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AP ERR], HPLAEBRREANR, AR @M R K AEBE 6 A £ B E M T A R B AR 69 L IR 12,
M A BB A E Loy AR AR X 3%, [ 8 69) B Pseudomonas alcaliphila AD-28 &I 5 #E
BRERXAEBRGEN, ARMBLAS TAEAR L As, [FE] DATRBRM AR, AR, T
FHERAN . FHERAT A ROR, AT AR AD-28 &9 BL R A8 540 2 £ 42 B8 2 o ABE(AMO) . M BALiE
JREE(HAO). T AHER 2 1% R EE(NIR). AHER 2hiF REE(NAR)ABEEME, [4R] Btk AD-28 325 24 h
89 8 % JE(ODeoo) T A 1.971, A48 E A 18.85 mg/L #9 &R K. 26.13 mg/L 49 AHEL 2k K. 19.47 mg/L
49 L ANER 3 . 66.11 mg/L 49 % REMRFE L F] 96%h b; X428 AMO. HAO. NIR #= NAR #)1b7E
H5#1 A 0.028. 0.003. 0.011. 0.027 U/mg. [44&1 Pseudomonas alcaliphila AD-28 #5F) if #1477 ¢
FEA-HF I BAEACAE B, 1% B A2 AMOAE Bl T % NH, -N 8L 4 #02, 28 1 HAO &8 4 NO, -N, NO, -N
#2 NO; -N /& NIR. NAR Z B4 1E1AE B T LA,
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Nitrogen removal characteristic and key enzymes activity of
Pseudomonas alcaliphila AD-28
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Abstract: [Background] Heterotrophic nitrifying-aerobic denitrifying microorganisms have received more
and more attention, because they achieve the vision of simultaneous nitrification and denitrification in one
system. The nitrogen removal pathway is different along with different bacteria. While the nitrogen
metabolic pathway of bacteria is direct correlation with the type and activity of nitrogen elimination enzyme.
So find out the nitrogen removal pathway of Pseudomonas alcaliphila AD-28 will provide technical support
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in application. [Objective] In order to reveal the nitrogen removal mechanism, the nitrogen removal
characteristic and key enzymes for nitrogen degradation of Pseudomonas alcaliphila AD-28 were studied.
[Methods] The nitrogen removal characteristic of strain AD-28 was investigated when sodium citrate was
used as carbon source, ammonium sulfate, sodium nitrite and potassium nitrate were used as nitrogen
sources. At the same time, the activities of key enzymes-ammonia monooxygenase (AMO), hydroxylamine
oxidoreductase (HAO), nitrite reductase (NIR) and nitrate reductase (NAR) were measured. [Results] After
24 h treatment by strain AD-28, bacteria density (ODgg) reached 1.971, the degradation rates of NH4 -N,
NO; -N, NO, -N and total nitrogen (TN) were all exceeded 96% when the initial concentrations were 18.85,
26.13, 19.47, 66.11 mg/L, respectively. The corresponding specific activities of AMO, HAO, NIR and NAR
were 0.028, 0.003, 0.011, 0.027 U/mg, respectively. [Conclusion] The results suggest that AD-28 is a
simultaneous heterotrophic nitrification-aerobic denitrification strain. The nitrogen removal pathway of the
stain was deduced as following. NH,'-N was oxidized to NH,OH by AMO, then NH,OH oxidized to
NO, -N by HAO, NO, -N and NO; -N removed from the medium by NIR and NAR.

Keywords: Heterotrophic nitrification, Aerobic denitrification, Pseudomonas alcaliphila, Ammonia

monooxygenase, Hydroxylamine oxidoreductase, Nitrite reductase, Nitrate reductase
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[FIET, ASHHFSEAE S0 3 4500 T R FH AR ZR e i iE
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HEFE SRR
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IR H i I8 (Pseudomonas alcaliphila), {RAEEL
AR B D @ A s, P
5§ CGMCC 8991,
112 EHFE

DM };534E(g/L): FEIREN 5.0, KH,PO, 1.0,
MgSO,-7H,0 0.2, (NH4),SO,4 0.1 B NaNO, 0.1 5,
KNO; 0.18, ZEMI/K 1 L, pH 7.2, 1x10° Pa K
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EyHEAE] s RN, TR 2 A R Ry
AR WEE R, AR L)
AR
1.2 A%
1.2.1 ERRIBR R RE

¥ 1 mL b FXPECE K IAR Rikk AD-28 51 £
A 100 mL KR REFREER 250 mL HEIRHH .
30 °C. 150 r/min Y815 5%, 4 h BORE, IE T
J&(ODgoo) » 6 000 r/min #.L> 10 min J5 W& FiEHH
A NHy -N., WAEREEA NO, N, fisfREh &
NO; -N JR . S5 3 A EE R (E.
1.2.2 BEIFKE

1 mL b TR B R AD-28 #2513
24 100 mL DM B5323E0 250 mL #EJE A, 30 °C
150 r/min ¥R 15 7% 24 ho ¥ 4 °C. 10 000 r/min
2.0 20 min, 37 BRI RA . H 0.01 mol/L pH 7.4
B ERZE v 3 Wk, FHEFAET .08, H
AR AR RRALBE R, T AR S B R R AINE A
RIGFRGEE DT, A REE)S, R 4 °C.
14 000 r/min 5.0 20 min, F3EEI LB . T
AR EARER, o KO
FEPE K 280 nm Ak, 38 A3 I A 41 ML A B AT JS 280 nm
WS Aago ZRARARDL, WTUARIEE T MR Pa AR
PR EE FAN I Y B BRI i, JF DAL RAE N i
TR PR S 1), S5 3 AN ARG P
1.2.3  EgTEMENK

AMO BEFPEN 720, s i E NH, N
WA AMO MBS . 7F 20 mL FY SRR
W, AU 4 mL FKLEE . 10 mmol/L (¥) Tris-HC1 2%

#1 LGBHEXRRBEZRKFER

Table 1 Factors and levels of Ly(3*) orthogonal experiment

A& Factors
F o BIIE CTAESMEKE D S TAER
A B JJK. AR 11 [ !
Levels Ultrasonic ~ Work/Interval Total work
600 power (W) time (s/s) time (min)
1 1.512 150 4/2 4
2 2.103 200 4/6 6
3 2.524 250 7/8 8

ifi(pH 8.0). 0.2 mmol/L i NADH, KW LiimA
NH,Cl B4R, AEMEIRFEIR 2L 30 °C. 120 v/min /)
ARV 15 min, IU5E K AT AR R A NH, N (1)

HAO i 3 PRI 3 0y . W2 IR R A 46
0.050 mmol/L Tris-HCI (pH 7.4). 0.001 mmol/L
K;[Fe(CN)s]. 0.004 mmol/L EDTA ., 1 mL HIEHE,
IMAFRRETITEE BN, 30 °C W% E 15 min, PAMACK
15 J PR A X B, R Sz A 2R e ) s 2
HE HAO &,

NIR., NAR 7S i . 0 ik R A4
10 mmol/L fREEZE AW (pH 7.4). 0.2 mmol/L
NADH. 1 mL M, 43-5HA 10 pmol/L MEAHPR
B RSERENTTAR N, 30 °C W% H 15 min, AR¥E
JVL T EAE RN . A ERAN F s/ b0 43 51 E NIR
NAR [iEE,

B P (I 52 ] GENMED Bradford 25 115
W SR & 1 NG B (U)E SO B
& 1 pmol b ) it ot it o 6 LG 7 (U/mg) i X
hy g2 v AR BT HA AR A
124 ShAE

TR B2 (ODgoo) R FH AT WL ARG RETHINNE 5 2R
KA RIRDEEEENY; WRIRER AR A N-(1-2%
-2 THOEEEEY; MR AR AN
B BRUR PR o B R B A 25 SN e B
WL MR 8-k kY KL A
FHBRR Y Ao WIEFEMHFRIR
1.3 HiESh

IIAE R B 2 (£SD, n=3)%IR,
iz AT SPSS19.0, 4 One-way ANOVA 43#r, %
JHl Duncan’s 22 HAG 160 73 i g 45 R 1 22 55 . #k
P<0.05 WZEFRE
2 GREM
2.1 HERAIBERIERE

WE 1 PR, Wik AD-28 A K AR H

HiFE 4 h JFEE AR, 4-16 h IR AR KGR i
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P, 16 h N EEAHE AR EW, ODgoo P35 1.971, 55
7% 8 h HFREZ:PR 97.03%M9 NH, -N, AHLY A A fhs
HiKF) 2.53 mg/(L-h); 16 h B4 E SRR EE A LR
iKF] 99.59%; 24 h I 3 Fh & R&IG JWI LBRFR A
) 96%LA I, H5FRIL MR B BRI AR KAl
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RALBE RRE A B 25 BR, UL AD-28 HATAL
SH P UM R
2.2 KHEEGHIIEEN
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Figure 1 The growth and nitrogen removal characteristic
of strain AD-28
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Figure 2 Relationship between 4,5, and 0Dy (A), ultrasonic power (B), work/interval time (C), total work time (D)

e A BT 200 W, TAESRIBKERA 0 45 A1 6s, B TAERE 4 ming B: TAESRIBKESRI 10 45 A6, ODeoo
H 2.5, BTAERA 4 ming C: M BEBERIIZE 200 W, ODgo K 2.5, R TAERTE 4 ming D: A BEHEDIR 200 W, TAESAIEK

IE] 535302 4 s 16 s, ODeoo H 2.5.

Note: A: Ultrasonic power 200 W, work/interval time 4 s/6 s, total work time 4 min; B: Work/Interval time 4 s/6 s, ODeso0=2.5, total work
time 4 min; C: Ultrasonic power 200 W, ODg=2.5, total work time 4 min; D: Ultrasonic power 200 W, work/interval time 4 s/6 s, ODg=2.5.
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JET R FE (Anso) s MK o HHIEL 2A FT UL, ODgoo 31111,
S BTE REHEK, ODgoo M 2.561 B Ayg0 K5I i
KAH, 1H ODgoo #3L 3.0 J57, BRBKSEEARXT T,
PR AR fih 2 AL SR A AL 23 082D, R BB OR R
i, MG BRI, Agso THFFER. Aoso FEE
TR P I AR ) ) B e S ISR I S e i e
TERRFE AR F] 250 W I Aoso A EN KA, HE—2
PETIRN Ay BEZ UMK 2B), AIREZEH T
PR DN ZEIE T, G LRE A0 IR 2574 25 2 WA R 44
INIRE L ARG R i R 1 S LY, i
D5 BN AR A AR /v s 7 XKLl Ay 7
WA, A0S T AR [R] R 6 WA iR A 14
JE, T A RS A DR A D)7 A ) R AN BB S N R
SFRE AT, QSR T R Rk, 2SRk
WL SR RE AT R A AR . A 7 D ANTRD
(1) T AR/ RS A b3, RBITE 4 s/2 s IIRbFRSE1F
T, Ao B H T HAALFR(P<0.05) (5] 2C), bk
PR TEB , 200 P A A e 4, ORI H T (1
2D), TEALFE 8 min B Aago 35 5 T HAM G I AL P
(P<0.05), H G TAERT AR ARG 30, 25
PR 2 A R TR, SPEGH A,
JIT LA PRIEPE B T AR ]

£2 LOGHEXRKRER
Table 2 L9(34) orthogonal result

FH Lo(3HIEACIR:, 454N RIRILER,
XA BRI, #5 R Frie S8k 1 fir
N, IEACIRIREAE RN 2 B, HIERIRIEEE R0
BRI, 25 DR 2R At k5 ) ) i A B R
i A>B>D>C, RIS Hh i 5 ds ok,
SR AR P R T L S TARISR], AR/ (] B
MR/ N e FRIEACEE SR T a0, ARG
R TSR G A3B2D3CL, BRI
J 2.524 7S ERERE LR 200 W, i TAERH] 8 min,
A/ B ERETE] R 4 8/2 s,
2.22 AMO. HAO. NIR. NAR EgiE MK

AR A T 22 120 75 1 A e £ P O 4 2% A
WMk AD-28 BRI TRREARATIER , A DG HE g
AMO. HAO. NIR #I NAR i, 2554055 3 PR,
PR AD-28 [ AMO #5717 0.112 U/mL, Feil /14
0.028 U/mg, i T EARIERINE Alcaligenes faecalisstrain
NR™; AD-28 1) HAO i 7124 0.012 U/mL, HIf
F1°4 0.003 U/mg, =T EHGE E R Agrobacterium sp.
LAD9. Achromobacter sp. GAD3, Comamonas sp.
GADA"! | (AR K Alcaligenes faecalis NRYCH]
Acinetobacter calcoaceticus HNR[”], T LAl TG
PET5 IR HAO BEHE 77 0.339 U/mL!"™; AD-28 % NIR

1 A R B

C A5 e s fi]

D /é\I'ﬂE HTJ‘ I‘ETJ

Tests ODegoo Ultrasonic power Work/Interval time Total work time =
1 1 1 1 1 0.403
2 1 2 2 2 0.932
3 1 3 3 3 1.381
4 2 1 2 3 0.95
5 2 2 3 1 1.382
6 2 3 1 2 1.533
7 3 1 3 2 1.705
8 3 2 1 3 3.818
9 3 3 2 1 1.943
T 0.905 1.019 1.918 1.243
1> 1.288 2.044 1.275 1.39
Ts 2.489 1.619 1.489 2.05
R 1.584 1.025 0.643 0.807
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Table 3 Enzyme activities and specific activities of four

enzymes
it TR 71 i
Enzyme Enzyme activity (U/mL)  Specific activity (U/mg)
AMO 0.112+0.003 0.028+0.001
HAO 0.012+0.001 0.003+0.000
NIR 0.043+0.002 0.011+0.001
NAR 0.108+0.004 0.027+0.001

g% 1A IS 3439028 0.043 U/mL #1 0.011 U/mg,
T Acinetobacter sp. Y1, {BAXT Providencia
rettgeri YLI'"' 0.041 U/mg H97KF-; AD-28 () NAR
il % 1A IS F343900°8 0.108 U/mL £ 0.027 U/mg,
LF Acinetobacter sp. VLN Alcaligenes faecalis
C16"Y | Klebsiella pneumoniae CF-S9P Wy Hi% 77,
Y5 Providencia rettgeri YLV F 1% J3AHY

DL bR A2 SRR I, 72 AD-28 it &t
i, AMO. HAO. NIR, NAR #{f —& f 3%
B HH AMO Hl NAR FEEHR, BHITE 3 MR
BAFERTEOLT , Wbk BRI 22 BR1E AR
TEfE IR LRt fi b, NAR RIAK 2, 4he
AN TR A AN [] 35 RS e ZBRECR . WIDHERT
AD-28 X A5 Yyl BE I 2 BRIBUT 2842, NH, =N
1E AMO 1EH M AL e, SR)5 o HAO %ifk
EAHIRER Z(NO, -N), T )5 NO, -N Hl NO5 -N 7£
NIR. NAR SEIHEAAE TR i 500 85 RUUA
3 WE4®

UEAE NS IR AL - A SR SO AL TR R 23 8 L T
. BENMRE L, FESAMEA S HE
(Acinetobacter sp.)*"), T H & (Aeromonas sp.) |
5P AT (Alcaligenes faecalis) ", Anoxybacillus
contaminans®™ . V¥ 1 & (Arthrobacter sp.)?*, %
AT & (Bacillus sp.)P7 . Wi R BIERE (Paracoccus
denitrificans)® . {5 PMIER & (Pseudomonas sp.) " |
L1 BR (Rhodococcus sp.)[m . Zobellella taiwanensis™
ST 20 ANJE Y, TS T IR M Pseudomonas
alcaliphila A TEPE /K 43 J@ AL B b iy ] B0 S
FRER A ARAE D4 LA DL 2 B e ORI I il R e P

RIHRIE , AWFFETHIER) Pseudomonas alcaliphila
AD-28 7E 3 FhAEIRFINAAER) S5 T A 24 h,
ODyoo A5 1.970, X9 4R BE M 18.85 mg/L A2
26.13 mg/L FIRSERER AL . 19.47 mg/L AUV A FREL AL .
66.11 mg/L MEA BRI E] 96% LA I, MARK
RRAF

Xif S IR AU SRS A AL B OIS, B T AR
I R BEREIGRESS, A FEAERTERmIE . &R, CON,
DO. pH fH . iJESEIEE R 20 BRI AR 1 2
mig g 2220 A o S R A -G AR S R A
RGPPSR, BUORZ SRR T2
NG, AR ERREERAN, RhgE
ZSEK, Hit, REWR S-S
FEAERAORNZE | T MR 40 0 b 288 T 0 TR ik
X RTE YA A

R TR MR L TV 1) O ik R BB R KL
PO s ek P Ak B A
U8 S AU i bk Acinetobacter sp. Y1 2
B HAO EAY iR T T HAR, R IR I e i
RRHEBRREE AL . Sam, BBEIRE
PAREIHIRRREE A 450 . SR, ]
RE TP I e R AN MO BE | A MRk 24, 4ni
BT, B3 AR T2 6 40 58 11 5 BE 43
B, MESMERS, BOEREA .. Bk, A
T BRI A 5 SR R P e MR o R P I
B, T ODgoo M PEMERETIZ . TAE 5 R1ER
EFIR] LS AR Ao T 458 4% e XL AR 10 8 1 Jo ok
SEMAAE K, AN R) B RR F4 BREIRCE  tho AN A )11,
AWFFEH AD-28 R AR IR fe A TAE S
ODq00=2.524, RS IEIEIFIIZE 200 W, S T AR (A]
8 min, T AE/[BIBKAHE]A 4s/2 s,

TESE IR AL - S SRS AR AR T R RE B 2 21 1Y
fifi A3 2 B INABF(AMO) . I EALEF(HAO) . IR
A FEF(NAR) . WAKRRELIAJFEEF(NIR) . NO if )5
B (NOR)FI N,O i JFAEINOS)™ ., [T HRAI AT,
S FEAH Al -G5S Ak TR S TR S A T 75 e 3k DA K
FEARTEMAFAER R I ZER] . AMO B2 F E bz
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A: Acinetobacter sp. Y16
NO;~

A
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i
|

AMO HAO
T I
i i

T
i

NH,* -'-> NH,0H -“-> NO,

3 FRIEHE RN ED

Figure 3 Proposed nitrogen metabolic pathway of different strains

fi; HAO W32 Hes% 4 NO, -N; NAR — 845 i
fil R £h 34 JF il (Membrane-bound nitrate reductase,
NAR) F1 & 5 fii§ 2 &5 38 J5 fif§ (Periplasmic nitrate
reductase, NAP)IFIEAY | AL K0 i/ AR5
B2 AEERY A TE Y, TEBAESRE P RTE R
K2, TEHARM T IRERBEZ; NIR 2l
AR OCHERE, {34 Cyt cdl BUAHRRERIA
AN Cu BOVRSERER IR R PR, 4 AT SO RS IR
A . Zhang 255 & B Pseudomonas fluorescens
wsw-1001 AMO F1 HAO BG40 0.28 U/mg
#10.24 U/mg, Zhao 21N 5E T Alcaligenes faecalis
NR %, RA&B NAR FINIR, 1 HAO i
0.063 U/mg, Zhao %[17]XUL Acinetobacter calcoaceticus
HNR WIBREG T TIE , R IEALEE NAR
FINIR, T HAO AYTH 14 0.051 U/mg; Chen 251
M%E T Agrobacterium sp. LAD9 . Achromobacter sp.
GAD3 . Comamonas sp. GAD4 41 Jifd 5] J5i 1 () NAP,
HAEPE 514 0.094, 022 il 0.754 U/mg; T#Fk
Acinetobacter sp. Y1) NIR i PG 0.002 U/mg,
ifii Providencia retigeri YL E535 0.041 U/mg Y
I AWFFEINE T AD-28 FME A IR AR 2 /Y
MR e R 4 RS, 23 AMO. HAO,
NIR. NAR WA /150512 0.112, 0.012, 0.043
0.108 U/mL, i 7343510 0.028., 0.003, 0.011,
0.027 U/mg. H:H' AMO. NAR fIHIE I,
TN B A R AR Y

Huang %5 Nl MEEIRER, $-HT Acinetobacter
sp. Y16 BIEACHHRI2(8 3A), X5 Zhang 2P
Bacillus methylotrophicus L7 W57 45 A0 A ;

--—-— Nitrification
Denitrification NO;”

—~>NO—>N,0 — N,

B: Providencia rettgeri YL

|

NH," —NH,0H —> NO,” — N,

[36,38]

Taylor™% Providencia retigeri YL i AR HEN
el 3B Fizrs. Li PN i fEE g A A 4 i
AT, 13 Pseudomonas stutzeri YG-24 1] BERIINA
w2 A NH, (—NH,0H)—-NO, —NO (N;O—N,), 4%
IR TSI E SR, WA HEWT AD-28 X & &J5
YT BERARISS A2, NHL-N 78 AMO fEF T
bR # e, SRJE M HAO AL A A R £ &
(NO, -N), T/ NO, -N Fl1 NO; -N 7 NIR, NAR
SERFRIMEAAE IR S /U TR TR 2
THBF SRR IR R ZE R, N — il EE
AD-28 IR AL-UF A S AL B S D A T 1 L
G I3 AR ANIR K 7 T AT BUBR A RIRIESE, DA
1113 2 A E B LB
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