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Biological Characteristics of Denitrifying Polyphosphate-accumulating Organisms
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Abstract; A denitrifying phosphate-accumulating organisms ( DNPAOs) , which was called Q-hrb05 , was isolated in the special medium

from the anaerobic/aerobic/anoxic SBR reactor. Strain Q-hrb05 was identified by 16SrDNA gene analysis, and the accession number of
16SrDNA gene sequence of strain Q-hrb05 in GenBank was GU214826. Effects of the different pH values, temperature, carbon source
of medium on nitrogen and phosphorus removal of strain Q-hrb05 were investigated. The result showed that strain Q-hrb05 belonged to
Bacillus sp. . Meanwhile, extracellular exopolymers of strain Q-hrb05 was based on protein, about 120. 6 mg+mL ™", and it had 23. 05
wg+mL ™" nucleic acid, but little polysaccharide. There was no significant adsorption of phosphate. So phosphorus removal was mainly
due to intracellular uptake. And when pH value was kept as 7, temperature was kept as 30°C , and carbon source was kept sodium
acetate, the highest nitrogen and phosphorus removal efficiency was achieved. Phosphorus uptake rate was averaged at 88% , and the
denitrification rate reached 81% .
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A) SBR S 3 25 H S Pk v e A S S5 FE . BORE I
B S N BB AT IR A KA, MLSS {45 7£5 918 mg- L™
JEA, kS BCAE RS . S I TR R AR AR (22
2)C, Ny A pH M RFFAE 7.0 £0.2 (il i Im A
0.5 moL/Lff] HC] 5% 0. 5 mol-L ™" f¥) NaOH ki 15).
HE/K COD P-4 % 250 ~300 mg-L~", PO, -P V-3 %
12 ~15 mg-L~',NH, -NF ¥4 65 ~70 mg-L~". I}
7K COD 35 40 ~60 mg-L ™", PO} -PF¥H 2 ~7
mg-L ™" NH, -NFJ% % 17 ~30 mg-L~".

1.2 BegEit

AR TR AP B R A 5. 0 g5 K,HPO, 1.0
g; KH,PO, 1.0 g; MgSO,-7H,00.2 g; KNO,2.0 g;
Bl 20 g; H,0 1000 mL; pH 7. 2.

Be B ok ¥R L (PO -P 12,3 mge L),
CH,COONa-3H,0 3.23 g;Na,HPO, - 2H,0 23 mg;
NH,Cl 152.8 mg; MgSO, - 7H,0 81.12 mg; K,SO,
17.83 mg;CaCl,-2H,0 11 mg; HEPES buffer 7 g; 1
FI6% 2 mL;H,0 1000 mL;pH 7.0.

MR ¥R 3L (POIT-P 245 mg - L7')7,
CH,COONa - 3H,0 3.23 g; KH,PO, 25 mg; NH,CI
305.52 mg; MgSO, - 7H,0 91.26 mg; CaCl, - 2H,0
25. 68 mg; PIPES buffer 8.5 g;f &t & 2 mL;H,0
1 000 mL;pH 7.0.

MR EhIE TR LB B R 5k FWE 3 g B S
g;KNO, 1 g;H,0 1000 mL;pH 7. 2.

1.3 i A0 SR w v 1) 23 B 5 O ke

M SBRJ ¥ HH 10 mL 3 15 e 22 3 A 90
mL G 1R 7K FIB B BRI = AR R T, 78 a0 4 9 DAFT RS
PEVG e . & A LU MR , 20 il A S Al A s 7 Bk R AR
BPPRRERE 7% 2 ~3 d, B A 08 W B B R (K
SRR b B o A 3 5T, BB AR 30 ~300) , Bk IR
TE 257 W 1) PR 8 94 aliAb , L 48 R VR R AE — B, e R
R I, e JE B R 3 AR I R R b R IR AR AF
#%H.

X EL G B TR A% T R AT B, I A SE IR A R R
IR PR AR S K PHB IR e €0 4l B G 560 40 45 & 10
J7VEHEAT IR . L b B R B W S 7 VA Dy BORL TR
Tofr, B 6 A0 SR B 1 3% IR AR b R AT TS IR B SR A AR
K E30°C , 140 r/minid 2% 35 7% O 56 44 40 Ffg LL8 000
r/min B0, 2 J5 F G B 28 1R 7K 0 Uk B AR 4 B, T
VR TR MR R AL A R I AR G R A A
175 Ja B N I 25 2% P, 30°C FREIR b K85 9%,
HEAT SR A S8, 15 9% 12 h 5, % 0 10 mL 3R 9
20, IOV B G T L R A A B T Ol Ol

SERERIE POLT-P 2 AR Ak B PR R 1k 3k g )
W€ 73 ORI MY, 76 AN B QTR AN 1) & ol 1 77 2k
Fim N KNO, (NOy -N¥RJE y 82 mg-L ") , SR A&
FEEFE 12 h K WK #5 tf NH, -N _NO, -N .NO, -N
WA AL NH,-N: g8 [l 7106 B 2, NOS -N: B 7
B 93 6 6 BEVE s NOS -NoN-(1-Z838) -4 — lE 7
TG REVE.
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PRI AR B AR AR PR (1 25 58 S IROSCHR [ 8 ] 75 ik AT
1.5 16S rDNAJTHI 1) ve B 5 I P

KR A @V (RS Y HE ARG R 2w
PLITE Bk DNA A 38 ] 514 BA101F/BAS534R (K
BERAEY AT A HEAT PCRY 1. 5
5| % ( BA534R: 5'-ATTACCGCGGCTGCTGG- 3';
BA101F:5-TGGCGGACGGGTGAGTAA-3"). Jx IV 14
RMGAF W SCHRL10, 11 ] SR 5 #EAT S He b, i 5
Wy (i oRKEE EW A A 58 KW E 4 R H
BLAST %5 GenBank ' &\ % 3 [1116S rDNA J3 4]
HEAT A AL PE LE L. SR A Clustal X1. 8 #E4T £ /3 41 LL
XF,MEGA4. T 84 v (1) NJ i 46 8 1 A0 A%
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1.6.1  BEFRHIANR G W sE

AN SR & W 1 4 HCSE B B 25 mL ) Q-hrb05
BRIV, ) FH 7 Al R AN, 40 W, 60 s JEAT R R R
T W 7520 000 /min ., 4°C F, &0 20 min, i 4
EE W, W E 2 RO TR T R

R T I 5 K Bradford W # & BT R A
B B E 10 WL BE AL, 5 10 WL PBS JR 4, N
AN 200 pL Bradford Reagent, &%), = i il & 5 min,
F o 6 6 &V AE 595 nm b B2 220 I SR FH 2R
My R B 1.0 mL Ff 4, 5 1.0 mL ZZ 1K IR &,
TN 5t & 53 H ok 6% () K My v ¥ 1. 0 mL Aol find 12
5.0 mL, 1k 10 min, #25), PRt 0L S min, 3 7K N
25 min J5, HA KR HEAH 5 min, T 490 nm N
WG EE LA 2.0 mL 7% 18 /K 4% [7) #F # 1E W (8 1E 5 =
FL R BR I e R A 20 Do BV I 2 wL #E i, 5
48 pL TE WiIR & , 7 260 nm AL £, W e H 4 4
TEWME Dygp o » A 50 wL TE #5340 25 1.
1.6.2 A=Kl 42 B it 0 o ol 1) 5 i) DA 3%

KOG HL G vk, )R] 722 B 43 0l O JE v B
Do/~ pHAE M KER4.5.6.7.8.9,10;
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BN CTRAN CIRAN T IR A A B L R O Ak i 1
) DNPAOs %1k 18 h, 7E &5 Ff 4 41 '~ LA 10% 1) 4551
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2 HiRH50H
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L&, REMS AR AR S LL 25 A1 T, 1] 26 i 420 Bk B8, I 2
BEIMAMGIR 1A s AT S A A AL R R R A
735 16 PR1E PR, X IX 16 B B 0E AT W B < S50, 1 1Y
W T 2 7E 80% LA b 1¥T BRI AR . P il B Al IR 3k ik Ji 7= <
5265 & PHB ( Polyphydroxybutyrate ) HiRL 4 €6, 52 56
e Y RCR B BF K 1 BR T Q-hrbOS. 1R £k Q-hrb0S 1)
PHB BUbL e 0 s (B 1), BAA A K PHB UKL AF #
WY S 0 S R R  PHB A A1 R AN L A A g
R BT A . g R A e R, O R R B AT I
WA, 5 g3 At T2 B W WS BRI
S0 47 S

Pk Q-hrb05 75 & B ks F2 e vp (C/N/P =105: 4
S1)12 h AR CILF) 85% (£ 1), 7T W Q-hrb05
N R SR R LR R RR Q-hrb0S S 8 ik B 1 77

1 &k Q-hrb05 ) PHB %t f
Fig. 1 Photo of PHB staining strain Q-hrb05
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e B W WER IR AL TR R B IR I Py R vk R
e A O TS SR TR N R U G Al A
F10 mg- L& T 085 9% IR S, AT LU B
Q-hrb05 [ i 2% HE B otk A8 3 il 1R 8 34 I s ey, e B
W Bk Q-hrb0S B A7 B 2 1y Jse i Ak B8 0. AR 40 i 02
BER S0 WT J0, B PR Q-hrb05 J& T St . 2204 12 h
(B 501G 97 , KR Q-hrbOS (1 it 025 % ik #1) 80. 4% .
£ b BIRR Q-heb0S Ty e R4 ) S Al 4 2 Tk 1

R BRI R R B BOR/me - L

Table 1  Denitrification performance of the strain Q-hrb05/mg-L !
_— B Uh i BE 12 h J5 ik B
A
PO}~ -P NH, -N NO; -N " -N PO}~ -P NH, -N NO; -N NO, -N
Q-hrb05 24 81.31 8.13 3.6 11.79 3.41 0.15

2.2 WHRREE

XF T Bk Q-hrb05 73 53 BEAT B 28 WL %% A0 A B A 4K
R PRI E . BRR Q-hrbOS F Jit 5~ KL iR 4n B 2 FT s
M2 T LA, BAR Y RATR, Koy 2.0 ~2.2
pm, 54 1.2 pm. ZEE5E T AR Q-hrb05 O %5 2% [ ]
PR, BB K A, 7 A R R R S B 5 A i, V-
PG, 2 B Ak R T BT L ) A e TR
O 2E ALK B R . DL AR Q-hrb05 i DNA by B, 2
PCR 4 J16S rDNAJ JF> , ¥ Fir I B Ak 19 16S rDNA
Fe 4} i ik BLAST F2 /¥ 55 GenBank 1 £ % 3% )
16S rDNAJF # HEAT 1% 1 R /) U5 P LU R, &5 2R R I
5S4 ZE AT B )8 Bacillus cereus (DQ423486) 1]
FRALME L 2] 99% , W18 3 Firzs. A Ik 48 %5 o 1R AR Q-
hrb05 by ZE fUAT & Bacillus sp. .
2.3 B FE Q-hrb05 )45 4
2.3.1  HFk Q-hrb05 A58 & W0 % %)

2 HE R Q-hrb0S J5i ki [y
Fig.2  AMF photo of strain Q-hrb05

R #h 28 &9 ( extracellular polymeric substances,

EPS) Gl B W R A R ) T AL i gy, LR A
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AW . AR 2R B A R R 2R
TS TR 2 B L 20 M R O B A 2R S W Oy, IR
PG 75 X RE J5 35 o POLT AT & R R Xt
Pk Q-hrb05 a4k 5 45 W) 1 43 43 T, & I 1% w1 Ak J 4k
BAWLLEMA M E,120.6 mg-mL ", % 23.05
pg-mL B RES RARE D KT AW T £ ASRER
U0 H R i 22 W A A A A A T T R R v R
PERI e M Ak 5 & W 4 IR 1 50 (¥ B g 5 n B
BEEE IR IR R L PO JLT B AL X 45 RLE
W, B AR Q-hrbO5 S S0 Ml 1) 2% Bk = 2 5 A 350 1 R e
TR D 5T A0 M A 58 A 0 R W B X 5 DL 1 SR
VAN R A M P R AL A R R
WA BN AT A P 2R A B TR R (polyP) 38 i, if 44 Y 1
PHB & & T B, WA v P iR 5 R %

Clostridium butyricum (X77834)
77‘—|:Q—h1b05 (GU214826)
99 Bacillus cereus (DQ423486)

0.05

3 Q-hrb05 [A) A3 3 5144t 19 2R 40 17 W
Fig.3 Phylogenetic tree of strain Q-hrb05

2.3.2 pH X} EFE Q-heb05 7 K Az i % 4 5 2% B
) 5% W

BIAR Q-hrb05 #0217 47 KNO, (NO; -NK J& 4
80 mg- L") ¥ 5 Mo 97 3 b W ST AE A R B [ 4%
PEF (pH H B ¥ J2 C/N) B8k 1] 25 il & 2 B
WERCR 52 WL T B Ak AL A/0/A SBR R W 45
O3B0 3 H ok, H 2 i PR AL/ U AR/ B R RS B I B AT
IR DR A1 bk T R R A SR A TR I e H T
AR TEAT P R O, 3 3] ] 25 o Tl P AR

pH B 1) A8 A4 0T TR R I 260 50k 16l 1 2B 0K I 5% 1
JE DR W4 pH A 52 MR 40 TR By 97 5 o 1 HUORES
A AL B HL AT, AT 5% 1) A 28 490 078 5% 90 o 1) L
SR il SR Hesselmna 2577 40y pH B 82 5 W0 £ 12
B Re R ok, B opH S AR DA G,
T2 S W A0 A o Bl R DR TR A B R B 4 T LA
G LW PE Q-hrb05 BEYE pH H N 6 ~9 M4 F T 7
Ko, Uk BT G TR PR 6T pHL AR A 3 N M A, B T AR BB
HAAE. AE pH AE R 7 I, B0 0B 9 2K e e £ BR
N 85% ,JHLE A 80% . 2 pH Ny 9 I, Bk B 4k
SRARFFAE T4% oA, [A) I3k T B v sk o v A 1o 1R 6
DUTED) I TR o ) 53 8 26 o T BB A2 ph T o 1R 36
FRAT R T 38 R 2 X I E T R 4,
IS i A 5 Tl VAT A S SR B, B B 9 e 3G L 1) pHL

12 100
A 8
—u— [RBER
1.0 - —h— Hﬁﬁ$ 480
| ]
08 & ) Z\‘
' 160
B <
= 0.6 - o
R &
- /i 40 H
04|
oa L 120
oL
5 6 7 8 9 T
pH

Kl 4 pH X 1k Q-hrb05 1) A= K K Jid 8 B i 24 e 14 5% )
Fig.4 Effects of pH on growth and nitrogen and phosphorus

removal rate of strain Q-hrb05

Sy
2.3.3 UL E FE Q-hrb05 A= K K R K T Ak B
) 5% W

M5 0] 4, 78 20 ~ 40°C [, B 3 L, B Ak
Q-hrb05 A= KWK e JB K Jit 280 3 1ol 0 2 18 PR 1) O 2 4
A, 3X 2 B R B B 0 B Bl 2k A S AR R AR S IE AT O
B Q-hrb05 7E 20 ~ 35°C i /& yu BBl 9 fig B U A K,
75 30°C i, JId 05 B R0 AR B A, b I R 2 8 86%
B 22 0 81 % . it o ik vy 5 A1 48 5 e 0 G 1

s EREIGRE —a— BB —a— B 100

%

30
i fg/°C

BIS  EO0 bk Q-hirbOS ) 24 K % JId %L B 4 2% fE 19 3 1
Fig.5 Effects of temperature on growth and nitrogen

and phosphorus removal rate

2.3.4 R B Rl 2K 6 B RE Q-hrb05 A K % i 4
5% 1 52K e 1D R il

TR 5T 2 B, — S R R 7 Y IR AR R A 1 4%
THSRE R H AU AN BRI I 2 5 X S R
1F R B il T S0 W5 o o B 9 A P I U TR X
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ke MR AT Y A7 AL AN & T K A 5 40 i A4 A ot B
poly-p-hydrxoyaklnaoaets (PHA) ]I AF T 44
e PHA FA 57 25 F 21 B 32 SRk T T K o A7 AL
JEE A R 2 SRR R I T ) LR B A O kU, PHA
LA poly-p-hydroxybutyrate ( PHB) 4 3= 4 3 H N &
o B Y8, W LA poly-p-hydrxoyvalerate ( PHV ) 4
EUU BB 6 LA Y, AR Z A AR
B B A, BBl 88% , R AN 85% . Ik
R PIIR B, T R B AN R R X ol T is kT e
o 20 O £ TR I AN A S T B IS T 2 SE B is
Ry O, AN EE AR RE B NIEL 6 ik AT L
A, DR 2 B Db VRIS TR R A K R R SRR R
twe 7, JE DR RT B b A 2 B b JE A I B AN R T RR Q-
hrbOS FRIWE WAL, LA ESAE IR S0 3R 55 N A RE I A7 B I, A
1M G V2 8 A B PHA.L 3X 5 DUAE 5256 45 AR A, 24 DL
OB B N, & 3 BUBR B R gk
W2 b AT B D B U R R T
RAE R AT th T8 R B2 — 2 Ve
S, ALV AR W B I L T 2 AR 2 O, 1 AN NO; .

12 100
z R
10 |- —a— EHX
7 \g; 7 - S
08 |- \
3 N E— 160 2
=06 | oy
K 140 %
H
0.4 - 7
0.2 - g 1%
%
0 0
ZE 4 TEH HEHE
TR

Bl 6 ik B bk Q-hrb0S ) A= KK 2 JBE U 5 B 28 it 1 5 Tl
Fig.6 Effects of carbon source on growth and nitrogen and

phosphorus removal rate of strain Q-hrb05
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(1) B3 poly-P B (o S UG W S50 A IR £ 34
J = AR I R RE 2 56 AT A 5 1) 5 TR IR A3 F) 1
A IR BB 4K 2R B Q-heb0S. BT Bk Q-hrb0S5 1
16S rDNAJL (] J 41 ( GU214826 ) 55 51 1) 2F #LAT 14
J& Bacillus cereus (DQ423486) AL & &r , 145 3
99% , 45 & Pk Q-hrb05 1A= AR Ab % 5 45 R, 1l o€
L0 ZF AR 1R )

(2) Wk Q-hrb05 Jlii %0 Kk W MR R 4F, /£ 12 h

W Tl 208 31 85% |, i B % I8 3| 81% . 1% W M i Ah
BB A, 20 R D e W R Q-
hrb05 %o Mk 1) 2% B 3 22 52 40 i P 3 1 Wi i, AR /b
J5T M A 5 A 0 1 R B A

(3) BE#K Q-hrb0S5 X} pH AH i 52 ¥ i e, 3
JI5d 2R 63 9% 1) B 3 E pHL AR R 7 TR NS L EE 1 N
FEI7E 20 ~ 35°C 2 Id), Jhi 20 Bk Wl 1) o 06 B UL FE R
30°C. MR UE R SR BA I, B AR 1R AR A R i 2R ol
Al f A . 2 LR 250 Ay m R I TR PR B R A
2 pH {H 2k 7,35 FE K 30°C, BEVE Sk Z R AN N T A
BN 88% , A F N 81%.
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