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B E: ARGERANTENDGTARELEREEREN B B 2R AEE, L ¥ SHRRALE
B E, MNP BRI AR AT £, 9% o HS-N62, *t A KAFH AT TEAMT. 4
R R FHER IR RS RE A 140 mg/L, B4k HS-N62 £ 12 h A 2t Al 8L 2k R A9 X R F 7T X 96%, M
HEA BB E AR, ZRAREARKEBETLES 30°C-37°C, RiEAK pH LH 6.0-8.0, K&
C/N A 10: 1, FFa8A1R % AP AR A K. 12 F E sGRIIRIT T % A AR & o9 ORI 1. AL
#k HS-N62 i& LA B8IF 69 IR BREE 7, 12 h FREE R K 2] 67.7% (ks HEEL 3 R 57 mg/L). BB A%
Ao 2 22 A AL AT A B 16S TRNA KB 5 7 5041, B4k HS-N62 5 Pseudomonas sp. # %% % &
AP, AEIR 99%, A1 % % A ARE A B (Pseudomonas sp.).
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Abstract: Twenty two bacterial strains with a capacity of denitrification were isolated from fish pond,
of which eight strains have the high rate of denitrification while one strain named HS-N62 has the
strongest effect of denitrification. The results showed that the denitrifying rate of strain HS-N62
reached 96% in 12 hours with initial nitrate nitrogen concentration of 140 mg/L and no nitrite nitrogen
accumulation. The growth rate and characteristics of HS-N62 were further studied, and the results
showed that the optimum growth temperature ranged from 30°C to 37°C, pH value from 6.0 to 8.0 and
the optimal C/N ratio 10:1. Meanwhile strain HS-N62 could utilize a variety of carbon sources for
growth. The most suitable denitrification condition for strain HS-N62 was confirmed by using a series
of the orthogonal test. This denitrifying strain HS-N62 also has good ability of phosphorus removal, and
the removal rate within 12 hours was up to 67.7% (at initial phosphate concentration 57 mg/L). Strain
HS-N62 showed 99% 16S rRNA gene sequence similarity to many Pseudomonas strains. Based on the
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morphological characteristics, physiological and biochemical characteristics, the strain HS-N62 was

identified as Pseudomonas sp.

Keywords: Aerobic denitrification, Isolation and identification, Characteristic research
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K FRGH P R . EIRER . AEIRER . WEIRER
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H, ERKEAIET, RASFHEERETIHL, H
W, 8 K A e i i 2 ORI S B R R AR 57
SN OG22 — o SBE A2 A IR R SO A PRk
PR NLO BN, i3 R Bl 9 1) S i AR A
ZBRAK BRI b b AR B R, R ERA
TG R T B2 R 43 B AR BN Ty A AL Al T
KR EIRAAME, HRMIEMETEFMT R
Ao XU AU AE AL AN T B DF S R R OT AR T 20 T4
80 4E X, FH & 4F % A Ak 40 T A Bk W R
(Paracoccus) B R & BB, 3 AR A5OR 22 1) B4
SR A AN TR B . I Y TR R A B T R
(Pseudomonas) . 7= W8 1% J& (Alcaligenes) . H: 22T )&
(Hyphomicrobium) . 5.8 1 [N & (Klebsiella) . 15 I
¥ 5 &8 (Ochrobactrum) . 8 /R &5 8 (Delftia) % 50 %
A AR A E RS AL B 1 g S AR 1
W, Rk T AEEER R, AR R R Rt
TP L

TGK AL B Y Ak A T, W
T AW B A BOAR XS M A AR, B Iz R
FARY, A 58 BRI A B RO 20 28 5 i S i A D Bl 4
SABAE A~ 1k A, PR B G P 2T £, Ak
WA R o BRSO AL BT R B, TR IR ER A
A RGO MR I R, BRI AR B il Ak T KLAE
] —PREE R [ i BEA T, ST 29 1 85 s 47 AL
A%, 45 S B RUR I AR IR T A A SR AL
FrSCAEAAE L, R 22 00 480 S Al A 40 8 2 5 57 1
DEU BT H SR o TR SRS A AL B 2
RBK LR b, B B P 28 15 e JE ) S A 0 s
EECHEZEMIEM, BT A 1S 0S4
| LA o 2 S U R A A OGRS SO AR
7 0 38 P ORAE T 1 2 Bk S SR SR AR T, T
T ARG RO ROHALROR, H5 o8 b S B A
I3t 2R S B 7 P S AR A

1 MBEFHA

1.1 EHFHE

AR FEIE(SM, g/L): NaNO; 0.85, T RéH
2.84, KH,PO, 1.36, MgSO,-7H,0 0.19, 2.00 mL f#{ &
JLEIE, pH 7.0-7.4,

AL RS 373 (SC, g/L): NaNOs 0.85, T R4
4.72, RIK IR ZE 5.00, Na,HPO, 7.90, KH,PO, 1.50,
MgS0,4-7H,0 0.10, 2.00 mL ¥ & 7T Z ¥ W,
pH 7.0-7.4 ., & 70 &K (g/L): CuSO,5H,0 4.00,
FeSO,7H,0 0.70, FeCly-6H,0 7.00, CoCly6H,0
0.20, NaMO42H,0 3.40, CaCl,-2H,0 2.00, pH 7.0,

BTB 5573 (g/L): T —FR4M 4.72, NaNO; 0.85,
KH,PO, 1.00, FeSO,7H,0 0.20, MgS0O47H,0 0.10,
B 15.00, pH 7.0,

Wt 7 (g/L): W EE 10.00, CaCly2H,0
0.20, MgSO47H,0 0.50, (NH,),SO, 2.00, KH,PO,
0.25, pH 7.0,

12 EHEEFTEMS S

INH AR A0 3 PR AR KRR, B 1 mLEES A
47100 mL SM 1Y 500 mL #EIE M, 30°C #E 5
Fr3-4d, FrEgR AL, 10 mL &K T 100 mL
Bt SM EFR AR, BT 56 K. ¥EdE
E B BB BIR T BTB H5373%, # 30°C &%
F% 1-2 d; FHEFIRBREUAR [RDE & B8 % T 97 6 i
SM ¥R i % (30°C), R WLIEFE 2-3 Ik, HE
SR IE T A B —, CHAIE A M B 1k
1.3 BERESMEBERERE

U > R 1Y) I A Ak A T A SR TR T B,
30°C Kige. Rk idE)E, MR E KR/, BiE
GRHIE . RATE LY, R HARIEA . W
AL S E AR CF LA R G T ) 1T
Yl
1.4 16S rRNA £[& PCR & 5F 5o

PEHUB MR HS-N62 [ 4 DNA hy £ A,
16S rRNA K PCR by 519k 514, BIVIE 1)
5% 27F (5'-AGAGTTTGATCCTGGCTCAG-3"), &
M 51 % 1492R (5-GATTACCTTGTTACGACTT-3')
(W FRA R A ). PCR N A Z (25 pLl): 2.5 uL
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10 x PCR ZZ i, 3.5 uL MgCl, (3 mmol/L), 0.5 uL 1.8 BEHkEERERE N BN E

Bt DNA, 1E 81514745 0.5 uL, 1 uL dNTPs, 0.5 uL ARG IR kR 1.5, WA SR A0 2 SR FH 4H R
Tag polymerase, 16 pL HiZli7K., PCR ¥ 1 5% 14 By U IR SRR

94°C 5 min; 94°C 30 s, 55°C 30 s, 72°C 1.5 min, 30 >

PEFF; 72°C 10 minl®®!, PCR /4% H1 4l 1kt ) & 4l 2 HRSAT
fb, M pALE =T B AR . ML REEL 20 RELEHNFRESVSLE

GenBank #£47 BLAST X . N AR SR MR R AR B e 1 22 R FAH
1.5 RESILEE DB E fRap, o 8 BRECA LR E s, P Pesc R i

PRI TR 7% T SC 8 3 h ik G 9%, #% 1% U B —RRVE R IESE XS 42, 44 i HS-N62, % 1# i I
PR PR FEEAT 100 mL SC 5 FR3EAY 500 mL 4k BN, BB, 855, B, Fla6, AFE—-5, Hi
I, 30°C ., 120 r/min 5535 12 h, GFE—@EntEE  H¥gs), 2 RPEEEAMNG). WEIZE 2R
FE, MERFRIEP RN ¢ NO3). ¢ NOHFI ¢ EURESIR, 2 pm=3 pm,

(NH,), T2 BR o ARG I R FH A B P 4 4 HFk HS-N62 fiy 16S rRNA JE[H PCR ¥ Ri7E
AR, R R A E R R Brucine 1500 bp 4b A e 25, X H 51 e 945 1% 7 51
JEVE; AP ER AN E R N-(1-Z52%)- & OBz 45 258 GenBank, HE S K HMS543464, %7
e E A I SR A FAR Ao B0 B A Y7 GenBank %# FEridiit BLAST Jriklbxt, 44
R A HL ki, BRIV 43060 BE T S S A v W WRHIZE RS Z 8k Pseudomonas sp. FAEIPETL 99%

G EE ODsgooo PLb o 855 TR I 25 22 A0 A AR A S8 58 Rl 9020
1.6 EXFNEARREKHTHIFREERE EMEE E HS-N62 Tt H (B P 7 I8 (Pseudomonas sp.)o

RITLGHIERR, B4NKIAPETIESIL 25 @4 HS-Ne2 & A5 1L 88 1t W & 70
BT, BRI . pH. O/N FURREBRIE, 250 NO; /NO, it 5 E &)

FE 12 h fl 24 h i SC R FREEP AN ¢ (NOy), it D72 PR G 25 BE ODgoo, WK HS-N62 7 SC 15
B ERRRI, Fedtrh 6 his B XA, 12 hikBIRaE 1, il
1.7 Bk NO; #1 NO, T = & & FH 32 2 % A 7 TR AR K B e 5 A 0 2 R e 0 (&

T i AS [) 9 B2 A L NaNO- Ay e — IR i 15 55 1A). TEIFASMT, Wk HS-N62 fiff SC 552 i)
B, ff NOy MR ZAWEN 20, 50, 100, 150 Fi ¥Ih 140 mg/L BATE 12 h ZBRFEF 65.9%,
200 mmol/L. FFLA NaNO, {0 NaNO; mME—%JH, W FE HS-N62 7% 12 h iR #h Al 140 mg/L %
fii NO, Fy M % H 5. 10, 20, 50 F1 100 mmol/L. 5.46 mg/L, EBEFRIK 96%, KW ER LT A
TERA IS R85, - 9II5E 24 h A48 hitk SC WASERER A=, WASERER M= A A 9 h iK%

B g b R ¢ (NOy), A BRI, e, A 89.4 mg/L, (HEEHE K AR EM, T
A B 166, —®—NO-N —e—NO,N —-TN g4
2.0 I 140 AT NHSN Yo pH 8.2
yd Zg 120 | TR T~ 180
2 y £z 100 N e 7.8
| e S 8ol N e\ 76 &
0.5 / ‘go 40 f TN\ Y 2
5k 5 /"7/’— .
S I g TN
0.0 ——— . : : - 0 —_———— - J 63
0 3 6 9 12 0 3 6 9 12

t (h) t (h)
1 B4k HS-N62 894 4 (A)F1 K Fil 1 &€ 71 7 % (B)
Fig. 1 Growth (A) and denitrifying capability (B) of strain HS-N62
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R ER A AR 280, 12 h 380N 5.4 mg/L, 24 h i
SEATH R, X BT R AR A SE A Lk A R
A, WHIRER A Z LR FN RS SC gk
RAWMWIEWE Sy 20 mg/L, EH TP L
IR EE, £ 9 hikFEe, A 57.13 mg/L, Z
JEHER FRER S SC HEFRILIIPILG pH 7.4, #5
12 hJ5 BIHE1 8.2, FIRESEMRIR T e A ™
YK 1B),

#tk HS-N62 1 NO; #kJ¥°F 20 mmol/L
(280 mg/L)FF A4 24 h LFRFRAREEA ] 100%,
7E 100 mmol/L (NO5 -N: 1400 mg/L, FRIE T R
B EEA R 4.72 g/L)BF KERFE KT 60% (& 2A).
bR HS-N62 X7 A Rk (19 25 bR an ¥l 2B s, %

A

[124h
—_ >
S 10 | B2 48h
Z
I
o 80 -
o —
S 60t
Q
5
.§ 40 L
=
()
= 20t
g
g
5 .
= 20 50 100 150 200

Concentration of NO;™-N (mmol/L)

= A

Al He

LAV i 2 £ 0 ME— SRR A RO BERZ fL NO,

1£ 5 mmol/L 1 10 mmol/L i} 24 h fig 58 4554k, 4
MR AR A B KT 50 mmol/L HI I Ei bk HS-N62
RABAAEH
2.3 E#k HS-N62 Rt & & HHHE

iz HIERSIREE, Wit AU EGER D), Mk
HS-N62 FEARIR Z 4~ RS AR T 2647 T 0 5 I
W 22430 o A X S IR 28 AR 22 0 Hr, Hi R A 25

E A

R

i=2

M F# Bk HS-N62 KAl AL RE T 19 =0T -

A (i) > B (pH) > D (i) >C (C/N). &tk HS-N62
M4 S A3B2C2D2, BIAIFH T —Bah e,
C/N }10:1,pH 7.0,35°C, ZHNELIH 5K HHE
FHGEEREA B,

B

Removal efficiency of NO,™-N (%)

[124h
P2 48 h
100 | vz
80 r
60
40
20
0 \ e 77771\
5 10 20 50 100

Concentration of NO,™-N (mmol/L)

2 NO; (A)F1 NO, (B)HYMK B3 B HS-N62 L fiF 1L 1E A A2 M
Fig. 2 Effect of NO; (A) and NO, (B) on denitrification of strain HS-N62

=1

Table 1

Btk HS-N62 By IE ik I 45 R
The results of orthogonal experiment of strain HS-N62

s R

NO; LB B AR

No. of tested Factor Removal efficiency of NO;™ (%)  Strain growth (ODsgo)
A (Temperature) B (pH) C (C/N) D (Carbon source) 12 h 24 h 12h 24 h
1 25°C 6.0 8:1 ] 2 A 50.32 66.19 0.82 1.21
2 25°C 7.0 10:1 T R 75.08 100 1.35 1.75
3 25°C 8.0 13:1 H 49.68 70.95 0.80 1.29
4 30°C 6.0 10: 1 H 72.54 86.82 1.34 1.68
5 30°C 7.0 13:1 Gkl 89.27 100 1.81 1.73
6 30°C 8.0 8:1 T R4 81.92 100 1.88 1.65
7 35°C 6.0 13:1 T R4 78.72 100 1.77 1.62
8 35°C 7.0 8:1 B 100 100 1.91 1.75
9 35°C 8.0 10: 1 Gkl 93.6 97.36 1.88 1.73
Tl 58.36 (79.05)  67.20 (84.34) 77.41 (88.73) 77.73 (87.85)
2 81.24 (95.61)  88.17 (100)  80.41 (94.73) 78.57 (100)
T3 90.77 (99.12)  75.07 (89.44)  72.56 (90.32) 74.04 (85.92)
R 32.41(20.07) 2097 (15.55)  7.85(6.00)  4.50 (14.08)

W F55 N 24 h BB SR A LR (%). T, T2, T3 B 518 R56KF T EEmRE A LRE. RN T, T2, T3 =H 2.

Note: This is the removal rate of nitrate nitrogen at 24 h in the brackets (%). T'1, 72 and T3 are average removal rate at different test condition

respectively. R is the sample range of 71, 72 and 73.
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Btk HS-N62 fE 20°C-37°C ¥jfg4: K, 7&
30°C—37°C WA KRS A R B R4, - H
WA TRHRARR, HS-N62 EK pH i FHl# 5%,
7E pH 5.0-10.0 I &FHEAE K, 7E pH 6.0-9.0 A KARZS
AL R AU, Bk HS-N62 TEA[A] ik 2 b i)
i LB R SR A, A LR 5—15 B, il
AWM EBRRIE 24 h #AETE MM, HEARA L
30 : 1 PESL N A B R AR . Kim S
R R Pseudomonas putida AD-21 7E C/N 4 8
B 3R ETR R bR R, HAE C/N 2y 10 B AE R £h 25
BRI TR BUEXT R R HS-N62 [ AiFfLAE 1 1Y
AN 3 FrR . AFRIEF 3256 % B HS-N62
A RIS [ (R Rl T, FLAN [ s Y58 o 288 % 81 e S i b
Re A B Rg ), fERIAINE . L. REME . FEEA
FM AR IR P 3R 3, 5 DUT RN R iR AH E
B, WP A KRR R AR A BB LT A Y,
Fr A AN L BRFBWHEAE 60%-70%, HARMAF
BRRE A KA

100 | [124h ]

2 48 h

80

60 f

40 i

20

Removal efficiency of NO;™-N (%)

S

1 2 3 4 5 6 7 8 9 10
Different carbon source

3 FEEIFEA Bk HS-N62 K As LA R

Fig. 3 Denitrification activity of stain HS-N62 under dif-
ferent carbon source

TE: 1 RARE; 2: FURE; 30 BEHE; 40 HYEE; 50 Hhs 6 =k &
BREA; 7: FPREER=40; 8: WAERENEN; 90 YEKY; 100 T RN,

Note: 1: Glucose; 2: Lactose; 3: Sucrose; 4: Methanol; 5: Glycerol;
6: Sodium acetate trihydrate; 7: Trisodium citrate dehydrate; 8:
Seignette salt; 9: Starch; 10: Sodium succinate dibasic hexahydrate.

2.4 THEFk HS-N62 B h oyl E

PR HS-N62 75 & Miki 2L th 15 3% 12 h, Wik
Eh 57 mg/L FEE 18.38 mg/L, RBER N 67.7%, H:
Fri e ) 2 R A e B B AR e Wz (K 4), &
24 h JEEEFRIE P B R R A T TR, Ul A S A
L HE MR R BN B TR EL A D B RO A . S

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

FIURE S (0 S 90 2 W A A7 1 S e 0K, 3R W1 S il
T A B R RE J) o FET5 K I B A B | R
A RN R R

aQ 60 —&— pO,>-P 7120
=] [ 4
£ 50 —0— ODgy 12
& | g
%' 40 114
4 112 g
5 30 11.0 8
g 0.8
i 106
g H 102
O 90 ! L . 0.0

0 6 9 12 24

t(h)

4 EEHE HS-N62 < FN A4 B4 50 U Uit ih 2k
Fig. 4 Growth and phosphate- uptake curve of stain HS-N62

3 ik

ARHIFGE N A T A0 0 M R ORAE, DL T RN
R B R 11 B2 P 15 7 FEAE AP S A R i AT R
B, 33—k R A RE ) B B TR AR HS-N62, SE5
HE SR PR HS-N62 TEA 4 55 N BA S AU il e .
TE 12 h PN, B #E HS-N62 EAS 4 140 mg/L AR L A
KEZ 5.46 mg/L, FEMEHIK 96%, TEMSIREh A LR
TEFR A R R AR A AR R 12 h EE
EBRFIRF] 65.9%, HAMEEBMAEYAK R,
HO s m R b a0 B AH L, Rk HS-N62 2
WAL RE Jy i o 7 AR U E Y B R ADZ1 T
48 h A BER B3R I R 35 mg/L AR R 0 R 25 5
93.1%, A SCHIE MY I AS LB HS-N62 BEE Tt 57 =
e BE I A R £, TERS PR R A Wk JE N 20 mmol/L
(280 mg/L)iFHE 24 h 5E ek, 7EMMIREE IR E =
% 100 mmol/L (1400 mg/L)i 24 h FYAEZAS A 4%
HREIR ] 60% . A B 5= 45 S T8 1 9 A I Al 1k B
PR AR R 1 (Pseudomonas  pseudoalcaligenes) FI
PR TR & ] Z2 57 R (P. mendocina)BEWE T 52 280 mg/L
ORYRREL BT, 52 ML bk HS-N62 HA 5
FR) Y R i 2

Pk HS-N62 8 LA IR R A ke — R T
AR HA B R BR RS FREh A RE 1, 76 WAy AR £
A E 7 10 mmol/L (140 mg/L)} 24 h RE 58 4[4
KFP=FRHK P ARG R EEREMER . AR
MR AR E AT, TR HS-N62 & M bE
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oy B, BT LA B FE K 7 SR B K R b B A R A
N FHRTS IZ AR AR A R R, SR —
MIBRBERE ST, TEREIRFRWREE Ry 57 mg/L I} 12 h PRk
RIKF 67.7%, TER AR BR®E L EA B 4F 00
HI 5

S Ak BB i R £ A B (NaR) A P FlE
2, A0 Sk FRE s T i 8 I A ) S Rk A iR
fifg 'S 7 A R ER 8 R B (NIR ) A AR ISR, 201k
ME cdl 40 {5 K AU (cdI-NiR), — & 4 &5 45 &l
(Cu-NiR)!'!, E ki S AR I HS-N62 Ay AR A
R RSNV i P 38 i A A TR X RIL o A 1 Tk —
ST, 2010 4 Li 5 A S8 i 78 38 DA SO 1k
FAF T A LA YRR R AR R | 2R T R A N (R E
B, (AT BORY A S T A ) R A A R
AR 2N S — MEAFIRAFR T 1 [ 5T,
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