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R E R A AL , i R I R
P15, W E NO, -N 5 NO, ~-N Hy £ R%F, FiE
ot FORH AL 7 B O o o R B R 5Bk NO, T-N 5
NO, " -N BEIM EH I E . & 16S rRNA EFH 75 5
it B A1 HEXof A % 55 HAth © 97 e s #9308 43 Ak 4
W5 R R R R R BN, SRR
A E R, % E H HNEK. EFA.28 C
BERFMT R D, mEHkR S d A
NO, -N H 3 570 mg/L f& & 22 mg/L, B Rk
99.4% 5 NO, ~-N 2 464 mg/L [E % 27 mg/L,
EBRERIL 98.9% , BT TE A A A bR B A &
16S rRNA J3 51| il € % %€ W ¥k DB-6 4 BA W I #F &
( Enterobacter cloacae) , 544 5 DB-6, i 1% F BH 1
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AFRIE A PR, K R P i B B AR R R S K™
SR S BUK R P R RN,
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ARG B EFTIRK . B, FRFE K AR LA R
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i€ NO, -N 5 NO, " -N )£, Fhi g R
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WhHE FELFETRHRERER
(Pseudomonas )" ™" | FE g AT 1 J& (Alcaligenes )™ |
Bl Bk B J8 ( Paracoccus )" 1 2 #1 #F i )&
( Bacillus) (8-11] 2

AWFFER BB B FF 1L T 7K =B 5 A K
AP BRI ek > Y5 TR, i B E R
it — AT R S AL 4 B DB-6 , ZE X AR 4 A=
YIRS A M BB AT IR 9 B LR |,
ZHRARFMRZGRE AL, BEERFEBITFEAR
TP 200 T 7 R YR 0 R BeE, A2 TE 7E 37 K AR B
SERR R AR LS SR AR AR S 7
RS
1.1 ##
1.1.1 FESSRIE

FHLLTT 7K 7= B 5 B 6 7K 3% B8 4 B4 K A ) U
b o B 7E BRI UE R B R
1.1.2 RE3R3E KA A

(1) BEFEERE I (/L) - HEIHE 24. 0,474
BREM 14.7 ,FEERPT 6.7, RAbEk 4.7, BERR — S 4
1.8, BRig7K 1000 mL, (2)73EiE5REE(g/L) - H
ZFE10. 0, AP R BR AN 5. O, BEER A 1. 5, A fb4%
1O FHERSP 1.0, BERR A — 41 0. 6, B R — &4
0.4, ifREL0. 1, LERO. 1, BEELE 0.5,35 8
#5320, BEiE7K 1 000 mL,pH 7.6 ~8.2,121 CK
B 20 min; (3) WASEREL A RS 5 35 (¢/L) : £
B 10.0, EAMS.0, WAKEREN 1. 0,7&1% 7K 1 000
mL,pH 7.3 ~7.4,121 C K 15 min, (4) F5HER
HRJEHEFRE (/L) 4 RE 10.0, HHFKS. 0,
SRS 1.0,28187K 1 000 mL,pH 7.0 ~7. 6,121
CKHE 15 min, (5)RAHLIETRE A(g/L) H%
¥ 36.0, BEREEF 0.5, WAEEREN 2. 1, FR¥E7K 1 000
mL,pH 7.6 ~8.2,121 °C K 15 min, (6) KW
bRk B: (g/L, #i%HE 36, BEELT 0.5, iR A
2.6, %7K 1 000 mL,pH 7.6 ~8.2,121 CRE
15 min,
1.2 Fi&
1.2.1 S8R A 40 B B i e

KRS B B LT K PRI ST T K 3R 5
PEFRIK A 9 it o B A, TR SRR AR, 37 [ L 3
=, K K vh gk B R _L 5 R E P B AT A5
IR . B 2.0 mL 408 JFWEF T2H 98
mL PR FREL ) 250 mL R, 5 B2

B ,28 C,100 v/min IR IEFE, HFH
1 d RJG R INEREERE, (F 2 W BEH 10 mg/L, 2
ERAEIRE M UH 50 mg/L 100 mg/L 150 mg/
L 5% 200 mg/L, #i[A] 2 d Bk —KITEFRE,
DAE T it & AR 4 AU R AL A 7

) 75 0 A2 < BT i TR P G B S v 1) 400 R B
TR, BFP T B I R P, 28 ClER S5
2 d, HEEKHE, 22 RS0 2 Bl EEA
W ASEREL 5 RS MR £h 1A B RE 32 3 v, 28 °C, 100 1/
min YR HEFE 2 d, 5 8 h BUER)5 M BE 8 000
r/min B0 5 min, 43500 TS ER £ 5 RS AR ER Y
YR W I E R A B RR 2 T A 4 CHRTE. KW
i B B E R R AL AR e 2 AR TS T B 57 2 (BR R
INEEARAP AR B 5 4y B s SR B AR R WAk, F
YRHIH R3] 10° CFU/mL, B 2% KR M 2R
MfEEE R A 5 RS IRE B 1,28 C,
100 r/min $R %% 5% 37 , A — 41K U8 00 18 YA g Xt
B, HEAT R AL RE AU E o 5 0E] R 24 h 2 A
SE R R R P SR (NO,  -N) | A
A (NO,  -N) MR BE , FELRME 5 d,
1.2.2 SMFhsk

TEBREL I AE - 3% ] GB17378. 4 — 2007 45 EE
JE s WAHER R0 5% - N-1-28 2 — i 4 e e B vk 5
WAEEREEFRE 28 : y = 18. 207x +0. 0014 (x Jy
B E mg/L; y AWOEH, HRRE r =
0.999 9) ; WHKEREE H B E AR : v, =¢; x2 (¢
il 8 AR B SR BB I AR H0) s TR R &
BIHEAR:y, =¢;, xx —¢; xx (e, HMERGE
R BB AR BRSO o

NO, " -N KBRFE(% ) HHHEAK:

dy-d
y3=%>(100% (1)
0
NO, "-N KR (% ) itHAK:
dy-d
¥e = °d > x100% (2)
0

A :d, TR 0 REGFREF LAHREIR AR
HRIEE ;ds KA S5 REFEPTMREA.
1.2.3 BRIIBESLERE

KRR T 2 R 6, RIBTEL¥ BB
TMEHFEBES.
1.2.4  AFAEMKE

SRS [ 12 ] BEAT TR 25 R A0 70 A2 B8 AR fh4F
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AETRE , SR 24 ] 14 2 ) v A 0 200 R ) 75 28U A
B
1.2.5 TR 16S IRNA PRI R REKE
W

FATF 16S rRNA PCR [z b K951 ¥ 2 38 F 51
Y, IEm3149H :27F (5’ -AGAGTTTGATCCTGGCT
CAG-3") , ka1 8|4k :1492R(5'-AAGTCGTAACA
AGGTAACC-3'), i FIBEAY TERARAF A
B, A% 25 L R VAR FR : 10 x buffer 2. 5 pL,
dNTP 1.0 pL,Mg?* 2.0 uL,27F 1.0 uL,1 472R
1.0 pL,DNA 1.0 pL,TagE 0.5 pL,ddH,0 16.0
uL,PCR R i 2514 :94 CAEPE: S min —¥K ;92 C 1
min,58 °C 1 min,72 C 2 min 30 MEH ; &5 72
C 10 min; X PCR P=¥7E 0. 8% W BRAEWEBEAL
BEATHLIK , SR A PCR [N & ik difb a3 E
WA T .

P37 517E GenBank 4T BLAST 73477,
@ 1 Bioedit 7.0 1 MEGA 5.0 &8k (4T L2 EF
FIHXF 7347, 3 LA Neigbor-Joining ) RGE K F
"o
2 HER55H
21 ERUABNS BT

Wi E RS R, VIS 2, @l R 5
FREN TG 5 PR, 2R 2 1 RBERE X BR
NO, " -N X BEEER NO; ~-N H = hr AU i A B

5000 1
4500
4000
3500
3000 ¢
2500 ¢

2000 ¢

WP/ (ug/L) density

1500
1000 +

500 f

P, EHRREE 5 WAHBREE R AR R, A TE—
ZMBPATEBR (R 1) o

#1 SHEXNO, -N5NO, -N gxpkx
Tab.1 The removal efficiency of 5 strains
for NO, " -N and NO, "-N

NO, ~-N £FR%R/% NO; ™ -N EBR%R/%

%HE removal efficiency removal efficiency
strain

for nitrite for nitrate
DB-5 25.8 0
DB-6 99.4 98.9
DB-8 0 42.6
DB9 0 98.7
DB-11 58.5 0

2.2 DB-6 EHHIRFHLEES
2.2.1 RAHICIEIREE A S s R

VA A BRER SRUVE o e — SRR, 005 T A AR I
if A2 NO, " -N Al NO, ~-N ¢ B2 Bifi i [R] 224k,
RE ARTESF R 1F T B AL BE J7, BT 1 X EE
A,z B X AR AR AT,
DB-6 5 B B A BGR K AELRE ST , AR ER A
ERERT7EHIRE 48 h BT, HoAd 6] #55
THRBIR , B T IR R o A BRER A% fb B T
MEER . Z )5 BB HBREE A T AK AR R A R
15, WAKBREE RN AT H) 3 570 mg/L [ 2 22 mg/
L, KERFRIKEN T99.4% o o] LI ROE IR IR 2
HIEAERREE R, BBRA TR

—— A [ IHRR A
(nitrite nitrogen concentration
in A blank group)

—— AAT AR
(nitrate nitrogen concentration
in A blank group)

—ar— AZADB-65 B AR 25 5
(nitrite nitrogen concentration
added DB-6 strain)

—l— AZHDB-65 B IHER th &

(nitrate nitrogen concentration
added DB-6 strain)

0 24 48 72 96
BESEIE/h culture time

120

1 ZAXMRE DB-6 SEHEABFEARREAS THBRERNKRETL

Fig.1 The changes of concentration of nitrate nitrogen and nitrite nitrogen of control in the culture A
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2.2.2 RAHICHEFRE B LS R

AT R Eh R o Ml — IR, I 5 7 kA i
R NO, "-N 71 NO; ™ -N 9% B2 Bt [R] £y 38 {6 B4
WLEE 2. MBI PAXE L H, DB-6 S B %
A IR B B 1 S AL RE 7 , FT LA &k
JFEFR R M HRER A LR A, EH RN

4500 1
4000
3500 1
3000 |
2500 |

2000 ¢

W/ (ng/L) density

1500

1000 +

500 L

0

0 24 48 72

¥ FERFE]/h culture time

5524 h, EIREL B VFRE N, (B AF R b A SR
T, VRBA GBS B BR R SRR A Ak O R
EhA,24 h 48 h Z [ EREL E SRR, A AR
BRMAKBEEREKE, ZGHEL T M. HRHA
2, THRER AT 2 464 mg/L [ % 27 mg/L,
FBRFIEHI98.9% .

—— BY1 % [ WAH R 2R A
(nitrite nitrogen concentration
in B blank group)

-8 BY % AR R
(nitrate nitrogen concentration
in B blank group)

—ar— B41DB-6-5 B WIHER 2h A
(nitrite nitrogen concentration
added DB-6 strain)

—g— BAIDB-6- 5B il IR Eh 5
(nitrate nitrogen concentration
added DB-6 strain)

120

2 ZAMBE DB-6 SHEBEFENHRERS THBRARNRETL

I3.2 The changes of concentration of nitrate nitrogen and nitrite nitrogen of control and DB-6 strain in the culture B

2.3 HERMUAHLEEESR
2.3.1 DB-6 FHRHITEAFIAERHIE

AT E R EETE S MBR 4R U K A&
A LRFE, DB-6 7EF- M LT R E R 3 ~5 mm
IR BT, T R ELHE, BRE, BIRh A, &
B2 Y, BN A AR IROR, B 22 IR, B
ZEHANSERE (& 3, & 4) o 2R FH 2 [ 1A 28 i i
HFEMEshElE R, BRI EZ 4% B

3 DB-6 E=[K{ mE
Fig.3 DB-6 gram diagram

ETFEFERFFREY AR, RIZE KRR IR
B o ABHAR LA ERFAE AR 2

4.92kX 20kU WD:15mm S:00000 P:00000

4 DB-6 EEHMAER
Fig.4 Scanning electron micrographs of DB-6

2.3.2 DB-6 FE#EH 16S rRNA I F I E K& &
SRt

KA BB R 16S rRNA JFFIKBER 1 445
bp,7E Genbank % %5 &y KM406493, [F] B}, % H
) 16S rRNA J73lid it Blast KRR 7 7047, 45 5%
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24 %

88 5FA8 A & ( Enterobacter cloacae) ) [E] B
PEIK 99% |, 1] 2 25 58 4 BA V4 B #F & ( Enterobacter
cloacae) , FEHX GenBank w1 &R 14 i #F 14 J&
B0 47 AT A 40 T B BB i AL 4 e R
Bioedit 7. 0 #1T 2 &\ L X%F, F§ MEGA 5.0 {4
B NI T ERGE R EWMERIE S s, M

TRGEE T WIS LR K40 2 55
WK S MFFIE RS K 3. NRBEEFWA
DL F i DB6 ( KM406493 ) 5 B #F # /&

Enterobacter sp SD-A 5 Enterobacter hormaechei

XJUHX4 ZE[F]—a % b, RE R R

&2 Ftk DB-6 HYAETR A WHFE
Tab.2 Physiological and biochemical characteristics of strain DB-6

i 7 GhR Eiztan iR

indexes results indexes results
d-2 MEL + d-F A1 AMY +
B4 ARA + FrEEERER A CIT +
Wi GEL - - GLU +
LS4 H,S - N IND -
LR INO - W R UK A il ADH +
d-H @R MAN + VP iR K VP +
5 R oDC + B-21 P ONPG +
AL 0X - L-Bl 28 RHA +
HERE SAC + d- 111 SOR +
o BRI AR T TDA - PR # T URE +
AR IR LDC - #H SIM .

100

100 E DB5992 (Pseudomonas putidas ATCC 11172)
DQ232743 (Pseudomonas marqinaalis JH15)

226927 (B. denitrificans)

GU288875 (Bacillus sp. YX—6)
97 100 l DQ207729 (Bacillus cereus CCM 2010)
85 FJ627946 (Bacillus sp.TR)

—— XB1932(R. fascians ATCC 35014T)

100 L—XB0625 (Rhodococcus ruber DSMA338T)
— Y16932 (Paracoccus versutus ATCC 25364)

100 ——Y16930 (Paracoccus denitrificans ATCC 19637)

EU239467 (Enterobacter hormaechei XJUHX-4)

100
—— XB0724(E. coli ATCC 25922)
To0] 92 A KM406493 (Enterobacter cloacae)
100[ JF968609 (Enterobacter sp. SD-A)
—
0.02

5 Bl N-J 549 DB-6 5 H i AR EE T 165 rRNA B3I FRMN REL E R
Fig.5 Phylogenetic tree generated from an alignment of 16S rRNA of strain DB-6 and

other bacteria based on Neighbor-joining method

3 g

B TR R WA F AR A RN H
TRAER N PR, BRI — B 26 75 854 2 K
FiEt ok o ASBIF 5T 1 R B3 0 A BR Ak
EORYIME AR IC AN e, 38 I T J SRR A A 4l R
WARH AT et W& TG |50
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R A LB ER S . LESLEY 46 58 3 1A Bk
BRI EmEEFARMAE T. p antotrop
halMD82. 5, B #k %" ML &S K A
BRI G K AL b S TS Ve T YL, KB
TR RMATE, ELEmT, RITZXF T
ERUBARN, 2EERAZ A TR
THRE I A B8 . A< SCIf ik 5 % 5 1Y B I8 B AT B8
( Enterobacter cloacae) B A X i4L TN 6E , 7E B A 4F
¥ J B ARIE .

®3 ATREZEWHEEN
HXSHLERHER
Tab.3 The information of phylogenetic trees
for the relevant reference strains

BRI WSS PPy RS
name of number of GenBank
bacterium strain accession
Enterobacter cloacae DB-6 KM406493
Enterobacter hormaechei XJUHX4 EU239467
Enterobacter sp SD-A JF968609
Escherichia coli ATCC 25922 X80724
Pseudomonas putida ATCC 11172 D85992
Pseudomonas marginalis JH15 DQ232743
Paracoccus denitrificans ATCC 19367 Y16930
Paracoccus versutus ATCC 25364 Y16932
Rhodococcus ruber DSM43338T X80625
Rhodococcus fascians ATCC 35014T X81932
Bacillus denitrificans DSM466 726927
Bacillus sp YX-6 GU288875
Bacillus cereus CCM 2010 DQ207729
Bacillus sp TR FJ627946

HUNG-S0O0 2 | F @ #h Alealigene faecalis
strain No. 4 ZEfF RS T E A SR E AR
(2 000 mg/L) (I5E 4 R 7K , 2 W AL i f 65%
FAE R — E Bk A LA pH Y 7 S A0 BRI
T,COD Fig A M £ B R K 100% ; B4 %
21100 I\ A 55 B A i 575 8 B — R T PR T B B
AR, 7E 10 h NEERE W AEEREE A 26. 18
mg/L 428 0; BRI A1 A ek’ Ak 43 85 1
et — BRI B T LA T, BE F2 Rk A rh 99% B
TWREERER R . FRImIREE" FIF BTB 8353 MoK
e SRS R O ) — AR AT SRR I AL A B N22, 35
3 40 h BRI R LR KK 86.39% ;HHk e
S H YIS T U 1 7 =X th 1) G3, 7RI 4
4.0 mg/L B4 ,24 h A%T NO, ~-N ) %5
N 91.09% , A% NO, -N f) BFHEXH T
12.03 mg/L,

WAL EE R AT LUR 7 AL R A
W IER IR B NO, " -N A FHR %, B N 7E R
IR L L AR R Sr NO; ™ -N # 4k il NO, ™ -N, Fx
JEPIEHS T LBt 7E AL 3% IR 2 B W 7E
EIBr B NO, " -N.NO; " -N #A T+ HE %, )5
NO; " -N SE 2RI T, NO, " -N 5 7E s i, 4R J& 3L
SRR R, 0 B SR B SRR 2 Y B R T R X
AR R R FRIK 99.4% , IR R LR R W
ik 98.9% , 1% H M B AR BE B RUL R NO, ™ -N X
AEARGE IR NO; ™ -N, A R ) i AL e 1, H
TR 5 WA R L i RN, AT R HAR,
L 25 1l S0t R 590 A 9 o

B2k
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Isolation and identification of an efficient aerobic denitrifier

PENG Zhilan', LIU Minhai’, GUO Haibo', LUO Haizhong*, XUE Chaobo', WU Yichun', LUO Haijun',
XIA Fengfeng’

(1. Fisheries Institute of Zhoushan, Zhoushan 316000, Zhejiang,China; 2 . Food and Drug Testing Institute of Zhoushan,
Zhoushan 316000, Zhejiang ,China; 3 . Fisheries Technology Extention Station of Zhoushan , Zhoushan 316000, Zhejiang,
China)

Abstract: Isolation and identification of an efficient aerobic denitrifying bacteria strain by using the selective
medium to isolate and screen aerobic denitrifying bacteria through the quantitative increase of nitrite content,
after a preliminary screening, and then second screening through denitrification performance testing for
bacterial isolation. Physiological and biochemical tests and 16S rRNA gene amplification and blasting in
GenBank ,and phylogenetic tree construction were used to identify the selected strain. Only the DB-6 with
effective denitrification . During 5 days, NO, = — N was decreased from 3 570 mg/L to 22 mg/L, the removal
efficiency was 99.4% , NO, ™ — N was decreased from 2 464 mg/L to 27 mg/L, the removal efficiency was
98.9% and without nitrite accumulation. The strain was identified as Enterobacter cloacae DB-6 according to
its morphological, physiological and biochemical characters. In order to further confirm the result, 1 445 bp
sequence of DB-6 16S rRNA was amplified and blasted in GenBank. Homology analysis study showed that
DB-6 has the highest similarity to Enterobacter cloacae with 99% identity. And phylogenetic tree was
constructed together with the discovered nitrifying bacteria, denitrifying bacteria and Enterobacter cloacae. It
was suggested that Enterobacter cloacae DB-6 be a novel strain of aerobic denitrifying bacteria, which will be
helpful in nitrogen removal of mariculture water.

Key words: aerobic denitrifying bacteria; screening; identifying; Enterobacter cloacae
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