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WE. AR WREMESE ., A, TSR, AILAREBEKMESA SHEA | B8A S WHEZIR ALK,
WA SABAC AN TA Arthrobacter arilaitensis Y-10 B SEFEAHAL | 47 R AiH AL LA [RIB AL AR il AL BE T, 3 Y-10 PARKTE
ARSI Do 15, TN L K 54V A Z AR, 55380 TR TR Arthrobacter arilaitensis Y-10 ELA R5E A9 HH
RS ALRE ST, 15C 61T ,4 d WA BIADE S A5 A 208.43 mg L7 PR 72.92 me-L~', £ % 65.0% ; s A th 201. 16
mg-L7" FEE 0 mg- L', EBRF N 100% ; WAHAZ N 194.33 mg- L7 FEE 75.43 me-L™"', 2R 61. 2% . %k RAESHAARM
BAE KA L= WSS EFR R, AN IEIREHIE KR, DRSS E N E. B2, Arthrobacter arilaitensis Y-10 RELE 15°C
FM T A BGHAT RN E R AE A E A R TEAL TR B K Ao S A 5 R 534 80. 0% LA L.
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Heterotrophic Nitrification and Aerobic Denitrification of the Hypothermia

Aerobic Denitrification Bacterium: Arthrobacter arilaitensis

HE Teng-xia', NI Jiu-pai', LI Zhen-lun'*, SUN Quan®, YE Qing', XU Yi'

(1. Chongging Key Laboratory of Soil Multiscale Interfacial Process, College of Resources and Environments, Southwest University,
Chongqing 400716, China; 2. Guizhou Dejiang Secondary Vocational School, Dejiang 565200, China)

Abstract: High concentrations of ammonium, nitrate and nitrite nitrogen were employed to clarify the abilities of heterotrophic
nitrification and aerobic denitrification of Arthrobacter arilaitensis strain Y-10. Meanwhile, by means of inoculating the strain suspension
into the mixed ammonium and nitrate, ammonium and nitrite nitrogen simulated wastewater, we studied the simultaneous nitrification
and denitrification ability of Arthrobacter arilaitensis strain Y-10. In addition, cell optical density was assayed in each nitrogen removal
process to analyze the relationship of cell growth and nitrogen removal efficiency. The results showed that the hypothermia denitrification
strain Arthrobacter arilaitensis Y-10 exhibited high nitrogen removal efficiency during heterotrophic nitrification and aerobic
denitrification. The ammonium, nitrate and nitrite removal rates were 65.0% , 100% and 61. 2% respectively when strain Y-10 was
cultivated for 4 d at 15°C with initial ammonium, nitrate and nitrite nitrogen concentrations of 208. 43 mg-L ™", 201. 16 mg-L™" and
194.33 mg-L™" and initial pH of 7.2. Nitrite nitrogen could only be accumulated in the medium containing nitrate nitrogen during
heterotrophic nitrification and aerobic denitrification process. Additionally, the ammonium nitrogen was mainly removed in the inorganic
nitrogen mixed synthetic wastewater. In short, Arthrobacter arilaitensis Y-10 could conduct nitrification and denitrification effectively
under aerobic condition and the ammonium nitrogen removal rate was more than 80.0% in the inorganic nitrogen mixed synthetic
wastewater.

Key words : heterotrophic nitrification; Arthrobacter arilaitensis; aerobic denitrification; nitrogen conversion; hypothermia

A I R A PR R B g R EL AR AR B i 7 2]
T R FERE R 5 E YA AR
H 3741k (NH;, —NH,0H —NO, ——NO; ) Fll
PRAE R AE AL (NO; NO, NO N,O
N, ) AT A, e A A 1 200 R R 4R S i 1k 4
TR0 HTE ™ G SR DR AR R b A [ 14 PR 58 25 A4 BB
IR e s e e A, DAY T A Ry = — M fE ELAE
A A A X AR & B e SR S e
T%T,ﬂ[] {E%ﬁ,ﬂi%( Thiosphaera pantotropha ) (4] LR
A B AT (Paracoccus pantotrophus ) ', WE N BELT

BRHE ( Rhodococuus pyridinivorans) " it FC AR B0l 2
( Pseudomonas stutzeri ) TSR R R B
( Providencia rettgeri ) O RN AL B ZE A AT ( Bacillus
subtilis ) "4 | BEAE Al Ak A0 Al Ak ad B A TR — S0
s PRI FEA T, AR5 K A BRAS. 1A, A

Kim B 2015-10-15; 1EiTHHA: 2015-11-05
BEETH . BEEEHE CEIRITE (2013BAJ11B03) 5 H e m A% He A
k55 515 ( XDJK2015D040 )
EE® A (THEEE (1988 ~ ), & WL WF 98 Ak, = 0T 58 7 1] g i A
WA, E-mail ; hetengxia5153@ 163. com
w JHIHEC R, E-mail ; lizhlun4740@ sina. com



34 A B BG5S . 1 Bk Arthrobacter arilaitensis T T ¥ S FEMEAL AN S il AL AE H 1083

AL 8 S B A A0 TR TR A 48 R P T AMLRE IR B S A
FE A, W B A R B A AR AE R, 4n 2015 4F
Zhang %5 R Y RS BV BR B ( Paracoccus versutus )
T[] B i e S BRI A AL, & A B BR R ITE 95%
DL b X R RE SEAT () B il A 0 B il AV T A 40 8 A
RIS Gt A= W I 8 DR RS I i R A
AT ELAE AR 7 Az 8 R AT R SRS AR FH 7 A
FRBRE , S T30 P9/ B8 1 pH 819 790 A A

SR, [7) I il A RS2 B AV T 22 22 AR 22 25 PF Y
S, IR s e O B RCR I R R 2 —,
S EA 5 7K A B R A AR AR TR i A
U SR AR T 20°C B, 40 B /9 il £k Fn 2 i 4k
PERENE 2 20 B, IR BE IR T 15°C B, il Ak A i
AL PERE 2B AR 58 , 2 IR BE AR T 10°C I ¥ 2%
iR U410 1) 240 AR A4 PR R RS AR A F R A 712
2012 4F Zhu SEUHRTE 091 £ 8% BRI
( Pseudomonas mendocina ) TE 30°C 4541 F M e 5 0 F
A PRER LS BR 53 3N 85. 7% F197. 7% AH 4 2
TREZ 10°C I AR FRE IR ER A LR R BT
P2 10.1% 9. 2% , R LR R R & P RA
R G A Ak R S A AT (R TR SR B A A 1 T i
RIS AL AN S As AL MERE. SR, H FTHR I8 1Y 4 46
Jit iR 22 O W it TR, A 1 I IR JE 22 1 30°C LA
s

A SR AT 40 85 09 1 BRAEAE 15°C 4614 F
FAE BRI R R A aF R I AR T R
Arthrobacter arilaitensis Y-10"* s 98 % T 3T i e =
MESEA ., MEA ., EMESA ., AIAULRESA
PSR K TP ICHL A R AL RE I R R BE 1, s
WA TG /K0 BREL (P (0 R Wy BT R, S 4
W] Y-10 RETE 15°C Z& 1 A RGHkAT S SR H AL F s
SASCHAHE T TETR & BB K x5 E Y
ZBRFRIL 80. 0% LA . HETIE AR WIZF R BEHAT
SRR AT LR [R] i 4k 5 B e A B BF e il
A TAE R Je W R TE R 7 & 225 K I Rk BB 5 T
B HEA.

1 #REF*

1.1 Fk
1.1 EFRRE

T Y 43 B 07 %6 TR Bk Arthrobacter arilaitensis Y-
10, 1% B8 O A AE B0 [ B A B 2 W (i s |
1495 5 & CGMCC NO. 10536, 7 [H x££ P %
16S rRNAJE[F % 55 KP410739.

L1.2 Bk

fil Al B 48 % 7K B il (g-L7") : K,HPO, 7.0,
KH,PO, 3.0, MgSO, - 7H,0 0.1, (NH,),S0, 1.0,
FeSO, -7H,0 0. 05 I CH;COONa 10 (NM).

SRS A A0 R K B ] (g- L") : K,HPO, 7.0,
KH, PO, 3.0, MgSO, - 7H,0 0.1, FeSO, - 7H,0 0. 05
Ml CH,COONa 10, KNO, 1.8 ( DM-1) m% NaNO,
0.986 (DM-2).

A HURRE g e 77 ALl K B (g- L") -
K,HPO, 7. 0,KH, PO, 3.0,MgSO, -7H,0 0. 1, % H ik
1.575,FeS0, -7H,0 0. 05 #1 CH,COONa 10( OM).

[ B i £ TR i A RS 40U K BE il (g L")
K,HPO, 7. 0,KH,PO, 3. 0,MgSO, -7H,0 0. 1,FeSO, -
7H,0 0.05 #l CH,COONa 10, (NH,),S0, 1 .0 +
KNO, 1.8 (SND-1) & ( NH,),S0, 1.0 + NaNO,
0.986 (SND-2),pH 84 7. 2.

Luria-Bertani (LB) :[:E?%%[z()] (g-L_1 )& M
10,NaCl 10, yeast extract 5. VL | P 55 35 FL 4 78
0. 11 MPa, 121°C F K 30 min, & H1J5 % Hl.
1.1.3  EZ S5

FBAL 2= W K T E 25 B Ak 2= R A BR
Al; ZHWY-211B fHiR IR IRG 48 (LR o X
WA BRATE]D) 5 722 AW T (L E R RN
IS AR F]) 3 UVISSB Al WA EEEH ( F
T HTANES ) 5 DUS0O 84k AT WOt 6 B i
(BECKMAN COULTER).

1.2 RN RV AR 9 22 BB 1 LA B Ab G 2R

PRIURA T 75 2 R0 T35 45 100 mL LB K532 561
250 mL HEIEH T, 15°C . 150 remin ™' FEIRIR ARG
36 h, B 8 mL B A4 000 remin "' B0 5 min,
ik BV, HCS mL JCTR KR 4 TR S 08—l
FEEG, 355 R, B2 mL JCHEK B0
JEHR P AR 5] J5 2 H 4% 7 B2 A 100 mL B
J% 7K #9250 mL HEEHE T, T 15C | 150 remin =" Z544
TR TR, B 24 h W EAA . AR, S
REESPAE DL AR Dy (8. RN
PRl Do TE 2 AN 2228 AT i Kb B 422 1 50 BRURE: 43 i
8, HE R PR 5L L8 000 remin ™' B0 8 min J5
I WO 0 g5 R LR AR R AR

R, = (T, - T,)/T, x100%
K R, AAR, T, UL K BRI, T,
AL AR T R 2R B
1.3 Ririk
SRR AL B2 R P P 3o e 0 0 i 25 41
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OIEICRE I A Py e A R B I b 3k
FE R ERER R FH SR AN 6O B L ik, WA R
R R ) N-(1-2538 ) -2 OB R e
PR AR KR Dy eH Feh ik.
1.4 FdRAIE S 54

R 3 HFAT, R Excel, SPSS 17.0
A Origin 8.6 #AFXF LB &5 R AT R IT M S
fERL.

2 HRE5H

2.1 FEFE Y-10 XS R B BREE

Y-10 FEHRAE NM B K i) AR R 0l DA
SRS R BE TR 1 s B 2 d L
B Dy (P 88 KB 1. 46, Bl 5 22181 28 1. 73,
i A5 SRR R 25 s 00 1) A B T 14
RARFI N 4 d N, AR H 208. 43 me L7 fEE
72.92 mg-L™" EFRFN 65. 0% , AN Y 2 R
7 1.88 mg-(L-h) ~'; B A& H 220.08 mg-L ™' [ E
155.49 mg-L™", BR% A 29. 3% , 1656l 1k [ g
LR VA AN 380 i A RIS A S A b ) B R
FEY R AR B R o B 3 WU A RS BB
AZSS. ERE B A AT LLGE o B R I AR B
RIS A, H— R NH; ——NH,0H —NO,
——NO; , R 5 R o A R; H k. NHY
——NH,0H —NO ——N, 0> 7 A L B A,
WX R R TAE A E ], A S AE RS A
AR AR P RIS TR Y-10 X 2s Bk
A5 B AL R S A I A BT I S A
AIREAE LSS AR AR BRI, SRR F Jin S50 4R
B Pseudomonas sp. JELLRSACAE 7= (Al S A Bk
WARAR) A7 RO AVE H R HGE.
2.2 BB Y-10 XAHERER A A PR EE

Y-10 FEFETE DM- 1 BB 7K rf 9 2 4 258 A
X e R A A U R BRBE ANl 2 TR #E 15°C L 3
d N REIS 201.16 me-L™' WY & A KR ZE 0.01
mg-L™" EBREF N 2.79 mg-(L-h) ', HIEE R
SV M B Ak R A A A, WA o A T E) 4
mg- L™ ZE A WA A AR 8RBl 1 FR ) () 2 K
WS A BB 4.52 mg- L HIMESE 2 d 1
130.41 mg-L™", B J5 2 %% 4 d X F%& = 101.05
mg L' BELERFEN 48.9% , LIS A N E—
RUERTEL S, R Y-10 BRI RS AL I &R T E
SIREAL IR R RE s, AR IE LA B ST S S
IZPE AR A A M &2 NOy -N —NO, -N, %R

B 37%
250
41.8
4 1.6
200
114
L {12
% 150 - :
s {10
% 100 108
4 0.6
50 404
402
0 8 a 0.0
0 1 2 3 4
#d
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Fig. 1  Ammonium nitrogen removal ability of strain Y-10
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Fig. 2 Nitrate nitrogen removal ability of strain Y-10
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BEFE Y-10 $ER07E DM-2 BE38U% K b Al Al 245
LBRBE ST VA SAHN 1 B FE AL SC R Wl 3 s, 7E LA
STV 25 G Ry R — AT 1) 355 7 v A R s L S i 40
MR H 4 d WARIEAZT I, R &R E 1/
B A 06 20 B 0 A KA I RIE . BARR Y-10 19
AR SRR A LB R TIEACCR,
FE4 d N, AP Dol 0. 16 BG4 2 1. 67, M1
RS A A 194,33 mg- L' [ %E 75.43 mg-L7',
EBREN 61.2%; E A M 213.26 mg- L™ X
125.38 mg-L~", KBRFR N 41. 2% , b LATE A Z N e
— R JS R R e Ah MU AR A R Y B
BEBE, X R ReIE T BT, 5
He %520V Li 2877 #2386 09 RO Ak f v B b i
S FR R 3 AR A A v I A I 3 i
A, P IR 25 BRI A R £R A 32 24842 NO, -
N — A A, X 5 2001 4F Philippot %5 # 18 fz
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Fig. 3 Nitrite nitrogen removal ability of strain Y-10

2.4 BB Y-10 XA HLEEFHAE S

A iE , KR PAEILAE S SRS BN 14% ~
90% , 23t 8 24 K BEAE MK (R | B 3R AL A
SR LAV AR APILAIR (OM) K56 Y-10 B REXT
AHLERFIH B A Ge ST, R 4 PR, S E e
TR S E D B S E L AT WS A.
Few e A0 AR R R /R TP AE K 1
d INAITE Y Dy, fH 0. 52 PRER K 1. 55, Bl 5 1
K2 1.76 AT E W, KA RE IR Ny AR
i 0.83 mg'L™' FREZE0.07 mg-L7", BEHRERR
91.6% ; fi & A M 48.22 mg-L™' [ & 25.53
mg-L~", KRN 47. 1% ; HAH 227.08 mg-L™
22 205. 11 mg-L™", LBRFRILA 9. 7% , A
TR TH &R ER, S AMLAN L
B R, L5 R ] e 2 A MLAUH e 3% A o B 3
RS RUG , A RE A A DRk b J5 | i AR X 4
FE LA [R] PR A S o SR AL L g R R R
PRAT I A HLEGE AT Do B0, BRI b A HLA
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EEE Y
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Fig. 4 Organic nitrogen utilization ability of strain Y-10

2.5 PR Y-10 ZETCHUAIR A BHUBK P A RE
FR Y- 10 FEES AAASAS ZON IR A R IEE
J%7K (SND-1) X & 5 AL RE JT A&l 5 B, 45
FEUIZ A B 7] B 38 A A 400 7K b 1) e A U RN il 2
A,15°C 4 d %R REK B A AR 198.06 mg-L™
% 39.56 mg-L™', LERH A 80.0% ; MIAK
206.26 mg-L™' [% % 158.54 mg-L™', LR N
23.2% AT FEA WA AR W fh e 1Y
0.4 mg-L™' ¥ % 25 mg-L™" Z247; MAH 410.27
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Fig. 5 Nitrogen removal capacity of strain Y-10 in simulated

wastewater containing ammonium nitrogen and nitrate nitrogen
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Fig. 6 Nitrogen removal capacity of strain Y-10 in simulated

wastewater containing ammonium nitrogen and nitrite nitrogen



1086 AN 5%

B % 37 %

mg-L7'FEZE 13.82 mg- L™, LBRFEN 92.9% ; WY
SR 199. 25 mg- L' [#Z 188.26 mg- L™, EFER
VA 5.5% ; B H 408.71 mg-L™' [ & 364.02
mg-L~", EBRFMN K 10.9% , A BB b s
AR MR, IRA BRI K58 R B Bk Y-
10 76 HA e M S A o e

3 itie

ARSCH MR Y-10 0957 TR il | A e Ak L
L Jrl st s A AN S A AR T EAT T 480, WF 98 & Bz
A BRI S TR S AR T S 3 2 BR B S A
M EORE 2015 4R B SR RGE 0 B Rk
Pseudomonas stutzeri C3 , FAR C3 B IR BEIHAT Sk
VEFI 22 BRAHAS AL, (HAD PR S 122 T80 AN 15 S B A il
N (amoA) T AN REHEAT S 7 A A M B2 41 1, TR AR Y-
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