WA W) 4R Acta Microbiologica Sinica
53(1) :47 - 58; 4 January 2013
ISSN 0001 -6209; CN 11 -=1995/Q

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

Research Paper

R &

MEIFERELE ADBERNTBEEER KRB LFHE

s AR, B SO0t RN, JE A, VR, 2R

A AR TR A A iy A A A e AR 350108

W CH i 10 12 v 200 S0 280 R0 Sl A 40 v > ) T BR BE AT 22 00 52 B A AR A > b Jim 48 78 IR A N K
e B AR SR A . K05V IR R S Al A 15 9% ik 43 10 75 308 47 S0 SR A 40 1 i o B 2 AR LA 4 < 16S rRNA
B DR 81 3 A ~ T J5 0 TR 50 Ji g L7 K R PR Cmap A) ) 98 43 A 8R4 81 o 5 5 5 3 1o e i A i % B » 0o T bR AR K
RS AEAG T B 3 pH il JE DRV VA AL B B A R AT T B A% LA B L A N Tl e e B A B U A e
V5 A B 1 BRI £h i s i 48 e i AL 4l B A3, 2 10K 2 R % F K N Pseudomonas stutzeri, 5 Pseudomonas
stutzeri DSM 50283 3% %% K Rt o R ALK S A AG 1 B il pH R 6.5, i i 8 33°C, i ki T —
P22 A0 > B 38 8 R 3 0y 150 v/ min, @ Ml 5% o AEBLAAE R e KT LB NO, Tk EEZ) 2 1900 mg /L.
X B BB 70 = #h 15 R 5L (10% NaCl) o AP AR o 6 N TR K 1 340 80O R 36 B % B R AT — o 1 R S AR
. (458 Y 5B I 4E R AL 90 7 N Pseudomonas stutzeri, ¥ iy 44 N P. stutzeri YHAA3 . H £ 5 £h ¢
(I S SR D BE 1) P stutzeri AR WARE o X0 &5 88 PR /K /6 8 TR A 7K PR 1R TR N AT — s 1R o A A 18
KSR Y SR e, LSO T, BEBE T, EE TR
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AL P B R A T T AR o AR % Y T
PR R IR TR R A KR B U % 2 B
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IR B B BRI > NO; » HAE AR K0 v 2 40 W HY
PR 04 J g, SEBL NOS ¥ SR AL -

ASHIE ST MHE TS L e T 0 328t R R AT e
B NO; AT NO, e Jy (1 B B » - 32 35 Bk 50 RE 77 5 9 (1)
A3 g HARE R fEUbIERE b, OFR T A3 BB
AR AR B2 AR E TR R 00 B AE AN [ AR R
IR ARG DUAT R RURE 0 [ I %5 %8 T ik A3
XN TR KA BE T -

1 MBS ik

L1 ##

L 11 #EGRSEER MM T [ f E b A gl A 2
FEG 1 RNR YRR AR A e S KA S 37 B REAT 23 25 0
i% o

1.1.2  $2#HFE: 548K 5% (g/L) 1 NaNo, 0. 85,
Casamino acid 2. 84, KH, PO, 1.36, MgSO, « 7H, O
0.19,pH 7. 00 i i 8 7 317« KA 3 J 40
LG 398 B4 2 SR B R AT B
/K (g/L) : NaNO, 0.28, NaNO, 0.23, (NH,), SO,
0.44, 5 A 0.6, 2 W& 0.41, J8 % 0.1, NaCl
0.03,KH, PO, 0.1, KCl 0.014, MgSO, *7H, 0 0. 02,
CaCl,*2H,0 0.018,pH 7. 2.

1.2 $F& A L4 & BY R ik

1.2.1 E&RYIME:FIBO0.5 ¢ Pl e, M JowiK
JKYEJG 7015 x g B0 5 min, 35 L35, Ibid AR HE 3
o K bSO RE L OKFEZH HHIC 3 mL) e N %%
1130 mL g 4R IR ALY 150 mL = i TG B B
FJ5 T 30°C, 150 r/min FEIK Y& ¥ K5 97 . f 8% 9% &
PEM L. S mL BRSO T B I AR B SR, T
3 -4 R RTGFREME AE ik 2 NOS i K T A
1.2.2 B4k SOk 40 v 6 S A ik 7 b il 1
NO, [ AE, 5 IR AL (1 pH AN T AT A 8 1 B
Ty 0 AN B B R O WE . DR G, W DUAR 4 1 R 1 6
AT AR AL AN T 10 2 B Ak ™ o X1 mL R AR %
107" =10 7 Bh FE HEAT B0 RS R AP B BEEUAT W £
o [ 1 BT E VR 8 15 R R P 4R 2R IR, 24 h
Jei XAk EOTES 2 U K 1D PR 1R 9 0B AT S0 S
1.2.3 & 0% &0 7 4l 21 Boak i 5 vk it
A7 o Al £ T 3 T BT Bk T R I 2 R R 1
W V& SCIHT T LB 15 IR AL AT RS 57 12 h (30C, 150
r/min) , ¥ 5% [ # BB R T AT 30 mL [ i AL
BRI 150 mL = M, 150 r/min 30°C £% 3% 24

h, W 58 5 F5 5L b NO, ~ F1 NO, ™ B, o 8 R R AL
oo MR BOEALRR I, i A3 8 5 B2 S0 K
1.3 FHR AL WAEKRERBE LTS

0T RS L F R AR A3 F 1.2.3 Jy ikt
ITHT G % B N WA Tk 55 97 55, T 30°C <150 r/min
FRIRIR G Re 5 o 8 WIIUFE DU 2 OD gy, S NO; IR,
IR R AR K i 2R 1
1.4 BAUEEMEKADBERKERTEDNENR

$ 1.2.3 50 )51, xF A3 B AR AT AT IR
5 5% P01 e O\ A AL BE 95 FE B B 9T R BE AE A
[ )46 pH UL B2 B~ 5 AR 3 AP R O NO, T IR FE
S SAETR TRAAR (1) AR KA L BT R A U 2 BR e T .
1.5 H# A3 W ALTEKB S LEE

FEFR AR A3 (1) — 2Rl 7 L 10% £ &
W4T BE IR 0B R NN T K, AE 33°C 150 1/
min 8RR FE, BERE 2 b BURE, Wl e N TR K P i
COD.NH, N.NO; .NO, .pH il 0D, 2548}
1.6 SHFERELE AIIEHEKNLETE
1.6.1 FEZSWMEL Nk Ad3 T LB #5 b i &
Bt LU D R & B AR 2. 5% I
[ 52 4 h— B B2 2% i R 3 Ik — & BB FE i 7K
(5351 30% ~50% 70% 85% 90% Z BE % 1 X,
100% £ 2 K, 15 min/IR) — L TR 7 IR 16 & e £ ¢
2 k(20 min/¥K) » B — 5 MG 4 7015 x g B0 5
min. J5AE 52 BIAE - 20°C . —40°C il - 80°C F ¥4 %
12 hy, TAHTEACP 812 h, & 4 SR L
S5 LR A B 5% 58 00 ™ e B BRI A
1.6.2 A4 WEE: B AR A AR50 R 4
Coy A0 B R G e T BT BEAT
1.6.3 16 SIRNA MFMAEAZLZEHH: (1) HEA
L FE AL DNA 42 B 77 &5 42 B DNA, PCR B 51 4
4 16S rRNA i@ H 5l #. H v, 1E 10 5] #: 5°-
AGAGTTTGATCCTGGCTCAG3"; & [ 1l #): 5-
GGTTACCTTGTTACGACTT3". 5|4 b 3 5 [ &
AW EARAT B UTAT A W A . PCROSO N A & (25
pl) : 2 x MIX 12.5 pL (& #H 2 x Taq DNA
Polymerase,2 x PCR Buffer, 2 x dANTP) , 1FE [ F1 % [A]
Sl 0.5 wL, BEAR 1 pL, WH#K 11 pL. PCR &
FU1 R :94°C 2 min;94°C 35 5,55 -60°C 30 s,72°C
80 s, A 35 Y ;72°C 5 min. ¥ b 50 EH B &
EPERARTEAA TR (2) REKE DT
WPy B 3R e 204 B 32 48 GenBank #% IR 24 122, H
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BLAST HE47 bbb, 8 2% [ U5 48w 16 AH G % 41
MEGE 4.0 #fFRAT R4 R & 0. 1 5E A Clustal
X HE47 2 FP 5 VLD , #% Kimura 2-parameter o 53 4
¥E B, B # 33 Neighbour-Joining (NJ) R 48k & #»
BEAH 23 BB € P HT Bootstrap 43 47, HE & 1000 X -
1.6.4 FERMERLRELEETEERE (napA) Ay 1.
B — 2D e AR A3 X NOL [ A A $5 s Al 1
VEFR, 9738 7 BERR A3 1 J8 5 A 1R O Jir il MY 36 3 [X]
(napA) o 5| ¥ k4 iz & W& 7 5 50 i @ A 5l
Pt I | 8l W A napl 0 5°-TCTGGACCATGGG
CTTCAACCA3"; [ 7] 51 #) &y nap2:5°-ACGACGAC
CGGCCAGGCAG3”. PCR Jx [ & & K& 2 J¥ A
1.6.30 BUS L BEShREAT 1. 2% B BB 4% e v vk A
Mo 519E K e 5 5 H Bk B BAR A IR
ST F) 58 B T 49 7 41 3¢ 28 GenBank #(4fs i, JF
Fl ORF Finder 1 PFAM %57 £ 2K £ 43 47 3 K = 4
1.7 SiF*E

AR (NOS ) [ 2 R ) JBS 7 %0 1y 79 't 6 J&
WP A A (NOS ) Wl 5E SR AP 36 8 0 60 43Ok

e vk Y g (NH, N [0 52 5% F 48 BG 3R 71
Ji 30, COD I 52 S FI bR 3085 B0 A Y A% -
VE P A K 5E SR ik (OD) o JT AT SE
W 3 ANPAT 45 BRI ME

2 iR

2.1 SHFERMELAEFE KD BTG

AR M PRI A BOFE 20K R FE A, 4% Naoki
Takaya ¥ 7 [ 77 2 34T 0 gk Y, 78 BTB PR 1 ik
H18 AN BH I v B o JLHEAT IR AL R D) SE B . X
A0 R 55 — 35 2% NOJ ik i NO, , LLJ 4
NO; FIp=E 1 NO, b K 4, 520 15 2 5 #k B A %
S A A BE D B AR (R 1) o Hoh, A3 R RRBR
NO; fig Sy o, HAN & =4 NO, , 12 h Py X s &1
FRHE NI 99.68% o 7E LL NaNO, 1 by i — & U5
(f 55 75 3 b, T Bk A3 B AE 8 B A A K, DRk
% 1 PR A B AR U AR RO A PR e AR HE—
RS

*1 FERWUABRMRBEEENT GEHKE: 620 mg/L)

Table 1 The denitrifying ability * of aerobic denitrifying bacteria (initial concentration: 620 mg/L)

Strain NO, NO, Removal efficiency /% Strain NO; NO, Removal efficiency /%
Ad4 8.95 0 98.54 c24 581.11 0 5.25
Ad-=2 6.05 0 99.01 c2-=2 562.59 0 8.27
Ad3 1.98 0 99. 68 C23 570. 00 2.13 6. 60
B4 1. 40 424. 47 5.49 E24 4.57 263.83 41.28
B4-2 4.88 426. 60 5.46 E2-2 2.72 271.28 39.94
B43 4.30 422.34 6.49 E23 2.72 94. 68 78.75
44 505. 47 14.89 14.31 F44 5.19 2.84 98.54
c4-=2 552.00 2.13 9.53 F4-2 32.35 362.77 15.00
C43 534.53 0 12. 85 F43 37.28 358.51 15. 14
* The denitrifying ability means the total nitrogen removal efficiency including NO; and NO,
2.2 EHAI3IMERRRMELSNE = -
Wbk A3 76 30°C 150 r/min &0 F 3%, 658 o
2 h W 5E OD gy B X NOJ I 2 B 5, 5 Bt 1y 520 1'2 _
— w - . . T £
8o HT SO AL 40 B R NOS (1 2 B i R 45 A K o B
\ N R ‘s ~ 3904 T g
R RGR BRI R AR B NOS S GRfRAR S 2 N
- . e s Y E 5
B W T ORI AT S ~ oD :
- o L O -= Concentration 60106 <
NO; 35 T 6 6 I 1 4 i 5 90% BL o 45 16 on K
-4~ Removal efficiency 40404 3
h 1, NO, ¥ M 620 mg/L T [% %] 5.05 mg/L A 1304 0 loa
A1y BERFIE 99.18% » A RERA NO, LR, . e o] e
i W B RE A3 H A B0 1 S hiE Ak g 0246 81012141618202224262830323436
= /= 4 i t/h
2.3 TRRRMEHK A3 B+ KRBT N RN
2.3.1 #2115 pH M E#k A3 WA KRR REE S 1Y 1 B AL MR E K
gz ﬂrﬁl . %iﬁ LI" E/‘J pH {E Xﬂ_ %ﬁ /:—E% E/‘J 25 ’l]lﬁ ?ﬂ(: ij] %2 ulm '/fE Fig.1  Growth curve of aerobic denitrifying strain A-3.
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K D BEAE T 7 0 My e A A A AT B T A
Pt E R I R P . ARSI % g TR pH
LA 5 T A 7E S [ 6 i) BE 1 2R K 1 I R 6 NO,
[ 2 % fig

HI 2 WA B ARLE pH 5.0 - 9.0 #H A [
J8 () A K R B pHL sk B % RS R T B A
Koo MR, S pH 7.0, I 1 % 6 h I, B {4 F
BRI AR S 4y v WL pH Sk 7.960 i T
S A3 R 2 — A S W 7 i ) o R pHL £y 3
Tho 3 0 B AR K R T R
pH 6.5 —7.5 I, B 4 fi¥ % 75 %2 6 I 1) Py 3k 31 45 v
(1) ODgyy» {2 pH b Ft ikt F B AATE 6 — 8 h W) i
FF U 9 A R ) R BE IR D09 o IR Ok pH R B T 42
1 b Y8 1 B IR IE R pHL A A A KT AR
W pH YO . AWK 2 il 4, 4h pH A
6.5 I, 7E 6 h 4 X NO, f) 22 & % 1] ik 95.30% ;

12 h)5,pH 5.0 -7.0 FJ & A FEAHIL R T 90% LU
R, M LBRAORE E. HHEIA
pH BT A KR R ER AR, KB #F 2 W3
FEAR A A

HHE pH 5.5 W], ODgyymax = 2. 121 (10 h) ; pH
6.0 I}, 0Dy, max =2.126 (8 h) ; pH 6.5 I, 0D,
max =2. 130 (6 h) , B i ()2 pH 235 4 7. 14.7. 16
A17.23. Ui W R A3 A K iE pH < 7. 23,
Timmermans ZEWF 5738 W, 4 & A K Az A B 5% 1
(K1 fpe 3l pH AR A Pk B Bk, pHL R 3L iy B (R 3
0 B B A K B R Ak R 1 R A Y
P, O T 3 i A R L BR AR, AR B pH AE
PESAE T o AR SRS AL I R 7 B 2 4 pH AN B K
ASLR Rl Kl 4G pH YEFF4E 5.5 7.0 A T
WK A3 1 AR K S i A A I D 3R 47 T PR
A3 K ORI B 4R pH 4 6.5 .

x2 EBEpHWNEHABEKERMELE NN

Table 2 Influence of initial pH on the growth and denitrifying ability of strain A3
' | Initial pH
t tem
5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
2 0. 078 0.302 0.342 0.383 0.352 0.174 0.074 0.032 0.027
4 0. 146 1.057 1.321 1.371 1.153 0.793 0. 468 0. 266 0. 062
6 ob 0.271 1.747 2.017 2.130 1.759 1.429 0. 938 0. 698 0. 105
8 o0 0.769 2.021 2.126 2.070 1.763 1.411 0.938 0.777 0.118
10 1.387 2. 121 2. 083 1.977 1.729 1.369 0. 879 0.731 0.107
12 1.783 2.102 1.921 1.829 1.651 1.309 0. 833 0. 623 0. 109
2 6.05 16. 84 32.60 33.28 29.42 21.06 11.85 8.59 5.41
4 12.13 35.96 62. 87 69. 40 58. 66 53.71 25.87 15.99 9.53
6 41. 14 67. 65 91. 66 95.30 88.32 77.07 45.24 32.05 10. 55
o 101 0

8 Removal efficieny (%) 74. 18 84.20 95. 10 97.85 91. 44 81.35 46. 32 38.35 12.73
10 87. 09 91. 13 97.04 99.27 95. 09 85. 96 46. 18 39.05 12.34
12 91. 65 96. 22 99.28 99.26 99. 30 89.05 46. 80 39.97 12.97
2 5.25 5.76 6.26 6.82 7.09 7.43 8.15 8.56 9.18
4 5.28 6.12 6. 82 7.08 7.58 7.87 8.53 8.78 9.41
6 _ 5.31 6.52 7.05 7.23 7.96 8. 11 8. 80 8.91 9.51
8 Final pH 5.78 6.91 7.16 7.28 8.17 8.28 8.92 9.03 9.65
10 6.20 7.14 7.28 7.36 8.19 8.36 9.00 9.08 9.72
12 6.77 7.26 7.31 7.45 8.29 8. 42 9.04 9.18 9.73

2.3.2 EEMNEEKADBHEKERESEINY
W R AR K BN R, 2B A
T 00 52 305 7F KL S 20°C = 35°C BT L SR Ak 4
F) 2 0 B J B Ak e T 6 £ P 4 52 B
FEE () 55000, AT 5% 00 I8 260 280% o 181 2-A N 2B
7R WAKTE 28°C —40°C 2 [ HB A% 1 K, % NO,

AT R BR AR KT 38°C s /hF 33C
I R PR AR R R B AR ) IR A T 33°C -
38°C I, B A RE 0% B U b AR K R 4 FEE R A
NO, LBrFE (>85%) o K 2 7l %0, 5 i W 44k 4 K
J bR AR BE R 33°C, FE 45 AT F 5 10 h I 1R A 4
NO, [ 2: B2k 98. 64% ,12 h i % 100% .
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Fig.2 Influence of different temperature on the growth (A)

and denitrifying ability (B) of strain A-3.

2.3.3 MEMNBEH A HMERKEBREEDIBE
W) = A7 ML ARG I A2 B A A0 4 B A K B S i Ak ok B i
DA RE R AT L TR . NOL B R B Ak 41 1 3 J 1) i
T B T ke BT A A BT R B 5 1 T WA D 8 3 A
S A Ik R T 7S 2 IR AR R A PR v AR 7 R
TR, T 58 B BB R Y o A S DUFY B 1R
BN SR AT R T RN R R 22
BRI LB S Sk U S ) 8 T AN R B R A AT
PR IR A KA 0 R B Uk . S5 SR 3 TR .

gE LR W, TEAR R (0 pH ORI B 25 & 4 R, AN A
T 50 TR A A A B B R RE s e A K. e, A
FE VLT R A0 RO A Bl 5 19 5 75 3 b A KO A A
Fr i TR A0 R &R A 15 R TR TR R AR AN A K DL 4
FUT RN A B 5 NO, 1 SBR R v /E 8 h ik
B 99% LA L&, M0 AE KT AR R B £ TR B0 AN A TR B N

g TRV () B 37 b e B R A 30% AiAi e B
SCHR 0 B U 0 Ak 2 4 A R T R R Ak
(RS2 ARG 2T o AT 4 e 5 AT A B 45 0
L 7 B, 23 7 /A B O A R T RO Ak 1
Ao BUT R AN 5, BT A0 B AR B R R D A
BELH 2 25 B R G W 22, T Wk U )
TRxF NO; R4 £ fiog e ™ Y o % e 378 Ak
PR S R S R R A R AL T T R
TEM I % B R A AR, G s vk T RN
B AL B U
2.3.4 EFBENEHKABERKERAEHNE
M < VA7 S 4 52 Y A 40 14 7 K R o R H T 2
2. fE25C 1.01 x10° Pa F, 7K %W 4 5 A
KL 8.3 mg/L, HLUBET -8 mg (¥4 KL Tk vl
DL 25°C I 2 BT MR ER 1 L /K Fh fR 480 4 B0 0 FE 5
o HK A% 2 R N AT U <L B T OB
A P Ah 6 0 5 R/ o AR i AR A R B
SR B A% B % e I U R 4, LA R T U AR S X TR A
PR e O AR A A B S

1] 4-A T3, S (5] 158 PR 6 T 0T T A 24 K10
MR K. 2 -8 h i, B8 > 150 r/min 4615 F (9B
A5 P A 2 EE R50 o/min & E T BAA R A
BRI A Ko IR AT R T A R
A5 KA R IR E i A AL 4 2 W 2
B S 2 B A e Y .
RN NO, B £ B e 5 A Ko S A M ) 5 il 1] 4-
B Al &1, B R A3 X NO, 2% B B AE 7 ol ARG
(0 0 U Rl 2 T ) T A i Y
SR AN o AR R A 40 T A7 A P PR PR O Ji
TR 4 T A ST b 40 T A E 5 40 M BB A 3 11 38
Jer A » 2% 1 X 4G A0 90 040 D B A 0K 5 T 0 460 I i 1
a0 B UL R RS R L 5 RS B NO, i JE Rk
NO, B2 Liu &8 F 57 2 W, 76 17 I8 A A 40
T A0 20 TR £ B 5% 3 v R Ak 2 TR E JES 2 B U
R 18 Y o TR SR W, E i
SRR G B O A 4 T LE TR 4 1 R NOS B R
TS0 AE AR 38 P 5 Feng 25 (0 BF 0AE S8 T W ALK
R T A 2 B T R Y o R A Sk
g BRT LI, 7 — o VT P W AR P A B T
Bk A3 (9 A KR SR Ak A 0 HE AT, B 410 150
r/min 4 P ROV AR 4R e 0 4 TR R 1) 2 KR R Ak
(P
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(A) . 3
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2 4 6 8 10 12
t/h
(B) . .
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. ) N N N
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N
N : ~ N N\
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N N N
. N N N
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Fig.3 Influence of different carbon source on the growth (A) and denitrifying ability (B) of strain
Ad3.
— - N =, e ~, _ R e ) -
2.3.5 #EMEN NO; EPRBUR BT R0 - 4F 50 S i 10% , 0D, =0. 137) £ 7 B #k A3 X} NO, fg ¢

A0 R 1 A R G B AR A 2 (1 NOy I 5 3
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Fig.4 Influence of different shaking speed on the growth (A)
and denitrifying ability (B) of strain A-3.
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Fig. 7 Unrooted phylogenetic trees based on the 16S rRNA sequence of strain A3 and related strains. The tree rooted was

constructed by Neighbor-Joining method with bootstrap values calculated from 1000 resampling. The numbers at each node that

indicate the percentage of bootstrap supporting. The numbers in the brackets after each bacterial name arel6S rRNA gene sequence

accession numbers in GenBank. (Bar, 1% sequence divergence)
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Isolation and characterization of the salt-tolerant aerobic
denitrifying bacterial strain A3

Yonghe Han, Wenxian Zhang, Zhigang Zhuang, Zhihua Zhou, Xuping Xu, Min Li’
College of Life Sciences, Fujian Normal University, Fuzhou 350108, China

Abstract: [Objective] This study is aimed to isolate and identify an aerobic denitrifying bacterium with high ability for
nitrogen removing, and optimize its growing and denitrifying conditions to obtain the theory basis for controlling the
eutrophic artificial lake. [Methods] Aerobic denitrifying bacterium strain A3 was screened by denitrifying medium.
Strain identification was carried out through morphological, biochemical and physiological characteristics, 16S rRNA gene
and periplasm nitrate reductase gene analysis. The optimal pH, temperature, carbon source, dissolved oxygen (DO) ,
inoculum ratio were tested as well. [Results] Strain A3 isolated from a drain outlet located in Gaoqi village, Shangjie
town, Minhou county, Fuzhou, China, was a member of Pseudomonas stutzeri and its DNA sequence was most closely
related to Pseudomonas stutzert DSM 50283. The optimal conditions for its growth and denitrification were followed as: pH
6.5, 33°C, 150 r/min, 5% inoculum rate and the best carbon source was sodium succinate. Under these conditions, the
maximum removal capacity for NO; was approximately 1900 mg/L. The strain could grow well in the medium with high
salinity (10% ) and could also use NO, and NH, -H as the sole nitrogen source. [Conclusion] The isolated P. stutzeri,
A-3 is a potential strain to treat wastewater with high salinity and/or eutrophication.

Keywords: Salt tolerance, aerobic denitrifying bacterium, nitrogen removal ability, eutrophication
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