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INEEHEN 1 KB ERRE
Bt R BUR AR
FHE? EFEW KEED AR K E

(1. B RSFKP S0 Bl 2013065 2. EUK RS2 0F 58 B 2K 7= BF 92 BT
b AT R K SR T B A T S

S IR SR IRA T A S A LR TSRS W 2660715
3. F IR HHEA A E L E R LA S R I RIS W 2660715

4. VAR AR IR I E A EORE SR Ll 536000)

FE XTI RGP EEE | AR R E AR S B R 2906), RIEHE K 2906 B 16S
rRNA JF 7| 440, %8 518 25 % 2 i 1 & Pseudoalteromonas tetraodonis By 3 % % Z & it , # 4 W&
% i H (Pseudoalteromonas sp.)2906.. | A A [& C/N. pH. % E WL AFEFRE, 207 T &4+
MIZERMERENT W, ARTHEE. EE. 28, T8R4, HERHA. BT ERE
% A B BROR X AR 2906 EBCRE B m ., 4R LR, WAk 2906 & C/N 4 15~20, pH # 7~8,
g Ny S~15 B, BEA RIFH A SRR, MAAAEBRA I, @A FRERX 100%. &M A K
HREP, BEFAKSMREAREEBMAXMEG X ZH R=0.94), XA ZEIFEF FMR T ZH A4 4
WA Z AN, SRET, TWALIFE LCs H 2.8x10" CFU/ml, & W% 2t x4~ BLB0% 7 .
FRERT N ZHE IR AR ER AR

KA BREEME; CON; BE; pH; BIE; £48; HAKE

FESES S949  XEARIRES A XEHRS  2095-9869(2020)04-0144-07

X R FRFE MY TR R 22 TF OB E AR, H AR SR, ATAROR T IRAE M A s, T SRR,

B, FE PO ERFRFE AR 7 i 2 58 100 T3 t, 7
600 fZIL(RALAAS TR Hm ] 4F, 2018), (AL
10 RAEM PR JE, BE AR W], H42%K
P 5 B IR FE R AR R El i T Aot (ROl AR
eIl i B HRR S, 2018) X IRBEN 1 22 Kk 5 R4
B RO EY], R AF 575 PR 5 RE Il A P K

Xt HR R 5 2 3 o 4 i, FRAE S KRR L SR {E
MEMZ, SHOKKRER . WA E SR, 6k
FEXFUR R T e S % . TR kB, i miR A
RN X HF AT B4 19 4 #) B M (Barbieri et al,
2010), 1 H23FEARXT IR 9 62 7 (Liu et al, 2004), 5%
M 1 E #1442 B (Racotta et al, 2000).
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SR 28 4 R 0 R A BT L R SR Sh W PR
F1, REATAER IR TR IR B AR P R RN 2 — o FBR
WA fE R E IRty , B R (Luis-
Villasefior et al, 2011; Liu et al, 2015), 425 X 7 G0 5
71(Ochoa-Solano et al, 2006). [FfEA . WA
(Song et al, 2011; #AE T4, 2013; FH%, 2019)%
e, H, BARAIRMMAEYMERZ, iz
AT W KR K K IR B K P SR R G
(hZEZREE, 2011; E#&%, 2016), fEAE#ERRSEA
PG 1 L EAE

AHIE 5T N L AR A8 e 15 T — G0 R 3R 5 3 43 8 %)
| BREA B ARE I AN, B9 TiZE7EA R ER
BE. pH. BRiFE M C/N /4 X2 A MU EE A &
BRfiEJ1, KA 16S rRNA JFH X x % w1 1
WIS, [EIE, Xz AN e AT T AR W e 4tk
TR, DA RZ B 0 1 & R A4 R S04

1 #MR5F*®
1.1 SLI6 AXTHR R 4R & 18

AW 22 4 MR VE A BT T L 94 1€ X R (Litopenaeus
vannamei )14 T L R & 5 T — R 3T ER 3208 3, HAF
BIEK A (4.040.4) em, SLHHT, TR MR FR25
KR H27.0°C, £hPE 428.0, pHAT.4, A (DO)>
5.0 mg/L,

1.2 BRREFE

AL R L T 2 IPMIR (2013), 28 TS 56 i
T T RV R R, R L BT SRR Y (/L) HEMEG.21,
NH,4CI1 10.5, MgSO,-7H,0 0.2, CaCl, 0.01, KH,PO,
0.5, EDTA (0.5 mol/L) 0.5 ml, Na,HPO,4 0.5, FeSO,
0.01, NaCl 120, i ICEREEW A5 ml, pHHT.0~7.5,

R LR AW BCHI(g/L): EDTA 50, ZnSO,2.2,
MnCl,-4H,0 5.06, FeSO,7H,0 5.0, CuSO,-5H,0 1.57,
CaCl, 5.5, (NH4)6 M070,4-4H,0 1.1, CoCl,-6H,0 1.61,
pH 7.0, BEFRFHFIC/NILL20, 115CHEZERKE
20 min (F£ A5 KR 585, NH,C1£80.22 pmfif
FLUE B SR BR TR G BN A, AR RS F2 I AE R K Z
HIINA20% 89 RS #5 .

1.3 EHHREESH

AL AR 28 4 15 T 1 =5 A0 FL A i X W 7 B i v R
BOKFE, BATCHE RS PR IAF, W RLR =5
K Zobell 2216E(FE i 5 g/L . BELEE 1 g/L . FePO,
0.01 g/L. JifE 20 g/L. FRIEF/K 1L, pH 7.8) FHrlilZk
By B aifh, XA EARE TS, 70 C IR .

1.4 BEEEKBIGIE

W o3 B Al Ak A PR R R FH R 6 T vk B 2 i 4k
BERRE R [, 28 CHEFRFE R 48 h, M4BT RN A
FAE BUHEA T 0 o 5 07 o 1 1) R R 42 P 22 i L T A B
FRH, BT 28°C 150 r/min AYFEIR, 153% 48 h 5
e B R P R, A AR AR, ik
JI R % e A T T R L0 5%

SR E R IR R A Ak, WA A
K HZEC A R B (PR I R EE 4 )
(GB 17378.4-2007) Z A KGR MIHH A

RARFRF(%) =W H A R R xR/
WIHR 2 A B x100%

1.5 EHBREENDNERESHKRERBXESN

DIREWE M BRTE, B C/N 20, R 15, pH
H 7.0~7.5, AAEMEE SR 10.20.30.40 F1 50 mg/L
MRS AE R SR 5E o SR B0 I A VR B, i TR
OD {H- 54NV B2 1Y TAENZE, AR TAE il 2 i i e
FER 10" CFU/ml WO, DL 3% Fh &3 ATk
REEFE I 4E 28°C, 150 r/min BYE IR IR 1R
Kige, BEbE 4 h BORE 1k, R4 RE 5 A FIUE ODeoo am
8, PIAFESZ 3000xg 8.0 10 min Ji7, @ 1597 3
EIEROR R A S S R P B A, AR
B3 T7.

PRIRE ODeoo nm -5 WL RSCRAH S BT - AKHE 5 A
SRR 8 A AE B BURE B B] 4514 5737 OD B B - 245
RECE, PEATHISCHED T, B M OC R AL
1.6 A [E)RR IR 3T 5006 At S SR O =20

FEACTE A RRIR , 3500 ARG AGH . REAE . A2
BT RN . FPAEEREN . oL RT M E R A ik
I8, Be 2 A 20 mg/L, C/N iy 20 HUAH ALK
REFdt BRREE R 1.0x107 CFU/ml L) 3% ieph it
P B AR AT (RS2, 28°C 150 t/min 1)
TR IR SR, RERR 4 h BURE 13k, WA 3 P17,
1.7 AEEET LI E R R R

VIRERE R, Feiil 2 AW 20 mg/L. C/N
g 20 RS AL IR A RS 3R 5L, T NaCl Ry 55 5 B iy 26 B
Sk 5. 15, 25, 35 Fll 45, SR 1.5 AR5 Kby
Ty, DN A5 R B 2 B AR I IR R, B 15 3 AT

1.8 [ pH Xt LIk BB R B2 00

DATRERE A BB UR , il 20 /% 20 mg/L. C/N
20 FRIEN 15 BORUAAS AL EE 7R 2, 5390 0.1 mol/L
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) HCI Al NaOH ¥ 8 5 AR R 2 3L 00 46 pH, [
HWBMESS N 5. 6. 7. 8 F19, =M 1.5 %55 &
SR, A pH HEMR IR ASUR, HHik
3AFEAT.

1.9 R[E C/N 3 SLI6 & 4k Bt R R 19 221

DA AR, i 2 ZIRE R 20 mg/L . R
915 BOARRE ARG IR AL 5 4, TR RN T
i 400 C/N 2351k 5. 10, 15, 20 F1 25, 2 1.5
85 37 KA BT i, 00 4% 2 TR R 0 B RURR ,
w3 AT
1.10 HHREWZREMHETFN

RTE AR Zobell2216E WA IEF: 5L KW 24 h
J&, 3000xg 4°CES.C> 10 min, 3 i, F PBS &
T R PR ER, SRJGTE S S 10 L B3Rl ,
TV 7KK RV AR B IR BE 43 A 1x10% . 1x10°,
1x10%, 1x107 Fl 1x10* CFU/ml e Wi 4% 5 L, 78
BRI 10 B FLAN X IRMZ s, 12 h R fk
50%, ZJaEE 24 h #7K 30%, IEHHRIEHEH, 4
FEFEA, ORI ERIAE . Wi . W ) AR SO
ZEXRRRE 1S, kil k.

1.11 EHRITEE

K 16S rRNA JF8 5001 LT R R 58 % & 43 B
ERRE 2 HHk 16S rRNA PCR E414 4 fir 5
Yy B FE ¥ 2 IR Wan £5(2013), PCR 4884 7 450 ¥ 54
iR JeAEYFHABRA ], s 7 514 NCBI Blast
Fext o #r, Rl R m 0 5, A MEGA 6.0
PR GE R B, B 7 8 TR R 1Y) A b A

1.12 RS

K H Excel 2013 #{4XFSE 56 80 ds vEA T80T M
KL T R SPSS16.0 BR{T155 40 B Sk g K B ot
?KEO

2 &R

2.1 MR E KRB IFE

XU 7558 b o B 32 BRI AR, AR
SRAGI, FRR 2906 i 2 A HEIE(92.142.4)%, NIF
WETR R e o X ARTE 2216E i FR AL LG 5%
24h, WIEHAN 1~2 mm, BEEF . FKilikFE,
HRRIR Gk . B, XN HARE R T a4k
5%

22 BEHRBREEAE
PSS

FEFPERRE 2906 FAN R 20 R B s Ak B R ik
HPR AR ILIE 1, WE 1 ATUEH, EhR a2
WREVE IR, XY R —E A RE S, 32h
A X BE N 10 mg/L B9 20 R 22 B K 35(98.9+0.8) %, X
B R 50 mg/L )2 A 2 B #6134 (52.4+0.6) %
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Nitrogen removal rate of strain 2906 in medium with
different concentration of NH;-N

Fig.1

WK A ZBRAS OD HAY KR W& 1, MG
AT N, AR AR SE RN 0.94, BATRASCE,
F WY TR ARG TR 1 AR R A A i

2.3 ARERRIE XY 5256 R A R SR B R R A B
Hp 30 S % 5 A

BRI B 2906 7E 7 R [m] fk U5 i Ak b5 7% 5 Hh 9 i 2R
BRI 2, N 2 FTLAE 1, DAFFAEEER B0 A B U 1)
FEFRFETE 20 h I B BRI 100% 5 LA 114 20 4R
SR A 85 FEIEAE 32 h B B ORI 100%; 1T
VTR A BRTE RS, BRR 2906 AU ARG 22, 32 h
WY 9 (8.3£1.2)%, Hifth 3 FhBRIEZHAY 32 h A SR
PR T (61.12.3) % o il 4% 52 5 25 AN [) & e ik ] B 3%
FREPWASTRERVRE , 45 Won, MK KB
KA WARETRER R, R A=A AR EL

2.4 EENLEEREREEAL R0

PRRE 2906 7E A [R]ER B2 i Ab b 77 35k P B /U0
WK 3. WK 3 ATLUE Y, IZHRIEER R 5 3G+
BRI A R, TE 28 h AR EREASCR, N
(94.1£2.0)%; TEERFE N 15 BREFRIEH, 32 h LAk
RiK(91.3+4.3)%; TEFRIE R 25 HEFRFEH, 32 h it
AR R RCRAL R (45.4+3.3) %5 AEERE Ry 35 1 45 1Y
Fige s, 32 h IR AR 5300 R (2.06+1.8)% i
(1.9£0.4)%, FEARMNEZTEAABE T o
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F1 FEARED KRN E S E R ODgoo nm T A BE
Tab.l  ODgg nm and removal rate of NH;-N of fermentation broth at different sampling time
Hu#EHE] Sampling time (h
i H Items il pling time (h)
0 8 12 16 20 24 28 32
OD¢00 nm 0.045 0.050 0.088 0.141 0.187 0.235 0.259 0.263
¥ 4 Ak R
BARCH N 0 13.00 25.97 40.54 56.95 65.05 68.92 72.28
Removal rate of NH4-N (%)
100 T st wattose A 107 b Salinity 5
R oo [ S / £ T o 0 salinity 15
2' 80, %‘éggﬁ; Sodium succinate Z 80r = %EJ% Salinity 25
g oA Sodium citrate HI0F - Salinity 35
= / o iy nity
“g(- E 60 _: %}%@gﬁogzluble starch‘,"‘ @ E 60 * %‘I;‘E Sahnlty 45
X o / i S 50
& E 40 & & 40
a: ®g 30
g 20 g 20
~ ~ 10
% 6 2 18 54% 0
N 0 6 12 18 24 30
] Time/h B[] Time/h
/1PNt AR REN S y
) [7§] 2 W}%J?XTIEIHE 2906 HR)ELKE/JT/ ﬁ [z] 3 ngﬁi%@*ﬁ%%%ﬂg%ﬁﬂ@
Fig.2 Eftects of carbon sources on nitrogen removal . . . .
. Fig.3 Effects of salinity on nitrogen removal
rate of strain 2906 .
rate of strain 2906
2.5 HiEpHXT LI B bk A K R B R R AU F M 100 -
e —1 - L . Ny —e—pH=5
bk 2906 ZERIFHIG pH R ALEFEIL PG A e
2 \ e Y X -
WORILIE 4. I 4 TTLAE Y, SR BRI pH > 50 —ph=
Jg 8 I 7 RUEESER 32 h i B B BT EUEOR %2 ool x oo
43514 (88.946.0)% I (76.8+3.2)%; TEXIA pH 4 5 o
6 MK 3 P B AR BT, 1E 32 b BEAR B HE a0
, N o S
(12.7+0.7)%H1(24.6+2.8)%; TEWI IR pH 24 9 [11s 75 4k & 0l _
7] L
o B ECRA S (25.142.4) % Z
0 | |

2.6 C/N XfSL55 F#R B R RUR B 7200

FAPE 2906 FEAN[A] C/N R fb 1 75 56 v 1) B R 50R
WK s prR, 76 C/N K 20 WIfSfkIsFe st wrkm
R ERCR Foe i, K 28 h BEASCREI AT A 100%; C/N
15 B, FEARBASCRIRZ, 7F 32 h I AERCR Y
ik 100%; C/N b 5 B fezs, &M 32 h AR
(53.6+3.5)%.

2.7 THEHRREMEIIE TN

fEFHERE 2906 R IRYL TR, S50 0K, FEik
JEREW(10° CFU/MD)A AIXTERESS 3 Kaabr:, H
il 4 ASv BE2H B S0 A5 10 KIENS, Ho7E S2 56 i 4]
BE. BRIER, VR WEFETRITE 5,
ZHEMRIK LCso N 2.8x10" CFU/ml,
2.8 HHLTE

X PR RE 2906 #E4T PCR 3141 J37 , #3244 1440 bp
FEE, K B =0 5 T BLAST ¥4 Fu X (https://

1
0 6 12 18
i} B] Time/h

4 B0hh pH X S50 B bR SRR A 52

Fig.4 Effects of pH on nitrogen removal rate of strain 2906

24 30

100

D e
[=] [=]
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Removal rate of NH}-N/%

[\
S
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H} 8] Time/h

s C/N X S 56 T B T R0 A 52
Fig.5 Effects of C/N on nitrogen removal rate of strain 2906

blast.ncbi.nlm.nih.gov/Blast.cgi), Z5HR B, ZE S
22 MRS 5 B0 T i 2 1 (Pseudoalteromonas spp.) 3
%X F L, HS5HEP P tetraodonis 7E— 173 3 |,
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P. issachenkonii KMM_3549
P. issachenkonii KCTC_12958
63 P.tetraodonis NBRC_103034
P. tetraodonis GFC 1AM 4160
100 P. tetraodonis GFC KMM 458
—— P. tetraodonis NSP541
65 P. tetraodonis GFC

P. piscicida ATCC 15057

Alteromonas genovensis LMG 24078

100\—': A. macleodii ATCC 2712
99

A. macleodii

Kl 6 MRIEERE 2906 16S rRNA 51 5T 0 B BRI R 5 & B W

Fig.6 Phylogenetic tree constructed based on the16S rRNA gene sequence of strain 2906 and similar strains

i EBCH bootstrap FAFH, 1000 RER
The number of nodes is bootstrap support rate of 1000 repetitions

FIPEMEE 99.5%LA b, BB IZFEMAHITA 11 FRE
IR P IR R AR B, FIEZE N 1 RIS
PR (K] 6) 0

3 iTig

15 58 5 B T M 199 SAEAff 7. 19 1437 1 4 7 i
(Gauthier et al, 1995), ZJ& 14 K EA 73 WA 1%
PEYI I S 240 T Ve s R L ke, Sk T
REW) ZXE. B, AR IXBENE A
20 FhRE = A TE M BT, FLT AL A R . P
W PLEE . R IR KA sh W gl ik S
(Holmstrém et al, 1999, 5K W5, 2016), T 4%
(2016) XTI gy 18 T 43 825 th B TRR IS B BRI e, B AT
U KA Thfe, N TR FRsE o, BENS 2
AR AR 8 2 R B o ARG KT MR 3 B K AR v 43 5
H1 Y TR R 2906 A7 3 N IR ER BE (5~15) I TR Bk, 7EpH N
T~8HF, BAABRAI B ARE ST, ML SR A%t
WP FRAE Y IE ELARME, R PR X R R B R A AR
vk, Wik, AR RN TR ERFRIE R S,
R AR

REHAEZ R AFRANE, |2 e TR W
AR e . WSS, (HI% 2 B AR HE SRS 57
(FEMEAESE, 2008), JTAFER, T IRA AT
iEE %, RE AL A RE IS 7 IR A v, TR
DL NHAE A B FHHA, NOAEN T2, Kl ZM
RS IR AU AL R N, (Mulder et al, 1995), HTif, 7EIE
R BLIZ AN YR TR R, &R Z |52
BRI, AW EER I Candidatus
scalindua (BLIEIGE S, 2014), ASHIFFE 0 2 14 1 Bk 2906
SRR AN, RS R FEAT R RR AN . NS . AN
LRI . 124501k, CHGE Y FRRE b0 32 2

1A% B0t 1 J& (Pseudoal teromonas) (Koschorreck et al,
1996) . £k P Jifl 1% J& (Halomonas) (FK ¥k, 2015) . A3
¥4 )& (Acinetobacter) (Yang et al, 2015) . = H8#T )&
(Alcaligenes) (van Neil et al, 1992) . Bl Bk & )8
(Paracoccus) (Shi et al, 2013) K 72 & 11 K H )@
(Klebsiella) (Padhi et al, 2013)%5 J@ 1, %38 25 2 1
J& A o E A R D RE WA DG HGE /b, %8 Al T i
RIS 5 B 5T o

S 7 i Ak A A 2R R - L Ak Y A B AL TR
T RCEFY A BV R, AN B R PRTEA R 1 36
WAEFRFMH T ERAEEZ R, ERAmRIE SR
(Reddy et al, 2014), pH (Fajardo et al, 2014), C/N
(Karanasios et al, 2016), ¥ f#%A(Meng et al, 2008)7l
1R (Capua et al, 2017)5F 8 B 2 36 = P ARCR o AT
ST ) JIT Ui 36 A TR AR R AT IR A SR L R, TR RR
2906 e A ORI FHFF G IREN . Fewl A7 4 0 25 A Bl
e, ERCABREAR, B AR, A/ AWy
FREL, RUNZE IR IR . 7201k 7 2L
AT, & PR (Ammonia monooxygenase) ik
TV RS, 2k i 2028 272 e 4 AL il (Non-haem
iron hydroxylamine oxidase) {4k, B I K N,O Fl
N, (Richardson et al, 1998), 5 H & 41 AL 77
25,

£ % X M
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Abstract

A bacterial strain with high denitrification activity isolated from a shrimp pond was

designated strain 2906. The effects on denitrification efficacy of environmental conditions including
carbon/nitrogen (C/N) ratio, pH, and salinity were determined using sucrose and ammonia as carbon and

nitrogen sources, respectively. The effects of carbon sources (glucose, sucrose, maltose, sodium succinate,
sodium citrate, lactose and soluble starch) on the denitrification efficacy of strain 2906 were assessed. The
maximal NH, -N removal rate of strain 2906 was achieved at a C/N ratiol5~20, an initial pH of 7~8, and
salinity of 5~15. Sodium citrate was the optimal carbon source, with which the NH, -N removal rate
reached 100%. In the process of denitrification, there was a strong correlation between bacterial density
and denitrification efficiency (R=0.94). A sequencing and phylogenetic analysis of the 16S rRNA of strain
2906 showed it was closely related to Pseudoalteromonas spp. The biosafety of strain 2906 was also
tested on juvenile shrimp through an immersion challenge, with the result showing that the 50% lethal
concentration of strain 2906 for juvenile shrimp was 2.8 X 10’ CFU/ml, which indicates that strain 2096
has no virulence to shrimp. The results provide a theoretical basis for the development and utilization of

the bacterium.
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