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—HREUFFHLEANEE EEREBELEH
VS N PERTE I E S L E

(BT R R F= i Ak THE M TREMR SO, &8 230009)

FEE [ B0 )£ X B B 5 7% A Ak oA A f R AR 0 1) 0, 35 8 O o A1) 53 i A T, 0 T 45 2 2 R PR 1)
J&, T A AR R AL A o (O ik ) 2 B DTS K A B T R T e AR IR A 4 D KR A 4 R BORE DA
Py R A0 R ik 5, NH, C1 2 U, SR S R 94k 9k o 7 v 9 Ak 1k i 28 A6 B B P Al X0 46 4 15 K B3 (8 48 7
TR R SR A 8 R T A5 AL B A — MR R R S RS AL R . & A B AE AR T 16S xDNA JF B 1 R Gk F 4 AT
Yo AR g s B Z A AN T & B K € R IK b & B AL G A8 4k, 1 i LA A e Pk 5 38 o e s 1 7 A
BRVR S (C/N Fb R RN pH s A 4t o [ 4551 ) 3145 10 B R0 R Ak 18 R o 22 IR B PR AT B, AN A
JFH 7 20 W5 %, ST e L 22 Mok i BE P, AS 7 sl 1B BB PR G ML IR R 7 s L 5 7 B 8 TR AR Alcaligenes sp. ES-
SDK-3 [#) 168 rDNA [R5 553k 99. 7% o FH iz B Bk b B34 U &0 100k 5 o 182,30 mg/L 9 7K ,30 h J5 & A
L BRFH 99.8% ,Fe BUW - & A LR E N 9. 61 mg-N/L/h, HAE Ak 2 72 v JL T A WA B8 3h AR 2
AR I AR BRI AT R A 5 R I AL RS ) C/N LA R TR R AR, 2 C/N LB Ry 12 B RAT 34 5
BT B K AR ZE IR BE R 30°C —35°C ,pH K1 5.0 - 9.0 S N R S sh e i s L. [ 458 ) i i bk
KT i 44 A Alcaligenes sp. HN-S 5 FUAE A Ak 3 22 15 b 350 0% 220 200 B2 5 1T 24 0 1 B ir I P9 40 i o ) K

Z RO IR AR 5 8 1 5 LR AL 2% AR, O HOE 1) SE B T5 K B R T 28R4 TR

REEWR . IR ;70 B 208 AL AR
HESES: X172 SR ARIRED A

It 8 — L AR AR I 15 7K 3 B A0 22 IR, 1 2R
P 5t 8 SN Ry 2 F I B K B R B 22 A RO T
ezt HERK AR B A R T, URU R R R
Je— AR R, = R85 AL HORE T A A R B
AP o IR, N ATTHR A S 175 0K Ak B &R G2 vk
PATRI LI BB — T A TR BE Y D LR
Brim KR T 20 i A AL A B0 58 22 4% [ IR Al
TR A R P SR B A AR T A ST B v AT
KA I AL B TE bR T AR TR £ BB,
(1) AR AL B 1A R A B AFTE 25 1F T, 0 45
SORIE SR 5 5 AN g 2 5 57 1T, AT -5 BOH:

X E 4 S :0001-6209 (2010) 06-0803-08

PAAE R GE O L s (2) A SR A T 49 1 38 2
P, R IR AR AR A 2, X DA 4 5 A R 1 A R
PRI 38 1 2R 498 S 7K 0 458 B I T A4, ity 1 R g 4
R AT R o BT DL AF o 5 3R B AL e B
BN R IR RS T — SR B R R

H 1949 4 Quastel I Scholefield"’ B R VLA B
PR Jis A g B 5 9% R U e 45 3107 NO, B 5 97 il
TR LR, AT R S RSB R T 2 A T
[ B ER g5 o 1S R A BN A G e L
TLHE 7, Kim 452 0 15 24 k55 55 il £k 2 il 19 i
BEZF AT I8 ( Bacillus cereus) , fE e HERS I8 25 18T, X

EEWHE FKARPAEEIH (30871739,30571304) ; 2 B8 2 & )T A FHIFIT H (KJ2007A099 )
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100 mg/L 1A% A 2Bk %3k 90% LA L Su % Ws
G5 7K R A — Bk O 7 AR B M T ( Pseudomonas
alcaligenes AS-1) 1) 5 3% i AL 187, 58 h N fE FE fif 4
2.5 +0.2 mmol/L ff§ NH, ;Joo %"/ i 15—tk hy 2%
FEB i (Alcaligenes faecalis No. 4) [ 5 H AL & , 76
3 B NH,-N 9 8 (£ 1200 mg-N/L) T, ik ) H g K
NH, -N £ R A< 28. 9 mg-N/L/h, 7R H A0 5 1)
SARAEACRE Ty . BN A BT O T e
FER AL BT R kR B A LR &
2t UIS) e A8 00—k Sk R B FF 1 (Acinetobacter sp. YY-
5) M S ARG A B, AR PR IR AWK E R
95.23 mg/LAYIE K ,3 d J5 R i Rk 98. 6% ; [E T
O EEIR ) — bR YY4 B SR AL T, Ab B R
IR R E D9 104, 12 mg/L (Y SRR IR, 12 h 1Y) [ fif
N O5% , Fx KA ANy 7. 42 mg-N/L/h, 38 & A
XL o

Zia BRI g R, T DA% B 5 R A AL T L
H IR AL R A 1 23S R AF 7 52 95 il 1 1 7 o
37 4 9y e 1 2 S A R R A O Y A T 1
Wb, H RO A O 22 K S 57 A 1 T T Ak B ok R
A AEK (NH, -N ¥ i R T 100 mg/L) if, fFEEA
B R AT H . A SCHGE — RS R SR A
ALY 7 2 55 M5, O 0 G 1k P B S el PR R E AT
TEE,

1 MoK &

1.1 #H
1.1.1 BE#CRIE - BB ST HNEZ R KABE 15

PEI5 e AT P g e T AR A I A g

L1.2 Brgpdk:© 9ifbd 35 5 ArEm =88 5.0 g,
NH,Cl 1.0 g,MgSO, - 7H,0 0.2 g,KH,PO, 1.0 g,
K,HPO, 5.0 g,NaCl 0.5 g, i fit o0 K ™ (51 Bk
T EDTA) 1 mL, Z£ 18 7K 999 mL; [# A 3% 3% 3L 4%
1. 6% W ¥R B o5 I A Sl B IR ¥ @ 5 3% s Ak B 5%
JEAPBERR =41 9.0 g,NH,C1 0.7 g,K,HPO, 3.0 g,
HARH 5y WY EE 5555 5B B SR 1k 3 77 5L e il e
SCHRS e il

113 F 250 A A Ak 58 W B Sigma 2
F); UNIQ-10 4% = 4f 1 3% [X 20 DNA Hifi $2 3L 57 & .
DNA Ji Rt 39 & ok A B A T4 9 TR 3 R ik
55 A FR A W 5 PCR MasteMix 3k H R AR A LB (b

FOABRAE S KR A i E 24 B R R
RIARAE . HL UK AL BE R 1R & 48 (BIO-RAD U.
S.A),VITEK2 &% (‘LW E 1/ " U.S. A) ,PCR
ACCHTM T B B A BR 2 ), 540 A1 DL 43 ) 6 B
AL (CUV—1600 7Y, 4t 57 Fi K] 43 AT AL 38 28 7)), 5 40 %
AT AL C RS RS2l A BR A A AR A B R 48
(HSP-2500 %Y, |- i K 7% 206 B & A BRA ), ¥ Uk
F AL (A 5 S 50 A AT BR A W), 45 4 R B
Z 5 (JSM-6490LV 1, H A 7245,

1.2 BSHERFHULERNSBHEK

1.2.1 S A D01k & 4 DR R RO IR 1 +
FEFEAMIRAT ML g iR G 1 T A 200 mL 31k
K09 500 mL HEJE IR, 1E I RURE R 7% o B IR
9 30°C, % 3 200 r/min, YIELL 3 d —EH
— JE 3 45 SRR R b R 3R R UOUE A 2, AR B
T BB T 50— v AR TR R, i f 9k 8 9
FEANE 2 200 mL, 4k SE 90 fk . BUH 9 B 91k
JE T U A S0 mL 3 2 10 mL, #b 78 B 35 55
AL I 4R A9 150 mL i 2 914k K 81 19 190 mL,
A 309 18] 2 309 AR A T R R BRI, Y
Ak A I AE T 2K ) S S G R, U 3R R 94k
1.2.2 SHRMAE KL 8 Rk A m
D7 kAT

1.2.3 KRR 3R 5L 48 45 TARR M IE AL RE ) - & 00 8
dlifl, A5 69 BRI . A E A1 A T IR R
FH L FEIRBEFR . 3 d a4 5 A 2R A% L i
FU L R R — i R AR AR A% T Y o A v AR
B A 1 5 SRR i R R A A . X R vk
e 6 R M 2 U YIRS L7 I A AR R R0 R R
BB . FREIX 6 R B 18 75 L BUH 18 B 4
O, F 4306 0 B 3 o o A U0 45 B YA P X Bk B A
W — R R R B B D T R PR

1.3 EHRHESS54EBENERE

1.3.1 JRAEYE XA AR AT 22 R
TG4 0 s N UL R 25, I X6 B Ak 43 i e %
PUE - SR

1.3.2 AREfeSe RIECHE WA KRG L ETF
M) AT

1.3.3  VITEK fU/EW o0 M4 %« Hh L RUE A LR
PEE G I J 0

A P, FISCHC, AR R IR AL R A 0T . R PR A o 2 2 2009 AR RAE 2 T I S0, 2009,
AN STl RA# Y S hh TR B Y TRR. BUEWSRE S 4. 2004,
AAA FIETAL R 585 TR B AW TR R, MAEY LRSS, 2004,
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1.4 16S rDNA §J PCR ¥ i MF R REXZE 5
1.4.1 Z0E LK 40 DNA B9 $2 5 BUE 504 K 3 4n
W,9168 x ¢ T B0 1 min # i€ 575 )8 85 57 56, H
UNIQ-10 435X 40 17 5 K 41 DNA 4l 42 2 57 6 42 e 4
B L 4] DNA  $2 552 56 0.7 % Bt i i 58 Jie Ha, ik
i BT 42 LAY DNA it
1.4.2 16S rDNA [ PCR 434 5500 )3 < % 40 1 3L A
HAE B, 5851 — X @ A5 . EmS Y
BSF8/20: 5'-AGAGTTTGATCCTGGCTCAG-3"; % [f]
2| % BSR1541/20: P,: 5'-AAGGAGGTGATCCAGCC
GCA-3', ZI¥y ik T A9 T8 R R 55 A BR
ANElE M, PCR WK F (50 wl) Ay : 514 BSF8/
20 F1 BSR1541/20 £ 1 pL;#ikz DNA 1 pL ;2 x Tag
PCR MasteMix 25 pL;ddH,0 22 pL, PCR F2 % 40
F:1. 95C 5 min;2. 95°C 30 s,62°C 30 s,72°C 30
s33. 8 TR 29 ;4. 72°C 7 min;5. 4C UE
P35 58 1T 1% By s A o6E e F Uk A DU, ] UNIQ-10
FEZC DNA i 1] g 38 70 & Iml e H 9 B Bt DNA, 9
RARA AR (dbat) A BR 2 w58 Ul T .
1.4.3 ZRGEKRF /M L0M)F KA 16S rDNA K
i 1475 bp, K% 7 5 3% (AW 15 B N+
RYP AR EMERREEEN, BT RERT
53T o
1.5 fELEFHERR

SgS FHAS 4% 4 500 mL HEJE R, 35 9% A A< &
200 mL, 4% A B k5 30°C % 3 200 r/min $E IR
SR
L5.1 AR il B i smw pH A0 .
S IR D S 5 il Ak 35 SR BE B 0D, 1 pH .
1.5.2 B ORREAE i 26 05 < 0 B AG I 5 5 i £k
1% v B R0 TR R R R R UMk B 1 AR
TERIT
1. 5.3 RPRAE A 77 i Ak 3% 77 2k b 09 AR IR 00 % %% .
PRARIEA A SR AR TR ARG 3% 10 d, 2 I A ) 8%
FeBL 0D, F3E TR 5 = A A8 4k
1.6 ®HULEHEE=

U ZF A% A 500 mL TR R, B %< By 9 A
200 mL,
161 fie Y5 i 24 b AT R B8R e 2 R0 3008 1 52 i) < o8
S TR AL B 77 R 0 e U 4 ) el R B L SR
PR TR A 3% BT R A LT SR R LR A TR B LT A TR AR
G R R RE, R U AN AR L T ik R S 5
WF4ERE C/N = 11.7, 85 3% 55 1 3 20 30°C #%
200 r/min IR IEFR . H5 97 10 d, Kl 85 57 00 )5 &

AL LA
16,2 9 4 HE 0T T ok o fip 2 RCCR B R T O T B

e N\ S TR AR IR, 5 O B R B R iR B
FrFEEP R A B 2 0 v/min (50 r/min
100 r/min 150 r/min.200 r/min.250 r/min, 3f JH &
SEASCIN H A% T AR AR o IR A [ e R
B ar Rk rh & R A2 A
1.6.3  C/N LLX i bk e fifp 2 R OCR 9 52 0 - 2408 S
G A 3 5 B vh i PR AT R IR B Y i I C/N L3l
H3.6.9.12 15 18, 85 B Bk 20 5l 4% A, 30°C 5% &
200 v/min £5 R FE F5 o 2 I A I 15k Jk v = R vk
A1
1.6, 4l 20T TR R e it 2 SRUSB0CR B 52 ) o T A
ASEFRA AR IR, 35 T 20°C \25%C . 30C 35°C
40°C R, R IR 4 200 v/min, 5 I A 1% 5%
SerhE AR AR, R 3 K,
1.6.5  pH e X B bk B i & SRR B9 520 < ) HCI
1 NaOH ¥ W0FF 5 77 i Ak 15 F 5% pH 2353014 3.0
5.0.7.0.9.0.11.0, % AR £ ,30°C . ¥4 200 r/min
FEIRBG % o 8 I A6 00 5 77 ik v S0 ROV B 1 A2 4k,
23,
L7 SiHE"

NH,"-N R I 4 [G 50 G B2 2% 5 NO, -N % ] N-
(1-Z83E) -2 B 6 1 NOy -N R H i — i 12 Ot
Bk

2 #X

2.1 EHMOBHEN

Bid IR B iE s e A AR T N A
HiRBA H e IR A 1.0 g IZIRA 1R YL .
24 D YIMEF S -6 fRIZ 58, AT RETE = 57
TS A AR 95 i b AR K R TR R 69 Bk o o 3 S8 T Ak
O3 S IR AR B 3R 3 B 3R IR 448 R LRI
G366 BE A I, AR AT — bR A = SR AN AL R, i 44
4 HN-S,
2.2 H#H HN-SHESS5LEBELEUERT
2.2.1 JBASSY%0E HN-S fEE R 3R 2 d
Je T8 BUR V& R K A £ CRLTE AN 3 B AR R AR
WL QY B, A AR, R/l 0,45 pm -
0.5 um x 1.0 pm —2.0 wm, 4§ B 5% & A fn & 1
(A)(B)Frm,
2.2.2  EPRAAL S HN-S R F) P 0k, 4R
AT 22 fi 1 B P, O 77 sl g, B FR A LR R AR
MR CH L 20 TR R g8 % 8 T W) W0 28 0 R e e
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%
% 29/0CT/09

20kV  X5,000 Sum

" 20kvV  X10,000 1um 29/0CT/09

B 1 BE#k HN-S H#EBERRE (A) (5000 x ) fnig# B %
BB E(B) (10000 x )
Fig.1 SEM of strain HN-S(A) (5000 x ) and (B) (10000 x ).

J& (Alcaligenes sp. )

2.2.3 VITEK 4 [ 3 40 1 % 52 R 4 %02 . HN-S &
VITEK2 4= [ 3h 40 i 45 E 2 G045 78 0 26 el 131 250
1 (Alcaligenes faecalis ssp. faecalis) (T a1 99% ) .

2.3 RERESW

WP )5, 45 B B O 1475 bp B R Ak HN-S |
16S tDNA J¥ %1, % J¥ 5 #& 2 GenBank J5 % 3¢ 5
(Accession Number) 2 GU166294 , %t BLAST [q] Ji
MR, XK E 5 rE 6 E & @ ik Alcaligenes sp. ES-
SDK-3 f#] 16S rDNA J¥ 3] [F] Y8 P & ik 99. 7% . ¥ H
HSe R R DR A SR LR 4 16S
rDNA [ J5 14 AH 3T 1) 1 19 16S tDNA J¥ 51 47 & 48
KRB I B RGE AR B W RS & 2 s,
H P AT, AR SO HY Y S 3R A AL i HN-S 72 R G52 K
BW E 5 Alcaligenes sp. ES-SDK-3 v T[] — & &
HuA7
2.4 Ttk HN-S WL 451
2.4.1 RIS RS pH B8 AL TR TE
S SR A B 77 2k o B SR I AR R R R pH Ry A2 AR
P 3 i 7 o i P AT R, T bR 7E R 29 1205 i A 95 $X
2.0

1.8
1.6

1

—

pH
S = N Wk U AN OO
—

—

(=)

0D600

3 BEHHN-SHEKHEREFRTRESD pH TR
Fig. 3 Growth curve of strain HN-S and the changes of pH during
cultivation.
HN-S (GU166294)
Alcaligene sp. ES-SDK-3 (FJ531636)
Castellaniella sp. MJ 05 (GQ250433)

Castellaniella sp. MJ 04 (GQ250432)

Alaligenes defragrans PD-19 (AB195161)
Achromobacter piechaudii EY 3860 (AB010841)
Alcaligenes aquatilis LMG 22996 (AJ937889)

Nitrosomanas europaea M 103 (AF037106)

19
99
99
100
100 o1
95
69

20 |

W: Alcaligenes faecalis B3/1 (U71008)
100 |

e

Psychrobacter faecalis 1SO-46 (AJ421528)
Acinetobacter hvoffii H] 7 (AJ176770)
Acinetobacter calcoaceticus DSM 30006 (X81661)
Pseudomonas putida ATCC 11172 (D85992)
Pseudomonas aeruginosa 25330 (M34133)

Paracoccus pantotrophus JT 001 (AJ864466)

B2 ETE#% HN-S IEEHEXEHN 16S rDNA FIFEEHAEHNRELZ TN

Fig.2  Unrooted phylogenetic tree based on the 16S rDNA sequence of strain HN-S and sequences of validly described bacteria

associated. Numbers in parentheses represent the sequences accession number in GenBank. The number at each branch points is the

percentage supported by bootstrap.
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AR ,30 h JFH#EARE, Hird &b pH i 7.5
212 IR 9.2, 45 G 7 e I s i AR AR, LS IR U A
SR R T AE I . X — RS B IR AL TE
B Rt R e R R KA I

2.4.2 [ U R ARAE il 2 A MR R S R A L
B 9% e b 85 37 ) 0 AR AR M 2 n 8] 4 TR .
W AT L ET 12 h B Rk AL T2 AR R Y AT
9,12 hf5 A AW B R 12 h iF @ AW
173.32 mg/L,30 h If E %~ 0. 43 mg/L,18 h fi})3F
YRE M RN 9. 61 mg-N/L/h, 85 & A Kl 2k, 3%
W A R £ R A A8 80N . 7230 h WA
RN 99.8% , H 16K fir A A B b — HR
A R ) A R R A AR IR A R

200 r
180
160 |
140 |
120
100
80
60
40 +

—<&— Ammonia-nitrogen
—&— Nitrite-nitrogen
—a— Nitrate-nitrogen

c(Notrogen)/(mg/L)

0 20 40 60 80

4 ¥ HN-S B 5 i 2 5 1E ph 2%
Fig.4  Curve of ammonia removal and nitrite and nitrate accumulation of

strain HN-S.

2.4.3  HEBRAE A IR AL B IR L A AL OO - TR
HN-S 7& H F& il L 15 95 H b 15 97 10 d 18] 0D, —
ELAE 0.03 DUTR, 15 5 SEJEAC I 0, B F% iy i B 9 Ak
R AW E B 1022, 73 mg/L 28 H5945. 55 mg/L, 3
AT, A A2 AR ] B A K TR

— Sl AW N Z B BRSO AT LA R 1 3R
A TRT 8 A KT 0 S5 5 A A T JC 52 ), el b Rl LR
B IP TR o A SCHE K TH Bk HN-S 42 A [ FR AL
Rrge gk AEW TR A SR AL RE ), 2 — Ak L 1k & FR AN
eI
2.5 Etk HN-S LR AELHMAR
2.5.1  BRUERESBOR B9 0 fF AR HN-S $2A
AN R B Y S AR A A S SR B BT AR A SR AN R S P
H P TR dre A B U A AT R TR BN, T AR 3RS L 10 d
MR A H 169. 32 mg/L &k 0. 48 me/L, B %
H99.7% 5 HUR Ok BR B R 50 R £ R B, 2 AR il
535k 97. 2% #1 93. 6%

250 m0d m10d

200

150

100

o(NH,"-N)/(mg/L)

50 r

Carbon source species

B 5 AE#HEX HN-S B R 2m

Fig. 5 Effect of carbon source on the denitrifying ability of strain HN-S.

2.5.2 SR B U RCR B B IR - S vl e R

PEOREE ORI R P M A, 5 R 6
TN o HH BT HT, B DR B R R, Ry AR o i
B HAE B E RS 0.2 me/L | FHE 250 r/min A
9 4.2 mg/L, i V4 4k B g B4 B T T R HN-S 19
s Ak A o

—8—48h ——72h ——96h —=—dissolved oxygen

200 5 5
-
1 2
5 160} X4 £
o =]
E 120t 13 &
4 >
z B
<80t 123
E [
z E
S 40 | 11 2
2
0 - N »— 0"

0 50 100 150 200 250

Shaker speed/(r/min)

B 6 REREEX HN-S B &% R 8% 0
Fig. 6 Effect of the level of dissolved oxygen on the denitrifying ability
of strain HN-S.

2.5.3  C/N O B RRCR 1 52 < 4 T8 bk HN-S $2
A C/N HA R 57 IR i A 15 5% 2, 15 9% B A 45
WP 7 PR e — S EIN L R C/N A R T R
o AR A AL ECRE ) o 24 C/N LR 12 I A A AL
RO R, X C/N Ky 15 3 18 i, 120 h i}
HAVEM R IIR 100% , 1 55 i 40k F 8 4, FHZ &
C/N LA E X,

2.5.4 it B 0T I USR5 R < TR PR HN-S LUAS
[l it o 5 7, R Al R M BOR I3k 1 s . &
AJHL, R AE 30°C - 35°C B 8% 5% Al 1k i R B
W R HEIRET , BAR AT — & M B A RE Ty, (H iR
JE T B
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200 B0 Ao 5 ) e O o) R 0 e
180 F ®2 7TF pHxt HN-S BRI (X s, n=3)
160 L Table 2 Effect of pH on denitrifying ability of strain HN-S
c¢(NH, -N)/(mg/L)
pH value
10 L 0h 24 h 72 h
3.0 186.33 +£3.58 189.52 +2.32 200.57 +7.56
3 120 } 5.0 186.33 +3.58  2.93 +0.31 3.64 £0.71
ol
£ 7.0 186.33 +3.58 3.07 £0.52 3.66 £0. 63
z 100 | 9.0 186.33 £3.58  2.07 £0.00 1.79 £0. 00
El:q 11.0 186.33 +£3.58 62.94 +4.12 21.15 £0. 21
Z 80 r
Q
o 3 it
40 L #0  Hh ok 0 S SR A A B E S A AR R L
2 | N EFY 17 FE 6 BR B ( Thiosphaera pantotropha) | 3%
R M i ( Pseudomonas putida ) . 7 #F H J&@

50 100 150
t/h

B 7 ZRE C/N X HN-S Bt &30 R 89 %2
Fig.7  Effect of different C/N ratio on denitrifying ability of strain
HN-S.

F£1 AEBEX HN-SHERIRHEM(X£s, n=3)

Table 1 Effect of temperature on denitrifying
ability of strain HN-S

-(NH,” -N)/(mg/L

I ¢(NH; -N)/(mg/L)
0 h 24 h 48 h

20 188.31 +£3.22 45.16 £3.48 25.99 +3.62
25 183.13 +4.23 18.81 +1.36 9.81 £2.22
30 188.19 +5.56 11.20 £2.92 1.07 +£0.35
35 180.78 +3.42 7.88 +1.96 0.89 +0. 18
40 185.63 +£5.52 40.23 £3.57 40.23 £4.13

2.5.5  pH XM U808 19 52 o TR AR HN-S 482 A
ANIF] pH ) S FR i A5 95 L, LA AL I AURCR 3k 2
Jr7R o HI R TR, R RO pH A B 1Y 1 N9 AR
pH {Eh 5 -9 B ¥ RB A BB AR 0 AR . A
LKl LIFE B AE pH 5.0 F1 7.0 0, 1557 72 h
JE ISR 24 h B A A AR B sk — 2, HR
PRl — J77 T 2 A T 1 A 1% v 8% 95 5 B TR PR S
1M 45 2 B (B, B FR B h oK R R 2, 3 30 W
R T B, LRI AR AL AT, d
JE¥E R OR R LR I 3% -4% , 1E pH Ry
3.0 BF, ARAS R AR, Bl B 15 7% ) ) (9 S8 G, 35 5%
Ferp AW WA AW T R X — .
—J7 T W] RE SR A B[R] 1) By 5% S A i A, B
AR S, £ pH K 9.0 F111.0 i,72 h N
PRA F5 252 10 100 EURE 1, 150 W3 A6 B0 A0 5 o TR R B A
A [R] OR A5 5 J7, 3X ] BE 55 T PRk 5 AB 3 1 e Bl 7 2R
BRI R O o 1E 55 B0k 3 BT o B R RO B, A

(Arthrobacter sp. ) . 2 fil #T B J& ( Bacillus sp. YO R
FE P08 (Alcaligenes faecalis) R Y Y R
1 ¥ W J& ( Brevibacillus sp. YOI R B R
(Acinetobacter sp. )T A AR ST R S 3 A
HN-S 75 R G0 kK B B 1 5 77 08014 J& 1 Bk Alcaligenes
p. ES-SDK-3 i % 7 M fir, 25 4 LI 452 A0
R AL AT 7T M AW 5 L Alealigenes sp. , 45
%N Alcaligenes sp. HN-S

Alcaligenes sp. HN-S 7E & A W E 7182. 30 mg/L
M BT, TR 4R B R A AR T 1 R Rl
9.61 mg-N/L/h, [% fi# 3 R & T Alcaligenes faecalis
OKK17 & ) 6.5 mg-N/L/h . Thiosphaera pantotropha
BHOS mg-N/L/h" DL K 8 55 %) 0 i YY4
FHY 7.42 mg-N/L/h, AP R AW E BT & (W
UCSEHG R H JEE 1 7E 180, 0 mg/L DL B ), 2 A B
fR RS AE 2 -3 d NWIYREILE] 99% L) . [A]
I 7 8 figp 2 R L R e — VS R ) I A R R U
MR AR LM BB, ik — S AL ST
Acinetobacter sp. YY-5 [ J5{el, NH, -N,NO, -N Al
NO, -N 352 K fk i (75 Je 9y, 7E 7K 1k v = 3 34 RE AH
HEAL . ARGEAL R SUR B T KR T A BRI
3, AR 5 2SR A v P [) 4 T A B 2 1 3K B i
A B H Y, Alcaligenes sp. HN-S ¥ 7K & 5 NH," -N
BE7% Jg NO, -N Hil NO, -N, # 4 & 09 5% 16 1% 12 %
kU AT R S U A Ol R L B X
By G R A E

A — T AR B A S T e TR 2 X T bk e
fifp 2 AR B R W B S T, S R i 10 d 2
PR HIN-S 2 Hy Ay 5 2 44 A ik 5 91 Ak e 45, 76 T
B BB U N B AR T RE T A N R A
S I [ 2o 8 50 A BE L T sz i R A2 e 58 1 It Rk
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o P B IR S ARERE SR 10 d RN, HAN SR
TN A5 VR T T B IR B AN 5 rp T s RO B
#10 d,

Alcaligenes sp. HN-S [ fiff £k 3 2% [t K 2 40 C i
MR IEWALE E, AR T Joo M (Y
27708 i (Alcaligenes faecalis No. 4) 1Y 5% K Al 1k 3
# 28.9 mg-N/L/h, —J7 1, Alcaligenes sp. HN-S ]
e R AL AR B B4R T 7E 22 - 30 h, 8 h PR A
106. 39 mg/L [ % 0. 43 mg/L, X FE15 3 H & K aE b
AR 13.25 mg-N/L/hg 55— J7 1, A 52 56 il A
e A AR IE L1 190 mg/ L, 5% I HA FR 2 A
fir , BT LA A5 B 6 Ak R JF AR i RR B3R,
Alcaligenes faecalis No. 4 2 7E 5 W) & & G110 (£ 1200
mg-N /L) N A REIA % AiF fb 3 28, 7 4 2 A 07 A B
H %5 400 mg-N /L Fl 100 mg-N /L, ) H 5 K il 4k o
RABE A 13.6 mg-N /L/h f1 4.7 mg-N/L/h"*) |
J5 LS 5 18 ik 2 AWK B, B 4 HIN-S |1 f R
SR AT R BR i Ak 3 22, OB H 9T Alcaligenes
sp. HN-S 1 [l Uik 42 FLEEL, Oy O 1) A 7= 5 R 4R
PR

MR bR S I 25 R A5 = S h

(1) 38 3 3% P 75 98 9 47 94k 90 Ak 722 b 94k
T S BE AR B P AR R R 15 L €0 s R P A
D25 20 R i b — PR R A S SR AL T . A E
J& Alcaligenes , fiy 44 "N Alcaligenes sp. HN-S,

(2)Alcaligenes sp. HN-S &1 R IR 4L 1 , G
HIREALRE 1 o HAEZ AR E Tl 182. 30 mg/L 1%
OUF, TEH8 BUW B s A 0 P 3 %5 9. 61 mg-
N/L/h, #][6] % K # % K 13. 25 mg-N/L/h, 5T H [
JI Ot A 1 K 22 80 5 FR S AL R ik . HLTE e i U AU
FEh RS IR EE R M IR EE A R, R ) B4
{189 07 I ) T o

(3) 5 56 v xof AW A JBd B RICR 52 mi e R iy LA
R G BRIR AN S \C/N [ VIR E A pH
17 %%, KR s &M C/N A R T H
AL 5 X e U A S LA ™ A R BRI, X AT A
T 50 B FFIRR 41 A0 £ R 4R A 384 5 7E T Sy 30°C
= 35°C i B AUROR K4 5 6 pH B9 38 I Y R4 5, pH
{HTE 5 -9 I X fg Huis AR 0 I A RHOR o

% Xk
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Isolation, identification and characterization of a high-
efficient heterotrophic nitrifier

Qingmei Zeng ™, Wengong Si, Zhigiang Li, Jing Jin, Cong Wu, Chunyan Wei,

Boying Huang
(Engineering Research Center of Bio-process, Ministry of Education, Hefei University of Technology, Hefei 230009,
China)

Abstract: [ Objective ] In order to improve the rate of the heterotrophic nitrification, we screened and identified a high-
efficient heterotrophic nitrifier, as well as studied its nitrification characteristics and nitrification conditions. [ Methods ]
We obtained activated sludge samples from sewage and chemical fertilizer factories and farmland. We then utilized sodium
citrate and ammonium chloride as carbon and nitrogen source. We used methods including domestication, gradient dilution
of domestication liquid, isolation from streaking plate and color indicator as rapid nitrification detection. Finally a high-
efficient heterotrophic nitrifier was obtained. We identified this strain according to its physiological, biochemical properties
and the sequence analysis of 16S rDNA. Afier inoculating the strain into artificial ammonia-nitrogen wastewater, changes
of nitrogen compounds were measured in order to understand the nitrification characteristics. Nitrification condition was
also optimized by changing the carbon source, dissolved oxygen, C/N ratio, temperature and pH of the medium.
[ Results ] The heterotrophic nitrifier was a gram-negative bacilli. It neither fermented glucose, nor produced indole.
Oxidase and catalase tests were positive. It could produce alkali if organic salt was provided. The strain shared 99. 7%
sequence identity of its 16S rDNA with ES-SDK-3 of Alcaligenes sp. In the artificial wastewater with 182.30 mg/L
ammonia nitrogen as initial concentration, the removal efficiency by the strain was 99.8% after 30h cultivation. The
average nitrogen removal rate was 9. 61 mg-N/L/h in its exponential phase. It produced almost no NO, -N and NO, -N in
the entire nitrification process. The optimal carbon source is sodium citrate. Higher dissolved oxygen and C/N ratio favor
its nitrification. When temperature is ranged from 30°C to 35°C and pH is ranged from 5.0 to 9.0, it can completely
remove ammonia nitrogen. [ Conclusions] The strain was identified as Alcaligenes genus, and named as Alcaligenes sp.
HN-S. Our research confirmed that the Alcaligenes sp. HN-S had significant advantages over heterotrophic nitrifiers that
were screened previously with aspect of ammonia nitrogen removal rate. The research of its nitrification condition definitely
provided necessary theory support for a new biology process to remove nitrogen with high efficiency.

Keywords: heterotrophic nitrifier; isolation; identification; nitrification
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