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112 BFE 4REEARRAREREOB): &
FIPR 10 /L, 4 P 5 ¢/, NaCl 5 ¢/L, pH 7.0, Fhlfbss
I B (D& TR BE ): BR IR #14.72 g/L, NaNO,0.05 /L,
KH,PO, 1.5 g/L, Na,HPO, 042 ¢/L., MeSO, * 7TH,0 1 g/L,
pH72, FIFAEFERZ0.11 MPa, 121 °C KT 20 min,

1.2 W%

12,1 HAEEKSFERMBUEENE  LHFEE
2l F7 18 b, W FLAH P G2 8 Ay 290 0.605 ), 4%
19 (VIV) BERCAS I 42705 200 mL S AL B 7R3,
30 °C..200 v/min FE R IR 3% 55 37 24 h, BEFE 2 hEURE 1UK,
FEUEURE 10 mL, S 4 P Y65 BE Aggo, 26 8 000 t/min
BRI FVE WO e B AR ER E R
122 BEWMAEEKRERBEAEENTNE LR
B PR 2 2455 55 18 b, I HE 40 T 'G5 B Ao 291 0.605
J& % 1% (VIV) RS I B2 R0 2] 100 mL S Ae 85
FRELrR ZMIAE 10°C (15 °C .20 °C .25 °C .30 °C .35 °C.,
40 CZ&AF T 22200 v/min 35 R 4R 7 1557 24 h 5, HURE
0 7 G A oo » [ P00 HE PP M AR R R0 25 1

123 pHMHEEAEKERAELMERERNT S0 HE
PREAIREFE 18 h, MHAH TR DG BE A g 294 0.605 5,
F2 19 VIV )R A N AR 2 pHAE 23028 3.5.7 .9,
111 100 mL ) fif§ £ 15 77 2 11,30 °C.200 r/min $5 JK
PR HGFE 24 h )5, ORI 7 A g, , (7] BSPI00)  HE e I
fSERER A o

124 HENHAEERKEREEERENZm B
R H45.10.15.20.25 30 A9 A T K, FEE N Al
PBs 53 P AERE 37 18 b YT AR O Ay 20
0.605) 4% 1% (VIV) BERAS I 43 AP ] 100 mL
Ak 3E 5L, 30 °C 200 o/min FERAR % 595 24 b,
SUREDN 2 A g , [RTFSHINN 2 JHE H I AR ER R 5 1
125 AEHBEMNEFERKEKBELIERNZ
W KRR TR T e 1) 8 P AL AS Jin 1) S i ks 77 Jik
i B AR SR 18 b 1 B MR, 7 1% (VIv)
BT I 0 B A0 T 100 mLAS [R) B V5 119 4% S5 il
A AR R 37 3 7,30 °C 200 r/min 55 14 F 48 3% 15 37
24 h J5 BORE 0 5 AN [) e U5 2 A7 BT Ao 8L, RIS
I 7 I R R AU 7 i

126 HEEBENLETE RHAPIS0CHEE R
GEHATHE

127 16SIRNARFSIN R RGEEST HT
16S tRNA PCR W5 [ il 5 14, PF: 5" AGAGT
TTGATCCTGGCTCAG3', PR : 5" GGTTACCTTGTTACG
ACTT 3", I+ ifg HE A W) 8 6 6 e PCRS A &
(25 plL): 2.5 pL 10 x PCR Z& 1%, 3.5 pl. MgCl,, 0.5 plLF5
H{DNA,0.5 uL. PF fiIPR, 1 uL. ANTP,0.5 pL. Tag DNA
AT, 16 uLBAiK, PCRY™ B 514 Jy . 94 C T
P45 min; 94 °C ZZ 430 5,60 °C iR k30,72 C 4k fi
1 min, fF ¥ 301K ; 72 °C LE 110 min, PCR =9 3% $2
pMDI18-T, 54 AL E. coli DH5a, 75 &% B % H % X (LB
S B BH A B R, A EOBTRLIT N . Y Hy
Invitrogen 2 A SE M, 4 16S TRNA FIrl 5138 1 BLAST

& R 5 GenBank 7 EL 1168 rRNA JF 31 #E 47 43
BT, A Custal X1.8 #4774 FXF, FHH MEGA4.0 44 2
REKER,

1.2.8 LA ER #hiF R B & E F 5 55 i
FR [12], 32 HOTE A PR 5 30 Jirt il 235 1) 55 Bl nirS | nirK R
SEPED 1Y), WHZ TR A RRIE [ AT PCR Y4, 514
A IR A A Rl G . PCR SOWAR 3R 45
1.2.7, PCR il i LKA K2 2646 ) , B Invitrogen
NN 57 o5 it/ s g T

129 SMAE WAHREH AN E: RAIN-1%5-
LM EE " Ag: MR T

1.3 #HEGIt5SHAE

S 45 R A B8+ bR ifE 22 (R£SD, n=3) &

R, 38 AR SPSS.11.0, 28 One-way ANOVA 73 #r, 2%
JH Duncan’ s 22 5 4G 5073 B 52 30 235 SR 1Y 22 5 W
P<0.05 M50,

Z MR

2 ZER5HH

21 WAEEKERELEEENELR

W 1 R, B AR A, 4 h DUS 475 L
TG, BERY B A0 B A K, [RIRS i g
5 TE 14 h B U6 B 4 10 m/L 14 I il 2 b 280 I8 i
0, EERAFIL 100%



341 LA TSRS Y X-6 51k S S 5E B 563

—&— NO,-N
—— Ao

TA =

gﬂ <
3
0 2 4 6 8 10 12 14 16 18
AsTE] /b Time
BT A YX-6 A5 AR B AU 26
Fig. 1 Dynamics of YX-6 strain’ s growth and degradation curves of nitrite nitrogen
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Fig.2  Dynamics of YX-6 strain’ s growth and degradation curves of nitrite nitrogen under different temperature
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Fig. 3 Dynamics of YX-6 strain’ s growth and degradation curves of nitrite nitrogen under different pH value
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Fig. 4 Dynamics of YX-6 strain’ s growth and degradation curves of nitrite nitrogen under different salinity
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R1 AEFEXTHAE YX-6 £ B RAEL HERE R 250h

Tab.1 Growth of YX-6 strain and degradation of nitrite nitrogen in different carbon sources

n=3;x+tSD
{3/ BN A I NO,~N/ (mg - L) IR NO,-N/(mg - L ZBRF 1%

Carbon source 600 Initial NO,-N Final NO,-N Removal rate
Z RN Sodium acetate 1.149 +0.036 10.011+0.026 0.068 =0.034 99.3
WA TRA4N Potassium sodium tartrate 0.371£0.027 10.011 +0.034 4.833+0.141 51.7
B Lactic acid 0.220+0.003 10.005£0.054 7.011+0.153 30.0
FAGIREA Sodium citrate 0.333+0.045 9.999 +0.085 6.254+0.181 37.5
IKIGIREN Sodium salicylate 0.179 +0.006 10.000%0.017 7.862+0.192 214
REME Sucrose 0.111 +0.006 10.011£0.026 8.415+0.156 159
HIAEFE Glucose 0.340 +0.007 10.006 = 0.009 5.640+0.079 43.6
T ZFR%N Sodium succinate 1.067 +0.064 10.017£0.017 0.085+0.017 99.2

26 MEEBENLEE 5 GU288875, [A] B} % B 1 16S rRNA J7° 51| £ BLAST

X 40 B YX-6 BEAT T 5039 AR 3 AR AL HE AR I, G RARF M, I VB GenBank Y B 04 8 R A 1k
W20 45 78 R N EE 4SS 2 HOHT T (Bacillus coagulans) S TR B A il Ak 4 R 2 A T 91038 3 Clustal X118 1F
(e LR ), T2 Xt IEHIMEGA4.0 M 2 58 R B, w128
27 16SrRNADFEERRZLE N B 2 PR MR BESS 2R AT T (Bacillus coagulans), [
1% 16S tRNA J¥ 51 4 K: 1 448 bp, GenBank % 5% JEYEIR 98% , 25 SN IE 5 iR

99 BacillusYX-6 GU288875
100 I— Bacillus coagulans ¥J627946

I*B(u:illus cereus DQ207729

100

94 Bacillus denitrificans DSM466 726927

Arthrobacter ramosus DSM20546T X80742

100 —— Rhodococcus ruber DSM43338T X80625

100 Rhodococcus fascians ATCC35014T X81932

100 Paracoccus denitrificans ATCC19367 Y16930

Paracoccus versutus ATCC25364 Y16932

Pseudomonas putida ATCC11172 D85992

100 Pseudomonas marginalis DQ232743

—

0.02

Bl5  Bbk YX-6 5 HABANTEE 5L T 165 rRNA JPHI R R G L HR
O3 3T AR BB R A 51 FE (bootstrap), 1 000 1K .
Fig.5 Phylogenetic tree generated from an alignment of 16S rRNA of strain YX-6 and other bacteria

Node values represent bootstrap values repeating 1 000 times.
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2.8 IFHHERELIE R ERE E 5 519 4

YHTR Y X-6 WA PR 140 JE B 3 A nirS . nirK A
PR LE AN 6 TR, nirS 345 50 B, Pe K
/Ny 842 bp, 1 nirK 4 34 25 5 R B o [R] 54 I 45
B L nirS BEHPH Y Pseudmonas aeruginosa
LESB58 PRI nirS K P51 AL, [RIE A 99% .

Mark nirS nirk

bp
1500
1000
800

500

100

K6 AN YX-6 WAHARER A LN nirS | nirK 4 Y455
Fig. 6  Amplification of nirS and nirK gene from strain YX-6

3 itig

IS A2 BT ) 2 B 55 E FH , AT A 8 iR
KRR RTG Y. R, RV E ] E 2 R TR
A TRRTRCE AR, 3 — B B B A D AR A PR 4 5, 7K
SR TSRS RE FRE ™, %
B R T R BT A SR REAY

i P A A S R Ak T I R O TR R Y 2
25 ~ 35 °C., Y I B ik i3k — Y T s, 34 2 41 il 240 AT
P A K MR R PERE R IE 3 45 L ARBIFTE g R
FH KR AE 20 ~ 40 °C 3% W] LAER K IR RE
BRI RS AR TG T K T 30 SCOR iz i A= 1 SR
PRI R FE R Bl L . IEAN, KR 7E 40 CRYEIK
TRAAE T AR A K A, R AT AR 535 90%
DL LA Rk 25 bR, ik — Rk 5 0 iR 18 e e 4
AL AR A AR MK IR AR T 20 °C
B, A g AR S RO At AR R FE R B TR Y

TEIVE . AT DL, I X A A A R R R A e K
AT A T BRI , T2 A SN 5 s KR A5 T
AR A TR £k 8 22 B L X W] BB 1208 AR K S S i AL il
AT FABILIR AT O, T dE— 2L 5T o

Cuptal17J . Timmermans 2§ 18! WFFE R, 4H T A= K
L SPGB 1 A fie s pH AR Pk s i, pH
(B R B AR 20 R A 1 M AR RE Y 4
PR, TR B O i R A AL
T Bk C3 (Pseudomonas sp.) Mg 72 2F 57 FA 1A X0412
(Stenotrophomonas maltophilia) W 53 W [RIFEF B, pH
h P S B AT R T TR R AR K R SR AR PERE R R
o ABTFERW, L AE pH 3 ~ 9, 24 ] UG
A TR DR o 1 S A R AL 25 B o, Hoh 7
pH 5 ~ 9 IRF, 12 B Vil PR £ 8 L BR R al IR & Rkt
100%. FE pHE A 11 Sl 2R v I i B AR K
LR ARACTR TR R AR 22 B —E R . AT s
XF KA pH YRR 7R Y T BRI T 52 B8 ) L AT 7RSS
B 1 pH 3 B PN DR IE AR 1 SR i A M RE R B SE
AR BENL T AN R BBURE () R I KA

FrRFH AR M, B2 5 M A S S A A AR T A
K5 ke & A BN K Yoshie 25 25 H
AR BT TR AR A R S A S B T 1A A A )
P o BRI 2 26 PO Jep SRS A TR R 5 3 A 5
M SC AR WA T ANBAIBITSE, K Gk AR B i e
AN A SRS AT PE P ARV E T ARSI
B TEERE 0 ~ 30, Z I BRI AT LUIE A KOO —
E B S ALTEE, R R 0 ~ 15, B A K
B SRR A 7 ) d s 6 BE S L R B I 15
IR, 20 20 TR 10 AR A K S BB A P RE 7 A — s B
YER . X —45 RS FRMFFE A AR, A7 R
S KA R VE TP AT R 2EA TR A
W5,

B R ANAS e 200 o LA 2 R A S RB IR, T EL XS
2R B A A T B, SO T 45 P AR b
RSB IR A BRE (Rhodococcus rubber) HN HE4T
WFFE R B, A DX B L SRS R 1 RS IR A
B R 2, LA TR A= 1 Ao (BT, TR A BRETR
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F RN R T A 2724 Hee TR
T YR F i S S S A 20 T X311 2B K 1 BB A S i e 3,
HTRTE T RN CTR BN R A A B A4 S il
Pt e By ] UORFy R AR I, P Al iR X317
SR PRGN A BRI R B A A K i B R . ARSI
FEFRMW % ¥ ] DIA ] bk 8 Fp S 6 i R 47 A=
IR —E R S A PERE s ForPiZRi7E RN
FT R A B USES T A A A e e, [ B 65 1 i
MRER A LR A, TR FLIR AR FI KA R B
AR B USR] FH R AR, LT A A i RO A R R 2 2%
R AR, AT DL S /N 73 1B IR A ) 5
e 6 R DR AR M FH AR, i — P 4 Rt
5 Her 25 BRI 25 SR —3K

A 2 56 Xt - SR A Ak AN B Y X6 2E B A= Ak 4
PRIEAT TN ZE, JF 455 1% 14 16S rRNA J¥ 41 L X 73
BTl R, 020 B0 78 12 T bR R B 4G 2 AT 18T (Bacillus
coagulans), H B 25 F AT 181 & ) — L8 T b 4 i A
ZEAUFTF T (Bacillus cereus) A 5 25 481 ¥ T (Bacillus
subtilis) A ZEFFF B (Bacillus licheniform) Y45 3C
TR A AU R A 2 T
ViR i A= P RE TR 7 AL 2 ST AT BT O AS IS
KB, BEES AT AL R B S SRS AL TR RE , O
XA R B SIS AL PR REEA T TN AR
WFFE ARAT DGR SRS A AR SCAE FHBIL AT i 2 it —
BT

J A A s D it 2 R 5 [ -5 400 o S A AR PR RE Y
5805353 B VIIAH G , A7 O S A3 i Tt PO A J0 S A G
HIBFST, AT B At "> b O R 3 A
NPFERRER A LR S B B X HE B —, ]
HHSCTE DR A HIBLAR A IF 5 SR S AT ST A FA
Stouthamer™ I 52 T T. pantotropha 7 1 VAl 1R 18 it
Tt 2 P nir K DR 95 A5 F) 5 1) 28 ) 8l TS 2 £ nirS
5 DR 25 ) 0 0 € 2% el 28 B 70 2 A PO R T S,
maltophilia strain X0412 VA R i )5 i 36 R 47 T
P3G, e AT 0 S PR D 2 £ i S PR 2 %
AL (3R edL B, ] DL, AN [ o s T P 2 10 ) S i
A3 5P 1B ) i AR LB AS SR 7

A RS R SAH A It ARG 7 B N PN R AT
B o LS AR Y X-6 A MR I i R DY R A T
14 GERRN] AR AE T A YX-6 LR
JE I P A nirS BE TN {EA 5% 200 1 Hh I A PR i T
Tl VS R £ S8 25 Bk Z 181 B VR FH AL B i IR 3R 07
T EAT s et — PR
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Characteristics of aerobic denitrifying strain YX-6 and identification

AN Jian"?, SONG Zengfu', YANG Xianle', HU Kun', LU Huaideng’, SHE Linrong’

(1. College of Fisheries and Life Science, Shanghai Ocean University, State Collection Centre of Aquatic Pathogen, Shanghai 201306,
China; 2. Green Technology Co., LTD, Yangzhou 225600, China; 3. Guangdong Haifu Medicine Company, Chaozhou 515700, China )

Abstract: Nitrite is a matter of great concern for aquaculture since the excessive amount of nitrite poisons the
aquatic animals, induces diseases outbreak and results in huge economic losses. This problem becomes more and
more serious in intensive cultivation mode. Obviously, the conventional theory to remove nitrogen is based on the
principle that denitrification is restricted to anoxic condition. It is not appropriate for aquaculture, because there
is adequate oxygen in the culture water which is essential to aquatic animals. Although some probiotics are used
in the aquaculture to improve the water quality in practice, their work mechanisms are described to reduce nitrite
concentration indirectly by decomposing the organic matter. Probably the aerobic denitrifying microorganisms offer
the suitable way to resolve this contradiction. In the present experiment, the aerobic denitrification of strain YX-6
screened from shrimp ponds was investigated under different temperature, pH, salinity and carbon sources. The
results indicated that strainYX-6 removed the nitrite nitrogen from 10 mg/L to 0 mg/L within its logarithmic phase;
The optimum temperature range was 25-35 “C and it even maintained higher denitrification efficiency(above 90%) at
40 C ; lis denitrification efficiency was approximately 100% at pH 7-9, while the optimum salinity ranged from O to
15. The results also proved that sodium acetate and sodium succinate were the best carbon sources for the strain YX-
6. In this study, partial sequences of 16S rRNA of strain YX-6 were amplified and searched against GenBank using
the Advanced BLAST similarity search option accessible from the homepage at the National Center for Biotechnology
Information Chttp: //www.ncbi.nlm.nih.gov/) .The MEGA 4.0 version ( Arizona State University 2007) software
was used to check alignment and construct the phylogenetic tree. According to the physiological and biochemical
properties, and 16S rRNA sequencing and alignment, the YX-6 was identified as Bacillus coagulans primarily.
Furthermore, the nitrite reductase genes of B. coagulans YX-6 was amplified and confirmed that it's nitrite reductase
genes was nirS. As we know that temperature played an important role on the denitrificatin, the nitrite removal rate
of B. coagulans YX-6 was over 90% even at 40 “C, so it was supposed that its nitrite reductase could endure high
temperature and the strain YX-6 could be suitable to be used in high temperature. Salinity was another factor to
influence denitrifiction. In the study, when the salinity was over 15, the dennitrifiction efficiency decreased abruptly.
which might be associated with the nitrite reductase. Different carbon resource may influence the dinitrification of
aerobic denitrifying bacteria. Eight kind of carbon sources, sodium acetate, sodium succinate, lactic acid, seignette
salt, sodium citrate, sodium salicylate, saccharose, glucose were tested and the results showed B. coagulans YX-6
could use small molecular carbon resources with higher efficiency and on the contrary for the macromolecular carbon
resources. Although the nitrite reductase gene was amplified in this study, the relationship between denitrification and
the properties of nitrite reductase of B. coagulans YX-6 was not clear and further research was needed. In conclusion,
B. coagulans YX-6 could remove nitrite with high efficiency under high temperature and salinity condition and could be
used in the aquaculture industry. [Journal of Fishery Sciences of China,2007,17 (4): 561-569]
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