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Ammonia nitrogen removal characteristic and its key enzymes
activity of Acinetobacter sp. Y1
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Abstract: [Objective] To study the ammonia nitrogen (NH, -N) removal characteristic, extraction
and activity of its key enzymes in Acinetobacter sp. Y1. [Methods] Sodium citrate and ammonium
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sulfate were used as the sole carbon and nitrogen sources respectively to investigate NH; -N removal
characteristic of strain Y1. The ultrasonic conditions were optimized using orthogonal experiment,
and the crude enzyme obtained from ultrasonic crushing method and osmotic shock method were
compared by SDS-PAGE, then the activity of key enzymes——hydroxylamine oxidoreductase
(HAO), nitrite reductase (NIR) and nitrate reductase (NAR) were measured. [Results] Bacteria
density (ODgg) was 1.280, and NH, -N, total nitrogen (TN), COD removal rate can reach up to 98%,
94% and 92% respectively of strain Y1 in 24 h. Hydroxylamine, nitrite nitrogen and nitrate nitrogen
in nitrification process were detected without accumulation, and N, was produced in the process of
denitrification. The optimal ultrasonic conditions were: ultrasonic power 50 W, work/interval time
4/7 s, ODgpo=1.250 and total working time 20 min, and the corresponding specific activities of HAO,
NIR and NAR were 0.011, 0.002, 0.018 U/mg, respectively. Specific activity of HAO obtained by
osmotic shock method was 0.067 U/mg. [Conclusion] NH,-N, TN and COD were removed
simultaneously with high efficiency by strain Y1. HAO, NIR and NAR activities were detected after
optimizing the ultrasonic conditions. And it was better to use osmotic shock method for HAO
extraction than ultrasonic crushing method.

Keywords: Heterotrophic nitrification, Ammonia nitrogen, Hydroxylamine oxidoreductase, Nitrite
reductase, Nitrate reductase
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Figure 1 The growth, NH,-N and TN removal
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Figure 2 The COD removal characteristic of strain Y1
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Figure 3 Relationship between Asys and ultrasonic power (A), work/interval time (B), ODgq (C), total work time (D)
A 4s 7Ts ODgyp=1.250 20 min B 50 W 7s ODgy=1.250
20min C S50 W 4s Ts 20min D 50 W
4s 7s OD600=1.250.

Note: A: Work/Interval time 4/7 s, ODgpp=1.250, total work time 20 min; B: Ultrasonic power 50 W, interval time 7 s, ODgo=1.250, total
work time 20 min; C: Ultrasonic power 50 W, work/interval time 4/7 s, total work time 20 min; D: Ultrasonic power 50 W, work/interval
time 4/7 S, OD500=1.250.

F1 LGHYEXTLWRZEKTEE

Table 1 Factors and levels of Lo(3*) orthogonal experiment

Factors
Levels A B C D
Ultrasonic power (W) Work/Interval time (s) ODg0o Total work time (min)
1 37 3/7 1.027 15
2 50 4/7 1.250 20
3 62 5/7 1.665 25

F2 LGHEXRZWHLE
Table 2 L9(34) orthogonal result

A B C D
Tests Ultrasonic power (W) Work/Interval time (s) ODs¢oo Total work time (min) 485
1 1 1 1 1 0.346
2 1 2 2 2 0.869
3 1 3 3 3 0.688
4 2 1 2 3 0.922
5 2 2 3 1 0.665
6 2 3 1 2 0.597
7 3 1 3 2 0.801
8 3 2 1 3 0.567
9 3 3 2 1 0.703
T 1.903 2.069 1.510 1.714
T, 2.184 2.101 2.494 2.267
T 2.071 1.988 2.154 2.177
R 0.281 0.113 0.984 0.553
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Figure 4 SDS-PAGE analysis of two different extraction
methods

M Marker 1 2

Note: M: Protein marker; 1: Osmotic shock method; 2: Ultrasonic
crushing method.

®3 3 MEBMIEEIE HFILLIEND

Table 3 Enzyme activities and specific activities of
three enzymes

Enzyme activity Specific activity

Enzyme

(U/mL) (U/mg)
HAO' 0.212 0.067
HAO? 0.033 0.011
NIR 0.006 0.002
NAR 0.054 0.018
HAO' HAO HAO’
HAO.

Note: HAO': HAO obtained from osmotic shock method; HAO:
HAO obtained from ultrasonic crushing method.

HAO 0.033 U/mL 0.011 U/mg
HAO
Alcaligenes faecalis NR™™  Acinetobacter
calcoaceticus HNRY  Klebsiella pneumoniae CF-S9'
HAO Y1
0.016 0.051 0.011 U/mg

LAD9 Achromobacter sp. GAD3 Comamonas sp.

Agrobacterium sp.

GAD4 HAO 0.94x10* 0.31x107*
0.178x10° U/mg?® HAO
0.212 U/mL 0.067 U/mg
HAO
HAO
HAO
NIR NAR 0.006
0.054 U/mL 0.002 0018 U/mg Klebsiella
pneumoniae CF-S9'®  NIR NAR

0.018 0.007 U/mg Providencia rettgeri YL!'"  NIR

NAR 0.041 0.031 U/mg
NH,"-N
HAO NIR NAR NH,;'-N
( NO, -N NO; -N)
HAO NIR NAR
HAO NO, -N
HAO
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