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[ S 56 28 7 RO A T e 0 6
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1.3 AEESEEEEEE

K HHEH B 2 U (JEOL 7500F )45 &
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A A S AR SCHR[813E4 7 -
1.4 16S rRNA JF5IE FFHEHE L3R

I FH B U DN A B BG4 A o i TR
ZHDNA, J-LUKHEARCR H116S rRNARKIE HI5 )
HATPCRY 1S, Hrf, L5 1¥(27F): 5-AGAGTT
TGATCCTGGCTCAG-3'; FilF51#1(1492R): 5'-
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SRR 51 0451.0 uL, Hz2K38 ul, BLR
A1JG M ADNABAR0.5 uL, Tagql§0.5 uL, PCRAE
JFUTR: 94 °C 5 min; 94 °C 1 min, 50 °C 1 min,
72°C 2 min, 25MEH; 72 °C 10 min, HHEHHEEIL
HLUK (IxTAERLTKZE MO, 1%35E) 53 T PCR4S
o PCR=Y AL FN Y W 1 Vi 1AL A 4]
JFAN R S8 o

B A5 2 1 16S rRNAJF 31 ZBLAST/3 T,
5jGenBank H AR 7 5 A7 [RIR XS L, A1
BIOEDIT 7.0FIMEGA 4.0% 54, RHLBALINALL
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1.5 FAEEEEXT KR AR S e
Sy

W or B B n RE VR R TLBR SR A
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1.6 IFEREATEENE

IS4 —F X B30 A 1 1 3 A B 7 R ) D
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C37£30 °C., 150 r/minskfF T H 5%, Hf@3 hit
FE, MEDMEE TR H B ODgo. NO5 -N., NO, -
NI
1.7 N,ORJBENE

S A AL H ] = N O R S 11 5 5 R e B
T EWERERFMARIRIR, HIGC-14C
ARG EN,OF i, ko SR R
85°C, FEIRS50°C, ECDKIZHEEE 300 °C”,
1.8 HEFREFHNE

NO; -N: ZSMHtERE; NO, -N: N-(1-%
B)-& TR MEAERK R BOLE
25 pHIE AN E R FMulti 3430%pHiT

AW BRI ER , A0 E
3AEATRE, 25 RBCEA.
1.9 FdEsrr

I FH BAL R 225 2243 M7 (One-way ANOVA)Lb 2
FIF A E e 25 55 10 W 25 M, SR AISPSS 19.0% 43t
11, PAP<0.050 257 3

2 GRFuAH

2.1 RSB S

R Takaya " g 37 (A7 48R Bl 1L PB4
BT AR A TR0, AR 13 MEBTB R F5 5
ASHE R BB YE o XL . Ak AS 20 A B AR T A
FRER IR A SEE: , KIENO, -NAYLRR, & it 5
OV ELA AL RE T TR . ik H o Ak e
BORMITEAMRIE AR S, 5 AC3,
22 HHRCIWERE
2.2.1 JERFERE: WPRC3 N2 [CHIPEFTF A,
K/NK(0.48-0.57) pm x(1.15-1.70) um, BEATCHITE
ToZE; TR ETE RGN, BEDE, %M
Wy, KNiEW], EBTBIGFHRENF2 A BIKE A,
TEDMEFFRIE IR
2.2.2 AEBAEKRE . FERC3H B A AR LRy
PESN . GFA, RBRE R AIAINE . 22 PR FLIESE
FEIR, JFHEARIFREIRER I EE S, BARAER A
IRIEE R WKL,

®1. ERCIEVEIRE LML

Table 1. The physiological and biochemical characteristics of strain C3

Physiological and biochemical reactions The reaction results

Physiological and biochemical reactions The reaction results

Glucose

Maltose

Lactose

Xylose

Starch hydrolysis
Oxidase activity
Acetamide utilization test
Citrate utilization test

Nitrate reduction test

+ o+ o+ o+ o+ o+ o+ o+ o+

Nitrite reduction test

Urease activity

Arginine dihydrolase activity

Phosphatase activity
Lipase activity -

Tryptophan deaminase activity -

Lysine decarboxylase activity
Ornithine decarboxylase activity
Arginine decarboxylase activity

DNA enzyme activity

+ o+ o+ o+

Catalase test
Tartrate utilization test -
Methyl red utilization test -
Cellulose -
Fructose -
Indole production -
Phenylalanine deaminase activity -
Gelatin liquefaction test -
H,S production —
Ethanol oxidation test -

Syntrophic acetate oxidation test -

The symbol “+” means positive or can be used, “—’means negative or can not be used.
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T AE0%0—25%0 U NaClH F5 5L b BB 4F K |
UREIRELAGERTE > 25%F, BMRCERIER 4K .
2.2.3 16S rRNAFFIHIRE LT . HKCIHY
16S rRNAJF S 7EGenBank 1 5 51 & 5 5 N
KT983814, $1%/7 51 A HIBLAST S5 %d 72 i) 3
HFFIE, WERELEMELD. NEE# L
Al LUE Y, HRC35 L8k Pseudomonas sp.f)16S
rRNAJT I EAT99%[RIJEME . 255 R IIE &
A A AR J2 16S IRNAJFESI LR 25 5, Mg T
MRC3JE TR S o )& (Pseudomonas sp.)o
2.3 AFRFRERENERCIKER . RAELRES
BN, OB IR
2.3.1  RBE: AT IR E TR R SR R
20, 23, 25, 30, 32. 35, 40°C, BhabFabEd:
AN BRR AN 3 DIFTAGIR = B i — BRI A5 %
e, EARPHMG6.S, CNENI10, HITARIRE T
BRI AE KRS R RRE ST, S5 R INERFTR .

HE2-ART L, BERRC3TEIRE20-35 °CHYTE il
PEIRERA @A K, 7E30 CCHFR 3 FE A K 5 K

0.02

64 99

W, HAKRANRI. Z56E2-BrI UL, R EE
) E T, AR A A R R T
B YRR N30 °CHY, X HFEIENO, -NHIRE
JiEeoR, DA IKF]95.69%, ZJFiREEYkE: |-
Th, ERFMBRARY R TREE . YiRE
JE43 320 °CHI40 °CHT, BARC3 4 KM 2%
18, BEECRILUN29.32%F132.36%

AR R E kR C3 RN, OB 322, ¥
SR I 5 I A A B DG S i Y 3
PSRN ORI, 78— MR LB, R5%
R T SR EN, O P A SR, i kam]
UL, B FRIREE M25 °CHI30 °CHY, N,ORIR L mg
ETHEREA, HoEWHERK, HZE%5EXL
B AE R S AR RE T, e IR C3 A KRN SRl
AP B3 i B N E30 °CAEAT o
2.3.2 BRIR: AHURAE P AERE U AT B A
Pt R R A R A KR S A R A R A
RZ—o NO; -N# AL R RS 2, BT
B DA A A A I R B 58 O IR AE A, T SR

Strain C3 (KT983814)
99| Pseudomonas alcaliphila AL15-21 (AB030583)

Pseudomonas oleovorans RS1 (DQ842018)

Pseudomonas pseudoalcaligenes LMG 1225T (276666)

Pseudomonas mendocina NCIB 10541 (D84016)
Pseudomonas plecoglossicida FPC951 (AB009457)

—— Pseudomonas taiwanensis BCRC 17751 (EU103629)

Pseudomonas argentinensis CHOl (AY691188)

—— Pseudomonas punonensis LMT03 (JQ344321)
Pseudomonas borbori R-20821 (AM114527)

Pseudomonas cuatrocienegasensis 1N (EU791281)

Escherichia coli ATCC 35469 (KP941759.1)

1. ETF16S rRNAK RS 4L B
Figure 1. Phylogenetic tree based on 16S rRNA sequence homology. The numbers at each node that indicate the

percentage of bootstrap supporting and bootstrap values calculated from 1000 resamplings. The numbers in
parentheses after each bacterial name represent the sequences accession number in GenBank. Bar, 0.5% sequence
divergence.
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Aot A v 78 2 S R R R A R 4 P F
bk, AT SE MU RS AR AR T A28 43 3 LAY
BRIRGN . FGME . BEME . AZPRE. FLBE. T MR

(A)

24 4 720 °C
23 °C
204 =325°C
(1130 °C
1.6 4 HEH32°C
s R35 °C
Q 1241 EZ40°C
3
0.8 | ;
04 g .
0.0 Lesctire mﬁ%ﬁ]
2 4
(B)

Removal efficiency/%
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t/h

2. NEIREMERCIEKA)RRIFILEENB)HIF
ljE(£SD)

Figure 2. Influence of different temperature on the
growth (A) and denitrifying ability (B) of strain C3.
Data are expressed as mean values +SD.

. CTREN BT AT R ER AN A BRI, K TR R A
ApHM6.5. C/NM10HEFRIEH, 30 °CHRAF T H5
F%, WA IR S5 A4 T AR C3 M AE K AB I B
ffkfeS1, SE5HILIA3,

HEIBETLIE Y, BERRC3TE ARG R £ Sk e
— IR IR P A KRR, HXINO; -NI &
BRoR A, T8 hif il ikF98.24%., HiZM . b
MZE TR Z, WARZES M 90.14% . 85.89% .
83.75%. FRUCHFUME. T —MANRIZ RN, &M
AR A 30%—40%, HA40H A KW B8 h 2%
1o UL A RPN A IR, AR LA A
£, XINO; -NEYEFRFEA, (LA12.11%, kIR
Xt BRI RRC3 Y SRS AL BE 1 R AR K 4 RE ) 75 A R
FEARL, UEBHBRIRAE S 20 e IR A kA, i
T M 240 PR 114 A DT e HL S i Ak A

ANFEBRIE T HEREC3 N, ORI i W33, Al LA
B, CHERUE S A AT R AN . R AR B
BF, NLOBRURE AR, AR AR 0.3
mg/Lo 535 LA 2 R 4 A 1 TR A M Ay e s
N, ORI AR 5 o 5 B B bR C37E LI R
AR I — R A B 3R AR KR AR R R
B NLORR R, HAPBERR = 4N p A M1
AT SEE0 318 FHA R — AN A
2.3.3 WIMRpH: FREEH K pHIE LY 0 A s

&2, FELRE TEHRCIHIN,ORME (mg/L)

Table 2. Nitrous oxide production of strain C3 in different temperature (mg/L)

T/ °C

t/h

20 23 25 30 32 35 40
2 0.04 0.06 0.09 0.08 0.06 0.05 0.03
4 0.07 0.09 0.13 0.12 0.13 0.08 0.06
6 0.13 0.18 0.16 0.17 0.18 0.14 0.11
8 0.18 0.20 0.20 0.21 0.16 0.19 0.15
10 0.17 0.22 0.25 0.22 0.15 0.15 0.17
12 0.14 0.17 0.19 0.20 0.11 0.10 0.07
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Sodium citrate Glucose k=3 Cane sugar
(A) E= Maltose [mm Lactose E=H Sodium succinate

24 EEE Sodium acetate Potassium sodium tartrate
T %

7
7

2.0 A
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1.2 4

0D600

0.8 1
0.4 1

0.0

t/h

Sodium citrate Glucose k=g Cane sugar

B) E= Maltose mmm Lactose E=H Sodium succinate
EEE Sodium acetate Potassium sodium tartrate
100 4

7]
B B

80

60

40

Removal efficiency/%

20 -

t/h

3. TREIFKFEITERCIEK(A) KR FHILEESI(B)RIF
NE(+SD)

Figure 3. Influence of different carbon source on the
growth (A) and denitrifying ability (B) of strain C3.
Data are expressed as mean values +SD.

R MAR K, B T LT | 40 M ) H ey AR
b, DA B2 I Bl A e o5 3R B A il AR
38 o) PR G SR P i pHIE (5.0 6.0, 6.5,
7.0, 7.5, 8.0, 8.5F19.0), ZEir At B K
AR, DIAPEIR =8 ki, C/NM10, 7£
30 °CAPF T HE R, BITpHEX FEARCIM A K IH
SR AEARRE I, S5 SN 4 R .

ol 4-ATRT T, FEXEFRFEpH N 5.0-8. 5117 [l
W, EREC3HREAEK . TR R R
W= mg et FE , pHE B 1T, RO AR AR K
AT KA MR AR pH A 6.0— 7.0
B, BRIARC3 1 AE K e BB 78 4 B B) P 3k B4 R K
S, MGG pHRE 8. 0f), B 3RIE AP IFG PR AR AR TR
FREEMDIVE, SECN B AR K B 32 B i
MR AAPHN9.00F, FHRCIIL ALK, BURLH
pHAT S AR T B AR AT 1E 5 A K AR i &
4-BR[AI, YpHN6.5H17.00F, HARCIHIMARCR
B, TE12 hIN By A 4500 99.03 % Fi
99.31%, EIHpHN6.557.50F, AR BEIA |
BB T90% A A o LW AR R A (pH>8.0) 5% 4
T, BWARBCRUIE TR, JoHIEAEpHN9.06F JL-F-
AP

H 4T L, YR IR IHpH N 6.0-7.0/T
NL,OB it e b, Wi pHIK T5.0F81%& T°7.5)5

£3. TERE TEHRCIHIN,OFME (mg/L)

Table 3. Nitrous oxide production of strain C3 in different carbon source (mg/L)

Carbon source

o Sodium citrate Glucose Cane sugar Maltose Lactose ssl(l)gciil:gte Sggﬁ? ls)(?é?lslfrilutr;rtrate
2 0.03 0.05 0.09 0.11 0.08 0.12 0.17 0.22
4 0.12 0.15 0.13 0.20 0.14 0.25 0.29 0.45
6 0.18 0.17 0.24 0.37 0.28 0.45 0.51 0.62
8 0.22 0.20 0.29 0.46 0.33 0.65 0.58 0.81
10 0.29 0.23 0.28 0.55 0.35 0.51 0.68 0.69
12 024 0.18 0.26 0.51 0.36 0.44 0.59 0.62
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NLOREACEE WM, X AT RESE T nos ZEE 3%
5N, O 5 32 F M, Bt rh P AN SRR
PREEAA TR A A K R A
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2.4
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1.6
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cuouocuoo
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SUNOUNTOWnNOO
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4. AEEBpHMERCIERK(A) R R FHLEE
(B)RIZZM(£SD)

Figure 4. Influence of different initial pH on the
growth (A) and denitrifying ability (B) of strain C3.
Data are expressed as mean values +SD.

2.3.4 C/N: AW UFFGERR =8 hmmil, WREE
(TOC) K660 mg/L, @it ii?%ﬁ?zﬂlﬂ Y RH A A e
JEMUEC/N, fC/NES5IT. 5. 10, 15520, 7E
30 °C, @ﬁﬁij@6.sﬂ<Jé%1ﬁF?i%3% WF5EC/NAE RS
PIARC3A KA AL AE JI sz, 55 LIRS

MESTTLE H, SRR IEA £ (C/N<S)
B, ZE B ODgooMEAR /N, Wi 3 AH X A
(9%—-13%). HC/NHILFN 108, RPRC3 M EIEA
MR, MEERKERBRERE, 26T
FaE, NO; -NRYEBRFII B, 12 hNE KN
RAN1KF[99.22%, *C/N>100F, ZH A
RERE, HIL, M RECRE )5 &, 1% w
FEEAEC/NIE R A 10,

AFC/NT HRCIHIN, OB i & WL %5, 7F
SFRC/NEA R SR EE T, C/NEN LB, B BR
C3MIN, OBl it fe e, e KRR & i 3:00.5 mg/L
YRS K C/NTE 215-20, NL,OR i 5C/NE K
5-100 T 22 5%, 45 B RRC3ImAK S ik
Ae A, WOz AR K B R AR Y i
C/N{EL A 10,

2.4 BIEHH FERCIWRABEEN,ORBE

T AL 40 T RN O, -NAY 2 R B4 45 4
KA SR AR, B W AE I i B B RE R
NO; -NF BRI TR, 254 K AR
W TR 5 R AR A I A F R B 647 ARl 6-ATT

4. TERIEpH TEKCIFIN,OFEME (mg/L)
Table 4. Nitrous oxide production of strain C3 in different initial pH (mg/L)

Initial pH
t/h
5.0 6.0 6.5 7.0 7.5 8.0 8.5 9.0

2 0.09 0.04 0.06 0.07 0.13 0.16 0.19 0.22
4 0.17 0.08 0.11 0.10 0.19 0.23 0.29 0.32
6 0.26 0.14 0.17 0.15 0.28 0.38 0.41 0.40
8 0.30 0.20 0.23 0.21 0.33 0.55 0.47 0.55
10 0.33 0.17 0.20 0.24 0.46 0.50 0.55 0.67
12 0.38 0.11 0.15 0.20 0.44 0.48 0.62 0.69
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WL, R CITE R B % 25 1 T AT AR JIN 6] A A

YRR, R T AR E R o FELINaNO5 N
M — R A9 B SR S, Bl A B Y b TR G A
(A)
241721:1
XN 5:1
zo_mlo
Y1E 15
[ 20:
= 1.6
Q
S 1.2
0.8
0.4
0.0
2
®
100 | 4 L1
2 Y 5:1
Tolill
§ 80'[@]}1}1}202
£ 60
=
% 40 |
SEETN
0

10

t/h
5. FREIC/NMEFRCIEK(A) KRR IHIEE(B)HIF
Mi&(+SD)
Figure 5. Influence of different C/N ratio on the
growth (A) and denitrifying ability (B) of strain C3.
Data are expressed as mean values +SD.

NO; -NAJHEERVH N R, 7E36 hiN, NO; HEEM
179.55 mg/L FF&%#]5.08 mg/L, WA FAAF
97.17%, VLB RRC3EA B m ) Agfk.he

L ARC3TE A AL R 3 T AR R 1Y

PG, 7612 hN A B R B 6.83 mg/L
@z BRI R FE 15 7 A I A PR 46 B K R T #E
HON2.24 mg/L, WASIRER M R B AT RE SR T
AR N IR ER 18 I VR, BUT RS R ER 1k
AR ER o A R AR W A7 AE 15 F KRR T
TS TR 530 R B A A S AL e R B ER T, FE
THR L8 AN, O, e 20 SR £k 76 & 55 1b 0
N,, X5 T FE TR A A —EL

M E6-Bi7~, HigRik R HN,OMETE12 hik
F e KMH0.22 mg/L. Hi12 hIIN,OHk ¥ |- TRl BE
HIGFRAE RS R R R A e, A SRR
FUASFRER AT FE, NLOMREE R FFAK, 36h
& {U0.02 mg/Lo A RAE AL TR HN,O /Y
PR B, VLA B RRC37E - T SR AL s %of
i Z AN I TTRRELAIR

Wit
R P AR 1 SRS 2 A7, R
AR 2L KRR AL Rt AR (AP 5,

PO AE FH I 53 FUIRLEE 0 B 2535 o™, A 5T
HERPRC3 7530 CCI il S A e Y 2 2R 5 I — 28

5. TEIC/NTEKCIFIN,OFF = (mg/L)
Table 5. Nitrous oxide production of strain C3 in different C/N ratio (mg/L)

C/N

t/h

1:1 5:1 10 : 15:1 20 : 1
2 0.14 0.08 0.05 0.10 0.09
4 0.22 0.11 0.09 0.18 0.16
6 0.29 0.18 0.14 0.26 0.25
8 0.42 0.26 0.21 0.33 0.28
10 0.58 0.31 0.26 0.30 0.30
12 0.51 0.25 0.28 0.28 0.27
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6. EIRCIHVFE R fH{LiTF2(=SD)

Figure 6. Aerobic denitrification process of strain C3.
Data are expressed as mean values £SD. A: growth and
removal of nitrate nitrogen; B: nitrous oxide and nitrite
nitrogen accumulation.

P SCHERAGE , Al 5 Ak 2 S A8 A 1 X i
RRCR BRI, A0 et o 4 Ak 27
SERTRT R . TR/ NMOIRIE . (HAEARDESE T, R
PRCILIFFIEIREN . A A et A= 4 et .
R, MUAESERR . 5 mB/ N
T ZERENAN S RN A B DR S R A, B RH %
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Identification and denitrification characteristics of an aerobic
denitrifier in estuary phragmites wetland

Ling Chen', Jie Bai'”?, Yangguo Zhao'?, Weijun Tian'?, Ying Zhang', Jiajia Dang',
Kuiran Li*~
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Abstract: [Objective] We isolated an aerobic denitrifier with affinity for nitrogen removing and low accumulation of
nitrous oxide, and analyzed its denitrification activity to provide technical support for controlling eutrophic wetland
lakes. [Methods] An aerobic denitrifier named C3 was isolated from phragmites wetland soil in Liaohe estuary by
BTB medium preliminary screening and denitrification activity analysis. We used morphological and physiological
characteristics as well as sequence analysis of the 16S rRNA to identify the strain. Effects of culture conditions, such
as temperature, carbon source, initial pH, C/N ratio were evaluated regarding removal of nitrite nitrogen and
accumulation of nitrous oxide under aerobic condition. [Results] The highly effective strain C3 was identified as
Pseudomonas sp., for which the best carbon source was sodium citrate, optimal growth and denitrification occurred at
30 °C, pH 7.0, and a C/N ratio of 10. Under these conditions, the concentration of nitrate was reduced from 179.55 mg/L
to 5.08 mg/L by strain C3 in 36 hours, a reduction in NO3; of more than 97.17%. In the process of denitrification,
nitrous oxide as an intermediate accumulated at a level of 0.22 mg/L. [Conclusion] Strain C3, an aerobic denitrifying
agent, was isolated from wetland soil and has obvious advantages in efficient removal of nutrients with low

accumulation of nitrous oxide, representing a great potential to treat eutrophic wetland lakes.
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