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Characteristics of a

Heterotrophic Nitrification-Aerobic Denitrification Strain y3 Isolated from

Isolation, Identification and Nitrogen Removal

Marine Environment

SUN Qing-hua', YU De-shuang' ,ZHANG Pei-yu', LIN Xue-zheng” ,XU Guang-yao' ,LI Jin'"

(1. School of Environmental Science and Engineering, Qingdao University , Qingdao 266071, China; 2. Key Laboratory of Marine
Bioactive Substances,First Institute of Oceanography, State Oceanic Administration , Qingdao 266061 , China)

Abstract: A heterotrophic nitrification - aerobic denitrification bacterium named y3 was isolated from the sludge of Jiaozhou Bay using
the enrichment medium with seawater as the matrix. It was identified as Pseudomonas sp. based on the morphological observation,
physiological experiments and sequence analysis of 16S TRNA. The experiment results showed that the optimal carbon resource was
sodium citrate, the optimal pH was 7. 0, and the optimal C/N was 13. The strain could use NH,Cl, NaNO, and KNO, as sole nitrogen
source, and the removal efficiencies were 98.69% , 78.38% and 72.95% within 20 hours, respectively. There was no nitrate and
nitrite accumulation during the heterotrophic nitrification process. Within 20 hours, the nitrogen removal efficiencies were 99. 56% ,
99.75% and 99.41% , respectively, in the mixed system with NO; -N: NO, -N of 2:1, 1:1 and 1:2. When the NH, -N: NO, -N
ratios were 2: 1, 1:1, 1:2 the nitrogen removal efficiencies were all 100% . When the NH, -N: NO, -N ratios were 2: 1,1:1,1:2, the
nitrogen removal efficiencies were 90.43% , 92.79% and 99.96% , respectively. They were higher than those with single nitrogen
source. As a result, strain y3 had good nitrogen removal performance in high saline wastewater treatment.

Key words : marine bacterium; heterotrophic nitrification; aerobic denitrification; Pseudomonas sp. ; mixed nitrogen sources; nitrogen
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1.1 RBRRIR ARSI 3

NS SR U 7 s = = I N REOR (iR
).

R B A K = ka5 57 5 . KH, PO, 0.2 ¢,
K,S80,0.1 g,NH,Cl 0.5 g,KNO, 1 g, FF &R =4
LSg, MMBEICRBEW I, 4 1.25 mL, i K
1000 mL, pH 7.0 ( JH HCl Fl NaOH #4737 ).
121°C & /15 K & 30 min.

MRS T V5 PO TE 25 24 R RS Ak TR AR Bt R FF IR 7K
2216 i . BMAM S g, BE M 1 g, K
1000 mL. 121°C & J1%4 K 30 min.

Vg 7K B 25 VRV Y 3 R K TR OK R BE 2
31. 8%o.

MEICREMW 1 :EDTA 5 g-L" FeSO, - 7H,0
5g-L7".

L RBW I . EDTA 15 ¢-L~' ,H,B0, 0.014
g+L™" MnCl,-4H,0 0.99 g-L~", CuSO, -5H,0 0. 25
g-L~", ZnS0, - 7H,0 0.43 g-L~" NiCl-6H,0 0. 19
g-L~" NaMoO, -2H,0 0. 22 g-L~", CoCl,-6H,0 0. 24
g+-L~" NaSeO,-10H,0 0.21 g-L'.
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PERESEIM R, B 5h E A B | R PRBR | A
FRAM . GHIRET + EASRREN . SALEe + HPRER | Sk
+ WAHEREN , B AW R A N EE A 150 me-L~' IRA A
ERGE AR LB 535 21 10 LRI 2.

PG AL IS A TR EOE I I TR AR 2% B3 F
EREAEA IR K E)E 1Y 300 mL K53k & e
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IPEURE , U SE NI Dy« AR AN RN S
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FA NIRRT WA A N-(1-
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BV WIARAE K DU TR LE 600 nm i A IR
M ( Dy ) , EI AT A . WASA ., SR
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®
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Y E A R KR AT I, ARG | K A
2T S0 | WS o 38 2 M. R v3 A A
LRI E 1.
2.2 AR 16S tRNA JFFIIE K RG 4B b
PRI AR y3 f9 16S tRNA L8 41 (K
A1 352 bp, & 55 4 : KR559931 ) #2328 & GenBank
28 Blast £ & 73 41, i 1l MEGA 6.0 # {4, U
Neighbor-joining 23 R 48 & B, 45 R WKl 2 fir
7~. R y3 528k Pseudomonas stutzeri WA PE IS
98% , "] W] E WK y3 N B OB S
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B 1 HEkk y3 BRSHHE
Fig. 1 Phylogenetic tree of strain y5 based on the homology of 16S rRNA gene sequences

R1 ERy3 FEBELEE

Table 1  Physiological and biochemical characteristics of strain y3
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MAN H R -
ARA [ TEaRii KL -
IND R R W1 = A= -
ESC ERUNE K fifk ity -
MOT iyl Eiik -

2.3 TRPRIE R R e R E R
2.3.1 BRIFXT BR MR I R G 2 )
M 3 il LA R y3 FELL SR, T —

FREA . KT mR — £ LA K %6 B O o — B JR B, 20 h
e BRI ZBRF(R) HI1E 55% VU I iR Eh A Y 2
BRABIITE 95% LA L, WA IR i AR R HL L A iR
F TR, PG TR — BRI BRI, Dy BI7E 0. 80
DL b b UR A A R — AR I RUROR
NH, -NH B fift 58} 77.75% , NO; -N f [ fig & H
99.54% ,¥Iim T LA TREN | FAGHE sl T RN A ik
VRIAESL. o] WLTRTAR y3 A SRc R IR A 5 R — .
2.3.2 WG pH XFEE R AR RS2 R

WK 4 Jr7s, pH {5 Fl7E 6.0 ~ 8.0 Z [A] i,
NO; -NAFE A R I TE 97% LA |, NO, -NY BFEAR
B pH JEFIFE 6.5 ~ 8.0 Z BT, NH," -N ) B 2 1
TE91% Lk I, Dy (E 34 7F 0.98 VL F. pH =7.0 B,
NO; -NHIFEA# R B 4 99. 92% , NH, -N [ F it 2 fe
151K 98. 46% , Dy (A SE e R o0 1.25. B y3 A9%L
W& A pH L 6.5 ~8.0, fxidi pH {HM 7. 0.
2.3.3  C/N YRR BRME A RR RS2 R

i s ArhL % C/N<13 i, BEE HAE AT,
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Fig. 2 Effect of carbon resource on the growth and nitrogen removal reaction of strain y3
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Fig. 3 Effect of pH on the growth and nitrogen removal reaction of strain y3
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Fig. 4 Effect of C/N ratio on the growth and nitrogen removal reaction of strain y3
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Fig. 5 Effects of C/N ratio on the grouth and nitrogen removal reaction of strain y3
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/ . = ) Lal \ —A—NOyN J125 E
R Rk y3 A C/N R 13, 12t 100 &
2.4 SFRAF AR BT & os 5 2
2.4.1 RS IR oer 0 &
I 6 iR, L NH,CI iE— SR ,0 ~ 10 h 02| N z
. N N N . 1) N — b, O 0
B AL T3 N, NH, -N A9 ¥ B2 i 142, 99 mg- L 0 4 8 12 16 20 24
o e 2.0
R % 139. 89 mg-L~", HUA (ot R it , il R 2 RUF 18} 150 T,
TR AU RGBT 10 h HEASRUE L6} (bm,\ ]
S - i
KA, NH, -NIF S PRI A, 21 20 b F, NH,-N B s o {100
JEREE 1. 87 mg- L', ZBRKiK98. 69% , £ 22 h i, S sl Z
. ot g o 0.6 1sp %
W E 4. 2 AR Al o DA Tl R T i 0.4 Y s
A SBL EIR AR K IR 1. 04, | I .
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I £ BT k3 MR
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155 1120 .él Fig. 7 Process of aerobic denitrification of strain y3
£10 lso % A B8 Dy B K VAT 0.74. NO; -NFF H3 P o [
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St {40 7 .
1o 2 mg-L™", MR35k 78. 38% . F| 22 h I, B SE 4.
e T T T e - HA SR, NO, Ny R H /D 18 h I 35 3 i

th
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Fig. 6 Process of heterotrophic nitrification of strain y3
2.4.2  RAREFE R

7 R BILL KNO, Al NaNO, Ay M — U IR s B
B y3 OISR AR AR 4 . B 7 (a) ]
UL, L KNO, SAME—ZIRET,0 ~ 14 h 4 18 &b T3 1
1, NO; -N By #e & i 144,57 mg-L~' [ % 140. 98

mg-L™". 14 h 5 BRI AT B0 K, (H 3

KEHE AN 4.95 mg-L7".

WK 7(b) iz, L NaNO, M iE— & I, 0 ~
14 h 40 @ b T 3& B3, NO, -N B ik i 145. 42
mg-L 7' PR 136.83 mg-L~'. ZJ5 ik A5 K
1, R A 184 9 R R AR G248 Do B R A 0. 75.
NO, -NFFGG P A, B0 2] 20 h B, NO, -N 9 ¥
FER% A 39.33 mg-L™", ZHBRFKIK 72.95%. 22 h
F, B ot 4. AR, LT A NO, -N Y
2L
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