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Abstract: The present study collected 8 samples from aquaculture ponds for performing enrichment, isolation, purification and
identification of bacteria strain scapable of removing NO,-N, NO;-N and NH,-N. We obtained 8, 8 and 11 bacteria strains which could remove
NO,-N, NO5-N and NH,,"-N, respectively. These bacteria were classified into the genera Pseudomonas, Paracoccus, Zobellella, Achromobacter,
Bosea, Paenarthrobacter, Corynebacterium, Bacillus, Delftia and Gordonia. After analysis of denitrification characteristics, two heterotrophic
nitrification and aerobic denitrification bacteria strains with excellent denitrification effects were obtained and identified as Pseudomonas stutzeri
j-1 and Zobellella denitrificans 2G-5, respectively. After incubated in 3 nitrogen media for 18 hours, the removal rates of NO,-N, NO3-N and
NH, N by strain j-1 and 2G-5 were ranged from 99.53% to 99.89%. When applied in non-sterile aquaculture water, strain j-1 was successfully
colonized and showed efficient denitrification. Whereas, strain 2G-5 didn’t proliferate well and its denitrification effect was unremarkable. This

study exploited a collection of denitrification bacteria, obtained two heterotrophic nitrification and aerobic denitrification strains with important
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application potential, and provided biological materials for further study on bacterial mechanisms of nitrogen circulation and metabolism, and on

research and development of denitrification techniques.

Key words: denitrification; nitrification; nitrogen removal; simultaneous nitrification and denitrification; aquaculture water;

ammoxidation
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Table 1 Isolation and screening of nitrite-removing bacteria

H& HH NO,  NOy  NH, 5
2C-1 - - - +
2C-2 ++ - - -
2C-3 ++ - - -

STO03 2C-4 - - - +
2C-5 +H+ - - -
2C-6 - - - +
2C-7 +H+ - - -
2D-1 -+ - - -
2D-2 -+ - - -

ST04  2D-3 ++ - - -
2D-4 ++ - - -
2D-5 ++ - - -
2E-1 +++ - + -

STO5 2E-2 +H+ - + -
2E-3  +++ - - -
2F-1 +++ - + -

ST06  2F-2 44+ - . B
2F-3 - - - -
2G-1 +++ - + -
2G-2 +++ - + -
2G-3 -+ - - -
2G-4 - - - +

ST07  2G-5 - - - #
2G-6 -+ - - <
2G-7 -+ - + -
2G-8 X S - +
2G-9 +H+ - + >
a-1 + - - -

SWO01 a-2 +H+ - - -
a-3 +H+ - - -
b-1 + - - -
b-2 ++ - - -

SW02
b-3 +H+ - - -
b-4 +H+ - - -
c-1 +H+ - - -

SW03 c2 -+ - - -
c-3 +++ - - -
d-1 +++ - - -

FSO01 d-2 -+ - - -
d-3 ++ - - -

E . HHAE A A TR S P KR RE
SR ARAEMBIAT R E. K2, 3. 4.

2 SRBRMREKRN B SIFR
Table 2 Isolation and screening of nitrate-removing bacteria

H& o @k NOy  NOy  NH P
3C-1 + o - -
3C-2 - ++ - -
3C-3 - -+ - -

STO3 3C-4 -+ ++ - -
3C-5 ++ -+ - -
3C-6 - N ¢ B}
3C-7 - -+ a -
3D-1 - +++ S -
3D-2 - +++ - -
3D-3 - +H+ > -

ST04  3D-4 - - ¢ .
3D-5 - ++ - -
3D-6 - =+ - -
3D-7 - +H+ - -
3E-1 - + - -
3E-2 - +H+ - -

STO5
3E-3 - +H+ - -
3E-4 - +H+ - -
3F-1 - +++ - -

ST06 3F-2 + +H+ - -
3F-3 + +++ - -
3G-1 - +H+ - -
3G-2 - + - -

STO7
3G-3 - +H+ - -
3G-4 - + - +
- - - -

SWo1
j-2 + ++ - -
k-1 ++ 4+ - -

SW02 k-2 ++ ++ - -
k-3 - + - -
m-1 ++ -+ - -
m-2 - ++ - -

SW03  m3 - -
m-4a - - - -
m-5 - +H - -
n-1 - +H - -

FSOl  n2  ++  +H - -
n-3 +++ +++ - -
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Table 3 Isolation and screening of ammonia-removing bacteria
& Bk NO;  NOs  NHy =%

4C-1
4C-2 - - +
ST03  4C-3 - - +++
4C-4 - - +++
4C-5
4D-1
4D-2 - - +++
ST04  4D-3
4D-4 - - +++
4D-5 - - +H+
4E-1 - - +H+
4E-2 - - ++
4E-3 - - ++
STO5 4E-4 - - +H
4E-5 - - ++
4E-6 - - R
4E-7 - - +
4F-1 - - +H+
ST06
4F-2 - - =+
4G-1 - - -+
ST07  4G-=2 - - T+
4G-3 - - -+
e-1
e-2 - = -+
SWO0l1
e-3 - - +++
e-4 - - ++
swoz 1! ) ) -
-2 - - et
g-1 - g -
SWO03 g2 - - o+
g-3a - - +
h-1 - - -+
ol ) ) "
h-3 - - +
h-4 - - +

W MAHAS B TR TR A fbs-19 1) 37 HRIF4A
SAGEE, s A A B R s 92 2 d S
AR =1 03 2 B, S 8 MRER T B B il
TSR HAEERE j-1 A m-da (B ERBOREHS, 9%
2 d JETH 140 mg/L HIREASRIEARRR, AR
AEFEAR, (HIE RO R R A I 2 B 2 Sk
Pk 3E-1. 3G-2. 3G-4. k2. k-3 fl j-2 H BA—E M)
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THAEWLBRBOR , (AR j-1 A1 m-4a; BEFE 3C-1.
3C-4. 3C-5. 3F-2. 3F-3. k-1. m-1. m-3. n-2. n-3
BARIEEES), (HIBERSAWAESZMR, B
TX LB IR R R S5 e Dk B 55 s FE AR TR §-2
MWAESER R ER D, WIHZRERE RS —E i

W R RS TR AR oy atifur) 34 HRRas
GEAMEE, TR A I LA AU AR 7R B R R 77
2 d JE IR . 4n3& 3 o, AT & Ui pR s i
A 11 #, HA B 4C-1. 4C-5. 4D-1. 4D-3,
e-1 XA IIMLR AR BT, £55% 2 d JEATKs 140 mg/L
MREEEME, BARKIMEMSELHSERE,
Witk 4C-2. 4E-5. 4E-7. g-3a. h-2 EAH —EREA
PR R R o

22 ERMAREL T

TV 2.1 TS 8 BRIEAHABUBLFRTE 8 RN
AEWRTE . 11 PR BB RN 3 ML AR LR A
iR RE 7] e B A DAL A AL RE D R D RE B R,
¥ kR 27 BREGE A N EAEAS A AR BEH:
Frsk, ¥R 2 dJE, eV TR R A
B HEE. EE. A RIAAERE .

ZERR 4 PR, W 2C-15 j-1. m-da f1 2G-5,
YPEAEAS A THSEMEA R A BEREER, BB
R BFE2d A, 0K 140 mg/L EASAZR. HE
RARR MRS, BARAFE ), BAR
UFIIN PR 5. PR 2C-64 2G-4. 2G-8 Fl k-3 [AJFEXS
3 FPTCHL A B B BB BOR , (HA2IX 4 BREEE 7 2
d JEARRESE MRS, H 2G-4 BRI SZUN RERS:
TR R =SSR, 1 2G-8 XTENASAS RIS F
FeEEFE 2 d ARRTE AR A Z. B ERERZ
Ab, FARTERT 3 R0 1 FhEE FR I bR
RORAN 5

23 AWK F ER

oy BRI IS 27 PRI, 24T 16S
rRNA P4, PR br. Wk 5 fox, 27
PRATTE SRR 16S rRNA JE KA LI 43R 7E
99.15%~100% ], FZHEAFGHE T (species) Z[H]
SHTBRA 98.65%HIbrE, W KX 27 PR %
NS 4 Aot BT AR [F] 1 @ A

AW FT AT IR AR WA S AN B BB FE
Pseudomonas stutzeri - Paracoccus pantotrophus -
Zobellella denitrificans 11 Achromobacter insuavis . H24
SCHRIRIE, X 4 P EA L AREIRE ST, ATLLOER
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T 5 7 AR SR AT A B O A s 2 U
B B fJ #5 Bosea thiooxidans . Paenarthrobacter
ureafaciens. Paracoccus pantotrophus. Pseudomonas
stutzeri ~ Achromobacter mucicolens . Achromobacter
marplatensis 1 Paracoccus denitrificans; .+, Bosea
thiooxidans. Paracoccus pantotrophus. Pseudomonas
stutzeri - Achromobacter mucicolens #F1 Paracoccus
denitrificans CLAIIE BA 1 AU iR RE /T, (HAZAER
A AL SZ 56 & B Paenarthrobacter ureafaciens Al
Achromobacter marplatensis A~ A&k JE g A& 21,
It ,  Paenarthrobacter ureafaciens 3G-2
Achromobacter marplatensis k-2 [{IHHER 5 AR AE 1 A0
MU D090 . AT R A5 i 2 U R T

& Corynebacterium glutamicum . Bacillus flexus
Achromobacter marplatensis. Delftialacustris. Gordonia
rubripertincta A1 Achromobacter insuavis. ', HiflY
FRE AR E T LA BN E G, HR AR R IR
SRR, R, HEIL UL R
Fl. Gordonia rubripertincta Il B4 2 S AL BESEA, W]
B W o AL RO AR R R P X T
Achromobacter insuavis, 7 WLILBEZAMAFILE T
R, (HEHHE Archromobacter J& oAt 4 B A4 ,
e CE I A B ZE TR, AR
SRR, TR R AR B BE I 2
P, Horh— L B PR IR L A B,
RRAEAFRNI T o

F 4 EHEMTHESR. BSENEENEERBRNER
Table 4 The overall removal effects of obtained bacteria on nitrite, nitrate and ammonia

B Eh LA R S RIERE AAIERE
XA %% NO, NOy NHS & NO, NOy NHy & NO, NO;y NH, &
2C-1 - - - + . - - + - - - -
T
204 ++ . - + - + - - - - + -
FH
2C-6 - - - + - + - + - - - -
B 2G-4 - - - + + 4 S & - - - -
) 2G-5 - - - + - - - - - - - -
L
2G-8 + - - + - + 9 - - - + -
S
N a-1 + - - - - ++ - - - - - -
]
b-1 + - - - = ++ - - - - - -
3E-1 +H+ - - 3 + + - - - - ++ -
A 3G2 - - - - - - - - -
& 3G4 A+ - - - - + - - - - + -
S . - - -+ - - - -
AL j-2 + p - = + ++ - B, - - + -
ES k-2 ++ . - - ++ ++ - - - - + -
] k-3 - - - + - + - - - . -
m-4a - - - + - - - - - - -
4C-1 +++ 3 - - +H+ ++ - - - - - -
4C-2 ++ o - - + ++ - - - - - -
4C-5 +H+ - - - ++ ++ - - - - + -
£ 4D-1  +++ - - - —+ + - - - - + -
0 4D-3  +++ - - - —+ + - - - - + -
ik 4E-5 -+ - - - - ++ - - - - + -
ES 4E-7 4+t - - - - ++ - - - - + -
] e-1 + - - - - ++ - - - - - -
g-3a ++ - - - ++ ++ - - - - + -
h-2 + - - - - ++ - - - + -
h-4 +H+ - - - - + - - + - + -
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#<5 165 rRNA EEFFFILLIT 247
Table 5 Alignment analysis of 16S rRNA gene sequences

AREA HihG5 R AR EAE X Ak AR /%

2C-1 Pseudomonas stutzeri ATCC 17588" 99.89
2C4 Paracoccus pantotrophus DSM 110737 99.89
2C-6 Pseudomonas stutzeri ATCC 17588" 99.89

T RS 2G-4 ZobelIeIIaden?tr?f?cansZDlT 99.33
2G-5 ZobellelladenitrificanszD17 99.33

2G-8 ZobellelladenitrificanszD17 99.33
a-1 Achromobagcter insuavis LMG 26845" 99.49
b-1 Achromobacter insolitus DSM 23807" 99.67

3E-1 Bosea thiooxidans DSM 9653" 100

3G-2 PagenarthrobacterureafaciensDSM20126" 99.31

3G-4 Paracoccus pantotrophus DSM 110737 100
A RS j-1 Pseudomonas stutzeri ATCC 17588" 99.58
j2 Achromobacter mucicolens LMG 26685" 99.42
k-2 Achromobacter marplatensis B2T 99.42
k-3 Paracoccus denitrificans DSM 413" 99.26
m-4a Pseudomonas stutzeri ATCC 17588" 99.58
4C-1 Corynebacterium glutamicum ATCC 13032" 99.40

4C-2 GordoniarubripertinctaNBRC 101908" 100

4C-5 GordoniarubripertinctaNBRC 101908" 100
4D-1 Corynebacterium glutamicumATCC 13032" 99.40
4D-3 Corynebacterium glutamicumATCC 13032" 99.40
REBLERH 4E-5 Bacillus flexus NBRC 15715" 99.87
4E-7 Bacillus flexus NBRC 15715" 99.87
e-1 Achromobacter insuavis LMG 26845" 99.59
g-3a Achromobacter marplatensis B2" 99.64
h-2 DelftialacustrisLMG 24775" 99.15

h-4 DelftialacustrisLMG 24775" 100

a Pseudomonas monteilii NBRC 103158" (BBIS01000088)

Pseudomonas plecoglossicida NBRC 103162" (BBIV01000080)
Pseudomonas entomophila 148" (CT573326)
Pseudomonas taiwanensis BCRC 17751" (EU103629)
Pseudomonas mosselii CIP 105259 (AF072688)
Pseudomonas soli F-279208" (HF930598)
Pseudomonas japonica NBRC 103040T (BBIR01000146)
91-Pseudomonas sichuanensis WCHPs060039™ ( QKVMO01000121)
Pseudomonas benzenivorans DSM 8628 (FNCT01000040)
Pseudomonas guariconensis LMG27394T (FMYX01000029)
82 Pseudomonas kunmingensis HL22-2" (JQ246444)
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