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A E KRBT AY. [B 6] T et A W BLRAE, A4t BRAMBLR N T4
TR IRALIEARIE, AT —Hh o B T AT T 640 4T A mE A63 89 R BR 2 R LT R AL ) HEAT
o, [k FIR T A F4HER 16S IRNA KRB A7) m o tr, st EAP BT T 52, RALRET
KIM E Z AR IR E F F a9 BR LR AL A, At LR AL R AR AT T k. [4 K]
W FEIZ A A F NILKE (Zobellella sp.), AL %E 0%-10%. pH 5.0-10.0. &/E 2040 °C j&
) 1 BEAT RFE AL 3 e Al BR 2 51038 R A & (dissimilatory nitrate reduction to ammonium, DNRA)fE
. Erk A63 iEA KRR AATARERAN(1.2 g/L), EEMRAEEH 3%, pH 7.0-7.5. & 30-35°C,
A C/N A 10, EREFLAELMHT, @M 12 h A6 RA T 2088 mg/L ARG E 0, XA
VEHEERER, RRAAERRE, BLAESX 99%. i, ZHMRESEE. 1K C/N . 358
FREF AR AP DNRARAEE, [£4] 98 A3 AKGEER, HMAXKERE, A TH
KB E KA IE, AR AT R S EARKAMPLR L E R T Ark, st TR R & E
AR, FEAYPLAE LA EETEZE L.
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nitrification and denitrification can occur at the same time in the same reactor, which is the most
competitive technology for nitrogen removal from wastewater. Mangrove wetlands are rich in microbial
resources and a large number of aerobic denitrifying microorganisms are distributed. [Objective] In order
to understand the denitrification mechanism of salt-tolerant microorganisms and provide a theoretical basis
for the engineering practice of biological denitrification of salt-bearing wastewater, a salt-tolerant aerobic
bacteria A63 was isolated from the mangrove wetland and its nitrate reduction ability was analyzed.
[Methods] The species were identified by morphological characteristics and 16S rRNA gene sequencing.
The nitrate reduction ability of the strain under different environmental factors was determined by single
factor experiment, and its denitrification performance was optimized. [Results] It was preliminarily
determined that the strain belonged to the Zobellella sp. The strain can carry out denitrification and
dissimilatory nitrate reduction to ammonium (DNRA) action in the range of salinity 0%—10%, pH
5.0—10.0 and temperature 20—40 °C. The optimum growth carbon source is sodium citrate (1.2 g/L), and
the optimum salinity 3.0%, the pH is 7.0—7.5, the temperature is 30—35 °C and C/N is 10. Under the
optimum denitrification condition, the strain could reduce 208.8 mg/L NO; -N to 0 in the medium within
12 hours, and only a small amount of ammonium nitrogen was produced. There was no accumulation of
nitrite nitrogen, and the denitrification rate was as high as 99%. Furthermore, the strain had a significant
effect on DNRA in adverse habitats such as high salinity, low C/N ratio, weak acidity and low temperature.
[Conclusion] The strain A63 has a wide range of growth and remarkable nitrogen removal efficiency, so it
is suitable for the treatment of mariculture wastewater. The present study lays a foundation for the
development of high efficiency biological nitrogen removal process for salty wastewater in the future, and
is of great significance to deepen the understanding of nitrogen transformation law and enrich the theory of
biological nitrogen removal.

Keywords: Nitrate reduction, Aerobic denitrification, Dissimilatory nitrate reduction to ammonium, Salty
sewage, Biological removal of nitrogen
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W (Halomonas sp.), AH BEAEGFESRMET, 40 h I
TR A s A R R Wk B R 44228 mg/L [ E
58.28 mg/L, WASMREEWE M 32.79 mg/L =
0.98 mg/L; JCRAT(H, FEiE oAb B ms 5h 5 k
(R 1 75 8 L 20 B — PR AR R i A A R
F10, % Ak U (Halomonas sp.), TEERE R
3% A A TR AL 24 h X NOs™-N B 2 BR 5
ik 92.6%, 36 h FATEALR; He &M i5/K4b
H e — PR AFRUH LA TIPUO4, Z4E5E
H B & (Pseudomonas sp.)RI—Fp, IL/bEA
Tt 6 1 BE (Y 47 4 S AL T E D S I IR 4 . R
G T (Thauera sp)'™ . 77 B8 ¥F # (Alcaligenes
sp)U® KPR (Aeromonass sp)U . AT T
(Enterobacter sp.)"™ 1 K &1 ¥ & (Acinetobacter
sp )15 BEE BT B ETIRA , A E R
SOl AR SR AR AT TR 340 [ BRE A7 il R &k Ak 8 Dty
Z (DNRA) W E M, H F L5 WAL 5K .
(1) fHPRERIE N RS ER s (2) WA R h 15 3
— P RR B . JAE AL DNRA #f B2 i S A
SR Lt B R B IR, A TR IS A A A B
BE 45 AR ARRL,  7E IR — B8 R N AEAE I AR 12
PR, B, JFRRIFRE RS A T ie
JEAILR] S5 R R o, X InR A = ik
AN, FE AR A B G E EE
=9

AR S 56 AR FRE 2K SR8 15 7K R RK G YN T
Hb /N FR GE P LT HE— PR O B AR A AL
1 DNRA REJJRUANEE, BB A FA LRI
F116S rRNA B FPX HEA T T %€, IFHET
AN ST TR AR 4 A A LS ALl T 6 3 T AR
DU R 3 $h K A B R AR I s i e
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1 MRS
1.1 #amAyRiR

B AR A ke 5T 52 3 35 A B v R TS K Y
LR TR MR R G b R,

1.2 EHFE

EER I (gL): HA P 1.00, CH;COONa
250 , KH,PO, 2.00 , MgSO47H,0 0.05 ,
FeSO47H,0 0.02, CaCl, 0.02, NaCl 10.00-30.00,
pH 7.60-8.20., 102.80—122.90 kPa K 30.00 min,
BHEEI—EAF 0.22 pm LIRS e
B NaNO; A EME—AIR, o NaNOs i fe

WEN 1.50 g/L.
TR (g/L): BEER 10.00, BEEHRE
¥ 5.00, NaCl 30.00, ¥ g # 1500, pH

7.30-7.50. 102.80-122.90 kPa X i 30.00 min.

FLRG AL HE Rl B 7 £ (g/L) . CH3COONa 1.54,
MgSO,47H,0 0.10, K,HPO43H,0 6.00, KH,PO,
1.50, NaCl 30.00, f##&cZ? 200 mL, pH
7.30-7.50, 102.80-122.90 kPa K% 30.00 min, %
HIG IR EE R 1.44 o/L 33 JERRE 1T KNO; 1
1.3 EEXFIFN S

SN . KWy . RERE, 25 R
B w5 A Ak 22k 50 3 o8 B/ 7 A b 4l
Omega-GEN 57|, Omega Bio-Tek 23] ; 4HE M
FHPCR 54¥). DNA Marker Fll Tug DNA &5, |
I B AR R A

TS ML, Dechem-Tech.GmbH Al ;
PCR 1%, Applied Biosystems /A ; #EK AR FR
i, bR HRHEABRAF; Sunrise PR, 7
H (R RSARAR; moaPafinss, FEI A
Ay DOGEIE LR DMIL, ERAH
14 WMEEHHNEENS S

wEAEYML: BEREE N 1.80%A9 N\ TRt Rgt ik
LR 4, RBRAIAR R A, T IR R
F1-2 do B 10 g RTFEAEF T 200 mL (15 4
Rigeserh, 28 °C. 180 r/min JR¥GHEFE, 24 80%FH)
NaNO; {HFETEE, LA 1% AR 2 28 i fef 1 7 ik
PR R E SRR RE R E AR 3, Hp
Wb 10 /L B4R F) 30 g/L.
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et EAESEFRE, RS
MR A vk, TE4r B s IR AL b F AT BBV 1 2lifb
538
1.5 HEHRBIERE

K H Omega-GEN 71| & #E B TR A63 4 3E
K41 DNA, JfRil 59 27F (5-AGAGTTTGA
TCCTGGCTCAG-3")Fl 1492R (5-GGTTACCTTG
TTACGACTT-3')%} DNA #7414, PCR i 5%
4:: 95°C 5 min; 94 °C 1 min, 55°C 1 min, 72 °C
1.5 min, 32 MEH; 72 °C 10 min, § 8729148 2%
DN W B I L DK W A A5 5SS M SR A A
FRAFIHEATEHIAE . #4785 325 GenBank #%
R BV T BLAST HoXF, A MEGA 7.0 %44,
K JHI Neighbor-Joining AN BRI R G0 & Y.
1.6 FEFRBIRHER 208 R M gE A1 1L 3258

PLASARER (200 mg/L) AME—RIR, R4
O VR SR Fh FE Ak 45 35 3 o R TR AR AE S TR 2
RUF 4y F HbRGc IR (RO A 0 . TERE . HERbE . 2R
B BERENFATEERRON) . AR (0% . 1.0%.
2.0%. 3.0%. 4.0%. 5.0%. 7.0%. 10.0%). A
WA C/N (2.0, 4.0, 6.0, 8.0, 10.0), A[F¥I4h pH
fi(5.0. 6.0, 6.5, 7.0, 7.5, 8.0, 9.0, 10.0)FI~
] IR BE{H.(20.0 . 25.0, 27.0, 30.0., 33.0, 35.0,
40.0), 160 r/min #zFHiF* 48 h FAACHHEAL, X
FEINE B R R RIA ) NOs -N, NO, -N ¥ JE il
NH, -N s, e AR 20T 198 A (total
nitrogen, TN)ZE PR DNRA K, ALK
3 EE,
1.7 smEREEEERE

R A63 T LB AR IR TP K,
4°C, 8200xg &5.L> 5 min WA R K A0 TR
FATCH N T KR, T ODgo £ 1.5£0.05, LI
2% A B SR AL R R SR S, FERL L
RN A — B IR I B LR T A T8 9%, B 6 h
UREASI NO3 =N, NO, -N 1 NH,-N ¥k, 2l
RACH 2 I X% B B A RE A T /00T

2 ZR5E
2.1 THRIFERELE A3 ML BERERE
WA EE. o8, SRR 3 bR RE R
Bk NO; -N (4G, HEE—AR AR IE N R ks
TR, a4 A63. WA 1R, ik A63
L BN, AR T B T MR LR
AR, K29 1.5-2.5 pm, % 0.6-0.8 um (& 1B),
37 °C THiF® 24-48 h, R L A HAEN
0.15-0.40 mm WY (1T, B RmEEHE,
NGHREFT(E 1A). N T 732 %E5E A63 bk, it
PCR Y7 3845 T —~ 1 381 bp [ 16S rRNA #
R B, FEXTHHE T T80 . A OCF 815 B
€ &% GenBank ¥(#i)%E, HR1GH RS .
MN093321. FIf MEGA 7.0 % {42, 1) Neighbor-
Joining AN AR R L BN, WEI2 PR, 45
R, ERE A63 SEIE Zobellella denitrificans
strain F13-1 (CPO12621)47 99.5%AHMRINE, 45448
MRTEASHAE, FIPI00E Wik A63 Al lLIG
E (Zobellella sp.) .

A

El1 BEtk A63 BT

Figure 1 Morphological characteristics of strain A63
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100 | Zobellella denitrificans strain F13-1 (CP012621)

97 \—A63 (MN093321)

100 “——————Zobellella taiwanensis strain ZT1 (NR043630)

100

—_—
0.010

2 HEHEA63 ET 16S rRNA EFFFIHMENRZ A B H

_’7Marinomonas sp. strain 0632 (MHO084909)
69

Oceanimonas sp. strain YTUFS (KY425614)
Shewanella denitrificans partial (AJ457093)
6l|:Uncultured bacterium clone ncd2681ellcl (JF232814)
Bacterium BM0518 (JQ680884)
Aeromonas allosaccharophila strain S5-1 (KC202260)
91 Enterobacteriaceae bacterium Ap5A-A2.2 (KM586968)
Salmonella enterica subsp. enterica strain SA972816 (CP007484)

100
54|—Rahnella sp. 42262 (AF227838)

Figure 2 Phylogenetic tree of strain A63 based on the partial 16S rRNA gene sequence
TE: 5P IFSFRZRAE GenBank BUHa P ISR T 5 70 S0i BIBCFFOR BRI AR USRS L8 57 R AL

Note: The serial number in parentheses indicates GenBank accession number; The number at the branch represents the confidence interval;

The scale represents the coefficient of genetic variation.

2.2 HHE A63 IR MR ik
2.2.1 FRIEX A63 HAKAHES 24 R 1% BERY 2200
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TR RERERS, TN RBRECRA P FRE, RARICH
50.5%, SINEEHA 30.7%FH NOy -N AFEfE, HEA
JENO, -NFHE, {H4 34.1 mg/L ¥ NH,-N 4%,
UL PEREREIE A ME—RUE T, TATE A63 1) DNRA
VEFRA st s MR SIRENET, TN KRRl
—HTFE(31.9%), VEHIEA K E NO, -N FLR
FIRAY NH'-N ARG, SHridch ZIRENHh 5 ik
i 109 /N0 A BILRR VR, R A% DR S i e Bl A 9
A, FEUSEFREPIRER L, HERRE R T
BT UME—BRIECN H AR B, TN &
PRAR s, IACRICAH 15.3%H1 18.0%, JZhi4h
W53 71.3%H171.5%H NOs -N AR, HR

AR NO, -NFUER, FAT4Z NH, -N A
Jik ity 2 U3 A Ak B g R R K ) 2 A o AR 3 G T
PET5 U8 Hh 43 B A5 B 1 — Rk L AR A M B T
F10, F5E & BUHAE LA 2 BR N R RR IR S IS il Ak 38 R
i, BARK 92.71%, HHARE NO, -N
. WA, PRI KB, SR AR Ik
W YX-16 /N TFRRIE AN P A K AR T Bt
TR 5 TR T U5 REE I A K R BE 5 (RIRATTIY
DRI A63 TELIFT A5 MR Ml M Gl 5 iy 2E
I I RBCR B i T/ o T IR RN A
IR, 3R DR R AN () ol ke ko [ A e %) A P
A, S B R IR T S A AL 80R A5
AMIF o FATHIBIESE 5 vl 158 5 25 0 i e 4
FHALANBE X12 BT & BB R ARL, X12 76 I
FREA . A BE RN 2 TR B A E— R R B 2 BE R T 4
SAURAEAL,  FLAE LAFT A5 R 4M hy i U sF 1) 18 24 30 %
KT 95.0%, T3 mT LI IR iR IR Bl 250
Ko LR PR, A63 1 R LI A DNRA 1 FH2Z
APUBIR I, TEEhRE N 3.0%, C/N 4 6.0, pH
7.0, EH 35.0 °C WS FAFT , Hiwid [l
T U5 R A TR

B PN A63 AE A RS M 1T 43 B 25 S L] 4 e
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AN o ELATERE A ME— B IR, RPRAE I PRiE, %
M6 h )i ODeoo IEE R, 4 1.34, BIRARTT
K, BEATSEW, 00RO O RS A
(T 1, () I g A R, 3 BRSO i
HRRIE LT 9 e A 5 78 DIFT RS IR A 0 ME—
DR, A RACR I, M 18 h JREARRE
W, ODgoo 35 1.38; TELAZERENMBRIEES , FRRKTE
R 12 h R HEARSER, ODgoo 75 0.78 ZE A5 ,

Initial NO,-N &©=End NO,-N = End NH,-N

EEnd NO,-N A Nitrogen removal rate
2501 A 1100

S
3 200 180 o
) =
g =
g 150 Ao 160 g
£ 100F & 140 2
o K4 [
2 g
S sof & 120 £
@) o =

4

Carbon source

3 ARBRETEK A63 B FILAEER iR R 4514
Figure 3 Dissimilation nitrate reduction characteristics
of strain A63 under different conditions

—o—Glucose —o—Mannose —A—Sucrose
—v—Sodium oxalate —#—Sodium citrate —0—Sodium acetate

151
1.2

0.9

OD, 600

0.6

0.3

0 6 12 18 24 30 36 42 48
1 (h)

El4 AERIEXNEK A63 EKHIFNT
Figure 4 Effects of different carbon sources on the
growth of strain A63

KeB— ;78 LU A H 22 N RIS, R R
12 h J& ODgoo i5F N KAH, 435170 0.85 #10.73, Bl
JEEATETTIA, B R R A A H RS S T
AR DL, TN WA R TR RE T 2 R Pk
ARKTR, SFEOEERIET s DLEER 8N ik 5
i, FMRAERSCR R, ERBRIRATSE, B
Fl 48 h Ji ODgoo N 0.24. [HIL, Z5&THMR A63
FR AR K 2R AR RO, M AR 3%, ON
H6, pH7.0, MR35 CRSLIRAMT, Hid
W P RE RN . A LR EAE A SR Ak 20 v 2B K
HRRP LT IR, AR IES RS T RS
SO i A MR N i — RGBSR, S B
TE AN ) b g 05 B 55 v A S ] 0 2 K R BT
BRI A —FI/ N FRIRAE A A63 R %M
FAE AL L AR A R, IR AR LR A il
PR A63 AR FNHEAT SO AL i — i AR U
222 ERENEK A63 REBELENE Rt BEHY LI
TEROK IR EREET, —BAE 1%20%Z
&), PRI S TR R A63 G i k3 BBl xok 7
FEREE ., WK 5 ATHL, FEEREE R 0%, TR
A63 BEHFF TA KA, £ 48 h )5 TN LpRE
ik 54.1%, H DNRA fEfItE5S, VA 6.42 mg/L
NH, -NA & hEE SR 1.0%. 2.0%H13.0%
I, TN ZERBLEZ W, 7300 57.3%. 59.4%
M 63.4%, HAFTE—E =M NO, -N FLRM NH, -N
MR PEEEEHE -2 AR 4.0%. 5.0%.
7.0%F1 10.0%, TN EBRFEIFIRIZEE N, 2508
50.2% . 30.0% . 23.8% 1 82%, H ff71E K&
NO, -NWFHZ, DNRA {EHILEE LT U]
W, TEERFEN 10%A), SOWASHAER T 18.97 mg/L
() NH,-N. LRI L, BBk A63 TEIRAKFIERE N
1.0%—10.0% Y PR35 Hh # e A K 5 A A UVE T,
H BT, LR A RS T = 5 2
FEAIK, DNRAEHZEHIGR ., Pk A63 MG HELE
H3.0%, FEIEECEREE T W AUSCR AN 8 AR 1 2 2
JE R RR IR A BRI T SR Ab i A T . R )
YR PRI (Halomonas sp. )W —RE TN LR -2 R Al AL
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HMIA F10 MPFRUARMURI, W& EN T
F10 BEAERCRE T a R @ s, HAEEh A,
0%. 10%F1 13%H L P ARAERK . BIRAMS I EH
Pk A63 TEERFE R 0%IA3E T HoA —E AR T,
{BFEEREE N 10%0 bRAE K 2218, TN ERBCH
8.2%. Mtk A63 HHA RAIFMmEREE S, HAE
HAE R SR A A KRR RIS Y . 25 BT,
PR A63 HE FLRASILER R 3.0%, BEARERAE
AFT A63 SAHALI AT FR I KA
2.2.3  C/N JEHK A63 FHER XA R 1% BE Y £2 1T
FE A TR K . I8 P2 KR 4338 T 5 7K
() C/NER LA, SebrabHid f rh A A A
BB R O/N DLSTHL R s 5B Y. %48
2.0, 40, 6.0, 8.0. 10.0 LA[F C/N HAAMHT,
FR A63 (AR ER S ALiR Rk RE . 454 & 6 AT,
M C/N HM 2.0 3255 10.0, TN EBRRBIEZE S
PR, M 6.38%3E M%) 96.5%. 24 C/N Ebly 2.0,
4.0. 6.0, 8.0, 4Fh 48 h J5IH —& NO, -N 1
SN NH, N A%, He O/N Hm 6.0 BF, NO, -N
MEBEREBE, NHy-N Ak, RS
SIAF 60.99 mg/L 1 12.6 mg/L, £ XHFREH, 1L
AR C VERIRGIHE P, SAfbil e DNRA 8
HAT2geit, B CURMIUSINREA e ik ) s et
Py &R, 4 ON RS 100 B, LA
7.1 mg/LNH, -N A5, JENO, -N LR, 5K3 A
SEPWISE T AN C/N A5 PF SRR AL A LHI-1
A PERE, S5 KBBAE CON M 4.0 T3
16.0, TN FlI NOy -N M LBREFRIETE, X5 A63
BEE C/N BYFt e BRI 0 SO A e R A —
o 1 BRI, A63 HYBFEUSAHAVE TE R T2 14
Feor RIS B, TH DNRA fEHITEMR C/N
Whir i HAR S INSRIR AR, LA R M A ik
Ui, TEEREE R 3.0%, pH 7.0, WK 35.0 °C (K5
WA, TRk A63 fieftE AL A C/N 24 10.0,
X TR TR AR, Iy AR A BT A S8 AR A1 R T I 1)
W R EFREIER CN T,

Initial NO,~N &=End NO,-N &2 End NH,"-N

= End NO,-N -4-Nitrogen removal rate
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5 AREEEL NaCl iH)TEK A63 Ry R LAHEL
T REF

Figure 5 Dissimilation nitrate reduction characteristics
of strain A63 under different salinity (measured by NaCl)
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6 [ C/N Lt THE#k A63 B FLAHER B 1T SR 45 1
Figure 6 Dissimilation nitrate reduction characteristics
of strain A63 under different carbon-nitrogen ratio

2.2.4 #1%E pH X E#k A63 FEER 2L iR R 14 AERY 2N
pH 3 = ml a5 45 4 X TR AR 1 Al R k11 S 1k
WA R A TR E S, FEE 5.0, 6.0, 6.5,
7.0, 7.5, 8.0, 9.0, 10.0 A\/AFEBIEE pH {EX
TPk A63 fi R Eh S Ak if Ik RE A SE M . H & 7 W]
B, fEpH K 5.0, 6.0F16.5EMRIELMET, &
Pk A63 ML ESCRIEZE, TN EPRF N 3.8%.
53%H 24.1%, RILERA 80%-90% 4 £1 1Y
NO; -N FI4 % 10 mg/L 247 # NH, N A= il ; 16
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Figure 7 Dissimilation nitrate reduction characteristics
of strain A63 under different initial pH
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of strain A63 under the optimum conditions

TE AR AL TE AT DNRA PR AIZE 4,
EATAT LA E 2R AR S p A A AR T2
T, B IR A AL B BE A L, [ 3 D I T
BREL . XA SE S HIL T 52 ] PR 58 DR 1) i) 249 1A
SRR, R T K p e R —BEA
& DNRA fEAIZEAIRELZ | BRI F & m AR i
TR TE RS A 5 kA, HBEESRRE . R
T MG o o A FE [R) — G 420 R AR P R RD S AL 1R
R IR JFEAR B OC R AR R A . HET{UE 22/ X
i C2V) PO 7 6 R F 4 8 ) — ok B S S A T
F13-1 MREEIHZAT T, RELEA e
DNRA 583, (HAS TR Rl X B A £k
1 DNRA 3 FESEMIAANTEAE . AW AL
R A63 TEE H A KRB DNRA fEHBEAAR £
ik, MECSEEECnEEREE  K pH. K O/N, fIKIR
Al DNRA fEH 3 . BT DNRA fER 2L
NO; -N MY AL NH, N A8 JFad fE, it 7
JELL NH, N HIRPIE R NOs N YAkt #2, i
A63 IR AL NOs =N NP LB N,
R JEL AR, JHEN DNRA 1 FHARAT vl RS2 TRk A63
AbF it b 1) —FP A AN, 3 NOs -N B J5H
NH,-N, T i 35 55 o 9 H i & A b ik it
NH4'-N &k NOs -N flE [ BB KA. Btk A63

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PR — kiR 1 5 D1 LG T8 (Zobellella sp.) 43 85 % g K FLAl R 514 )5 RE 1 1363

) DNRA Flgf S i A U R AR PRE N 7 e
S BRI A Bl A 0 A LG R AR A T IR
AT

3 4

AHEFE LR TR /N R G s
LB RIEE A63, ETEEFRHERK 165 rRNA
FH F A 4B, WA A e R 5L DR R
(Zobellella sp.) . W Ji Xt iz B 09 K il £k 58 24 Fn
DNRA AT T I . 255K

) Wk A3 K FMHTTZ, EHE
0%-10.0%, pH {E 5.0-10.0, JEHE 20.0-40.0 °C i
RN IR K o Rk A63 feid Sl ALl A
B, DLRRENNIRIERT, S B AR R 3.0% (LA
NaCl i), pH } 7.0-7.5, W&FEEH 30.0-35.0 °C,
C/N{H4 10.0,

(2) Wtk A63 TEAFIAAFFREE T DNRA /EH M
i, HAERERE | R /N, SRR AR IR S5 i
21 DNRA 1EFH .2

(3) Wtk A63 IAKCER, FELLSIREN Rtk
TR RAL AT, HEE A63 76 12 h NIEARRFED
208.8 mg/L i) NO; -N k54, TN LR A
99%LA I, Ttk A63 TESERIE KA AP A Hh H
A B KW A

REFERENCES

[1] Murphy AE, Anderson IC, Smyth AR, et al. Microbial
nitrogen processing in hard clam (Mercenaria mercenaria)
aquaculture sediments: the relative importance of
denitrification and dissimilatory nitrate reduction to
ammonium (DNRA)[J]. Limnology and Oceanography,
2016, 61(5): 1589-1604

[2] Preena PG, Manju NJ, Deepesh V, et al. Genetic diversity of
nitrate reducing bacteria in marine and brackish water

nitrifying bacterial consortia generated for activating

nitrifying bioreactors in recirculating aquaculture systems[J].

Aquaculture Research, 2017, 48(12): 5729-5740

[3] Sun YH, De Vos P, Willems A. Influence of nitrate and
nitrite concentration on N,O production via dissimilatory
nitrate/nitrite  reduction to ammonium in  Bacillus
paralicheniformis LMG 6934[J]. Microbiology Open, 2018,
7(4): e00592

[4] Tao YL, Wen DH. Dissimilatory nitrate reduction to

ammonium: the potential and impacts in estuarine regions[J].
Microbiology China, 2016, 43(1): 172-181 (in Chinese)
Pt 2R, IRASHE. 2 R £k S 1 3 Dt n e 3 A R LT
T AR RGP AL G52 [J]. U= iR,
2016, 43(1): 172-181

[5] Yang S, Wu SJ, Cai YJ, et al. The synergetic and
competitive mechanism and the dominant factors of
dissimilatory nitrate reduction processes: a review[J]. Acta
Ecologica Sinica, 2016, 36(5): 1224-1232 (in Chinese)
Wks, R, SRIEIT, 4. SRS AL & E
FEEWFRIR]. EATEH, 2016, 36(5): 1224-1232

[6] Chen T, Li JF, Zou ZJ, et al. Effects of redox potential and
pH on the effect of dissimilatory nitrate reduction to
ammonium in bioretention system[J]. Science Technology
and Engineering, 2018, 18(4): 368-373 (in Chinese)
PRbE, 00, 48T, 5. SR EHL LA pH X EY)
il B RGN IR AL e Al RO BAR TR (). BBk
5T, 2018, 18(4): 368-373

[71 Fu GP, Yu TY, Huangshen LK, et al. The influence of
complex fermentation broth on denitrification of saline

sewage in constructed wetlands by heterotrophic
nitrifying/aerobic  denitrifying bacterial communities[J].
Bioresource Technology, 2018, 250: 290-298

[8] Huang TL, Guo L, Zhang HH, et al. Nitrogen-removal
efficiency of a novel aerobic denitrifying bacterium,
Pseudomonas stutzeri strain ZF31, isolated from a
drinking-water reservoir[J]. Bioresource Technology, 2015,
196: 209-216

[9] JiB, Yang K, Zhu L, et al. Aerobic denitrification: a review
of important advances of the last 30 years[J]. Biotechnology
and Bioprocess Engineering, 2015, 20(4): 643-651

[10] Wang ZC, Gao MC, She ZL, et al. Effects of salinity on
performance, extracellular polymeric substances and
microbial community of an aerobic granular sequencing
batch reactor[J]. Separation and Purification Technology,
2015, 144: 223-231

[11] Si YY, Chen XH, Xu KH, et al. Isolation and denitrification

characteristics of salt-tolerant aerobic denitrifying bacterial

strain X12[J]. Agricultural Engineering, 2017, 7(2): 68-71

(in Chinese)

R, BRXSI, VIR, 55, Wi SRS fb A X12

50 5 T SRS A4 (D). ARl TRE, 2017, 7(2): 68-71

Shi XT, Li YQ, Xing GW, et al. Screening and primary

identification of an aerobic denitrifier isolate with salt

tolerance[J]. Biotechnology Bulletin, 2013(3): 175-180 (in

Chinese)

AN, FER, TREM, & — bk L U b 4

o> B S RE (). EWEORIE R, 2013(3): 175-180

[13] Tang J, Xiao YN, Qu SS, et al. Identification and
denitrification characteristics of a strain of halophilic

[12

—

denitrifying bacteria[J]. Chinese Journal of Environmental

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1364 (DGR ESTE(

Microbiol. China

Engineering, 2014, 8(12): 5499-5506 (in Chinese)
SN, HEY, M, A —RRmTER L USRS A B Y 43
B ME R B RURR R (D], BREE TRESAAR, 2014, 8(12):
5499-5506

[14] He XL, Sun Q, Xu TY, et al. Removal of nitrogen by
heterotrophic nitrification—aerobic denitrification of a novel
halotolerant bacterium Pseudomonas mendocina TIPUO4[J].
Bioprocess and Biosystems Engineering, 2019, 42(5):
853-866

[15] Yao S, Ni JR, Chen Q, et al. Enrichment and
characterization of a bacteria consortium capable of
heterotrophic nitrification and aerobic denitrification at low
temperature[J]. Bioresource Technology, 2013, 127: 151-157

[16] Geed SR, Prasad S, Kureel MK, et al. Biodegradation of
wastewater in alternating aerobic-anoxic lab scale pilot plant
by Alcaligenes sp. S; isolated from agricultural field[J].
Journal of Environmental Management, 2018, 214: 408-415

[17] Chen MX, Wang WC, Feng Y, et al. Impact resistance of
different factors on ammonia removal by heterotrophic

nitrification—aerobic denitrification bacterium Aeromonas sp.

HN-02[J]. Bioresource Technology, 2014, 167: 456-461

[18] Fu GP, Han JY, Yu TY, et al. The structure of denitrifying
microbial communities in constructed mangrove wetlands in
response to fluctuating salinities[J]. Journal of Environmental
Management, 2019, 238: 1-9

[19] Zhan H, Wang GJ, Chen CX. Identification and
denitrification ability of an aerobic denitrifier[J]. Journal of
Tianjin Agricultural University, 2017, 24(2): 44-48 (in Chinese)
W, ETTE, BRI, — AR EOR A A B R S B A E
L SASACRET RN [I]. KA B4, 2017, 24(2): 44-48

[20] Xu JZ, Chen B, Du BH, et al. Isolation and biological
characteristics of a Stenotrophomonas maltophilia[J].
Biotechnology Bulletin, 2019, 35(3): 71-77 (in Chinese)
WAL, BRUL, A, % —HRAEE SIS ANIRE N 5
BRI R (0], AR AR, 2019, 35(3): 71-77

[21] Yang HF, Tang JY, Hu AH, et al. Identification and
denitrification characteristics of a denitrifier[J]. Chinese
Journal of Environmental Engineering, 2014, 8(1): 366-371
(in Chinese)
Writide, FEAERS, I, 5. —REC LA A 1 5 s %
FE M AR (D). FREE T AR2ER, 2014, 8(1): 366-371

[22] Li XY, Wang LP, Lai QL, et al. Preliminary study on
aerobic denitrification characteristics of Zobellella sp.
F13-1[J]. Journal of Applied Oceanography, 2016, 35(1):
122-129 (in Chinese)
AN, EWRHE, BHR, % —HDURIRE F13-1 4
S SO AR I R S it A BE TR g ) 25 IR S (0], o Vv
2F22 47, 2016, 35(1): 122-129

[23] Fu GP, Zhao L, Huangshen LK, et al. Isolation and
identification of a salt-tolerant aerobic denitrifying bacterial

strain and its application to saline wastewater treatment in
constructed wetlands[J]. Bioresource Technology, 2019, 290:
121725

[24] Ahmadi M, Jorfi S, Kujlu R, et al. A novel salt-tolerant
bacterial consortium for biodegradation of saline and
recalcitrant  petrochemical wastewater[J]. Journal of
Environmental Management, 2017, 191: 198-208

[25] Xu ZS, Dai XH, Chai XL. Effect of different carbon sources
on denitrification performance, microbial community
structure and denitrification genes[J]. Science of the Total
Environment, 2018, 634: 195-204

[26] An J, Song ZF, Yang XL, et al. Characteristics of aerobic
denitrifying strain YX-6 and identification[J]. Journal of
Fishery Sciences of China, 2010, 17(3): 561-569 (in Chinese)
g, RIGW, Bk, & RGN YX-6 FEPE
R B SR, HEDK =R, 2010, 17(3): 561-569

[27] Han YH, Zhang WX, Zhuang ZG, et al. Isolation and
characterization of the salt-tolerant aerobic denitrifying
bacterial strain A-13[J]. Acta Microbiologica Sinica, 2013,
53(1): 47-58 (in Chinese)
BRI, FSCHE, AN, A R EURANIEEE A-13 BEkE
1) o 8 S e HL R R AR AP (D). 4R, 2013, 53(1):
47-58

[28] Fu LJ, Guo DZ, Shi CL, et al. Effect of carbon source and
C/N ratio on heterotrophic denitrification of pure culture[J].
Rural Eco-Environment, 2005, 21(2): 42-45 (in Chinese)
R, SR, A, % W R R AL
A 5 37 S AL TS (0], AR AR ZS BRI, 2005,
21(2): 42-45

[29] Zhang YM, Wang XC, Cheng Z, et al. Effect of
fermentation liquid from food waste as a carbon source for
enhancing denitrification in wastewater treatment[J].
Chemosphere, 2016, 144: 689-696

[30] Kim H, Kim J, Shin SG, et al. Continuous fermentation of
food waste leachate for the production of volatile fatty acids
and potential as a denitrification carbon source[J].
Bioresource Technology, 2016, 207: 440-445

[31] Hang QY, Wang HY, Chu ZS, et al. Application of plant
carbon source for denitrification by constructed wetland and
bioreactor: review of recent development[J]. Environmental
Science and Pollution Research, 2016, 23(9): 8260-8274

[32] Shan J, Yang PP, Shang XX, et al. Anaerobic ammonium
oxidation and denitrification in a paddy soil as affected by
temperature, pH, organic carbon, and substrates[J]. Biology
and Fertility of Soils, 2018, 54(3): 341-348

[33] Zhang CY, Ding Y, Huang MS. Screening of heterotrophic
nitrification-aerobic denitrifying bacteria and its nitrogen
removal characteristics[J]. Journal of East China normal
University (Natural Science), 2018(6): 22-31,87 (in
Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PR — kiR 1 5 D1 LG T8 (Zobellella sp.) 43 85 % g K FLAl R 514 )5 RE 1 1365

RER A, TE, wRA. FIRmAL-1 SRS 0 40 T Y i [36] Xu ZS, Dai XH, Chai XL. Effect of influent pH on

VB R EC B R P RERAE 1], A A et SRR biological denitrification using bi(.)degrad.able PH]?V/PI.JA
blends as electron donor[J]. Biochemical Engineering
2, 2018(6): 22-31.87 Journal, 2018, 131: 24-30
[34] Yang M, Lu DW, Qin BD, et al. Highly efficient nitrogen [37] Zhang JB, Lan T, Miiller C, et al. Dissimilatory Nitrate
removal of a coldness-resistant and low nutrient needed Reduction to Ammonium (DNRA) plays an important role
bacterium, Janthinobacterium sp. M-11[J]. Bioresource in soil nitrogen conservation in neutral and alkaline but not
Technology, 2018, 256: 366-373 acidic rice soil[J]. Journal of Soils and Sediments, 2015,
[35] Zhang HH, Zhao ZF, Li SL, et al. Nitrogen removal by 15(3): 523-531
mix-cultured aerobic denitrifying bacteria isolated by [38] Fernandes SO, Bonin PC, Michotey VD, et al
ultrasound: performance, co-occurrence pattern and Nitrogen-limited mangrove ecosystems conserve N through
wastewater treatment[J]. Chemical Engineering Journal, dissimilatory nitrate reduction to ammonium[J]. Scientific
2019, 372: 26-36 Reports, 2012, 2: 419

Y oY oY R Y Y R Y SRY R RY RY R RY RY R R R R RY R R R R Y RY R Y RY R R RY Y R RY R Y RY R Y RY R R Y Y R Y RY Y RY RY Y Y RY Y R RY LY

(b#% p.1331)
IE FEm oA N
3.5 ZEICHK: S5 ORI SCN S IR SE G DU HE R id , RATF R REGORE IS . FTI 225 SCRRT 21 B 254 (3
BRVEE AR 3 AR4iRst, 27 3 ARSI 3 A, JFnesE micet al.”, fEEFERAE, AFZEAZSEIT). X
k4. T4 ARG RS, EAMNE TS 588, ARgE, AHRHA. S5 30IRE0EARIR .
275 SOk L2101
[1] Marcella C, Claudia E, Pier GR, et al. Oxidation of cystine to cysteic acid in proteins by peroyacids as monitored by
immobilized pH gradients[J]. Electrophoresis, 1991, 12(5): 376-377
[2] Wang BJ, Liu SJ. Perspectives on the cultivability of environmental microorganisms[J]. Microbiology China, 2013, 40(1):
6-17 (in Chinese)
FAREE, XL, PERA YIRS EOR D IE ] U i, 2013, 40(1): 6-17
[3] Shen T, Wang JY. Biochemistry[M]. Beijing: Higher Education Press, 1990: 87 (in Chinese)
TR, E8CA. AWM. dEat: S EEEE v, 1990: 87
[4] Liu X. Diversity and temporal-spatial variability of sediment bacterial communities in Jiaozhou Bay[D]. Qingdao: Doctoral
Dissertation of Institute of Oceanology, Chinese Academy of Sciences, 2010 (in Chinese)

XURR. BN TORR 20 D 22 ARk T DR B 23 A B [D]. 7 & ERMA Bt R i i L2+ 085, 2010
4 FrHH
4.1 KFMPFPIILC: N KE DNA sRE /T 83, gl EPRIEFEE EMBL (KRP)EX GenBank (3¢ [F)ak
DDBJ (HA%), Hiiif5 3 [ PRk B 5 55 (Accession No.)Jg B4k .
42 EFREA: (1) AP REZEEMSAENIEQIEER, 28 B BHA, TIZERIE; UM FEAE LIS
EFIEENIMNATF R, FHFEARFIEERE . —RE2H . F—3ARBRER A RENE; B3ORW K L HAb S %
YERUE KRR e el 58, R . BIFRARW IER AR, AR R B LR, S asss
AR LR, CRRGEEMASATHREE R R, I EEIIARBRLAR, ATIANEZ 2 EE MR, EESCTA
fio ) NAEARTLESHH . FETHASCE, Al EIERSCT . SRR R AT g Ia . EE g 5
W, HOESEEHEI . 3) XS HMRE A gEERAE ST SCE T, B RN KRN, FistEE S B R
43 WRETPEEMER: (1) RRHNESEHRESRGTE. SIAFHAORE, —BAERR 2 ~HA 2N E-mail
VLR, fEEBRR A RR ST EME NI ER . Mgl s, W . K ELE, EE AR R B R
B WA TG DB RS, gniE R # ek & R s B S0 R, RO R R S HEA R . (2) AT
PR A AR — LR "R SCRR B A ME— Al R SR BRI S8 1 TR

5 REBETRH
WI—ZSE A, W TE R R RTAR PR AR TSI — 2 1 & R SR IS R . 6 )
6 EXFRIX

Hodik: e AR PSR 1 5B 3 S BB RE BT (BRI ) HifiB(100101)
Tel: 010-64807511; E-mail: tongbao@im.ac.cn; k. http://journals.im.ac.cn/wswxtben

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



