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Research Progress of Metabolism and Application of Aerobic Denitrifying Bacteria
in Biological Denitrification Technology
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Abstract: Microbial denitrification is the most common and effective way to remove nitrogen in water. It has the advantage of high
efficiency, low cost and low secondary pollution. The discovery of aerobic denitrifying bacteria is an important milestone in biological
denitrification technology, and opens up a new approach in the biological denitrification field. At present, it has become a research hotspot
to explore the denitrification characteristics of aerobic denitrifying bacteria and the influence of environmental factors ( such as carbon
source, C/N, temperature, pH, dissolved oxygen, salinity, heavy metals and so on) on denitrification process under aerobic conditions in
polluted water. This paper mainly introduces the denitrification mechanisms, screening sources and species, identification and
denitrification characteristics of aerobic denitrifying bacteria, and its influencing factors and applications in nitrogen-rich polluted water.
The results show that there are abundant aerobic denitrifying bacteria species and they widely exist in the environment, and their nitrogen
removal efficiency are generally above 50%. Currently, the research on aerobic denitrifying bacteria is mainly focused on the transformation
of nitrogen. However, the central metabolism and the influence of C/N are not clear and need to be further explored. The research on the
denitrification characteristics of aerobic denitrifying bacteria is in the stage of laboratory test or pilot test. It will be highly valuable to
further screen highly-efficient denitrifying bacteria, study the carbon and nitrogen metabolic pathways, optimize the immobilization
technology of aerobic denitrifying bacteria, and apply it to practical projects. By these means, the outcome will be a significant reduction
in nitrogen pollution in water and a high-efficiency and economical denitrification.
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Fig.1 The denitrification progress of aerobic denitrifiers
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Table 1 Aerobic denitrifying bacteria screened from different sources

e J
43¢ AR LA B PORE ome e gapkn
Paracoccus versutus KS293 [ N TR RS R 99. 8 84.3 2018 SCHR[ 1]

WK R Paracoccus denitrificans 1STOD1 BB A V5 Kk A B 83.8 97.3 2018 3CHk[20]
( Paracoccus sp.) Paracoccus sp. YF1 TIN5 K AL B8 ) I A AL TS U8 95.3 — 2000 SCHR[12]
Paracoccus sp. {2 KRG KA RSt 98.2 91.2 2007 SCHR[21]

Bacillus litorais N31 IR T REE IO 89.4 54.1 2017 CHR[19]

HIAT R Bacillus cereus GS-5 SCH A AL A 79. 4 41.0 2017 3Cmk([22]
(Bacillus sp.) Bacillus licheniformis JH8 T M O R A A B AR 96.9 87.0 2005 SCik[23]
Bacillus subtilis A1 R VLU T BTG KA 3 — 50.0 2011 CHR[24]

Pseudomonas stutzeri strain ZF31 JEIRE K IR K DT 97.0 73.3 2015 SCHR[ 8]

B R Pseudomonas sp. ADN-42 EREITA — 55.9 2010 3Cik[25]
( Pseudomonas sp.) Pseudomonas sp. y3 JE V5 ¥ JEG UL AR 99.5 73.0 2016 SCHR[26]
Pseudomonas mendocina AD6 WEPETS e — 70.0 2010 k[ 27]

Alcaligenes sp. H5 FRIEUS B EFRK 97.6 69.3 2018 SCHR[19]

PSR Alcaligenes faecalis PGS8 RN S — — 2011 SCHR[28]
(Alcaligenes sp.) Alcaligenes faecalis DaS1b ARIET A Al S 1 4 — — 2011 SCHK[ 28]
Alcaligenes faecalis No.4 KA 65.0 40.0 2014 CHik[29]

Acinetobacter junii YB SBR ;7 P 1 T U 99. 1 51.5 2014 3CHik[30]

RENFF R Acinetobacter sp. HA2 KA ERT 80.0 32.4 2013 3CHR[31]
(Acinetobacter sp.) Acinetobacter sp. Y16 AT R E TR ESX 56.7 53.6 2013 k[ 32]
Acinetobacter sp. Sxf14 TP DT 74. 8 65.1 2015 SCHR[33]

Klebsiella pneumoniae CF-S9 ECRCYIN 100.0 100. 0 2013 SCHR[ 34]

A R Klebsiella sp. SQY5 BTG e — 78.8 2018 CHR[35]
(Klebsiella sp.) Klebsiella sp. y5 T2 V5 38 S AR 100. 0 — 2016 SCHR[11]
Klebsiella pneumoniae EGD-HP19-C ARSI IR Tl R K — — 2015 k[ 36]




553 =) 5 < AR AR v de A S i A A0 T ) A0 B S I 5 i 671

#gx1

sy SRR LA Bt AT mons SR wp apkn
Rhodococuus pyridinivorans CPZ24 TR & B K 66.7 64.3 2009  3CiER[37]

LLERTA R, Rhodococcus sp. Y72 B 875 K A5 e 47.7 40.7 2010 3CHK[38]
(Rhodococcus sp. ) Rhodococcus strain T7 [ B i A SR A B 7 i 89.2 — 2008 SCHR[39]
Rhodococcus sp. SDN +- 4 — — 2005 SCHR[9]

Halomonas sp. X3 G 1L 7K A TR X 96.5 — 2012 SCHR[40]

R Halomonas sp. B02 HWIRY — 99.4 2016 SCHK[41]
(Halomonas sp.) Halomonas campisalis ha3 A 52 T SRR 22 3 R 100. 0 — 2013 k[ 42]
Halomonas shengliensis sp. SLO14B-85T L1 Z% Jl: 13 P56 355 - 43 — — 2007 SCHk[43]

Agrobacterium sp. LAD9 RIS 93.0 55.1 2016 SCHR[ 4]

Stenotrophomonas maltophilia RS i T U — — 2006 SCHR[ 44 ]

Sl Others) Vibrio diabolicus SF16 HRE STt 99.9 97.7 2015 SCHR[45]
Marinobacter sp. F6 W s 100. 0 50.8 2012 SCHR[5]

Enterobacter cloacae HNR T PETE R 92.0 91.5 2016 3CHk[46]

Chelatococcus daeguensis TAD1 A= Wi vk 100. 0 92.3 2012 SCHR[ 4]
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Table 2 Identification of different genus of denitrifying bacteria

U S A2 514

Paracoccus sp. YF1H12]

Bacillus licheniformis JH8%!

Pseudomonas stutzeri F1148)

Alcaligenes faecalis HS (i)

Acinetobacter pittii A141%)

Klebsiella sp. y5t'!

Rhodococcus sp. Y723

Halomonas sp. B02[*!

27F: 5'-AGAGTTTGATCCTGGCTCAG-3’
1492R; 5'-TACCTTGTTACGACTT-3’

16SF: 5'-AGAGTTTGATCATGGCTCAG-3'
16SR: 5'-GGTACCTTGTTACGACTT-3’

P1: 5'-AGAGTTTGATCCTGGTCAGAACGAACGCT-3'
P6: 5'-TACGGCTACCTTGTTACGACTTCACCCC-3’

P1: 5'-AGAGTTTGATCCTGGTCAGAACGAACGCT-3’
P6: 5'-TACGGCTACCTTGTTACGACTTCACCCC-3’

27F; 5'-AGAGTTTGATCCTGGCTCAG-3’
1492R ; 5'-GGTTACCTTGTTACGACTT-3’

27F; 5'-AGAGTTTGATCCTGGTCAG-3'
1492R; 5'-GGTTACCTTGTTACGACTT-3’

20F; 5'-AGAGTTTGA TCCTGGCTCAG-3’
1500R: 5'-GGTTACCTTGT TACGACT T-3'
F1. 5"-ATGAAAATTCGTTCCCAGGTAG-3'
R1: 5'-TCAGTCATGCCGAGACTCCT-3’
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Table 3 Denitrification efficiency of aerobic denitrifying bacteria under optimized conditions

A
RS Ttk I AR 1%
C/N R/ pH 33/ (r/min)

Providencia rettgeri strain YL AP 2 12 25 8 105 72.0~95.0
Pseudomonas sp. y3 2! AR A5 13 — 7.0 — 73.0
Zobellella sp. B3071°!) AR FR 35~40 9 — 91.4
Bacillus methylotrophicus strain 17" IEAS RS 20 — 7~8 50 66.0
Pseudomonas stutzeri strain ZF31%] RSM J5#% 6. 68 27.27 8.23 54.15 75.0
Enterobacter cloacae HNR'#] RSM J5#% 13 30 8 127 >70.8
Pseudomonas putida ') P P =K 15 — 6.5 60 97. 68

AR, 08 H AN [R) A 0F T B e AU S A A A RO L
FHENA [R5 e DIl 25 (i 32 46K Tk F) 200 o Ak 2
eV Ml DX K T 8 B I A T Ak BT Gt UK RK

A I 1 I A T Ak B R R RE R K U E R EE DO
LA 15 K AR B T 2GR AS ), %o LU i 8 Ak B T
EHRERAEER L.
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Fig.2 Screening and denitrification of single strain and mixed strains
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