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BACTERIUM
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Abstract: By using limiting dilution and the chromogenic medium screening methods, an efficient aerobic denitrification strain

was isolated from the activated sludge from an aerobic denitrification SBR, and named ZPQ2. Based on the biochemical

identification and analysis of the 16S rDNA gene sequence, strain ZPQ2 was primarily identified as Pseudomonas chengduensis

7ZPQ2. lis function of aerobic denitrification was evaluated through singlefactor experiment, and strain ZPQ2 showed the

highest removal rate of NO; —N and COD at 93. 4% and 98. 1% in 48 hours, with the condition as follows: pH of 11, sodium

nitrate as sole carbon, C/N ratio of 11 and salinity of 2% . In addition, strain ZPQ2 could remove ammonia nitrogen by

heterotrophic nitrification. Taking NaNO, or ( NH,) ,S0, as the sole nitrogen source, the removal rate of NO, =N and NH,” =N

in 48 h was 28. 64% and 73.32% , respectively.
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— S ] 28 58 IR AL RN SR AR A 7T RE -

AWFFEHE SBR |V #51 P 15 Je o0 B R AT T
RS SLAH A TR R, 0 L 4 48 S i Ak A5 R 0 AT
b, S H 2 AR R AR 4%

1 #R5FEZ%
L1 34 kiR

TG TR A S0 = a8 17 R A9 SBR 44
TS AN 25, 12 B I w2 7K DA 355 T T 0 Ry s 105 i T
BA AR, V1R COD 600 mg/L, i iR #h A& 80 mg/L,
VER4E 3. 5 mg/L, %t CODNO; =N TN i [543 3]
1 95% 80% 68% .

1.2 E5HA

WUE LI 0 0% R 9% 56 ( BTB) U B8 H R 44
8.5 g/L,KNO, 1 g/L, KH,PO, 1 g/L, FeCl, * 6H,0
0.5 g/L,CaCl, *7H,0 0.2 g/L,MgS0, *7H,0 1 g/L,
Bilg 20 g/L, BTB(0.1 g BTB % F 10 mL Z, %)
1 mL/L, ] 1 mol/L (%) NaOH 445 pH &£ 7.0 ~7. 3,
121 CF K& 20 min.

WA SR AL BRIIR AN 8.5 ¢/L, KNO, 1 g/L,
KH,PO, 1 g/L, FeCl, *6H,0 0.05 g/L, CaCl, *7H,0
0.02 g/L,MgS0,*7H,0 1 g/L,121 C K& 20 min.

JLRE AL R DM) ' BN 2. 8 /L, KNO,
0.72 g/L,KH,PO, 1 g/L,MgS0,*7H,0 1 g/L, &)

& pH A 7. 0,121 °C K 20 min.
1.3 Bk inik 5 BLE AR
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WU S O AR TS T e I A B R IR &) ¢ ik
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107°) B 100 L #5734 T BTB 53533411 ,35 C
TEERE SR 2 d 5 3R B I = P Y A
75 B R0 7 0 e AR S A A TR R B S e 1
B VE7E DM [E AR 77 3R £k 85 5%, AT i vk a4k, &
=35,

1.3.2  4f A RE il

P or B aifb iy SR P R 24 150 mL DM AR
AR B HEIE D, 78 35 C TR LA 160 r/min FEIFEFR
Ay SIAE 24 h F148 h FE 10 mL 3%35%,9 000 r/min |
B0, ME FIE W NOy —NLNO, —N A1 COD fyk
B il ad 44 NO, =N Fi COD () 2 RBI0R , % 25 Bk
M A AR
1.4 3BRBIWFHE

TH AR AR I AR 28 153 6 R 1 s A

SRR NA 1285 2 e/ 66 B %2 COD
SR FH R T i 43 Y B I s 2 R FH A ER 5 4
SEIGREEINE ;s MBER AR S /e e
L5 EAEZHH

RIS RLE e S ff b2 ( UB1021) FiJis +
JIH T B WL ¢ (36 [ 4E 5 A R BioScope
Catalyst) ; 2% [QYLfafii F 30 C 5537 24 h (A Ak
ARG, D7 A bR T B Hof AR B AL S R S
M FTRT 7S 047 o 16SIDNA 5 470 5 % [+)
G371 A0 R BE R 41 DNA $REGAH & ( bt Rk E
A BRAF]) fhHIE 2 DNA; PCR #34{fi A 16SrDNA
K 58 FH 51 % BSF8/27 ( 5"-AGAGTTTGATCCTGG-
CTCAG3") il BSR1525/1541 ( 5"-AAGGAGGTGATC-
CAGCC3Y) P B SR MR 2 R BT 52 07 ik o 9 4%
PR R AR R 3 TS w) R AT IO, I 4 SR Al
BLAST_W 5 GenBank %(4f & /5 51 i#E 47 LL X,
MEGA4. 1 HEE S5 KGRI RFEL BT LR
1.6 BB AR T
16,1 BRPRAFA SRR

LR TR IR 5% AP T 100 mL DM AR K;
FFd,35 C F LA 160 r/min $2 R K 35, 76 55 546
24 hfi148 h & NO; ~N.NO, —N.NH, =N fI COD
1.6.2  TERA L mfaEh /A A RE

TR T4 BIH I8 5% L3R T 100 mL LA
SV PR M B R Ry P — LR L B TR Bk kg P — ik TR
AR R 77 B, 35 C 160 r/min $7 PR 55, 15 57
24 hAi148 h 43 HIA& M NO; ~N.NO, -N.NH," -N /I
COD )i .
1.6.3 Jiffesctite

WG N 25 AN TR 35 °C L W1 R 7 U
2 100 mg/L,pH =7,C/N =10, # K3 160 r/min.
W ERRAEAN R 25 1 SEA T S ks 5% DI R NO, -
N.NO, =N LI K COD P2k, XF 45 g i R 72847 1%
A

U5 145 p( COD) =1 000 mg/L, ¥4 &85« i 2
B BREATRAN R R A A A 43 IR R R Ak R A
Br IR LB o

C/N: 27 COD ¥ S AL il AR K 372 311 C/N 4y
BT A 5.7.9.11.13.15,

pH: J] 1 mol /L f NaOH 5§, HC 3% ¥ 45 S it AL
RIEFREA IR pH 435108795 % 3.5.7.9.11.13.
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Fig. 1  Atomic force micrograph of strain ZPQ2

16SrDNA JE A 73 #r 45 2R 75 Wbk ZPQ2 5
Pseudomonas chengduensis & 2 1% f It , 5 2 AR
P. chengduensis MBR" B AH L EE 355 99. 1% , R4 %
BRI 2 PR

100 “Pseudomonas kunmingensis 1LL22-27 (JQ246444)
J’—i chiori AW-IT (NRI15115)
siutzeri ATCC 175881 (NR103934)

yiP.wudumunm mendocina GD30T (KF928786)

= g P lig JCM 5968T (NR112065)
. Pseudomonas alcaliphila NBRC 1024117 (NR114072)
61 EPscudamwms oleovorans RS1T (NR115874)
I’seudomonas chengduensis MBRT (NR125523)

76 ® 7PQ2 (KT001069)
9 Pseudomonas entomophila L48' (CT573326)
-Pseudomonas monteilii CIP 104883+ (NR024910)
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Fig.2  Phylogenetic tree of strain ZPQ2
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P, AR ZPQ2 J& T P. chengduensis ™ | J& 1% B A 1
— AR, I AR 4 S Pseudomonas chengduensis
ZPQ2.

2.3 AARZPQ2 i T A A R LA A R AR R A
A
it KNO, . NaNO, #1( NH,) ,S0, R A& W
FERIIR R AL Dy 100 mg/L i, Ak ZPQ2 Xf - 3 Fift
SR LRI, WK 1.

F1 Btk ZPQ2 Xt FREERE R . ITAHER m NS R ERIER
Table 1 Removal of different kinds of nitrogen by strain ZPQ2
g NaNO, %V NaNO, % J§ (NH,) ,S0, %
IfE  NOy-N  COD NO,-N COD NH/-N COD
24 h  81.05% 88.24% 26.04% 37.83% 42.08% 48.02%
48 h  91.44% 98.19% 28.64% 40.31% 73.32% 76.60%

LA NaNO, &y i — (5, T8 bk ZPQ2 7 48h X
NO; - N F1 COD 1 2 B& = 43 Jill 35 2 91.44% Fi
78.19% , UL ATtk ZPQ2 H A BI04 4 S g 1k g
77 LA NaNO, i — R IR B, Tk ZPQ2 7E 48 h 11y
NO; - N Fl COD 2= [4: K 43 5 ik %] 28.64% A
40.31% , PR Pk ZPQ2 1| H] V. fid 2 £h 2 47 4 4
RABALIRE J1 425, JEL A AT BB B Ak ZPQ2 X fil iR
ERER R 52 MR8 22, % 5 0 M R 3 X T ik
ZPQ2 ;A T #E: 4k, LA(NH,) ,80, 7B N —&R
PR, RIPE 48 h i) NH, —N 1 COD 25 B #5351l 345 |
73.32% F176. 60% , KW H Pk ZPQ2 ALEATREF 1Y
I ik Re J1 , e BT —E M R IR RE T
2.4 Bk ZPQ2 0934T B R A A AT R
2.4.1  BRIEXS PR ZPQ2 AL AE 1 Y5

I 3 AT 5 il b, TPk ZPQ2 il L LAFY
TG TR AR Ay P — B 5 1 A 7 e S S P RO 2L L o) 4
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—RIRAY B SR, AR ZPQ2 AR R AF LR 22, B XS
R LBRBRMEREAS . DAATBERRENAE Jy o — B JR AT
PR ZPQ2 B AR e .48 h KERFEH 91.75%;
DABRHARR A A iR B8 SRR A ZE AR 2B A 2
FREMAE Rkl , AT AR B e U BE K T B3, X NO; =N
25 Bk 5 4 i) L DAY A TR 40 O ik R B BE IR T
33.72% F158.07% »

TR AR AR KRR BE L 5 ) o i TR 6 340 D I 1Y) 3%
PN L ZE AR ZPQ2 TER RIRRIR A1 T 6 NOy -N
FBRAF LAY IR Ry fef- 48U R A A it i v A o - 1
RN BEVE Y 5T, X A W ) S A Ak i A 2 Al T e
PR SE IR A SN AR 28 v, AR AR sl A 4 2 AR 3 1Y
B ] A R T A R G U U R R AR R
2.4.2  FRALXHER ZPQ2 RAHALEE I Y50

S BEPEATAG TR BN N ME— B IR L SRR R —
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Fig.3 Influence of carbon source on aerobic denitrification of strain ZPQ2
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Fig.4 Influence of C/N on aerobic denitrification of strain ZPQ2
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Table 2 The reported optimum C/N for aerobic

denitrifying bacteria

S i C/N 7% ik

Pseudomonas aeruginosa YL 10 (5]
Pseudomonas chengduensis ZPQ2 11

Pseudomonas sp. ADN-42 12 (6]
Acinetobacter pittii A14 12 (17]
Brevibacillus borstelensis XF3 12 (18]
Pseudomonas mendocina AD6 15 [19]
Pseudomonas sp. 2-8 15 [20]
Bacillus licheniformis JH8 16 (21]

2.4.3  Whn pH X ERPR ZPQ2 IAHALRE ST 5N

it pH 4 3 B, Bk ZPQ2 AR R AZ FIH
1MX§ COD F1 NO; —N [ 2 BRFAAK; BEH I 4 pH 1Y
Thims, R #RRR , Bbk ZPQ2 X COD Ml FR £8 A 2%
BREEWBE LT s pH > 5 B 3RV, OF
TERIG pH D 11 I IR B i L BRACR X4 NOS =N Al
COD BYZ=BRr2R 554 90. 29% F198. 34% . SLIGZ5E R
FW: IR PE R PR pH > 7) BEGE B PR ZPO2 B K
ANl S AL i S B fRUR 5 = 1 pH {EL( pH > 11)
L2 LA A A A [+ P40 4 4 e ) SR B i A
YEHT

pH

B No; -N s [ cob kg,
S Wb pH MRk ZPQ2 RHALHI R
Fig.5 The effect of initial pH on aerobic denitrification by strain ZPQ2
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Table 3 Reported optimal pH of aerobic denitrifying bacteria

(LS IRl pH 7% 3k

Alcaligenes denitrificans YS 6.0 [23]
Chelatococcus daeguensis TAD1 7 [24]
Acinetobacter pittit A14 7 [17]
Alcaligenes faecalis No. 4 7.0 [24]
Thiosphaeera pantotropha 8.0 [25]
Pseudomonas sp. 2-8 7.5 [20]
Pseudomonas sp. GL19 8.0 [26]
Acinetobacter sp. C4 8.5 [27]
Pseudomonas stutzert B13 9 [28]
Pseudomonas stutzeri BMEN1 9.0 [29]
Pseudomonas chengduensis ZPQ2 11.0

2.4.4  HRIEXFERR ZPQ2 SUAHALEE SRR
BRIPR ZPQ2 R AEER I, 2% 48 h [ NOy -N
1 COD FBRH505) K 93. 4% F198. 1% , Hikk ZPQ2 H.
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Fig.6 The effect of salinity on aerobic denitrification of strain ZPQ2
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