ( Pseudomonas  stutzeri ) to  high 0,
concentrations. Biotechnology Letters, 2014, 36 (4):

719922,
Huang XF, Li WG, Zhang DY, Qin W. Ammonium

[33]

[34]

[35]

[36]

[37]

38]

removal by a novel oligotrophic Acinetobacter sp. Y16
capable of heterotrophic nitrification-aerobic denitrification
at low temperature. Bioresource Technology, 2013, 146:
44-50.

Zheng Hy, Liu Y, Sun GD, Gao XY, Zheng QL, Liu
ZP. Denitrification charaeteristics of a marine origin
psychrophrophilic aerobic denitrifying bacterium. Journal
of Environmental Sciences, 2011, 23 (11) : 1888-1893.
Bonin P, Tamburini C, Michotey V. Determination of the
bacterial processes which are sources of nitrous oxide
production in marine samples. Water Research, 2002, 36
(3) : 722932.

Yu A, Li Y, Yu J. Denitrification of a newly isolated
Bacillus strain W2 and its application in aquaculture.
Journal of Microbiology, 2005, 25 (3): 77-81. (in
Chinese)

TEH, U, aT& 2. — PRI 55 RH 40 40 1 1) i 1%
BB R VEBIE TE. A 5 K, 2005, 25 (3) ¢ 77-
81.

Fu LJ, Guo DZ, Shi CL, Huang W. Effect of carbon
source and C/N ratio on heterotrophic denitrification of
pure culture. Rural Ecological Environment, 2005, 21
(2) : 4245. (in Chinese)

ARG, FSHE, FE I, O . BRI RO R LX)
597 O A TR S R RO A AR IR 52 . RN A2
g, 2005, 21(2) @ 4245.

Hu Z, Lee J] W, Chandran K,
(N,0)

Kim S, Khanal SK.

Nitrous oxide emission from aquaculture: a
review. Environmental Science & Technology, 2012, 46
(12) : 6470-6480.

Kim SW, Miyahara M, Fushinobu S, Wakagi T, Shoun
H. Nitrous oxide emission from nitrifying activated sludge
dependent on  denitrification by ammonia-oxidizing
bacteria. Bioresource Technology, 2010, 101 (11) : 3958—

3963.



1000 Tengxia He et al. /Acta Microbiologica Sinica (2015) 55 (8)

Identification and characterization of a hypothermia
nitrite bacterium Pseudomonas tolaasii Y1

Tengxia He, Yi Xu, Zhenlun Li°

Chongqing Key Laboratory of Soil Multiscale Interfacial Process, College of Resources and Environments, Southwest

University, Chongqing 400716, China

Abstract: [Objective] Denitrifying bacteria play an important role in the biological nitrogen removal process. However,
there are few studies about hypothermia nitrite denitrifying bacteria. We isolated a hypothermia and aerobic nitrite—
denitrifying bacterium (named as Y1) from the long~term flooded paddy soil. Aims of this paper were to clarify the
phylogeny and denitrifying characteristics of strain Y- 1. [Methods] Morphological observation, specific phospholipid
fatty acid and 16S rRNA analysis were employed to identify strain Y- 1. Denitrification characteristics of strain Y1,
such as temperature, shaking speed, initial pH and carbon source were investigated by using shaking culture in
Erlenmeyer flask. [Results] Strain Y-1 with high removal efficiency of nitrite and total nitrogen was identified as
Pseudomonas tolaasii. The optimum conditions of Y- leffectively removing nitrite nitrogen and total nitrogen were: initial
pH7.0; 15 °C ; shaking speed 200 r/min; inoculum size 1.5 x 10° CFU per 100 mL medium; sodium acetate as carbon
source ; and nitrite nitrogen 10 mg/L. Strain Y- 1 can remove nitrite nitrogen and total nitrogen up to 100% and 61. 28%
within 48 h. [Conclusion] Strain Y1 was identified as Pseudomonas tolaasii with its potential nitrite polluted water
treatment during early winter and late spring.

Keywords: nitrite denitrifying bacterium, hypothermia, isolation and identification, Pseudomonas tolaasii

|

CARICTE o G T 7))

Supported by thethe National Key Program for Technology Research and Development of China Plan Grant (2013BAJ11B03)

" Corresponding author. E-mail: lizhlun4740@sina. com

Received: 16 December 2014 /Revised: 1 February 2015





