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JUE 5 mL, pH, Bk, AR SCE0 ZOoR IS M. (2) 1%
HITE B W (g/L) : EDTA 50.0; ZnS0, 2.2; CaCl,
5.5; MnCl, - 4H,0 5.06; FeSO, - 7H,0 5.0;
(NH, ) Mo,0,+4H,0 1. 1;CuSO, -5H,0 1. 57 ;CoCl, -
6H,0 1.61;pH=7.0,
L1332 2ol 00 A4S A% X 22 i 2 Bl Tt i I TR
(10 /L) s #hMR A & — Wi (1 /L) 2 He i 1R B 5 WK
(20 g/L) s BRA B LB W (S g/ L) 5 ik R 4R ik PR
W (10 g/L) ; Taq fif; 3% i@ PCR {X ( Biometra, &
) ; 7200 A W, 43 0% O B it (UNICO, -9 ) ; UV-
2802H £ 4h 43 5606 2 i1 (UNICO, | ifg ) ; B B iR
Z %5 (BINTA 2020D) ;pH 31 ( Sartorius, f[H ) ; 5 2
LI (DHZ-031, FigHBEMZ ) .
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PITEARR 2 - 8 K 240 DNA g A5 b | R FH 40 14 i
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1492R ;5'-GATACC TTGTTACGACTT-3', PCR /=4
(4 7 20 00 7 F b 5T i B 2 DX A i 5 oo AT BR A | 58
o

PCR WM % (50 pL) :10 x PCR 2 5 ul,
dNTP Mixture ( 10mM each) 1 pL, 5%y 27F M5 ¥)

1492R 4 1 pL, K DNA 2 pL,Taq /(2.5 U/pL)
0.5 pL, wZE K42 50 pL, PCR )P F: (1)
95C 2 min; (2) 95C 1 min, 55C 1 min, 72°C
2 min;(3) %6 2 A5 ¥ 30 %&; (4) 72°C 10 min,
(5) 4%C fiAr,

W BEHE 2 -8 15 16S rRNA X JF %1 7£ GenBank
R Y 50 B b 2R AT 90 TR IR PR LA, Gl
CLUSTAL X .BIOEDIT 1 MEGA Z# {417 £ & ¥
B X238, £ LA Neighbor-Joining %[13] WERS K
AR, 3 SRR E ] Bootstrap 77 ¥ #E 47 1F
o
1.3 SAE

NO, -N il 5 SR JH 2% 2 e 43 O o k5
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A ® = [¢(NO; -N),-c (NO, -N) -c ( NO, -
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NO; N W ¢ (NOS -N), Wi 965 9 & NO; N
HeE ¢ (NO, -N) NIEIRIE MR R NO, -N #JE
1.4 FH2-8SHFERHEUZMERSH

WA T OR RIR 2 - 8 EAT AR IR LS T
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2 £ RFitib

2.1 HE#H2-8#16S rRNA EEFFINE S & #
ik PCR 718 7 510 7€ 15 B s bk 2 - 8 11 16S
rRNA & [ F 41, % ¥ 81 78 GenBank % 5% %5
HM155111, 7F GenBank A ifi it Blastn b5, A& #1H
5 Z2 R AR B T 0 e S AH LM R TE 99% LA |, Horp
M & & B N Pseudomonas segetis FR1439"
(AY7706911) ,i5%) 99.9% , FRG L E 7 (A
)R RRR 2 -8 5 P segetis KRR, I
HAT99% Wy A, L, B0 S8 Wbk 2 - 8 Jm
TR M JE ( Pseudomonas sp. 2 -8) . 145 N1k,
i AR UL IR AR W B AT o SRR A P A I
2.2 RIEXE#2 -8 A KRIFERMELHNTIT
o3 LA 47 TR RN (7.05 g/L) | Z TR M
(4.1 g/L) T R (6.75 g/L) Fr & IR M
(4.9 g/L) Fi%iME (3.3 g/L) JERE(2.85 g/L) . &
ZFHE(2.85 g/L) (3.2 g/L) N ME—BR IR, 7E4]
AHY TR & Mk R 140 mg/L . C/N =10, pH7.0 NaCl
30 g/L.30°C (160 r/min £5 KI5 19 5544, B 57
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Table 1

FURB R o AE LA %0 D M — B R, BROR AR RAR
U (0D 1k 3] 0. 55 Ze A7) , {H 2 i 20 5 AH X B A%
1 RERA R AR B R CR B R 1 LA LR
L 5 A AR Y Y A R AR R BT D T TR A A R
Ik FULP AR BRI 0L . 236 % B B bk
AR B R DL RO AR R B AR R, AR 6 R B A T ik
2 -8 4 SR A I B LR TR

BRIEXE R 2 -8 AR RIFEHR R0

Effects of carbon source on the growth and aerobic denitrifying ability of strain 2 — 8

Nitrogen removal

Carbon sources Growth/ (0D, ) NO, -N/(mg/L) NO, -N/(mg/L) efficiency/%
Sodium potassium tartrate 0.017 £0.004 137.84 £12.70 0.61 £0.03 1.10
Sodium acetate 0.15+0.013 8.61 +1.81 36.93 +0.17 67.92
Sodium succinate 0.15 £0.007 6.78 +1.13 36.27 £2.55 71.00
Sodium citrate 0.29 +0.002 2.50+0.83 34.59 +3.04 74.88
Glucose 0.55 +£0.021 9.34 +1.83 38.63 +3.41 67.09
Sucrose 0. 028 £0.006 138.30 £6.52 0.75 +0.07 0.68
Maltose 0.036 +0.01 137.66 £3.93 0.88 +0.06 1.04
Methanol 0.051 £0.004 135.56 +2.90 1.10 +0. 15 2.38

B VR T R R R AL T R R B R R
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9 PR 28 > — b A WL . 7 S AR AR v, R Ak
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TR ST F 01 S WA 40 7 76 R TR B R, RS AY
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o 38 ST S Y i AR ARG 2B K R R 4R
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FIT SR Al AR AR 52 ma AN K, T AL 3R 4 7 85% L
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Fig.1 Effect of pH on the growth and aerobic denitrification of strain 2 — 8.
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2.4 NaCl & E X & ¥ i | R 8 %I

W& NaCl ¥ 7352 0,10,20,30 ¢/L, fEWI 4R
TSR A FE 2l 140 me/ T A7 R A 0y ME— ik I8 .C/N
=10.pH =7.5.30°C . $& R ¥ # 160 r/min ) 5514
L RE SR 3R, I B R AR K T i R - RN I i
MR A (K 2) KW, 4 K& LECFR, T8
NaCl ¥ JEE 4 0 ¢/L,10 ¢/L,20 g/L,30 ¢/L i, i 4
REA R HEZS, 700N 71.56% . 71.97% .

68.9% .72.30% ;NaCl ¥ & 3 40 g/L B}, Btk 2 -8
KT 2, AR T R3] 58% ,50 o/L J 0 = 6 B
MR K, H Al W ,2 -8 BAR Tk /0 28 [ i
KL {2 NaCl ¥k FEAE 0 - 30 g/ Ly [ 4 X H A4 4
S AR W AN R IR AR o] R S S T,
S R N N D S S N = R VA
HI )R
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Fig.2 Effect of NaCl concentration on the growth and aerobic denitrification of strain 2 - 8.
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160 r/min W) 55048 T 8558 3 K, @ W bR A K R
SR -A MR- o 5 AW B 3 R X0 45
T, E AR 2 -8 fEAE C/N 44T S il 4k ik 1 41
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1Lk 20% -35% ,C/N < 10, W fi§ {2 25 FH 2 h dg ™
Mk 2 -8 HEAT A U RS AR A Bl C/N Ry
15, I B 1) B 4 il A B R AE 92% LA E ] I i
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G AN 6 IR B, 5 A AR Chiu 7 1y
WFFE R T4 5 B BRI AR , 08 % AN [ B U5 IS A 7 ) 23 A
TEAS TR ) et G/ 32 PR Sy JHG g s A 30 a4 R T
e F) 5 4 8 356 FH AN [] 68 s J5E P 48 2 77 7 AN ] o
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Fig.3 Effect of C/N ratio on the growth and aerobic denitrification of strain 2 - 8.
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X R E B R . Joo 2 LB C/N N S
SR A AL Al B A, faecalis No. 4 [/ 573 3¢
A AE AT A 52 4, TR i 4 40 i AR VR 3R F7 A
W s C/N iy 10 B, 5 57 i A0V A i 420 5 il Ak
VEFIRT LA AT 58 4, 4 C/N 3K 3] — & BB, 2 il
AT, (BA B LW, /N R B R
R ERGE 6 TRC M T X31 k5, C/N Jy 5 i
RHE N 89.50% ; 4 C/N Jy 6 B, i 2 2 14 m %
95.30% ;{H#F— 3 E C/N HWiE , IR A R &R L%
VEE NG A

2.6 REMNEKRFERBELHIM

B BRI 730 R 4 .12 20 25 30 37°C , FEWT 4R
TEIR Ay 140 mg/ L APERR AN N ME— BRI .C/N Ny
15 .pH 4 7.5 NaCl ¥ & 30 g/L $PRES 3 160 t/min )
SR B 3 R I E AR A TR A 1R - R T i
TR-Ao ZERWE 4 iz, e e iR L FE N, W
Pk 2 -8 ANHEAE 4°CHI 37°C K, 7E 12°C - 30°C LA
FEL A, T2 TR R %) A B TR 2 ) v T 3, B R 34
S —BOR) AE A kA, TR 30°C 1k B I A R B K AE .
FEBIJEAE 20°C - 30°CHuE N, bk 2 -8 AR AR = 1
JI AR B H B AT B R T o

—0—=NO,-N; —0— NO,-N; —&— Removal efficiency; —*— OD,

160 - 10
I P
~ 208 8
< 1201 8
E =
s 7 106%
2 80 _/”E g
5 L X 04 £
[5)
2 / &
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S X 102 8
- X
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0 / L 0
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Fig.4 Effect of the temperature on the growth and aerobic denitrification of strain 2 - 8.
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MR -A A IR -A . A5 R E 5 o 45 R R0,
PR % WX 2 - 8 #f 4R R AR AR B2 e B R,
0 —100 r/min B}, A % B A 20% £ 45, i H W i
fig £5 LR ™ H 5 160 r/min B, JBE AR B, IR F)
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90% LA I 5200 r/min B}, it &R T [ F] 66. 9% .
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Fig.5 Effect of shaker speed on the growth and aerobic denitrification of strain 2 — 8.
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2.8 RMEEHTEKR2-SHWEKBHERFRRE
& ES

L5 bR TR 2 - 8 MR IR A R WA
M2 140 mg/L, F7 IR B4 o ME — BRI, C/N 2 15,
pH =7.5,NaCl ¥ & 30 g/L, 15 3% % 30°C , F& PR %
BN 160 v/min {9 45 4FF I JEAE A £, IR [ 28
G0 52 107 A 2% v i T 28R IV i TR L ) Wk B, 3
AR 6 Fros. 45REY,0 - 13 h Jy gk
0, B AR b R A B R R AL, TR A R A

200
150 &

100

wn
(=)

Concentration/(mg/L)

—0—NO,-N; —8— NO,-N; —&— Removal efficiency, —%— OD,

RHHE M. 13 =33 h, RIRRAL T X BoA 30, iR
R T R R B (B T Y 2, (R A R AR
FRME T B[Rl OF B A WA R #h A i AL R, A
X RO AT, 6 00 20 0 Y 7 R £R AR . 33 -
48 h, WHRAL TAERABE W], IR Rk 92% o [FI 1E
B g% 48 h Ja B O BRI E AR i SRR
B, 55 % W M A 5 Ui 30. 16 £ 0. 008 mg/L, £
A A A R o R R B 21 5% o

600 1 O

OD,,, / Removal efficiency

5 10 13 24 27

30 33 37 43 48
Culture time/h

El6 EHk2-SHEKMERTFRRBUMR

Fig. 6 Growth curve and efficiency of aerobic denitrification of strain 2 — 8.
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Identification and characteristics of a marine aerobic

denitrifying bacterium

. 1 . ) . 1 . .1 . e 1
Xiyan Gao , Ying Liu~, Haiyan Zheng , Ying Liu , Zhipei Liu ~
(! Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China)

(* Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266701, China)

Abstract; [ Objective] An aerobic denitrifying bacterium, strain 2 — 8, was isolated from a biological aerated filter in a
recirculating marine aquaculture system, phylogeny and characteristics of the strain was further studied. [ Methods ]
Sequence of the 16S rRNA gene was analyzed and the factors affect the denitrifying ability of strain 2 — 8 were
investigated, including carbon source, C/N ratio, initial pH, NaCl concentration, temperature and shaker speed.
[ Results | Strain 2 — 8 was identified as Pseudomonas sp. based on the analysis of its 16S rRNA gene sequence which
showed highest similarity (99.9% ) to Pseudomonas segetis FR1439" ( AY770691 ). The results indicated that carbon
source and C/N ratio exhibited significant influences on aerobic denitrifying capacity of strain 2 — 8. Strain 2 — 8 could
grow a little on acetate, succinate and citrate as sole carbon source, and the removal rates of NO; -N at 140 mg/L were
higher than 65% despite of the accumulation of NO, -N around 35 mg/L. It grew quite well on glucose as sole carbon
source , however, the removal rate of nitrate was not so high as on other carbon source. The optimum C/N ratio was 15, as
lower C/N ratios may lead to nitrite accumulation. The optimum temperature and pH for its aerobic denitrification were
30°C and 7.5, respectively. Strain 2 — 8 could grow and exhibit aerobic denitrifying ability at a wide range of NaCl
concentrations (0 =30 g/L). The highest nitrogen removal appeared under the condition of 160 r/min shaking culture.
[ Conclusion] When cultured in the conditions of NO; -N at 140 mg/L, sodium citrate as sole carbon source, C/N ratio
at 15, pH 7.5, NaCl at 30g/L, 30°C and 160 r/min of the shaker, strain 2 — 8 removed up to 92% of the nitrogen within
48 hours, and no nitrite accumulation.
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