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[77%) WARFFR Y 5B ARG LHRE, t—Fid 302 i o B @ ot AR 3 o
FPRE, ikt o) AEER 2 R rR T, @it APIID32GN i %2 & %A & 16S rDNA 7 7
oA B L MATS R, SFRA LR FEMRLEZREARL LS. [£R] ARATR
T BHiE T —HRE R RAEER 2 A E AQ-3, ExT 50 mg/L EAHER i 4)ERFE FHiA
99.47%. H#k AQ-3 % E A 0% K, 34T i (Acinetobacter baumannii) (GenBank & 3 5 :
JF751054.1), # 16S rDNA A 7| 5K B E+ Rsh4F & B & # 9 16S DNA 7 7| A
99%-100%49 ) /& te, d B5 88 % K R sh4T @ KF714 #x(GenBank & 3k 5 : AB109775) 49 #
Y%k AL, HAk AQ-3 MR T ANEA B 4y RiE4s pH LB 4 7-9, RAER A LB AT
AN, T LA R R R K, AR AQ-3 X BB ) AR E R EAZ; A
T AR 3R T 69 RT3 K, Atk AQ-3 AT ZAHER 3h 4 AR ik bk, [44£]) £FF LAY
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Abstract: [Objective] The aim of the present study was to isolate and screen potential nitrite
removal bacteria, and examined the nitrite removal conditions. [Methods] Nitrite removal bac-
teria were first isolated from the aquaculture sediment, and the potential nitrite removal isolate
was further screened through the nitrite removal rate comparison, identified using APl ID32GN
bacterial identification system and 16S rDNA sequence analysis, and its nitrite removal condi-
tions were studied using single factor method. [Results] A potential nitrite removal bacterium
AQ-3 was isolated and screened from the aquaculture sediment, its removal rate to 50 mg/L ni-
trite was 99.47%. Strain AQ-3 was identified as Acinetobacter baumannii (GenBank accession
number: JF751054.1). Its 16S rDNA sequence had homology of 99%-100% with those of
Acinetobacter sp. strains submitted to GenBank, and showed the most close relative to Acineto-
bacter baumannii strain KF714 (GenBank accession number: AB109775). The optimum initial
pH range for the nitrite removal of strain AQ-3 was from 7 to 9, and the optimum carbon
sources for its nitrite removal were sodium acetate and sodium succinate. In addition, the ni-
trite removal rates of strain AQ-3 were gradually rising with the increase of its initial bacterial
concentrations, and the nitrite removal rates were gradually reduced with the increase of nitrite
content. [Conclusion] The present study enriched the resources of nitrite removal bacteria and

(1. National Collection Center for Aquatic Pathogens, Shanghai Ocean University, Shanghai 201306, China)

provide scientific basis to the practical use of strain AQ-3 in aquaculture.

Keywords: Nitrite, Acinetobacter baumannii, Identification, Removal characteristics
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FEFE SN INR, $HETSIRH #E SRR  4h
Bl 2 e R A RE 1 S BOK = IR s e A
i R I RIAE SRR . TR SERAEE, X
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K= FREH R R e — o EIR, FR0HE 2R
2 BRRERER 1 B A B . ARk
Ay, oA DU R0 A% AR S
MR RIS E R, 2t kM, B

Jifd 7 (Pseudomonas sp.). ZffATH (Bacillus sp.).
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Wil SRR R IR AL, T 25 R A (i)
A BR A A A B i (BTB) 3 57 A
(o/L)!M: KA WERZRR 1.00, KNO3 1.00, KH,PO,
1.00, FeCl,-6H,0 0.05, CaCl,2H,0 0.20,
MgSO,-7H,0 1.00, BTB 1.00, ¥fl§ 20.00, pH 7.0,

ZEABK, TG IR Eh 25 B I 85 95 2k /)™ T
— MR & 472, NaNO, 0.05, KH,PO, 1.50,
MgSO, - 7H,0 1.00, Na,HPO, 0.42, pH 7.0, 7&1#
Ko Db REFRIEITE 1x10° Pa K E 20 min, 4 °C
RAFE
1.2 THEREAMREMDE. St RIFiE

S HRREMG AP T k. K 10 g V5 IREERIA T
100 mL T AEFRER K, T30 °C &M MR E L
WG R MR AT ARTE T BTB i FA I
AT AR IR ER BRI 1Y 4B S 2lidk, SR 5 PRI
T RR B BN T T A R K R vk B R
5.0x10° CFU/mML AYTH B, DL 2% Rl 480 T
MEAHFRER BRI e Br gk b, WIS DA2S SRR £
FBRINE B FRIEAE X R, F 30 °C. 150 r/min
U TRAEIR S 48 h 53 RAREZEMAR )7
TR N-(L-Z83)- £ W B e 1 45 5 56 40
HH ) ST A R R 7 1 (NE) FI2S 6T HR A Hp %) S A PR
R (NG), AR LU A= 4 43 B TRRR IE
MR ER 1 22 BR R (R), FEXT WA R Eh 25 bR e 1 B
SRR TRAR A T 258 .

R=Nc—Ng/Ncx100%

1.3 TFHEEREEPMRERIERE
131 4EANEE: B HARHESSR Ik,
JH API ID32GN 4 %558 RGE0 41 B AR A T4
PRAEALSE0E ;R o0 B T R R AT o 22 IR YL 43
JEHATHERE L BEMEE
132 HFEE: UOBEmkmIEE4 DNA N
Bit, X 165 rDNA #H17 PCR #7344, FHrriE )
5141k 27F: 5-AGAGTTTGATCCTGGCTCAG-3,
R 514¥0 1492R: 5'-GGTTACCTTGTTACGAC
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TT-3', PCR ¥ 34 %44 94 °C 3 min; 94 °C
1 min, 60 °C 1 min, 72 °C 1 min, 3t 35 M55,
72 °C 10 min, PCR ¥zl 5005 i i
TAEY TRA AR SE. Kas y 50 H
DNAMAN 4% 5, 7836 E E AV HAR S
S HU(NCBD)HAI] BLASTn #4145 GenBank
FEPFE R T Y 16S rDNA 8 34T R TR LR,
T8I P PR A i B4 7 51 3R TR A BioEdit 7.0 01
MEGA 4.0 #1725 i a5 i SRk M R 4t
KER

1.4 AEEZEXIEAEERE AR R A2
141 pH EBRIEHERARM RN KLk
J& 4 5.0x10° CFU/ML (1953 B AR R B L) 2%3%
Fh i 2R THI6 pH 230518 5. 6. 7. 8. 9. 10,
11 (R R ER BRI Br Rk rh, SR)5 T 30 °C.
150 r/min [p(DO)=5 mg/L* &k 4 R IR 17 15 55
48 1 i I RE 43 A RR T I i AR R 1 L B

1.4.2 HIAEKE X KBRILAHER SR A9 52 M:
W Lk BE 43 )R 5.0x10* . 5.0x10°, 5.0x10°,
5.0x107. 5.0x10° CFU/mML F4%3 B A bR B LA
2% 42 ol it 422 b T A R R 2 R 4 R A
SRJ5 T 30 °C. 150 r/min [p(DO)=5 mg/L 4/
THERIRHRFE 48 h J5I5E 43 8 B AR A R
EINIEN

143 WRiEF T AR AHEL 2 MRS M0:
43 ) AR TR] 5 B 1 BTPS A BR BT . LR L THERE |
TS PP TR AN W i Rk 22 BRI e 4 77 5
T RGN, SRIFREZHE Sl 5.0x10° CFU/ML
() 0 5 TR RR R R TR LA 2% 4% Bl R BE AN T AR
[ e 5 1% I TRk S B s B R b, IR T
30 °C. 150 r/min [p(DO)=5 mg/LM] 414 T #2 K
P 3557 48 I Il 5 43 125 R R X ST R 2k 17 25
1.4.4 TPREER B RIR B 3T K BRI RS ER H SR A9
MR BFAHE S 5.0x10° CFU/ML B4 85 ik
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PRI LL 2% R 4R T RS IR R AR B2 40|
710, 20, 40, 80, 160. 320 mg/L F/VANARER
EBriE R FR A, SRS T 30 °C. 150 r/min
[p(DO)=5 mg/LM N4 4 F 12 AR 455 9% 48 h )5 il
SE 43 B TR W MR Y 22 B

2 LwER

21 EHHIDBEEEE

IFRFETG TR 4B T 18 BRI Al AR Eh B
PR, A — A5 B A X S R 1) 22 B
R, AL — AR RS R R A R A B
BRI, Bk AQ-3, HAEZMWKE N
1.0x107 CFU/mL % 50 mg/L 7 AR ER it 22 5%
4 99.47%. FAME AQ-3 = [RYL I, REKFF
R 1), 78 BTB 555 B A RVE FR-E A
BIE, W, Rpsi, %5, APl ID32GN
YSRGS HIR AQ-3 By HiA: (L 4 s 2%
FKW(E 1), Wk AQ-3 S [ A A
(Acinetobacter baumannii), %24 B (5N
99.4%, ILAh, M XTE R AQ-3 1 16S rDNA i
1T PCR ¥4, #4517 1 400 bp K/NAY A BE, HAE
GenBank | hY& %5 4 JF751054.1, ifiid NCBI
D3t Y BLASTn 3R 4% TR Ak AQ-3 1 16S rDNA
73 SRR LRI RERY 16S rDNA J¥ 314 T
T RVEME AL, 45 R R PR AQ-3 1Y 16S rDNA
J¥51 5 GenBank £4is v  Zh T 1 & B Bk 1Y
16S rDNA JFFIA 99%—1009% Y[Rl 5, 38 148
R P T M AQ-3 16S rDNA [T £
Gk BWEER (K 2 — LT LA 1, Bk AQ-3
562 [RZhFF A KF714 Bk (GenBank % 5%
5 ABL09775) R4 R AT . A G fegmimA
ALY E DL K 16S rDNA FEA RS R T /it
e R, FERE AQ-3 il & [ AT A

(Acinetobacter baumannii),
2.2 pH XL AHER LR #9200

Kl 345 R, Wik AQ-3 LR AR ER
M ESERILE pH JEEDY 7-9. 49046 pH JuHlN
5-7 B, HRE AQ-3 XL ASERER I L FRR % pH
AT TN, LG pH JERDY 7-9 B, itk
AQ-3 Xf il R R ) K B BRI A B F b
(P>0.05), FCXTWEAHARE: I bR B IRAFAE 99%
DL b SR, 4Wihh pH JEEh 9-11 B, itk
AQ-3 XA IR ER (1) L BRFEBEHE pH 1T s 1 i &
KA (P<0.05).,
2.3 FIIAEIRE X AR L AHES 2 3SR AT 2200

K 4 R, SLEa R REY], MEVIIG Rk
FERIARWHE K, Bkk AQ-3 XA MR ER 19 22 4%
W E T BRI ) hA B XU
Flh 4.7-6.7 i, Ak AQ-3 X VAl ARER 2=k
LG LR 54.83%—78.76%:; 44 I T v B %
BUEILEI N 7.7-8.7 B}, Hfk AQ-3 Xf W AHAREL
FI BRI E T 91%, £ B I A9 BRI AH

1 R T ER AQ-3 FLZS
Fig. 1 The morphological character of strain AQ-3 under
scanning electron microscope
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F 1 APIID32GN HELEERFETEREE AQ-3 RUE IR 1L4FE

Table 1 Physiological and biological characteristics of strain AQ-3 by APl ID32GN bacterial identification system

ST oy ST G| Y5 25
Identification item Result Identification item Result ! Identification item Result
2= Rhamnose ~ | ZFH Maltose - | DL-3LAa#h DL-Lactate =
H#2 8 Mannite - A4 D-Sorbitol - FriRE: Citrate =
Eiﬁ%ﬁﬁﬁgﬁ - - AHERH Itaconic sugar - L-N &R L-Alanine +
D-#j%i i D-Glucose + 1 L-BaTRiff1HE L-Arabinose + | Y1EJR Histidine +
D-#%4# D-Ribose + S T figEh Suberate + 5'-fi LA A AR ER 5'-Ketogluconate =
K#%# Salicin = P &L Malonate = 2'-Hi EE A B SR 2'-Ketogluconate =
JILEE Inositol - #Efigth Caprate + 3B HLIE I iREh 3-Hydroxybenzoate -
D-% — % D-Melibiose - ZTRER Acetate + 4-FZFER P iREL 4-Hydroxybenzoate =
JERE Sucrose - JKIRER Valerate + L-222 R L-Serine +
L-A B L-Fucose = BEJE Glycogen - L-fili%&#2 L-Proline +
PFREL Propionate + 3-#5E T RER 3-Hydroxybutyrate +

%i Acinetobacter baumannii strain CIP 70.34 (FJ867354)
Acinetobacter baumannii strain RUH 0875 (FJ867355)
94 Acinetobacter baumannii strain RUH 1752 (FJ867360)

65

Acinetobacter baumannii strain bpoe1352 (FN563423)
— Acinetobacter baumannii strain CIFAFHMD Ch1/10 (FR750378)

29
2 Acinetobacter baumannii strain LUH 5684 (FJ867359)

99| Acinetobacter baumannii strain MMG 5b (JN162444)
24 Acinetobacter baumannii strain MMG Se (JN162445)
41 Uncultured bacterium clone P6D1-536 (EF510178)
62! Uncultured bacterium clone P6D1-499 (EF510199)
Acinetobacter baumannii strain L-s-27.1 (FR774572)

L strain AQ-3
90 Q

Acinetobacter baumannii strain KF714 (AB109775)

B
0.001
2 BIMEEMENETEK AQ-3 RIEXE K 16S rDNA FHIHRF L EHY
Fig. 2 The phylogenetic tree based on 16S rDNA sequences of strain AQ-3 and other related strains,
constructed by neighbor-joining method

T 155 B e SRR GenBank %5585, 7030t BB ARERITA 1000 YR AY LA, AR ZIEELEE 0.1%0)
hgdE=

Note: The sequence number in the bracket means the GenBank accession number of the strain. The number at the node means the
percentage of occurrence in 1 000 boot-straped trees. The scale bar means 0.1% sequence difference.
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Fig. 3 Influence of pH on the nitrite removal effect of
strain AQ-3
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4 BIREXEMK AQ-3 AR AHER B R HY 21
Fig. 4 Influence of bacterial concentrations on the ni-
trite removal effect of strain AQ-3

2.4 BRFEFHEI EBRITHEERRBRAE I
KI5 S A5 R, Wik AQ-3 LR AHIRE:
1 s AR IR R CEREN AN T RN, HARRITE:
MULCTREN . T ZRRENAE o — B A, TR PR
AQ-3 X WEAHIRER M BB IIR ] T 99%LA I
MY LA A TR . rEbE . W20 . FriFmenfE
JnfE—BRIE, Ffk AQ-3 XHIEANRRER ML IRFE
AR 2.81% . 5.42% . 22.50%7F1 4.52%.,
2.5 IAEER B RUKE X A PRI AERR Eh 3 SR AV 220
s 6 R, SEERAS R, BE WAHREEA

IR AW R, wikk AQ-3 X ILAHMRER ) LBk
RBWIREAR, HRRRER AR R 1-10 mg/L B,
PR AQ-3 XFILAHARER 1 23 bR 3450 100%, 41
EARER A M BT Bl 20-320 mo/L I, itk AQ-3
Xof IV il 2 6 1) 2 bR 4 [l 3.55%-32.14%,
RV AH PR R 1Y 25 5% 843 S hy it R R Rk
Ji 4 10 mg/L i) 3.57%—32.31% (P<0.05).
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5 BRBEFEITERE AQ-3 AR AEER th R AYS/ MG
Fig. 5 Influence of carbon sources on the nitrite re-
moval effect of strain AQ-3

1 APT: A EREEAN; SA: ZWR4N; SS: T —FR4M; S: ek
G: HZ%bE; SC: FrEEmR .

Note: APT: Antimony potassium tartrate; SA: Sodium acetate;
SS: Sodium succinate; S: Sucrose; G: Glucose; SC: Sodium citrate.
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6 THERHFUREXNER AQ-3 ERILFHEZE
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Fig. 6 Influence of nitrite nitrogen concentration on the
nitrite removal effect of strain AQ-3
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3 Wik

HETTEA R4 R % ik b, il H K 16S
rDNA JFFI43HF AP 41T 4 58 R 48 AP HE 4
G, DMBSE LR, BE gh ] g
FAER, AR AN AQ-3 M T
B, 2567 APl Y E REX M AQ-3 M4
A AR 25 R DL RE AQ-3 1) 16S rDNA 7
I HTEs R, AHE R AQ-3 il [CA )
FEE. SR, Btk AQ-3 SRERIZEM01SN 5 (i fif i
FCN Bl AT B 7 7 260 0 25 7 T 1 26 B2 E AR ety
FREANIR], 1 5 GenBank o [R1 5445 25 i 2 [
AT R TR R Z B A TE — 8 P81 22 0k, X
A AE 5 ) [OOSR Pk 2 TR B R Y b 2 22
TR KRB A AN T A 50

IR R A D T ARSTRER I R BRR S pH
WA IR, filhn, FEARSEESh st Lk
B, FLERTA h2 KBRASIRER IR LG aE pH JEE N
45-6.5, Mi24 pH>6.5 Mf, HAFIASEER 2 RE
F10 MG, REMESEPIRT S R, B ORZEMAT
SZ-3 7£ pH 7.0 BXPEAHFRER Y L BRACR IS, T
4 pH>7.0 B, HEBRIEESZEIHIER . 775
TRARAY pH — R FR A . R, BERE AQ-3
BRI h2, B ICGFFTH SZ-3 Sl HARAK 4
() pH 385, AN, RRIGSEPIF st — 4R, FR
ZEAUFT R SZ-3 TERIHA R = T 1.0x10° CFU/mL
B XA PR 1 B m 8 93% L) I, TMiFEW)
AT E N 100107 CFU/ML B Y 2 4 FALTE
72%-T5%; <S4 R 5 R AE PR S AR —EK

e RS2 Vi 1R 2 A TR Al i o 1) TR KR
HlR -, EM A RS 25 B it 7R B AL i 75 T i
PRI R, BFSERRIEON (A 4 25 5 R R ER 11
SR ELAT L R i, 2R R PO Y T
Wi FLBE. TERE . CRREN . BRIR SNSRI 2
fIFFE D5 RBRWASFRERSCR IR, K ZEH
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FFE D5 FERRIE K £ FREART 19 22 BRAE J1 Bk, 2%
B s R, RS AL FET
TRRER AN LR ER R BRI Y 2 BRI P R i . AR S
et G0 2 B s PG A T 45 AR

ARITJEVA, FRBE KA R R ER 13 FEFRUR,
AMLE X KA Sy = A= dEE AR A, i ELR 24l
TR BRI RS R ER 16 %, 1T H AT RS R
AR XA 1 25 3% 0 i T s 3% A 2 i 114 BF 9 £ D,
i, ARSLERI, FHE AQ-3 FEN AR ER A MK
JE28 1-10 mg/L iy EAT B B L BRIG T, 172400
THPRER AR E T 20 mo/L B, G Al EL Y
KBRS RIRAR, X5 T2 H 5P s 45 A0
o GEELIEIE, TR R A R X TR
M I RERGESE M A R ik BAT — 2 s,

2 X X M
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YR F OD (BHA)E R .

R T W4T BEEBH D 3 kD, B bp 5% kb %7~

EIR T BUE A B E A YR AT 5ok RMA, B EAOTTE I S 4EE, Flhn: t(h) (&
JNEFE], BAAR/NE) . A AT AL TR AL AN BRI, BRECT Z AN — 2 A% (%BR AR,
11: 20 cm x 0.3 cm, ANHEEE A 20 x 0.3 cm; 3 °C-5 °C AN A i, 3-5 °C; 3%—6% 4 1] 5 i, 3-6%%% .
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