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Selection of Denitrifying Phosphorus-Removing Bacteria and Its Characteristic
CAI Tian-ming, CHEN Li-wei, WU Shou-zhong, QIAN Li-hua, REN Qian
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract;: Using YG culture medium, combined with the experiments of blue-and white-colored screening, Albert staining and detection
of phosphorus removal capacity, seven phosphorus-removing bacterium were isolated from activated sludge collected from aerobic
biochemical pool of wastewater treating factory. After nitrate reducing and anoxic culturing experiment, a strain with high capability of
denitrifying and phosphorus removing was selected. With the study of its physiology and biochemistry and the analysis of its 16S rRNA
gene, this strain was identified as Pseudomonas grimontii, and named of C18. The phosphorus removal rate of C18 was 94. 1% under
aerobic condition in 24 hours ( The phosphorus concentration in supernatant was 38.7 mg/L to 2. 28 mg/L). The phosphorus removal
rate of C18 was 88.3% under anoxic condition in 24 hours (the phosphorus concentration in supernatant was 44.5 mg/L to 5.21
mg/L) , and the denitrifying rate of C18 was 83.4% under anoxic condition in 24 hours ( the nitrate concentration in supernatant was
184.2 mg/L to 30. 6 mg/L). The optimal temperature of C18 denitrifying and phosphorus removing was 30°C ; The optimal pH of C18
denitrifying and phosphorus removing was 7. 5.
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I3 R« BEE IR BN R ( Stenotrophomonas ) (AN By (1)LB Ji k™" BB E 5 g EAME 10
F W & ( Acinetobacter ) I fix o Ml H J& g NaCl 5 g.7k1 000 mL .pH 7.0 ~7.2.
( Pseudomonas) ;2006 4, Shi 2= 43 85 b @l Bk 1 @ (2)YG 5™ R 1 o WA o,

(Paracoccus) FY 5 2Bt 20 bR % 1415 2006 4F, £ & W K, HPO, 0.3 g.KH,PO, 0.25 g MgSO, 0.2 g./k1 000
20N B W KT B ( Enterobacter) ) S0UB %U mL.
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(3)MOPS 1772371100 mL % 10 x MOPS
REWY[8.372 ¢ MOPS +0. 717 g tricine + 30 mL %
BT/K, 10 mol/LiYy KOH 3435 pH & 7. 4, BAFRF]
44 mL; 1 mL Fiiil#9 0.01% FeSO, ¥ W, ¥ T 41 it
MW : 1.9 mol/L NH,C1 (5 mL), 0.276 mol/L
K,SO,(1 mL),0.02 mol/L CaCl, - 2H,0 (0.025
mL),2.5 mol/L MgCl, -7H,0 (0.21 mL),5 mol/L
NaCl (10 mL),0.02 mL % 0 £ R 4 % ,38. 7 mL
TR0 1 g # %], 73 B 50 mL T2 A=
SRR m) — > = AR A0, 008 66 ¢ K,HPO, ,
B PR 95 3 5 ) oy — > = AR A0, 173 2 ¢
K,HPO, , Ji Ay iob 8 55 77 5. 1) 2 s S v By A
0.1 g/mL{Y thiamine & # 0. 01 mL,E & % 500 mL,
FHANEDE A5 2 UE J5 , B 100 mL 4325 F 2 K1 1) 150
mL B = .

M ITRE ) : (NH,) ((MO,),, 0.09 g, H,BO,
0.62 g, CoCl, 0. 18 g, CuSO, 0.06 g, MnCl, 0.40 g,
ZnS0, 0. 07 g.

() FHRR R JE L WBE R RN 3 g,
HFEEMRS ¢, KNO, 1 g, 7818 7K1 000 mL,pH 7. 4.

(5) B B R R . WA 10 g, KNO,
0.72 g, (NH,),S0, 2 g,MgS0, 0.5 g,KH,PO, 0. 25
g,CaCl, 0.2 g,Z%{% 7K1 000 mL,pH 7.0.

1.1.2 {5k

HAIHE 0.6 ¢, AR 0.1 ¢, LKy 0.01 g, &
M5 0.50 g, AL EH 0.05 g, = /K& B R & — #
0.09 g, L/KBLMREE 0.40 g, AL 0. 18 g, Z& IR K
1000 mL.

1.1.3 15Uk 5

A V0 T AR A BT g 4 A A st T 35
1.1.4  JaiRw

Albert S e Jefa, . (DR H R B #E 0.15 g,
FLAELE0.20 g, PKEERR 1 mL, RS (95% )2 mL, 719
K 100 mL. @Z 1t 2 g, WALAT 3 g, 218K 300
mlL.

1.2 ik
1.2.1 GRS B 2l

W 5 P A 10 mL #5100 mL JG B K 9
250 mL =i, In A #F T BB 2R, T 30°C £ K IR
¥% 30 min. BUR &S ¥ 0.5 mL T %A 4.5 mL TTHE /K
IR P IR IR A, e BB O 1070 1077
10770107, 1077, 10 ™° By v BBUAS [ A6 38 11 B T
0.1 mL ¥4 F YG -4 L, A R 3 45 3 B
M, 30°CH: 37 2 ~3 d. PF-H Bkt B K8 7] 19

WV, 16 YG M b R 2k 2l A 5 o bk o) v 5% 1 &
LB R 75 | ,30°C 197 2 d, T4°C 500 T IR AE.
1.2.2  GEHR T

B A BERD I 2B T4 Pk R I 2SR TR
BYTE 75 , 43 o0 s 4 T PR A ok i i 1 5 4 1, 30°C
BE 3% 2 d. de PR FR Wl Ak Wl B 7 L b M 5 R A TR
PR, QNG b AR T 1 00 TR AR G RS SR IS 51T Albert
SEYRL gL R PR HLA YR ORI IR %% |
RO 1 0 T MR BE A LB 4%, 30°C . 180 remin "'
PG HEF 12 h J5, B0 W REAR, B R W Dy, =
LO,BP A K. 4% 1% A4 Fh & 370 T & 100 mL
LB ¥ {4 15 7% B 19 250 mL #EJE i 1, 30°C | 180
remin T HFEEE SR 24 b ERTRI YA K B BEED O 4
8,12, 16, 20, 24 h 43 3| HLHE 5% J5 09 B W T 12 000
r/min B0 1 min, DLEF A B KRG AT B (E. coli) g X #E
R, 00 L Vi YRR e B LA B A A AR S R Tl 1) i
(@He By 4 B3 s i 7 2 ok %) AT R 122 1 A 1R 2 38 L ™
S FRFET, 30°C 15 9% 24 b WLEEAE S, FLLE il iR £h
B ARSI NEE N AR AL B R
PH A, 2% BH 32 181 7T 340 J A 18R &k 01 s il 1 &k o0 ik 7
AALBNZ B A RS RE 7. OXs 4r A Bk % fig
Beom H EA FRCE AL RE 1 0 TR AR AL 1% 1Y H2 i H2
T & A 100 mL B 55 0 250 mL HEJE 0, #E
TP N, 4 R 48 4 7, 30°C . 180 remin ™' £
7224 h FERFEARKHBRO0, 4, 8,12, 16, 20,
24 h 3o RS 5% 5 B9 TR T 12 000 v/ min B .0 1
min, € 3 WCH B RN A R SR AU vk B R A8 Ak, T
VR P RS TR ZR Ak R I A M1 10 P TR bk B A T BB
R BRwEfE S
1.2.3 stk

W5 b8 W B < AR BT 2 Y6 B 5 T
VR R R UMK B - SR AN O R
1.2.4 B BmE 16S fRNA L 9 PCR ¥ 19 &
ix T

2l ¥: 5 w8l ¥ A 5'-AGAGTTTGATCCT
GGCTCAG-3'( Escherichia coli bases 8 to 27) ,3" i 5|
Y N 5'-TACCTTGTTACGACTT-3" ( Escherichia coli
bases 1507 to 1492) . ¥ ¥4 [ WK &}y :10 x Taqg B4
il )2 1% 2% W 5 L, dNTP (20 mmol-L~")SuL, 53
51 ¥ (25 pmol-ul™') 2ul, 3" %% 51 ¥ (25
pmol-pnL.™") 2L, Mg’" (25 mmol-L™") 6 pL, Taq
DNA B4 (5 U-pL"')0.5 pl,H,029.5 pL,--
LS50 L, Lh C18 & DNA SR ARG 4. S 46128
94°C i A8 #£ 2 min; 94°C 30 s, 50°C 30 s, 72°C
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1 min,30 NEFR; 72°CIE M 10 min. §7 1 > 9 283K
H & alifb)m , 5 pMDI9-T vector 3% , Kt il 2 7 ) e
b 2 K FF R B2 A5 4B DHS o o 5 BH P o B 2%
invitrogen /2 ) ¥, I 43 B0 0 )5 45
1.2.5 PR A BEA LS

A B AR S 5 2 ISR 20,21 TR AT
1.2.6 R BEXT C18 M 20 55 Wi 5 R 1Y) 52 i

SCEREE 15, 25, 30, 35, 45°C 35 AR Y
ML C18 42 1% He M A 254 100 mL 4K
B AR R0 250 mL HEJE P HETE N GE N, ZERF B
S AR TR R 180 remin T 8535 24 h )5,
E A 105 VR W R A R R AL TR B AR AR LA )
Bl C18 BiA bR aE 1 iy 22 5
1.2.7 pH X} C18 Jii %0 Bk i S50UR 1 52 1

P A B3R 3 pH A 5.0, 6.0, 7.0, 7.5,
8.0.9.0 ¥R Pk CI18 % 1% LR Fh 2= 5 A 100
mL A[A] pH 4 s 5 5 1) 250 mL T b, #E TR
P N, 4EFE B 4 1F, 30°C | 180 remin '} 5%
24 b, W 5E £ 1T W D R AR R R AR AR AR T
BRI SR pH T C18 LA BR W E 1 1 25 5=

2 HBRESH

2.1 C18 Ay ik

K5 Te FER BE IR A T 162 BF- A b, 3Lk i e
SR B 7 108 A, Hrp N HEBR AT A R 8 Ak o L
TR P Y 1) PR S S 4 o 2 R RO R SR
HEAT A 1 BE I 1 , 16 A B 0 o A B 2 B B B
A 20 AN s 1 T BRSE EEE, PR L B A
14 AT 5 0 BRBE - A b 5200 B, G 9 52 B R AT
41 BRI Vi 5 A8 L B AN BR T A B R R 33 A
TR 7R R 2 Bl Al b B R 33 TR VR Bk i

fir 44} C1-C33. %f C1-C33 FEA7 5 ek (o, Je (45 2R
FW A T HRER(C2.C3.C18,027 .C28 ,C31 .C33)
RN EAA poly-P k.

BRI A 7 BRI T LB WA G R Ay
UGS 24 h T A TR BRBRBEROCR DL 1. 1 a)
AL CI8 FEUFSA K5 9% 24 h J5 L M vk FE e ik, B
£ 2.28 mg/L, B R FEILF T 94.1% , €28 5 (31
) B i ORI, 53 0l 35 3] 74. 9% F185. 7% .
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Fig.1 Results of aerobic training of strains
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Table 1  Results of nitrate reduction test

Tl TR 40 30 i 7= AL B 25 R Wtk S
A C18.C27.C28 .C31
[ C2.C3.C33

4 5 0S4 e 52 e O R D 0
S K C18 .28 C31 bR A7 B L5 5 92 0. 26
2 2.

K2 REEFIBER

Table 2 Results of anoxic training

L R /g L

L?ﬁtffﬁﬁﬁﬁ&éﬁmg/mg-L"

B bk

i i GE Kb EBRR/ % i i 4R N LBRR/ %
c18 44.5 5.21 39.29 88.3 184.2 30. 6 136.9 83.4
c28 4.5 42.6 1.9 4.17 184.2 18.6 165.6 89.9
€31 44.5 41.1 3.4 7.64 184.2 14.6 169. 6 92. 1

1 2 AT AT, C18 RE (W] e e A1 ol A0 i 1R 46 00K
B, RBRFR G, 4 ik #) 88.3% F1 83.4% ,C28
FC31 T B AR AR A6 25 IR 8 Ky ey, L fl 40 5 ol 2
TR 5. A 5K TR R C18 A R Sk i 2o e
2.2 CI18 R IT
2.2.1 CI8 Bl

PRk C18 7EBRBEALE DR R 1 1 B (45
NP 2 i, C18 A 2 Ffdf SR 2P L 24 {2 i 3.
2.2.2 C18 Ryhigefs

Wtk C18 T A Albert 5 Jeod e (5 45 R UL AT 3,
MR, C18 44 PN 4 S 37 J5 R N & A poly-P
UKL
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Fig.2  Photo of strain C18 with blue-and white-colored colonies

B3 E#k C18 poly-P Bt &
Fig.3  Poly-P staining photo of strain C18

2.2.3  C18 i A BRSO

Ha B R C18 B BT 7% 24 h, B0 0 Bk 5 2R B
R ) 119 728 Ak 285 L LI 4. ph T 4 R A ol AR 9 24
he g R R L 9 R R R R R R R R IR
VR T e R AR 1) 44. 5 mg/LERAIRE] 5. 21
mg/ L, 75 WP A R h A1 v B N 184, 2 mg/ LFAIE
) 30. 6 mg/L, 3= [ 245 535 5] 88. 3% F11 83. 4% .

1
0 4 8 12 16 20 24
FFRE /M

B4 CISBEEFIE

Fig.4  Anoxic training result of C18

2.2.4 168 rRNA 5 5 51 53 1 S [R5 2 4

K- I 7 45 S 7E RDP [ Ho 4 R 7 v ik 47 4% 47 g
FIJE PR b, 25 R RS € M iE 1 Pseudomonas
grimontii CFML 96-170 ; AF064457 1) 16S rRNA E:[A
55 R JEPE 5 5] 99% |, I3 it BioEdit % MEGA4. 0
BT RERBEW(ELS).
2.2.5 CI8 (A b E

X BRI Bk C18 A7 T 245 0 28 R AR B A Ak 4 v
FE SR IL R 3. 16S rRNA JE (K 7 51 43 B 45 3L, 0%

B kR C18 Y5 i Pseudomonas grimontii.
®3 CI8EHMEEEHLERE"

Table 3  Biological and chemical identification of strain C18

i H LR i H Y IR

EEESIZN LIRIN T K St +
el HEE

R3S EERRERIE V-P ik 5 +
BN TR

B R Y - | W 1 +

HEE Y0 i ity B2 B SRS AR 5 +

4CHERK + 6 S TR 5 Tt I -

41°CH K - SRR +

)+ B RN 5 - < Bk R BE

2.3 REEXT C18 i A BRBERE 1 1Y 5 e

HIE 6 i LLE h, Wbk C18 FE B 1E 5% 24 h
J&  HE 15~ 30°C i [ P 2L AR Ml 00 0 8 W 1
30°C i B A BR B 2R B, 43 il ik B 81.3% Al
88.5% , 15 130°C J& L A bR B SR B B F B
2.4 pH X} C18 Jif bk i 6 1 19 52

&7 AT LAE Y, B bk CI8 7E B4 15 5% 24 h
J& ,7E pH 7.5 ~ 8.0 3 [l 4 B 0 % 9 R0 3¢, pH
7.5 B BEABR B AL B, 4 Gk F 79, 4% A
83. 1% 7% T pH 8.0 J& M 0 Ik i 2k R A8 AL AN B 2.
AJAL, B RR C18 75 R P 45 11 5 1B U bR B A5O3 AR
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7,

]

P. as antarctica CMS 35 AJ537601

7,

P. CMS 38 AJ537602
Pseudomonas cedrina CFML 96-198 AF064461

: 2e
as mer

Pseud as orientalis CFML 96-170 AF064457
li C18
M Pseud as grimontii CFML 96-170 AF064457
Pseud as rhodesiae CIP 104664 AF064459
Ii Pseudomonas gessardii CIP 105469 AF074384

Pseud as lib is CIP 105460 AF057645

] Pseud as brenneri CFML 97-39 1T AF268968
Pseud as proteolytica CMS 64 AJ537603
Pseud as panacis CG 20106 AY787208
Pseud as migulae CIP 105470 AF074383
Pseud as marginalis LMG 2210T Z76663

_| Pseud as chlororaphis ATCC 13985 AF094722
Pseud as veronii CIP 104663 AF064460
Pseud as palleroniana CFBP 4389 AY091527
P, as costantinii CFBP 5705 HAMBI 2444 AF374472
Pseudomonas salomonii CFBP 2022 AY091528
Pseudomonas poae DSM 14936 = LMG 21465 P 527/13 AJ492829
Pseudomonas trivialis DSM 14937 = LMG 21464 P 513/19 AJ49283
| | | |
0.0030 0.0020 0.0010 0
5 ETF16S rRNA ERMEMN C18 REXEH
Fig.5 16S rRNA gene-based phylogenic tree of strain C18

H1 T BRI USRTE 4 C18, 28 165 rRNA JE [ 7 5145 BT

100

wl L B AL S , 1) 40 M2 58 W bR C18 O Pseudomonas

§_ grimontii.

60 g e yan o
i (2) Witk CI18 fEUF 51557 24 h 5 FiJR &b B
& a0 - BHERE Y TR VI B M 38. 7 me/ LIRMEE] 2. 28 mg/L, B %
& | —— RHER % K04 1% . CI8 ZEBARETE 24 h 5 S5 Fe e vh 1%
L | | | | W I 445 me/ LRI E] 5. 21 me/L, ok 23k
1 2 4 S IEENTE N SN
T e 88.3% & 1 HEREL SR FE ML 1842 me/ LI .91
30. 6 mg/L, [ R ik 83. 4% .
B 6 mEX C18 G M & MR BB R MR (3)C18 5 iF Bt A 5 W 1HL BE SH30°C 5 i i L 5
Fig. 6 Effect of temperature on the ability of C18 E’é pH ﬂ\j 7.5,
denitrifying and polyphosphate-accumulating
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