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RSy BRI A E T % 50 mg/L, #il
TIERAERK, MIEERLRKEGE, FREEE
IRV 2 50 °CHT, HIMATLHHERER, &5
IR
13 WRRMIHENEE. SE ML

2 gULFIER 50 mL /K i 3 I A 30 43 31
AEH 100 mLE LR FRE =M, 30 °C.
160 r/minkid% 24 ho ¥ & LW R 2
107, GEBUBEE A 107, 107°, 107°, 107, 43 HiHEK
BANBE R R BRI 0.2 mL, A0 TAr g i35 |-,
AR RLEFR46 30 °CHi R 1-2 d, BRIfd i FEl 5y
Fr A W 0 BT V%, JF 7E Luria-Bertani
medium (LB)$%5 55 5L Fafifh . {Roe.

W 53 B 3\ I TR R T RS A TR A B R S v
30 °C. 160 r/min&<fF 5537 48 hiltf7 & & 0,

http://journals.im.ac.cn/actamicrocn



1766

Yongxia Wang et al. | Acta Microbiologica Sinica, 2018, 58(10)

WS IR W T T L& AR B, N A Griessi iR
I WA 1, RIS 2L ] B Rk R
WA WA SR A, AR RE-mRRIK
R, AR OTTE, WA MESRAE, Lo
D358 B TGV il 25 R S

Griess izt 71| F1 = 2 Jie - i IR 12X 7] 114 T ] 4% AR
CH WA R G % F0) ek iy mid il .
14 BbREO% R

MBS AR BRI § R G55 ILA T
TS TRAR A 74808 o 2 BR[28]1 5 4 B TR vk L K]
HDNAFEP 1 H: 16S rRNAJER Fr B 338 7= 4%
A TAEY TR(EE)BROARA MR
EzBioCloud (http://eztaxon-e.ezbiocloud.net)7E £k tt.
XPIEA, B0 A AR B I 2 AP . #ELPSN(List of
Prokaryotic names with Standing in Nomenclature,
http://www. bacterio.net)7E 2k s #r 45 I bk A9 Jg AL
ST EHA
15 SR AR AT 5

FRARTRLL 3% K Ak %o 5 AR A Y T
(ODeoo=1.0)1%FI S AH AL HE IR (EAFR S 100 mL)
Hr, TR (15, 20, 25, 30, 35, 40,
45°C)., pH fH(5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0,
8.5, 9.0). C/N (51, 81, 10:1, 12:1, 15:1,
18: 1) FBRIR (I, BEIAMREN, Frigmeeh, WA
Bh, ZBREN, HEME, #AME), 160 r/minfaiEE IR
Bige 48 hm I B R WP AR AR R R A
(NOg™-N)., WAl & (NO, -NYFILE AL (TN) & it . %58
AN B TR0 S Al A BCR RS20 o B3R it BE S B Ah
HARTE 30 °)CRHEFR, S 3 MEE,
16 HFESMHALE R LTS BlE

AR S it A e ARSI Py 45 SR e P AL RE 148

actamicro@im.ac.cn

SR BERE , K PR R RN S 5 mLf) A e Rk
/1 30 °C. 160 r/mind3E 24-48 h, 10000 r/mini.C»
10 minlEE A, FHPBSZZ ol vt 3 3t , Fr il ik
TR, 1% 1%MER AN 215 50 mLKEFRERD)
250 mL=A#fjfH, 30°C, 160 r/mink%3% 48 h, K53
& 10000 r/minis.C> 10 mind - FFRE T E
17 ¥k

] A K W A (O Doo) F T 2 SR FH W Y Y
e 721 BURT UL A3 BE TN E B AE 600 nm
THOEE . A R R R ARSI v
Z e N RN E RS R Tl AR . NO3™N
K P22 M-S B (HIT 346-2007); NO,-N
K HIN-(1- 28 3)- & Z i 53 Ot O B vk (GB 7493-
87)10; TNCR FH Bt B R S 04 i 22 A 0 e B 1
(HJ 636-2012)B

2 HERFQH

21 HEREENZRME

2w B B IR LB IR T 0 B IR WOR R R
BTBIS IR . alifk, SeAiffbds ot e th A i
ML 14 AMRE R AR 2] 260 HRSCA b 40 TR
B o 0% 260 R S AH A 41 T B EF T DNASR IR
16S rRNAJENNFE | P4 ot 4R, 260 #k
Y1543 J& T 2 '] (ProteobacteriafilFirmicutes) 13 F}
14 J& 1 59 ~FF(59 FhiY 16S rRNAKEH P4 L 4
F 1% #| GenBank %t #iz & , J¥ 4 5 .
MG561155-MG561213), &1 14 J& 5 hilid: J&
Fvy-ProteobacteriafyjPseudomonas (24 Ff1, 122 ¥k) .
Acinetobacter (11 F{', 55 #£). Aeromonas (6 Fit,
22 ¥k). Shewanella (1 ', 2 #k)FIEnterobacter
(LF, 1%K); J&TB-Proteobacteriaf¥Delftia (2 Fir,



FRES | MY, 2018, 58(10)

1767

21 ¥k)#1 Comamonas (3 Fh, 13 #k); & F
a-Proteobacteriaf) Ochrobactrum (2 Ffr, 8 #k).
Rhizobium (1 #f', 6 ¥k), Paracoccus (2 ', 2 ¥k).
Ensifer (2 Fl, 2 #k)FiShinella (1 &, 1£k); BT
FirmicutesfExiguobacterium (2 #f', 3 #£)FliBacillus
(L7, 2 #k). HrhPseudomonasiz %, i Firfy I Ik
B 46.9%, YK Acinetobacter. Aeromonas #ll
DelftiaZyJil] i i ARk 21.2% . 8.5%7F 8.1%.
AT RS 1 MR IR [R5 AH

iy SRS TR R (9 15 B HEAT LA, 5 IR L3k 1. o
22 MRS EAIH Y 16S rRNAZE F 5 AH B &
] 100%, 37 M5 EAIFER) 16S IRNAKLE 751
HUPETE 97.34%-99.88% 2 1] . IX BT 2k R4y
APz 19 DR A IS, 16 D FD
OYES HOKIREGE ST, 12 R e A ke Eh
Pk, HACRIEMAE 12 . A 21 RS
R BAYE, 16 ANFPBAYE, 8 FhEEUE T —2

FCRHARAER, 13 SRR DLARGE HR i AL BE

F 1. HtPFERRHELMAER 16S rRNAEEFFIAIBLASTE
Table 1. The BLAST results and aerobic denitrifying bacteria isolated from Dianchi Lake
. N t phyl tic neighbor i GenBank i
Strains earest pylogenetic neighbor in Similarity/% enbani accession Denitrification lIsolated place
GenBank number
W3-5-1 Acinetobacter johnsonii CIP64.6 98.12 2793440 - Human duodenum
W3-5-4 Acinetobacter beijerinckii CIP110307 97.86 AJ626712 - Human wound
W6-5-3 Acinetobacter tjernbergiae DSM14971 98.42 AF509825 N Wastewater treatment plant
W16-5-2 Acinetobacter tandoii DSM 14970 99.44 AF509830 N Wastewater treatment plant
W16-7-5 Acinetobacter bouvetii DSM 14964 97.34 AF509827 N Wastewater treatment plant
N3-7-2  Acinetobacter calcoacetius DSM 30006 100 AIEC01000170 - Quinate enrichment from soil
L3-8-2 Acinetobacter schindleri CIP 107287 98.00 APPQ01000011 N Vagina
L15-8-1 Acinetobacter towneri DSM 14962 99.72 APPY01000064 N Activated sludge
L12-8-1 Acinetobacter Iwoffii NCTC 5866 99.73 X81665 - N
W3-6-4 Acinetobacter oryzae B23 99.60 GU954428 - Wild rice leaf
W9-5-3 Acinetobacter vivianii NIPH2168 98.29 KT997477 - Human clinical specimens
A hydrophil
L3-7-2 sueg::Zr;?jsroghirl(;pA'lr?:C 7966 100 CP000462 nitrate-nitrite  Tin of milk with a fishy odour
L7-6-2  Aeromonas allosaccharophila CECT 4199 100 S$39232 N Diseased elver (Anguilla anguilla)
N6-8-1 Aeromonas veronii ATCC 35624 100 X60414 + Sputum of drowning victim
N6-6-2 Aeromonas media ATCC 33907 99.87 X60410 + Fish farm effluent
N3-8-2 Aeromonas caviae ATCC 15468 100 X74674 N Epizootic of young guinea pigs
N13-8-2 Aeromonas dhakensis CIP 107500 99.26 AJ508765 nitrate-nitrite  Faeces of child with diarrhoea
N15-6-2 Comamonas testosteroni ATCC 11996 100 M11224 N Soil, enrichment with
testosterone
W8-7-4 Comamonas aquatica LMG2370 100 AJ430344 nitrate-nitrite  Freshwater
L14-6-3 Comamonas jiangduensis YW1 99.87 JQ941713 - Agricultural soil
W10-4-3 Delftia lacustris DSM21246 100 EU888308 nitrate-nitrite  Mesotrophic lake water
W9-4-1 Delftia acidovorans 2167 100 AB021417 nitrate-nitrite  Soil enriched with acetamide
W9-6-1 Ensifer seshaniae CCBAU 65729 99.86 JF834143 + Root .nod'ules of Psoralea
corylifolia

W11-7-1 Ensifer adhaerens LMG 20216 100 AM181733 + Soil

(f¥2%)
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(B 1)

Ochrobactrum pseudogrignonense . .
W7-5-3 CCUG 30717 100 AMA422371 N Human clinical specimens
W12-7-4 Ochrobactrum anthropi ATCC 49188 100 NR114979 + Human clinical specimens

Paracoccus  pantotrophus  ATCC Denitrifying, sulfide-oxidizing
W3-7-2 1 Y1 +

3 35512 00 6933 effluent-treatment plant

W3-5-2 Paracoccus bengalensis JJJ 100 AJ864469 + Rhizospheric soil
W12-5-3 Rhizobium radiobacter ATCC 19358 100 AB247615 + Saprobic soil
L8-6-3 Shewanella xiamenensis S4 100 FJ589031 + Coastal sea sediment
W9-5-2  Shinella granuli Ch06 99.32 AB187585 + Wastewater-treating UASB reactor
N8-7-1 Pseudomonas hunanensis LV 99.88 IX545210 - S'\g?n”;z”ese contaminated soil
W5-7-4 Pseudomonas putida NBRC 14164 99.74 276667 N N

Pseud | lossicida NBRC . - .
N16-7-1 seucomonas - plecoglossicida 99.88 AB009457 nitrate-nitrite  Diseased ayu

103162
N6-6-3 Pseudomonas monteilii NBRC 103158 99.75 AF064458 - Human bronchial aspirate
W8-4-3 Pseudomonas fuscovaginae ICMP 5940 98.72 FJ483519 - Soil
W3-4-4 Pseudomonas balearica DSM 6083 97.40 u26418 + Sewage water
L9-6-2 Pseudomonas baetica a390 99.73 FM201274 + Liver of a diseased wedge sole
W11-5-1 Pseudomonas stutzeri ATCC 17588 99.86 CP002881 + Spinal fluid
N3-8-3 Pseudomonas alcaligenes NBRC 14159 100 D84006 + Swimming-pool water
W?12-7-3 Pseudomonas indoloxydans IPL-1 98.50 DQ916277 nitrate-nitrite  Pesticide-contaiminated site
N14-7-2 Pseudomonas veronii DSM 11331 99.86 AF064460 + Mineral water
N9-7-6 Pseudomonas vranovensis CCM 7279 98.73 AY970951 + Soil besides highway
N6-8-3 Pseudomonas kunmingensis HL22-2  99.36 JQ246444 + Phosphate mine

Acti | f

N8-6-2 Pseudomonas japonica NBRC 103040 99.45 AB126621 - ctivated sludge from sewage

treatment plant
N13-6-2 Pseudomonas koreensis Ps 9-14 100 AF468452 - Agricultural soils
Pseudomonas brassicacearum subsp.

N15-6-1 neoaurantiaca ATCC 49054 99.45 EU391388 + Rhizoplane of Brassica napus
N11-6-4 Ei;‘;gii'::en;znfg‘;’:ﬁcear“m SUBSP- 5 g7 AF10032 - Rhizophere of plant

N12-8-3 Pseudomonas azotoformans IAM1603 98.26 D84009 + Paddies

N13-8-5 Pseudomonas thivervalensis DSM 13194 99.53 AF100323 + Rhizoplane of Brassica napus
N9-6-4 Pseudomonas rhodesiae CIP 104664 100 AF064459 - Natural mineral water
N15-6-3 Pseudomonas composti C2 100 FN429930 - Compost samples

N3-7-4 Pseudomonas taiwanensis BCRC 17751 98.96 EU103629 - Soil

L3-6-1 Pseudomonas entomophila L48 99.86 AY907566 - Drosophila melanogaster
gy Pocudomonas chlororaphis  subsp. AVSOISS  varible N

W3-4-2 Enterobacter xiangfangensis 10-17 99.87 HF679035 N Rraditional sourdough

L4-8-2 Bacillus cereus ATCC 14579 100 AEQ16877 N N

L12-7-2 Egﬁ?b“te”“m acetylicum DSM g4 DQ019167 N Creamery waste

W7-4-2 Exiguobacterium indicum HHS31 99.72 AJB46291 nitrate-nitrite. Hamta glacier

+: denitrification is positive; —: denitrification is negative; N: no description or no found.
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L3-6-1), HAHAAAI LERRAFIIIAF] 50% LA E (& 1),
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P. taiwanensisHIP. entomophila FIAH{LITE N 99.9%
99.7%. 99.9%. 99.4% . 99.4%. 99.5% . 98.9%7#/
99.9%. MIE HHSLINEE R 17 , HIHRW5-7-4 N3-7-4,
N8-6-2 FHIN8-7-1 fir A 2 bR 34w , 17 60%LA L,
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WA SE e ARNLS-6-1 14 & bk, skt
HAF A SRR A TRIFSY
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Figure 1.

Denitrifying efficiency of twelve denitrifying bacteria.
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‘ % 16S rRNAJEDRINFE K LIPS, bk
N15-6-1 5P. brassicacearum subsp. neoaurantiaca %]
HIM R = (99.4%), HAERGUEBW R A—3 (&
3). BEGTEANRHE | LA AR 16S DNA FY[F]
VEES T, W1 SEENLS-6-1 MR — - Fl
2.4 ARFHEHR N15-6-1 B RSkt

PARIARNLS-6-1 O th & bk, LABCRE AL BT 7 2
R BEA SR B AL IPRNL5-6-1 1 SRS AL 4518

2. EHENIS-6-1 5T 85 T ROMAR S ALFHBE, pH, CN, BRAERRE

Figure 2. Transmission electron micrograph of cells IR D XTI RNS-6-1 1 S AR AL RETT 52, 46

of strain N15-6-1. REW], BEPENLS-6-1 78 LMAT L 3% mh i 45hh

=1l k==

Pseudomonas thivervalensis CFBP 112617 (AF100323)
Pseudomonas brassicacearum subsp. brassicacearum DBK11T (AF100321)
I Psewdomonas brassicacearum subsp, neoaurantioca CIP 1094377 (EU391388)
Pseudomonas sp. N15-6-1 (MG561199)
Pseudomonas corrugata ATCC 29736 (1D84012)
Pseudomonas kilonensis 320-20" (AJ292426)
Pseudomonas mediterranea CFBP 54477 (A 386080)
Pseudomonas lini CFBP 5737 (AY035996)
Pseudomonas migulae CIP1034707 (AF074383)
Pseudomonas arsenicoxydansVC-1" (FN643213)
99 Pseudomonas prosekii AN/28/17 (JN§14372)
Pseudomonas frederiksbergensis IAJ28' (A)249382)
Psendomonas mandelii CIP1054707 (AT058286)
Pseudomonas amygdali LMG 21237 (£.76634)
Pseudomonas cannabina 2341" {AJ492827)

Pseudomonas syringae NCPPB 2817 (DQ3 18866)

Pseudomonas congelans DSM 149397 (AJ492828)
Pseudomonas flcuserectae JOM 24007 (AB021378)

Psendomonas caricapapavae ATCC 336157 (D84010)
Pseudomonas tremae CFBP 61117 (AJ492826)
Pseudomonas savastanoi ATCC 135227 (AB021402)
Pseudomonas segetis FR1439T (AY770691)

51

0.005

3. RA4SIEEAMIERE 16S IRNAEREFIINRZ A B W
Figure 3. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the position of strain
N15-6-1 and the type strains of related species from the genus Pseudomonas. Numbers at nodes are bootstrap
values (percentages of 1000 replications); only values>50% are shown. Bar, 0.005 substitutions per nucleotide
position.
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N15-6-1. Data points are the average of triplicate
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Figure 5.

The nitrogen removal efficiency of strain N15-6-1 in simulated high nitrate wastewater. Data points are

the average of triplicate measurements, error bars represent standard deviation.

http://journals.im.ac.cn/actamicrocn



1772

Yongxia Wang et al. | Acta Microbiologica Sinica, 2018, 58(10)

3 itip

UF S SN TR Tz o0 A T & A H AR ER N T
Whi, JUHRR R O SRR AR R, A
W9 R & 85 9% . BTBES 3£ 543 85 M Griessik 7l
BRI T U R SO AL A T (R i s, DATELYL 14
MERTP IR B F] 260 PRIHLAN R R, 208
T 217 13 %k 14 J&#) 59 ~Fh . H:FPseudomonas
Acinetobacter ., AeromonasF/l Delftiafy 3= % (1) 4 1
J&, Sl eEl 24, 11, 6 fil 3 AMFh, X —BF5E
45 R 5 TR Al 5 37 U S S AR A TR S A —
o SRR LE T AT 30 4E ST A AU AN AL
B, R 14 JEM 37 AR, Hoh 14 AFRh
Pseudomonas, 3 />~ Acinetobacter, 3 M
Delftia. Lv&5 MW 53 It 5T mtA ] 1 420 il 4k 40
BT % B, Pseudomonas-t & 5= B 4 448 I il 4k
YA -

SE SR HTI R 12 AR RLRE Y RS AL T
HR A8 PRI PR S A B il B AN A B A T LA e
DITENLS-6-1 R Wbk . 455 B SHRHE . 43
AL EEPERL &2 16S rDNA Y[R RSB, bk
N15-6-1 Sy fi FA i e i — S BF9E 1 ARl R85 K]
TR ARNLS-6-1 SR AL RS2, I X0 AR
i B B K R ROCR AT TR . i
W TR, B53% 36 hia, A LR
LIS 98.81%, SRR ERRAWILF] 96.27%. Ji
1 A PR K R e R 4 2 3 PR RR 3  SR A SRR
L B AN Bl AT T (Acinetobacter sp.), 72 hiN Al & Y
BRI 5355 98.88%F1 99.44% ., GuoFEM I E
B IR A K5 43 2 F|Pseudomonas stuteri T1, 715
WG IR, AN LBRFAT] 75%, A
5% " B #k Pseudomonas sp. N15-6-1 7& #%
100-200  r/minZ [ B B R % NOg ™~ NI TN Fr o i

actamicro@im.ac.cn

HPEFAK, MAEMT 50 riminif, TN LRR=R
AN, X AR A5 R SO Y 4 4 S Al
T A B S AR A A1 Oy A A o Skt
& DO RySE kg o, B S AN SN,
MALVE R T I, B o RO b e, — )
AR F A B RS Bl 4 0.08-7.7 mg/L. ©F
0 B 5T Hik 18
Pseudomonas stutzerify)DO [{H 4372 2.2 mg/L
1 2.5 mg/L?*3* . Huang#1Tseng™%f Citrobacter
diversus it A 97 45 SR 3% W1 H A5 3 I il AL i DOME
5 mg/L,

Xof B R A A4 v i R0 7K 1 B BRI 5T
& P kk Pseudomonas sp. N15-6-1 1] DA 7E ik
CIN(CIN=3)iy 2t M A B R S AF ke ), X 52
Hi £ S A A5 77 3 (CIN=12) 'P 2 5 R . A it
PR T PR AU v il AU K TR i 1 i e =
e 7 H g/ . fFoediE, AL
TG 3R Il P B0 0 B Tl A B LR, R
A AR K A M B AR AR A K BR ]
T, X R A )Y A A i s R
AV I, 0 e 20 T Tl TS 7000, e Nir K g
T 1) S A PR A0 i i v, A I R A 0 s — %k
TRGA D R A BT 2 R, PR I
Xt B Pl A . S5 AR B gy
MM VR EEE/N T 5 mo/ LI Bl fb BLAT (e i
YEF, 1 mo/LEH bR fedE . S8 B ox
FHLCU I EEART 0.5 mo/LIk e [z il ki 7
HA — & e gerEH

Paracoccus denitrification il

4 HpFRE

ARSONTE M P 73 B2 260 RS SR A4
PR PR, FHRHZREET T 0, s 12 #k



FRES | MY, 2018, 58(10) 1773
A R A AT R, X AR TR RN 15-6-1 Systematic and Evolutionary Microbiology, 1998, 48:

AR AR R EEA T O0AL , BRIRR AT LAZEAIRCING 64
NS R SRR RE ST o PTIRREN [H T AR ey g
VR SR ALBE TS, 8 T e R . A
WFFEAURAE S0 38 25 0F N ROREORASS , X A0S
IK AL BESCRIERA, N — 2 22T RIS S A
PETRAR B SE PR R R, T A SO i 4l B 57
T IS SR A A T, IR B B S
LA SEH . SRE S H B AL S Lo (R T
R REWESAOIE . I, XA
TR S . DIRE S S PREE I 1 1 56 R AETT TR A
PIBARFRA, AT LU Bl g 1 8 07 B R A A
Wy 2 BRI S TR PR 05 e A A R R T 4
. DheE. DUUITE e i) GRBUE Y 2 HEE A )
RERYFEAL b, /R RrtE AR Y2 AT Do =
BRAL A B SR BB

2 % L M

[1] Wetzel RG. Limnology: Lake and river ecosystems. 3rd ed.
London: Academic Press, 2001.

[2] Wu QL, Jiang HL. China lake microbiome project. Bulletin
of Chinese Academy of Sciences, 2017, 32(3): 273-279. (in
Chinese)

PR Jg, A, B EEA R WAV, T ERE BB
Fi], 2017, 32(3): 273-279.

[3] Robertson LA, Kuenen JG. Aerobic denitrification-old wine
in new bottles? Antonie van Leeuwenhoek, 1984, 50(5/6):
525-544,

[4] Joo HS, Hirai M, Shoda M. Characteristics of ammonium
removal by heterotrophic nitrification-aerobic denitrification
by Alcaligenes faecalis No. 4. Journal of Bioscience and
Bioengineering, 2005, 100(2): 184-191.

[5] Patureau D, Zumstein E, Delgenes JP, Moletta R. Aerobic
denitrifiers isolated from diverse natural and managed
ecosystems. Microbial Ecology, 2000, 39(2): 145-152.

[6] Patureau D, Godon JJ, Dabert P, Bouchez T, Bernet N,
Delgenes JP, Moletta R. Microvirgula aerodenitrificans gen.
nov., sp. nov., a new Gram-negative bacterium exhibiting
co-respiration of oxygen and nitrogen oxides up to
oxygen-saturated conditions. International Journal of

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

775-782.

Kim M, Jeong SY, Yoon SJ, Cho SJ, Kim YH, Kim MJ, Ryu
EY, Lee SJ. Aerobic denitrification of Pseudomonas putida
AD-21 at different C/N ratios. Journal of Bioscience and
Bioengineering, 2008, 106(5): 498-502.

Zhu XY, Wang SM, Liang JR, Zhou LX. Isolation and
identification of two aerobic denitrifiers with high efficiency
in the removal of N from simulated wastewater. Acta
Scientiae Circumstantiae, 2009, 29(1): 111-117. (in Chinese)
R, EAitMg, ZROIGH, FAE. PR S RO AL
T Y 53 B N T L AR . SRR 2 4 4, 2009,
29(1): 111-117.

Miyahara M, Kim SW, Fushinobu S, Takaki K, Yamada T,
Watanabe A, Miyauchi K, Endo G, Wakagi T, Shoun H.
Potential of aerobic denitrification by Pseudomonas stutzeri
TR2 to reduce nitrous oxide emissions from wastewater
treatment plants. Applied and Environmental Microbiology,
2010, 76(14): 4619-4625.

Zhang JB, Wu PX, Hao B, Yu ZN. Heterotrophic
nitrification and aerobic denitrification by the bacterium
Pseudomonas stutzeri YZN-001. Bioresource Technology,
2011, 102(21): 9866-9869.

Guo LY, Chen QK, Fang F, Hu ZX, Wu J, Miao AJ, Xiao L,
Chen XF, Yang LY. Application potential of a newly
isolated indigenous aerobic denitrifier for nitrate and
ammonium removal of eutrophic lake water. Bioresource
technology, 2013, 142: 45-51.

Ji B, Wang HY, Yang K. Tolerance of an aerobic denitrifier
(Pseudomonas stutzeri) to high O
Biotechnology Letters, 2014, 36(4): 719-722.
Lv PY, Luo JX, Zhuang XL, Zhang DQ, Huang ZB, Bai ZH.
Diversity of culturable aerobic denitrifying bacteria in the
sediment, water and biofilms in Liangshui River of Beijing,
China. Scientific Reports, 2017, 7(1): 10032.

Chen PZ, Li J, Li QX, Wang YC, Li SP, Ren TZ, Wang LG.
Simultaneous heterotrophic nitrification and aerobic
denitrification by bacterium Rhodococcus sp. CPZ24.
Bioresource Technology, 2012, 116: 266-270.

Zhang QL, Liu Y, Ai GM, Miao LL, Zhang HY, Liu ZP. The
characteristics of a novel heterotrophic nitrification-aerobic
denitrification bacterium, Bacillus methylotrophicus strain
L7. Bioresource Technology, 2012, 108: 35-44.

Wang P, Yuan YZ, Li Q, Yang JZ, Zheng YL, He MQ, Geng
H, Xiong L, Liu DL. Isolation and immobilization of new
aerobic denitrifying bacteria. International Biodeterioration
& Biodegradation, 2013, 76: 12-17.

Zhang XL, Zhang X. Denitrification characteristics of an
aerobic  denitrifying  bacterium  Bacillus sp. H2.
Environmental Science & Technology, 2011, 34(10): 53-57.

concentrations.

http://journals.im.ac.cn/actamicrocn



1774

Yongxia Wang et al. | Acta Microbiologica Sinica, 2018, 58(10)

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

(in Chinese)

KNS, TRER. WA SO # Bacillus sp. H2 i & B
53, MRl 5 H AR, 2011, 34(10): 53-57.
Song ZF, An J, Fu GH, Yang XL.
characterization of an aerobic denitrifying Bacillus sp. YX-6
from shrimp culture ponds. Aquaculture, 2011, 319(1/2):
188-193.

Yao S, Ni JR, Ma T, Li C. Heterotrophic nitrification and
aerobic denitrification at low temperature by a newly
isolated bacterium, Acinetobacter sp. HA2. Bioresource
Technology, 2013, 139: 80-86.

Huang TL, Zhou SL, Zhang HH, Zhou N, Guo L, Di SY,
Zhou ZZ. Nitrogen removal from micro-polluted reservoir
water by indigenous aerobic denitrifiers. International
Journal of Molecular Sciences, 2015, 16(4): 8008-8026.
Guo DQ, Liu HL, Wan YT, Li XW, Chen YY, Guan LB,
Shan LN. Isolation and identification of an aerobic
denitrifier and its denitrifying characteristic. Biotechnology
Bulletin, 2012, (10): 205-209. (in Chinese)

uow, XVigle, TR, /T, BRI, Sk, B
MRBE. — R i 4 52 A 1 200 BT 114 0 89 5 0 I B il A e 1k
98, AW ARE R, 2012, (10): 205-209.

Zhou SL, Huang TL, Bai SY, He XX. Isolation,
identification, and nitrogen removal characteristics of
oligotrophic aerobic denitrifiers. China Environmental
Science, 2016, 36(1): 238-248. (in Chinese)

G, EEM, AR, MFEE. TR R A R
P53 B 8 T FO AR PR, E BRBERL A, 2016, 36(1):
238-248.

Chen Q, Ni JR. Heterotrophic nitrification-aerobic
denitrification by novel isolated bacteria. Journal of
Industrial Microbiology & Biotechnology, 2011, 38(9):
1305-1310.

Wang P, Li XT, Xiang MF, Zhai Q. Characterization of
efficient aerobic denitrifiers isolated from two different
sequencing batch reactors by 16S-rRNA analysis. Journal of
Bioscience and Bioengineering, 2007, 103(6): 563-567.

Shi Z, Zhang Y, Zhou JT, Chen MX, Wang XJ. Biological
removal of nitrate and ammonium under aerobic atmosphere
by Paracoccus versutus LYM. Bioresource Technology,
2013, 148: 144-148.

Lukow T, Diekmann H. Aerobic denitrification by a newly
isolated heterotrophic bacterium strain TL1. Biotechnology
Letters, 1997, 19(11): 1157-1159.

RFELR, B, W AW RGLEET M. dbat: Bl
Ji#t, 2001.

Cui XL, Mao PH, Zeng M, Li WJ, Zhang LP, Xu LH, Jiang
CL. Streptimonospora salina gen. nov., sp. nov., a new
member of the family Nocardiopsaceae. International
Journal of Systematic and Evolutionary Microbiology, 2001,

Isolation and

actamicro@im.ac.cn

[29]

[30]

[31]

[32]

[33]

[34]

[3%]

[36]

[37]

[38]

[39]

[40]

51(2): 357-363.

R IR AEY BRI, HIT 346-2007 /KGRl R £k 2 A
EBEINMPOLE G, b A RILFE IR R AT
AR, 2007.

FE R IR EUR. GB 7493-1987 K% AR ER A I
PG EEEE, AR N IR IL R BB AR B AT M B
1987.

[ IR BRI AR, HY 636-2012 JKJR BVUROIIGE A
o R B A 2R A0 A D BV, AR N R IR A [ R R
YT AR UE, 2012

lvanova EP, Christen R, Bizet C, Clermont D, Motreff L,
Bouchier C, Zhukova NV, Crawford RJ, Kiprianova EA.
Pseudomonas brassicacearum subsp. neoaurantiaca subsp.
nov., orange-pigmented bacteria isolated from soil and the
rhizosphere of agricultural plants. International Journal of
Systematic and Evolutionary Microbiology, 2009, 59(10):
2476-2481.

Ji B, Yang K, Zhu L, Jiang Y, Wang HY, Zhou J, Zhang HN.
Aerobic denitrification: A review of important advances of
the last 30 years. Biotechnology and Bioprocess Engineering,
2015, 20(4): 643-651.

Wilson LP, Bouwer EJ. Biodegradation of aromatic
compounds under mixed oxygen/denitrifying conditions: a
review. Journal of Industrial Microbiology and
Biotechnology, 1997, 18(2/3): 116-130.

Huang HK, Tseng SK. Nitrate reduction by Citrobacter
diversus under aerobic environment. Applied Microbiology
and Biotechnology, 2001, 55(1): 90-94.

Burgess JE, Quarmby J, Stephenson T. Role of
micronutrients in activated sludge-based biotreatment of
industrial effluents. Biotechnology Advances, 1999, 17(1):
49-70.

Jefferson B, Burgess JE, Pichon A, Harkness J, Judd SJ.
Nutrient addition to enhance biological treatment of
greywater. Water Research, 2001, 35(11): 2702-2710.

Grau P. Criteria for nutrient-balanced operation of activated
sludge process. Water Science and Technology, 1991,
24(3/4): 251-258.

Meng XZ, Cao XS, Cao L. Effects of molybdenum (VI) on
denitrification performance of the activated sludge process.
Ecology and Environment, 2006, 15(2): 216-218. (in Chinese)
TEAE, WAHA, W Mo® NI T B R G S s L g
BN, A FREE, 2006, 15(2): 216-218.

Rong HW, Wang Q, Zhang CS, Zhang KF. Effects of Cu®*
and Zn*" on the biological nitrogen removal system. Chinese
Journal of Environmental Engineering, 2009, 3(4): 617-620.
(in Chinese)

B, T, kEIF, KT cutt . Zn® VIR AR
GERYREIE. FREE T REA4R, 2009, 3(4): 617-620.



FRES | MY, 2018, 58(10) 1775

Diversity and nitrogen removal efficiency of culturable aerobic
denitrifying bacteria in the sediment and water in Dianchi Lake
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Abstract: [Objective] At present, nitrogen pollution has been becoming an important factor in water pollution. In
order to unveil the diversity of culturable aerobic denitrifying bacteria in Dianchi Lake and obtain efficient aerobic
denitrifying bacteria for providing evidence to bioremediate the polluted water or shallow groundwater. [Methods]
Aerobic denitrifying bacteria were obtained through enrichment method and screening processes. The taxonomic
positions of these aerobic denitrifying bacteria were analyzed based on 16S rRNA gene sequence comparisons. The
efficient aerobic denitrifying bacteria were screened out by detecting nitrogen removal efficiency. [Results] In this
study, 260 strains of aerobic denitrifying bacteria were isolated from the sediment and water samples of Dianchi
Lake. These bacteria were classified into 59 species, belonging to 14 genera of 13 families of in 2 phyla of bacteria.
Pseudomonas composed the major culturable aerobic denitrifying bacteria of Dianchi Lake, followed by
Acinetobacter, Aeromonas and Delftia. Twelve strains with perfect nitrogen removal characteristics were screened
out. Therein, 8 strains were identified as Pseudomonas spp. and 4 strains were identified as Acinetobacter spp. One
efficient denitrifying strain N15-6-1 was screened out by using the quantitative analysis. Its nitrate and total
nitrogen removal rates reached 98.81% and 96.27% in 48 h at 30-35 °C, C/N=12, repectively. [Conclusion] From
all the results, the higher diversity of culturable aerobic denitrifying bacteria inhabited in Dianchi Lake, which
enriched the species resources of aerobic denitrifying bacteria, and furthermore, the efficient aerobic denitrifying
bacteria provided a significant candidate strains to bioremediate the polluted water or shallow groundwater.

Keywords: Dianchi lake, enrichment, aerobic denitrifying bacteria, phylogenetic analysis, nitrogen removal
characteristic
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