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Denitrifying phosphate accumulating organisms and its
mechanism of nitrogen and phosphorus removal

ZHENG Chunxia, WANG Cerong, ZHANG Manman, WU Qifeng, CHEN Mengping,
DING Chenyu, HE Tengxia"
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Education), Collaborative Innovation Center for Mountain Ecology & Agro-Bioengineering (CICMEAB), Institute
of Agro-Bioengineering, College of Life Sciences, Guizhou University, Guiyang 550025, Guizhou, China

Abstract: Water eutrophication poses great threats to protection of water environment.
Microbial remediation of water eutrophication has shown high efficiency, low consumption and
no secondary pollution, thus becoming an important approach for ecological remediation. In
recent years, researches on denitrifying phosphate accumulating organisms and their application
in wastewater treatment processes have received increasing attention. Different from the
traditional nitrogen and phosphorus removal process conducted by denitrifying bacteria and
phosphate accumulating organisms, the denitrifying phosphate accumulating organisms can
simultaneously remove nitrogen and phosphorus under alternated anaerobic and anoxic/aerobic
conditions. It is worth noting that microorganisms capable of simultaneously removing nitrogen
and phosphorus absolutely under aerobic conditions have been reported in recent years, but the
mechanisms remain unclear. This review summarizes the species and characteristics of
denitrifying phosphate accumulating organisms and the microorganisms capable of performing
simultaneous nitrification-denitrification and phosphorous removal. Moreover, this review
analyzes the relationship between nitrogen removal and phosphorus removal and the underlying
mechanisms, discusses the challenges of denitrifying phosphorus removal, and prospects future
research directions, with the aim to facilitate process improvement of denitrifying phosphate
accumulating organisms.

Keywords: eutrophication; denitrifying phosphate accumulating organisms; simultaneous
nitrification and denitrification for phosphorus removal; relationship; mechanism
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AR T8 PAOs AXREF| A i 1
521K, DPAOs 1] 1E BEA 48 U 251 T LA NOs -N/
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AR T SE IR A BR B B DU R, DT = R
AICFE S X5 K B A R i E B, A
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54538, K DPAOs P2 K2 T R A i
J& (Pseudomonas)!"*' . ¥ G [X1H & (Thauera)?® .
SR B T (deromonas) P VAE o 4y R R
B AR SR 1 PR,

: cjb@im.ac.cn



1012 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

&1 DPAOS R EHBG R MRS R

Table 1| DPAOs and their characteristics of nitrogen and phosphorus removal
Strain  Genus Nitrogen Carbon Temperature pH C/N Nitrogen Phosphorus  References
source source (°C) removal removal
efficiency (%) efficiency (%)
RT1901 Thauera NO; -N Sodium 30 8.00 10 77.71 98.28 [22]
acetate
qdcs18  Pseudomonas NH,-N+NO;-N Sodium 28 8.00 - 90.00 85.00 [23]
sp. acetate
ZK-1 Delftia Ammonium Sodium - 7.85 - 98.70 90.70 [18]
tsuruhatensis  sulfatetpeptone acetate
j16 E. coli NO; -N Sodium 30 7.20-8.00 — 96.03 94.55 [24]
acetate
K14 Pseudomonas NO; -N Sodium 27 7.50 10 99.78 98.00 [25]
pyruvate
ZK-2 Pseudomonas NOj; -N+NO, -N Sodium - 7.00 10 79.62 87.22 [26]
aeruginosa acetate
C-17 Pseudomonas NO; -N Sodium 30 - - 87.00 75.00 [27]
sp. acetate
N-8 Acinetobacter NO; -N Sodium — 7.00-9.00 — 82.69 69.20 [28]
acetate
Q-hrb05 Bacillus sp. NO; -N Sodium 30 7.00 - 81.00 88.00 [29]
acetate

—: Indicates no relevant data in the literature.

1.2.2 RECBEERENTS

PEHT AWFFE AT AL, 5207 DPAOs M A BR#E Y
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%2 SNDPR E#EERFAIREES

Table 2 SNDPR strains and their characteristics of nitrogen and phosphorus removal

Strain ~ Genus Optimum Optimum  Optimum  pH C/N The initial The initial References
nitrogen carbon temperature concentraion concentraion
source source (°C) and removal and removal

efficiency of efficiency of
N ((mg/L)/%) P ((mg/L)/%)

NP5 Pseudomonsa putida NH,'-N  Succinate 30 - 10.00  100.00/99.65 70.00/99.55 [38]

SND5  Thauera sp. NO;-N  Lactic acid — - 10.00  80.00/99.20  20.00/90.00 [39]

HHEPS Arthrobacter sp. NO;3; -N+ Glucose 28 7.50 5.00- 42.80/95.00 2.56/99.00 [40]
NO, -N 20.00

ADP-19 Pseudomonas NH,-N  Sodium 30 7.00— 10.00 100.00/96.50 20.00/73.30 [41]

stutzeri acetate 8.00

C-13 Acinetobacter sp. NH,-N  Sodium 30 7.50 10.00 181.00/92.10 134.80/81.70 [42]

acetate

GHSP10 Bacillus subtilis NH,"-N+ Sodium 28 7.50 10.00- 50.00/95.84 10/.0089.88 [43]
NO; -N  acetate 20.00

YG-24  Pseudomonas NH,-N  Sodium 30 - 8.00 35.72/85.28 2.28/51.21 [44]

stutzeri citrate

HW-15 Enterobacter NH4"-N  Sodium 30 - 8.00 99.76/99.16  36.63/73.00 [45]

cloacae acetate

GS-5 Bacillus cereus NO;-N  Sodium 35 7.50  7.50 34.50/96.00 5.70/84.00 [46]

acetate

YP1 Pseudoxanthomonas NO; -N  Sodium - 8.00 - 30.00/58.80  8.00/75.30 [47]

sp. citrate
ISTOD1 Paracoccus NO;-N  Sugarcane -

molasses

47.53/97.30 13.10/93.00 [48]

—: Indicates no relevant data in the literature.

NH,0H—NO, -N—NO; -N, NH,-N £4{ #.fi|
%A i (ammonia monooxygenase, AMO)ffifk =4
NH,OH, 5% amo B4R, BfiJ5, NH,OH 4
¥4 Wi S Ak 8 )L (hydroxylamine oxidoreductase,
HAO LA i NO, -N, %2 hao FEHVEE; i
2%, NO; -N TE nor HEPH 2 5% 0 7 fiFg R AL AL 148 )i
fif (nitrite oxidoreductase, NXR)WMELIEFH T &
B NO;-NP® i g Ak i #2 S 3 3 NOy-N—
NO, -N->NO—-N,0-N, #1715, NO; -N 7
fil§ /2 345 J iff (nitrate reductase, NR)AVEF T i8R
4 NO, -N; NO, -N 2V filf B2 if Ji fiff (nitrite
reductase, NIR)fE{L A JFEh—4 LA, M NO JE
WATRE , TN 2l g — A R
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7 52 RN H 56 B il A 4 Ak LA R S O IR |
i, LI UL EE Y e B A7 k2 S B UE i
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TSI R R AR, AR
R BA S WIS R, RJE L
poly-P WL THIMIN , Il R th 2 Rk
R L ¥ W (polyphosphate kinase, PPK)f{Efk 58 i
(0 PPK R W R B R LB, UL, A
WF5E &N PAOs #f ¢ PPK'®), i ppk 3
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22 EH¥MkEIE
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%2> FNE iR (volatile fatty acids, VFA), #iZ
iR, IR . IE THR . GRS IR S AR Y
BIEAL A B T4 T A (acetyl-CoA, AcCoA), fix
2Lk PHA BB AMEFETEAR I, LA EEIH DPAOS
MDA R R . (EAF RS, PHA 24
& PHB Fl PHV, J&—2S0]A:WREMEATIR IR &
Yy, BRREAEA EAME TR R A AL BN R R A
20 Jf A A AR S B4R AE ATP, M RBTEB AR
T BRI, TR U FIKS ) ST
&b B FE AL 71 B, DPAOs Al A
NO; -N/NO, -N HHLF3Zk, 43 DA Rl b
TELELEMLIN Y PHA N AcCoA, AcCoA HJ ik A
SRRIRIEIR, FRAEM L LA ATP
N A SAK KA A sk, B HIE B
FIRsh S, W RWEAES PO -P, PO, -P
PL poly-P MBS AEAF T, NOs-N/NO, -N
P T IE R IO SR, I SE 3R] 25 i
RBRBE, FEIFE 41T, DPAOs RELL O, fE
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A: KA. B: SR C: IR
Mechanistic diagram of nitrogen and phosphorus removal by DPAOs. A: Anaerobic. B: Anoxic. C:

pH fl C/N LI, B2 EERE T . 15k
S DA R0 A5 s, R A T R AR
A=A G B TR BB SR, A S T Y A
BOR T, e, . BE. Bk OB ENSE. SR,
XTREHMAYN S, 488 ik
KB — KR, S REARE P AR K R AN
PE, H 55 R A P R R bR B R RE Sy, B
ESIET-, BN T RN, 7RI
A Tl 2 K Hh 3 A7 78 1Y) B 4 )@ B 1 Cu
Fe’", 20 DPAOs I A BRBEAIRCR, HAKSE
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