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Abstract: [Background] As the intensification in aquaculture keeps increasing, nitrogen
pollution and eutrophication in aquaculture water have become increasingly serious, which
inhibit the activity of autotrophic ammonia-oxidizing bacteria. Therefore, it is of great
significance to understand the distribution and functional characteristics of heterotrophic
ammonia-oxidizing microorganisms such as Alcaligenes sp. in aquaculture systems to address
nitrogen pollution. [Objective] We studied the distribution of Alcaligenes sp. in aquaculture
areas, isolated the strain with efficient nitrogen conversion ability, and characterized the
ammonia oxidation of the strain screened out, aiming to provide strain resources and theoretical
guidance for the efficient nitrogen removal from aquaculture tail water. [Methods] The
high-throughput sequencing of the 16S rRNA gene was employed to reveal the distribution of
Alcaligenes sp. in the aquaculture areas in Guangdong. Alcaligenes sp. strain CHO6 with strong
heterotrophic ammonia-oxidizing capacity was isolated from an aquaculture sediment sample by
continuous enrichment culture. The single factor tests were carried out to explore the factors
influencing the heterotrophic ammonia-oxidizing capacity of the strain CHOG6. [Results]
Alcaligenes sp. widely existed in the aquaculture areas in Guangdong. Alcaligenes sp. CHO6
isolated from an aquaculture sediment sample completely removed 10 mmol/L ammonia nitrogen
within 48 h. The ammonia-oxidizing capacity of the strain CHO6 was influenced by a variety of
factors including carbon source, temperature, pH, C/N ratio, dissolved oxygen, and initial
ammonia nitrogen. [Conclusion] The prevalence of Alcaligenes sp. indicates strong adaptability
to the aquaculture environment. Alcaligenes sp. CHO6 as a heterotrophic strain had strong
ammonia-oxidizing capacity and resistance to high concentrations of ammonia nitrogen. This
study provides strain resources for the removal of nitrogen in aquaculture environments, which
is of great significance for the management of aquaculture tail water.

Keywords: aquaculture; heterotrophic ammonia oxidation; Alcaligenes sp.; high-throughput
sequencing of the 16S rRNA gene
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PR AR A R 5K R BT K B A ™
WAk, KIREEFRMOBSEH RN, ks
b PR AR A BR B BRI R BUK IR & 8 FR L
P FEEEN, FERBEARFETEG K. T E
K BIBEW . FRE R K KA TE K SRR
Horr, K= FR5 RK A & A S W I A A
AN, e =R TE B A % R A
T, FIHEER T E R BRI 25 25
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ARG IR 77 3% B R K i RUB R ER BB
i, SRR AR S IREE A . R TR 2T
FORFEE NS el R B A 7y S 5L

2 155 W N [ SO X T SR/ @ 2 < 1
G, RTAAE . AR SR WA
A ARPITE S KRR LB a2 . %
481 A A bR A — U2 AL RE B R TR A R
3, SRMXKMAEMAERKGE, 5235
AP B IR BT IR R AR A B A s i T
BRIV C/N Wi, SRk i
FAhEE, TR RS T A SR A A TR S
S MERWE R R, WA SN AR
AALME A HEERAD . Wik, £% A7
AALAE T B S RREAE A AT &S
RME AR FR K . (HIE R R A
—RARE S IR E W Rl DL R AR E R
BP S FR 2 A AL TA , AT AR AL,
SR A LA R RE R A A PR A A AR
HawN0 A, masaE . vassal, JFHz
SMNFGEE N . AEERR T EE . B
WA X S 58 1 7K v v R e i R L Y PR
SR A E B, TR SR K
A ML A X S R T A R A B

77 0% FF 1 (Alcaligenes sp. )42 ¥ 55t — fif

HEM DAY, TR RIS R
LG e, HoE AR 2 RE . Bl vk o a0 4R
BT T RN KR DU RS S
TesEY, AN, A2 EA SR A AT RER
R YRR SNV I EZS AR SRR/ N
A TR A S BRI B 2R BN, 28570
i (Alcaligenes faecalis) No. 4!"3VH12% 9= 5 14
(A. faecalis) WYO1" I FEIMR 2 & 7K HP % i A 2
R H R R AP I AR . Cao A B
TEZ AW IRUE S 1300 mg/L 5544 T 3557 60 h
K AR BB (A, aquatilis) AST 344 Y 2 FR %
BF] 95.1%. UEAh, Wu SIS T =k
— N AALHE BT R Alcaligenes ammonioxydans
sp. nov., JERM T —ASFrEE R, HE
A, A AR TR A A =k,
P B AL AR, TR B B i A
B ERBR; Xu SR 277 55 (A. faecalis) Q135
HERE BT AR LRI AR . R, =B A
— PR TE R SR AL TR, TR = A K SR
B 7K R A 52 Kb B TR EL AR AR R Y 1 PV E
SR, =BT TR J 78 7K 7™ F7 BELAAR 2 P 19 AH SC AT
FANB B Z , HAEK " FRFEARFR o3 A g L
WIANTEAE . D, B BT R E 7K ™ 5 B A
BerP ARG oL, FZ K SR PR B I 7
R PR AR, RO SRR B AT R R R B
HEME L,

AW FERT P IR TR TE) AR AT 4 > S A
Vi Y0 Ml 7 B 5 b ) 43 A REAE 2R A T R A A AT
FEXET N T S5t E Ve A T AR AR, W
158 AT SO R I RE M TR MR, JEXT LR IR %
PEEAT A, R . pH. C/N. %%
MBI W A B E ARG SR AT Y
R, S HAE K SR K R A L BR
Iy FH 24 B FE At
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1.1 #m

TR UTHE R 4 A BRI 3 v Ml 55 5 i
H—— 8 T 56 E-(23°39'50"N, 117°0'14"E)
PR 3 [TIX (22°12/32"N, 113°17'48.22"E) .
BH YL T BH 25 X (21°57'8.56"N, 112°7'9.48"E) A
KT T HE sk X (21°14'41"N, 110°27'19"E) R4
T 22 ByOKEERT 22 (IR, EARKE S B
%1,

FEBS7KIA 0.2 m MYBREEIREE T 29 2.0 L (7K
FE, P 2.0 L ATH B o W B By oK A i
THE AL YE IR (FLAR 0.22 pm)id I8 22 B WOk
o B 5 IR G LR 4R AR A7 T—80 °CUKAR T T
2 DNA, KA H TS H e S50,

MR ¥ Huang 25O R B9 3, TG4

*1 RERMREEER

MIK-DLAR FHET T 19 0-10 om JZ R TR FE
Ao REEMTURPIFE S e S &= i g T ¥ ik
SN, —HRERETRIRAET 4 °CUKFRH,
MTRagMEAeSHMNE,; n—HARAET
—80 °CykA4H, T DNA AYHEH.

AR IR AR AR )M T SR
KT -
1.2 EZRFIAER

Power Water DNA #&JURF| & A1 Power
Soil DNA 2L &, MoBio /A #]; AR K& B4
AR A S, T ARSI I RHCA TR
/8y H] 3 2xPCR Taq Master Mix #1 FastPure
Microbiome DNA Isolation Kit, 3 ME#E A= Y8l £
AIRARE . @RS EOCETE, FEECCHEIRE
N/

Table 1 Environmental physical and chemical information of sampling sites

Site Sediment samples Water samples  Salinity (%) Dissolved oxygen (mg/L) pH Temperature (°C)
Zhuhai Ml M25 3.0 8.6 83 32.6
Zhuhai M2 M26 1.5 6.6 7.9 31.6
Zhuhai M3 M27 2.0 6.3 89 321
Zhuhai M4 M28 3.5 9.7 89 331
Zhuhai M5 M29 5.0 11.2 9.0 31.8
Zhuhai M6 M30 5.0 15.6 9.2 322
Zhuhai M7 M31 2.0 9.7 87 333
Zhuhai M8 M32 4.5 8.9 8.6 33.8
Zhuhai M9 M33 3.0 8.1 82 33.0
Zhuhai M10 M34 2.0 5.5 7.5 324
Zhuhai Ml11 M35 1.0 5.7 7.5 323
Zhuhai MI12 M36 2.0 4.2 7.6 314
Yangjiang M13 M37 9.0 12.0 85 342
Yangjiang M14 M38 5.0 12.2 9.2 359
Yangjiang M15 M39 4.0 7.1 8.5 34.7
Yangjiang M16 M40 5.0 10.1 9.1 35.2
Zhanjiang M18 M42 26.0 6.7 8.4 32.7
Zhanjiang M19 M43 25.0 6.1 8.0 323
Zhanjiang M20 M44 26.5 5.5 8.1 32.5
Chaozhou M21 M49 27.5 6.2 8.6 232
Chaozhou M22 M50 28.0 7.2 82 233
Chaozhou M23 MS51 28.0 6.8 88 232
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1.3 EFE

LB 557 (g/L): BAEF 10.0, Bk
5.0, FAbEN 5.0 FEIIMLIEF R IE(g/L): MR
B 0.66, FAALEN 2.25, BRFREE 0.20, T FRN
8.00, WNMNfMEICE 2.00 mL/L, pH 7.50, 7
B E R YR SR h I 15.00 g/L By
NEHY, AR FH(g/L): WilR% 0.66, T R
B 4.72, E/KBEREE 0.20, & ALEN 10.00, BiAR
AR 0.50, BERRE AN 1.50, W ITER
2.00 mL/L, pH 7.50. ###EICZH (g/L): PUKE L
i 1.00, Z/KEHRREN 0.50, 7N/KEARES 0.01,
LKBREREF 0.50, HOKBRERH 0.10, LIKERIR
T4 0.50,
14 HmEIEESH

F]FH Power Water DNA 2 BGR 57 &5 $L Bt
UEKHE G WIR & SR 4E B ) DNA,  [R] B A1) ]
Power Soil DNA #2 U F & $2 BUR Je £ i 19
DNA. #2HU DNA H & st i it
DI 5E DNA AR A4 i, R 4 Bf v] A8 X
(V3—V4)ili 514 338F (5'-ACTCCTACGGGAG
GCAGCAG-3")H1 806R (5'-GGACTACHVGGGT
WTCTAAT-3")i#4T PCR #"#% . PCR Jx W1k £
(25 uL): 2xPCR Taq Master Mix 12.5 uL, DNA
(100 ng/pL) 1 pL, . F#F514(10 pmol/L)5%
1 uL,ddH,0 9.5 uL.PCR J i 4514 : 94 °C 10 min;
94°C 45s, 57°C45s, 72°C70s, 32 PMEH;
72 °C 10 min, PCR "¥Jik HiL &£V RHHA R
N FEIEET 16S rRNA J5 PR v 8 20

i q2-demux (https:/github.com/qiime2/q2-
demux) &% QIIME2 (2020.8)2 %] J5 i W 7 i 4k 32
HBIE. PHE. g% ik, MBS RN tags
HdE (clean tags). [AJBSfi FH q2-dada2 plugin %
TE IRt A A 51 B 15 IR A OB
(effective tags). fif5 3T Silva B3 2 (https://www.
arb-silva.de/)*"F| ] QIIME2 q2-feature-classifier

(https://github.com/qiime2/q2-feature-classifier) %}
Y187 P58 & (amplicon sequence variant, ASV)
AT RSP ERS . JET ASV WPFP i R4S
SRR i AR BT TR R ) AR R 3 B AT SR
BT, TR 7 AT T JE8 72 A M T 1 IX F3 5 R 5
W A3 A TR E S o R BRI P B s L AR &
NCBI SRA ##ia /5, %% PRINA747833,
1.5 FRATERN S Bk

¥ 10 g FRFE AR VeHE A 100 mL &
EYIERE IR R, 30°C, 180 r/min }53% 3 d Ji5
Fie 10%4 20 ol & SR 200 & AR Wb % 5%
Jerf, 30 °C. 180 r/min 4kZEESE 3 d, EE
3 R RIRE —REER. KEERE
PHERKBEEERG R 107 BRI, WL 100 uL
BAWREE RRE IR AT T s R e Ak, iR
SEAEE AR FRFGH, 30 °CHEFR 2-3 d, Bk
BUREE L, ZRELEHEAH2IE,
Zlifk 5 Y BT R CHOG6 40T LB B33k i
F%, BRI ERRIE 11 A 30%J T
W, AR ZE 80 °CHR e VK Af
1.6 EHKMELERE
1.6.1 E#HMDFEPFLEE

) FHZHTE 16S rRNA H:[HiE 514 27F (5-AG
AGTTTGATCCTGGCTCAT-3")#l 1492R (5'-GG
TTACCTTGTTACGACTT-3")i#t47 PCR ¥},
{#i FH FastPure Microbiome DNA Isolation Kit £t
#1H DNA, PCR N IAR(25 pL): 2xPCR Taq
Master Mix 12.5 uL, #4i DNA (100 ng/uL)
1pL, k. FHE51#(10 pmol/L)4% 1 puL, ddH,O
9.5 uL., PCR JZJii £51F: 95 °C 3 min; 95°C 15's,
55°C 15s, 72°C90's, 35 ME¥F; 72 °C 5 min,
AAFH Y BE P2 0.75%Z R HEE i HL Uk 360 UF
Sk B AT A TR B A BRA A, 4
MF455 4 EzBioCloud £ H 4T 16S tRNA
SRR X 43472, JF L MEGA 7.0.14 H

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BRE F | FEAEEKEFEFRTHN 2B REFAIENEYE 2875

ff) neighbor-joining P F R 48 K F R,
1.6.2 HHMBESFZMERENELE

FH P 0] 2 10 R 3 S5 fRL 55 00 252 T bk 1 TF
Ao PHRUKIEMERELSLTRMT : R
FER AR CHOG IHTE LB P-4l 3T = X 2%
HAAE T 30 CHEF P ISR 3 d )G
WS b BT VE TS . 15 G L BT UL AL BR
WF . FEAiAbE A Pk # 0t ) A
A, KR R LB WiAE R, 30 °CHE
7% 3 d, BRI MBI BT R A BB RE D
WF5E BT A T S L B LS, 15 31 H B IR R )5 R
FHIL L5

T 7 TR ARG AS TR R 28 R I A R R o i
AR A AR =5, H O/N R 10,
PR BR IR 50E T —BRe . NIEREN . 1R
L ORPRETRREN . FLEREN . WM. REME. R
Wi HERR . 22, WER. FIARE. H
FEE LA K LEE ¥ TR #R CHOG6 TiSE7E LB
B Ep 3% 12 h, ££ 6 000 r/min Z5.[> 5 min
IS RE O 3 IRIGEE, ITA 5 mL &4
[l A Y A A3 gk, T 30 °C. 180 r/min
B3R 3 d, WERKR SRS BN, AR IE 5L 50
WHE3IANEL.

e FHEIE 2 T 200 7 A Ak 2 B 8 o 4 A T A 7
AR S, fE LB B R 5L b 1 e B 5
CHO6 KW, Z )&+ s el M &l Bk r
EefE, 48 h J5 gLt
1.7 &E# CHO6 = EFAMF

FEAEAL IS AR Bk g, g H
23A LB B iknyieE h 30 °CHi3R 3 d, #
BE SR 0 TR AN SE N 4] DNA  $R B 7
RPN 4] DNA. $EHLE DNA AR i
T A EE T IN E DNA Y Mk 5 A4l R, I 5E
HHEI DNA FF Gk 2 4% YRHE A BR 2 )
F|F Ilumina NovaSeq 600 & X & ¥k #4174

SR

FRELFE bR CHO6 &K 41 J5 4 45 Hs )5 18 4o o
¥ i iE L BRK R & ) reads, #15 clean data,
B Jo i Spades #EATIEA A PERE, FFHH
CheckM PEA 5L R4 1) S8 8 bk S5 i5 YL g, fli A
Prokka X925 58 i J5 A Jk R 21 2047 556 DR i) )
KA ERE, FiJ5FIH eggNOG (http://eggnog-
mapper.embl.de/) &2 RAST (http://rast.nmpdr.org/)
L — R, it — 2 Witk CHO6
S AR OCIE R . Rtk CHO6 P
JE kR EE FfEE NCBI, B35 N
JBANCI010000000.,
1.8 [k CHO6 MK R FIMFF M

DLUT ZRREN R E—icili, K TR AR CHOG6 42
FhE] 100 mL Z4 &5 FRH(C/N=10)F , & E @A
W Rl 10 mmol/L, #5355 pH 7.5, ¥IUA ODggo
4 0.06, 30 °C. 180 r/min 5% 48 h, %F& 4 h
HUAEI %2 ODgoo  ¥2 Bie (NH,OH) ¥ J& | 2 A
(NH, N & A A Z(NOy -N)HR o B4~ 3K
WA BEE 3ANEL,
1.9 E¥k CHOG6 Bt &M Be B #2 0 X &=

TER R IR -, ARG
JRER, A3 i A ARG SR 5L (100 mL) H A B U5
FIROKBREN . T FREN . LR . AP IR AN |
HigkE . INELE), C/N (2. 5. 10, 15, 20),
IRE((20, 25, 30, 37, 50°C), pH (5.0, 6.0,
7.0, 8.0, 9.0, 10.0), *%# (0. 50, 100, 180,
220 r/min), PAKWIIRZAAWKIE(10. 20, 40, 100,
150, 200 mmol/L). Xf &tk CHO6 #4714 hE
(2R R 3R ER ST 250, 30 °C. 180 r/min #5KK:
7% 24 h JGBUFER I ODggo. FRMzUcRE . A HE
JERE RS AR E, TR EAM LR, &
ANLEHE 3 ER
1.10 Ak

PR SR ET 2 ] 0.22 pm K R I8
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I3, NH,-N | NO, -N 255 brfic 18 [ 5 b
J5 00 o NHy ' -N il 22 2R FH AN AR 4o
P NO, -N I E R LMY
ODgoo K FH LM E , NH,OH R
A3 66 RE A I E P

2 HERE5M

2.1 FEMEEKEFREMNERR SRR

ARSI 2ok v R R R E T AR
4 A M 7 5 b G T e B BRI
b1 BHYL T FH AR DX R ey vy 3 3k X)) 37 51
EE R 22 ANKEE R 22 AR TR EE S =BT
JEBERE . @it 16S rRNA FEHFEHI R, &
PAE 9 DIKFE S 9 AR i rp By e e il 21
BT B8 B B AAE (B 1) 25 R B, TE08FT B8
TEAS 7] 1 [X 2 5 A 28 0 ZKORE RS R AR b R 43 A
ANEE o TR R, PR R B 2 AT
TET e, KA R i s FRE R 3 0.046 0%,
JEJe P BB BN 0.030 7%; % FH T Hb

DXL T L XOR T M X A5, 7 AT T U
ZHAEKFE R IR, 3K 3 ANH X IORE A5,
W, R AR K R R R 0.030 6%,
ERRHEREFEE N 0.019 2%, XA[REEZA
[ SR AE A5 v A s i Rl - A0 R AL TR L pHL
G RUR E R TR  5Z ) , A [) Hi DX 4 R ) R A
A AT B2 X 7 BT TR 79 43 A1 365 ol — 2 S o

SR, 78 4 DR HLIX SR AE AR R
BIRe A 20 7 BT TR P AEAE , R R B2 SR
B I A AR — A A H WL S W, REHC AT I N
FRIA K IR | BRASTE SR TH KX R 2 2 i 1R
R RUEAATEI AL | X R 7 BT R AE SR
JRE K 1 B 2 B T ELAT — e 1 I TV e
2.2 HE#k CHO6 WEELER
2.2.1 BE#k CHO6 M FEYMFLEEHER

AT N T 55 3 SR AR 1R 1 IS DR A i 28
WEE. e, gk, BRSERE, ik
— R iR L BR A A bR CHO6, £ 16S
RNA FEHFHN%EE G, #E WKk CHO6 ™

0.05r C— Water samples
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Sampling site
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Figure 1

Distribution of Alcaligenes sp. in the aquaculture water environment.
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AT E R, L 16S rRNA KL JF 5 K/ Ny
1 400 bp, ¥ 16S rRNA J:[KF47E EzBioCloud
BRI AT OO, ] MEGA 7.0.14 8444
HAERKETW(E 2). SREBREZBKS
Al caligenes ammonioxydans 5% %% ¢ & fix ML, H
I T 99.5%. bk CHOG6 ) 16S rRNA JE[H
FEHIE 42 % NCBI, & 5t%5 4 PP346174,
2.2.2 Htk CHO6 S F L EER

Fitk CHO6 T 30 °CH;3% 3 d JFETEIE A

& 2 Btk CHO6 £TF 16S rRNA E£FFIMEN RS 4 B

EERIE . Aot . NEW L . k.
NG SEREFRAAE(E 3A). B RRE 22 FRYL (8 S
ERE, B HRBEMEBI A EATR, KA
1.8 um, HAZHN 0.8 um, AL 5HE(E 3B).
2.2.3 @k CHO6 ALK LEEER
BRI AR FHZE R . Tk CHO6 W] LAF
T /e . WERRE . CIREN . i, 2L
TREN ., H2IR . 22208 . NRAMREA LIRS
FRISHRIE A TA S, (EASRERI A Z0E . b

KE W SEUEER bootstrap {H; &

BN 0.05, Fm-FEEMZAFIRAEA 0.05 25 #55 W75 F/RE GenBank £ 535

Figure 2

Phylogenetic tree of strain CHO6 based on 16S rRNA gene sequence. The values of

developmental tree nodes represent the bootstrap values and the developmental tree scale was 0.05,
indicating an average difference of 0.05 per nucleotide position. Serial numbers in parentheses indicate

GenBank accession number.
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500 nm

E 3 Btk CHO6 ESERE A: FREVEIES. B: S HBE
Figure 3 Morphological features of strain CHO6. A: Morphology of plate colony. B: Micrograph of

transmission electron microscope.

BRAHE . PTACKERE . HEEmE . ILZNEE . UBESEnE
FEFNBER IR . HARAE B AT 5t [ R IAE W 2L
oAb, 4h5 o NMDCX0000276.
PRI PR E S5 R . Wbk CHO6 B
2R R T . K 2 R R i S S AL TS
TR RN SRE W N TR f e N s S5 AT T
DAF VPG 52 [R AP g i ik | LT & p-2PZLHET .
ARG B sk E A WAE B th O &, g
2y NMDCX0000276.,
2.3 Btk CHO6 £ EEHEMFLER D
FT Hlumina V5 R45 096 8080, XA
i clean data #E172H%%E, LRI GRS HRAL
20 2 235 R (ELAAR B AT 8 it [ A i vh s
Y, 45 NMDCX0000276), #tk CHO6 X
HZHK/NA 3.77 Mb, 2E 2 G+C il 57.1%.
# Bk CHOG 1Y 16S rRNA LR ¥ 5] R 48 %k B 40 #r
2R R H 5 AL ammonioxydans HO-17 26456
R, A I R A )2 T E— 2 o bk B
# Pk CHOG6 5 ##k HO-1 2 [a] i - XA TR — 2K
P4:(average nucleotide identity, ANI)A 99.48%,
I IE R — 3 PE (average amino acid identity,

AAID)H 99.32%, ¥07 DNA-DNA 2252 {H (digital
DNA-DNA hybridization value, dDDH) &
95.3%, ¥R T Y Fh 5325 B H (AN1>95%-96%,
AATI>95%-96%, dDDH>70%), [ It #iE I bk
CHO6 & A. ammonioxydans CHO6., i — 4 X} i
Pk CHOG6 M AACIIAH G R A T eI A Bt
TER BE CHOG6 ML 4L 777 nirK (i i i iR
R ) . nosZ (A% — A AL R ) |
dnfTIRT2ABCD (&5 H#EA A Lik1F)F amtB
(GRS B ) 55— ROV A A LN, A A
1 AAC R RE
2.4 B CHO6 FIEKEIA N ERES T
F Pk CHO6 J& T R I U8R, RefeEA WLk
T A AR . SET Rk CHO6 TEZ AN
FEHA A AE RN LA A L BRACR KL 4 B .
FPk CHOG6 AN S8 iy 55 7 PR EE rh 75 B (] 3
NEFTNE, TE 0-8 h PRI AE KNGS, A
855, A ARE LT R (A 4A), 72
iz 4 h JF AR R WA EULT- K= 4 (B 4B);
848 h, A REIEHAEK, LM BLE AT A A
P2 BRER M, 48 h JE A A L RFEE] 100%
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(& 4A), TEX L FE H R I e B S s R
HF 12h kB EE, ZEPRE TR, EiXid
R AN A A LR (Bl 4B), HEDZE
J N PR T B AAER, mEEE
THEEVER .
2.5 E#k CHO6 S| HIERANEIER
2.5.1 ARERIENFME

i YR 20 TR AR A 2 R R U R 2 BR AR B
MR s 8 UL RRIE A B . LIRS . Bk
MM, TR sh - LB R
225, ASIA] B AR A W e R A i AN TR PO
PR CHO6 XA [Rl i it i A FH A FE 45 I i 22 5+
(B 5A), A[EBRIE T 2 A RBRECR . Rk &
W SRR EWARKERE S5A. 5B). Y4
Ik CHOG6 DIk b mRen . 125 5 AL B R R ik
PR, BEALF A K AABEXT 2 AT 5L
EBR(E SA). MRIEH T M. LRk
BERANAT, Hkk CHOG6 A= itk , H 24 h & &
FRSF- 28 B R4l R 5.2, 4.5, 5.1 mg/(L-h),
EERHR NN 96.1% . 83.8%. 96.3% (Kl 5A).
MULT RO RIERS, JORREAIRL R, A

S R N TR N N 0
0 4 8 1216 20 24 28 32 36 40 44 48
Time (h)

E 3%

% 409
T 6

Z 0.6
c 4 '
k=

g 5 0.3
=

8

=

=]

@)

Growth (ODy,)

SRR BB BRME 5B). 2, BT —
PR ENAE Ry DR R 1) o A A A DA
2.5.2 A[E C/N HFM

e W5 AR DR Sy A 0 A A B ) i S A
2, HAO B K B R e AR Y A K e X
FRERRFCRPY, KRR C/N X E R CHOG6
AR R R R ER S anEl 6 fos. BEE C/N
AT, R ODgoo SIHSETHE S T FERY
¥, 2 C/N=15 Bf, BERWR LIRS 5 KRE N
0.85. MM Z A LRI FE R
A K ARE A3, B RS B AR AR, 2 C/N
10 5 15 B, Etk CHO6 W& & LB R i
iF, MEILREES, JFH 24 h AR E
W4 2245 11 4.92 mg/(L-h)F1 4.95 mg/(L-h), %
B3R 10 96.1%H1 95.5%, 3 H IR M & ,
RS S AR Bk, Z5 ., 7 C/N=10
IR, Wk CHO6 M & A =R e .
2.5.3 A[E pH 9520

B pH E2MMAYERKRMERRNEZ
—, pH i = sl AR 34 2 e B ik B A KOR S T A
AFNFEI 7 HEAT 1 I8 R 22 B8 T Hh Pk A

—_
R o N
th © b O W

Concentration of NH,OH (ur
Concentration of NO,-N (m
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Time (h)
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Vi 785 SRR J3E B o ] 22 1

Figure 4 Growth characteristics and ammonia-oxidizing characteristics of strain CHO6. A: The changes of
concentration of NH, -N and strain CHO6 ODgg with time. B: Concentration of NO, -N and NH,OH as a

function of time.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2880 WA

FIER

Microbiol. China

2

tre

“laln

“oncen
Concents

0

5 FTREREZHTEK CHO6 WEKIFER, SREREWRER. WHSEKE®B)
Figure 5 Growth, ammonia nitrogen removal rate (A), hydroxylamine concentration and nitrite nitrogen
concentration (B) of strain CHO6 under different carbon source conditions.
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Figure 6 Growth, ammonia nitrogen removal rate (A), hydroxylamine concentration and nitrite nitrogen

concentration (B) of strain CHO6 under different C/N.

PRI AT AR T IR pH 5.0-9.0 Bif
Bk CHOG6 A=+ L HX s R bRl . 4551
#KHW, 4 pH 6.0-9.0 B}, FEkk CHO6 HyAKIfA
SZH| W RS (18] 7A), X5 Zhang S48
— 3, BRI i i 0 AT LATE— N v i)
pH JERINAK .. 7 pH 6.0, 7.0, 8.0, 9.0 Af[H
Pk CHO6 A KGR 4T, I H. 24 h AR T2

BREE N 59, 5.3, 5.0, 49, 4.3 mg/(Lh),
FBRFIITE 95% LA (Bl 7A). SRT24 pH 5.0 B,
RRA R SZ I AT, AL,
B E PR AN i A A AL R (K] 7B), Al L
Pk CHO6 ANI& G AEBARmR M 251 T A . BRI,

AR CHO6 FESSIRME . G 2514 T AT LAA:
K, I BRI B R bR Ag
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Figure 7 Growth, ammonia nitrogen removal rate (A), hydroxylamine concentration and nitrite nitrogen

concentration (B) of strain CHO6 under different pH.

254 ARIREERSM

T X e A o 1 B AN A AR L K
SR, KRR LN T BB S 28-37 °CPY,
ok 5 AV R 40 B 19 A < R R O il 1 A b 30 2
SZFBRIC, TR i e A ) 235 | R AR A 1 IR
(R ITEAEYE , - B s AR i 52 BHEE & 5E 0T
AWFFEIRVT T R SR X # vk CHO6 (14 K
Ji R R, 25N 8 s, fE 25, 30,
37°C4AET, Jid% 24 h i, S ANER L
51k 5.0, 5.1, 5.1 mg/(L-h), HEFk CHO6
SRR EBRES N 98.3%. 97.6%. 97.6%
(8 8); T 4R K 20 °CH}, 24 h AN T
FBRHE AN 3.3 mg/(L-h), ARMEREN 66.5%
(1K 8); FEIEE N 50 °CH}, Wik CHO6 AHEK,
HEEZAHI T MBS 8), 5l iRS
T HBR CHOG ISET- I B T 2447, MMiE
AN AR 5 F, 8 30 °CYE ARk
F R FERE R IR
255 A REIEKRFEIRBF N

BiA A AR EERE, FREK
TR AN [ S A S X R R R AR 25 AR
NG TN 2 X R = Y
WFFE 2B, 537 3k N I V5 A Se0 U B AE 2k B A A

[IESE 37 r e Es L (o S A N S hET BN !
PR AR B SR IS T B . A5 R ER
WY, AR 355 T bR CHO6 A KAl
BAZBRHCRAT (K 9), RE BT, Wtk
CHO6 MAERKENE, HAR LB OB, K
FHREH AN, H Ak CHOG6 Y ODgoo A B,
HE A LBRBA AW, S5 EIE iz 100,
180. 220 r/min Bf, ¥53% 24 hJ5, Hikk CHO6
AR MEALRELTH R 2R, DAY
EERE AN 4.9 mg/(L-h)L b, HEARERE
350K 98.2%. 98.0%. 97.5%.
2.5.6 ARIVIEEREREN

R R T, ALK CHO6 A=
K ME— R, 55 IR 5L rh 2 B W) 1R R 2 1 A [
Xk CHO6 B AL K M A £ B A BB R
SO 3ok e TR R R 2 R X A Y A e A
FAER, At A A U B TR B TR AR A
gk ORI 2 AW T Wbk CHO6 Y4
KGO MEAR ZRFRWE 10 iR, Yk
CHOG6 7E 2 AAL UM FE 2 10 mmol/L iy 5514+ T
SRy, 24 h R @A ERRF N 98.01%. FiA
B A BN, Bk CHO6 fetg it — A=
K, AR EBRFRRBEREAL, AHEE N
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Figure 8 Growth, ammonia nitrogen removal rate (A), hydroxylamine concentration and nitrite nitrogen
concentration (B) of strain CHO6 under different temperature.
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Figure 9 Growth, ammonia nitrogen removal rate (A), hydroxylamine concentration and nitrite nitrogen
concentration (B) of strain CHO6 under different rotate speed.
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Figure 10 Growth, ammonia nitrogen removal rate (A), hydroxylamine concentration and nitrite nitrogen
concentration (B) of strain CHO6 under different initial ammonia nitrogen concentration.
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B L BRI . YW a2 B 4 N
20 mmol/L 1 40 mmol/L i, 24 h & & A 142
B33 #4391k 10.0 mg/(L-h)F 26.0 mg/(L-h), 2
EBRR RN 87.5%F1 84.5%, BIRA A LK H
AT BRAIG, F2 A BRAR A A I I s A s B e
AT DUHEDN G0 SR A B ] o FE A, AR
CHO6 I figssitt— X s AT 6%, R
CHO6 TEm2Zd AR MIEA RIF A LB
Ao MG AWK N 150 mmol/L }55E 24 h
B ODgoo i5 5 1.3 ZA MY T3 X Bk 255 5|
106.0 mg/(L-h), 7% BHAE &5 2 R BT 1R bR 1 25
B 2 RS AR AR A i L I e 5 7 s [ g R o
FEEAA LR WA EERE A YA LR
AUEFE L] 200 mmol/L B, BFkE CHO6 JLT
AEK, HEPHEGSEAR LIRS FiRgS
W, TERTENE A A AT, Rk
CHO6 ¥ReAK R A7, EATHR M = 2 A
AE T, HAE— S m ik B 2 B K (N FRFE 2 K)
{14 Kb B 52 7 T A VA 1R 1 A (L
3 Wik

(S = e 1 1= I N [0 N e 1 0=V 8
AL BT RRE R A E, NNSBUKEE
B, R AR &R Rk
WK PSR K PR R L BRI E S EW, |
A E B RKIR, EHRERFAMEY R
S5 TR R E R — R A AR A A
WM, TEAETEMAERM, 25K/
MRRIE ., Ay, (R FHAEK
FRIRFH AR RS D R R X BT
TR T V7K 5 B PR 45 TP A 43 A REAE A W o A
KRBT, FETARUTIGH) 4 A SRR FE L 57
B 1 P K A RS R A it v, ARG 1) T 7 A
W AEAE , TR ALK 7 SR B PR b ol Be AT L
WEEMANDRE, THRELARALRERE.

TEAMGE D, W s w RS, 1K™
FRH IR IR A th o> 245 B — bR RB S m AL R
FraE E W P ITH CHO6, it X Hkk CHO6
f 4 Ak 2 D P A SR E AT e b, R BT PR
CHO6 F:H 4% nirk (Vi B2 £k 6 J5 ) |
norBC (—% ML AL R nosZ (— %Ak &
) A, AR T AN R £ 1Y) 58 HE RS b ik
#o 714, 78 CHOG6 JEH 2 Hrid £E 75 i & 3R
[ dnfTART2ABCD JE[N#%, AL [R5 2 % F0
S5 EERARMARE, BE A A At
Wi, MG EE e AR, HEE A g
VER—FmE o @ A Lo 2 R B
FmrE, 0 B FiRaE D> BT T
W, 4 Alcaligenes ammonioxydans HO-1!"*1
Alcaligenes faecalis JQ135!", Hikk CHO6 fitj 4>
FELRAH o3 B 48 SRR W R vk CHOG W] I B A
MR R A I B ) N B AR A AR T, AR IMTE 5L 0w
FR I BR CHO6 7E 48 h NN WA 200 il il
i, RUIH AT RE BA B 1 2= 1 R ) (H T Al
FREL A I e ) Al e s ss , IR e K™ 57 58
FEKSEPRAbFH, Rl LIS IEX Wtk CHO6 5.
T R 3 1 it RE 7 B o W Al A W) 28 U 6 T

L XT R CHO6 Z A Ak M sy i [H = iy
Whoe, KIHEFE CHO6 A LI /ALY,
HOE AN T ZREN, B AN REF P 28 A
KW E i AEK . Cao SEVTIRFSE & BLK A 7=
FFE (A, aquatilis) AS1 7] LLFE LABEFARRER . LR
RS IR AR IR B 3G SR A AR, M
N | RN e Sk /R o N L R R S )
RN 2B . Xia 29 Chen 1401 43 51 26 A 5
¥ 7 (Acinetobacter sp.) ND7 Fljiti [G {15 B fifd 14
(Pseudomonas stutzeri) SDU10 H & B 1 #H[H] )
PG TR PR sk 51 ) D 2 P RE 2 XA AR
ME—BRUR YT FREN . CRREAFIFT IR BN 2 —
RGP R R, 58RI
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HERTEDA K T H K CHO6 7E 53R M: |
rh P BB PE S5 T B B B R 2 B g
71, [ R A C/N H &4 e
Fr RAF A KGR MmN A A L RE ., B
R AT 3 o7 T AT T, IR 4 B A F Y
ZE 7P B T (A. faecalis) WT14 76 C/N 10.8 B i 4
MERAE; BREES BN A faecalis
Ni3-1 ZEQAWIE N 1 000 mg/L B, 24 h V-
AR EBREN 34.5%, MHET R WT14 FIEE
Ni3-1, Fi¥k CHO6 7E C/N Ky 10, 15 i}, &4k
ORI 5 TEWIIR A R U EE A3 150 mmol/L B,
Kigt 24 h, H ODgooi5 3 1.3, A0 5x
FiRF| 38.7%. — RINGREVEHK CHO6 H
BERTZH N ATERE, X mEA R K& C/N P
HA RAFAIE RN RE 1, BEIE N 97 58 B K ik 2
ZMAEIIAEE , FEK7 SR AE K b BB &
AT R A0 0 R A .

25 BT, PR AR T TE Y AR A
WA, Tz 00T RE KT IR
FEAK T FRIE PR LA SR A AT A
EBRAITERE . W AR B L IE I U o3 2545 5
FI = BAT I CHOG6, HA BRI 5 Ak
fiE, PRBEAE N PSR, AT LA N R FE i BB TA |
C/N. pH. IR . WA G2 AW,
FE K IR e K A R A R Y S AR BT U
4 ik

ARG I B AT TR TE ) AR 48 K 7 I3 5E 2R
AR, KSR K T E R BT
18 P RE AT — N AR . )T M T SR A
RV b oy B AR B — MR B A UL S 2 A A T RE Y
FERRFT I CHOG6, TIFE 48 h AKE: 10 mmol/L i
KRR, HRIEWIE R T M4, £ C/N
10, pH 7.0, BEFRIE N 30 cCHI &4 T, HL
RAEAbRE A, TEEE SR A LB R &
ik 100%, AT AT 32 o 2 A A S i A L, X FR

BERE N 158 . Bk CHOG 15 19 73R s Ak
RE 1 B X S 2 PR B 5 o AR W, (AR Ak 3
K5 SR FE FE K X — v @ A e A AL R K D5 T
HATBER BT, AW 97 984T 13 7E 7K
77 IR R 28 AL BE A S T R TR
SCHRFRIOAR A, XK 37 BRI ) f R 522
JERAEEE L.
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