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Simultaneous nitrogen and phosphorus removal characteristics and metabolic mechanism of heterotrophic nitriying
bacterium Pseudomonas stutzeri Strain NP3. MENG Hong-yan'?, YANG Lei'*" LI Yu-cai'?, ZHANG Sheng-jing'?, LU Hao-qi'?,
LIANG Pan'?, REN Yong-xiang ' (1.Shaanxi Key Laboratory of Environmental Engineering, Xi’an University of Architecture and
Technology, Xi’an 710055, China; 2.Key Laboratory of Northwest Water Resource, Environment and Ecology, Ministry of Education,
Xi’an University of Architecture and Technology, Xi’an 710055, China). China Environmental Science, 2025,45(4): 1901~1910
Abstract: In order to address the issues of complex processes and high infrastructure and operational costs in simultaneous nitrogen
and phosphorus removal, a heterotrophic nitrifying strain NP3 exhibiting simultaneous nitrogen and phosphorus removal capabilities
was isolated from activated sludge in this study. Strain NP3 was identified as Pseudomonas stutzeri by 16S rRNA sequence analysis,
and its nitrogen and phosphorus removal characteristics and mechanisms were investigated. It was showed that strain NP3 was able
to utilize ammonium, nitrate, and nitrite as the sole nitrogen source for efficient nitrogen and phosphorus removal under aerobic
conditions. The accumulation of intermediate products during the reaction process was minimal, and nitrogen and phosphorus were
primarily removed through assimilation. The growth and metabolic rates followed the order: NH; =N >NO, -N >NO; -N. Under the
optimal growth conditions of sodium citrate as the carbon source, C/N=10, 7=30°C, pH =7, and r=160r/min, the maximum removal
rates of ammonia nitrogen and phosphate were almost 100%. Furthermore, successful amplification of denitrification and
polyphosphate genes (nosZ, nirS, ppk) further confirmed the simultaneous nitrogen and phosphorus removal capability of strain NP3.
X-ray Photoelectron Spectroscopy (XPS) analysis demonstrated that the functional groups on the extracellular polymeric substances
(EPS) surface could adsorb different forms of phosphorus such as C-POy/P-C, PO, /HPO,”, acting as phosphorus transfer
stations.’'P nuclear magnetic resonance (NMR) results further indicated that there was a large effect of EPS on phosphorus fugitive
morphology, with pyrophosphate being the main phosphorus species in the presence of EPS, whereas orthophosphate and
orthophosphate diester were the major phosphorus forms after EPS extraction.

Key words: heterotrophic nitrification; aerobic denitrification; simultaneous nitrogen and phosphorus removal; extracellular

polymeric substances
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JRi hEe AR . X SO HL T RE 1 (XPS) A [E 44
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Table 1 Physiological and biochemical characterization of

strain NP3
pogE| 45 poisgE| 45
V.P E - VEAH R £R 14 J5 i +
LS - P -
FH%ELL - FrEAE R Eh A H +
2 fuh g + ek -
TE TR R34 S iR 50 + HoS X% -

BRI o RR B,

SEl 15KV WD12mm S840

BT R NP3 IR

Fig.1 Scanning electron microscope image of strain NP3
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Fig.2 Unrooted phylogenetic trees based on the 16S rDNA sequences of strain NP3

2.2 BHKK NP3 R IR AR S8 S A
221 FRIREACERIE 0P 3a PR, B PR NP3 2R

K& 7 4h I BUS JE AN B8 KT, 78 32h
I 12 B FE 58, Deoo HIKF 1.21. 7 I ,NH, ~N 3K JE M
100mg/L iH3E %% 0mg/LNH, -N P32 (R A
3.13mg/(L-h),iZ 5 T # ¥ Pseudomonas tolaasii
Y-11(2.04mg/(L-h)!"™ ¥ Vibrio diabolicus SF16
(2.29mg/(L-h))!"% 7 8~12h 4, NH, N 5t Kk 22 35 %
%3 5.74mg/(L-h).PO,> —P I 3814 55 NH, N A
4,320 LT84 5Bk, dse K LB R 1.10mg/
(L'h). NH,~N #1 PO/ P & ¥ — 5, %W
NH, N [# 25 B A1 P (AR B2 [R5 AT 1) B4, B T
FETB AR A A QI 520, NH, N R PO, —P [)3k
S A UL AE Nt R R, B R F)
NO, -N,NO; -N A RN 16.62mg/L,iZ45 R 5

WPk Acinetobacter sp. T1 (K5I A0 e pE— 3
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Fig.3 Growth and heterotrophic nitrification performance of strain NP3 with NH,'~N as the sole nitrogen source
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Fig.5 The kinetic models of strain NP3 under different nitrogen source conditions
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Fig.6 Effects of different environmental factors on growth and simultaneous nitrogen and phosphorus removal of strain NP3
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Fig.7 XPS spectra of bacteria with and without extracellular polymerization substrate
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