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Rapid screening of marine heterotrophic nitrobacteria
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Abstract; Method of mixed culture , earlier autotrophic condition and later heterotrophic condition, was used to

enrich heterotrophic nitrifying bacteria and aerobic denitrifying bacteria from marine aquaculture wastewater.

Heterotrophic nitrifying bacteria and aerobic denitrifying bacteria were isolated and purified by the heterotroph-

ic culture medium. Using the special PCR primers, the bacteria were rapidly screened by amplifying Ammonia

monooxygenase encoding gene (amoA) and a subunit of periplasmic nitrate reductase (NAR) encoding gene

(napA). Those bacteria were identified by the denitrifying test. 22 heterotrophic bacteria strains were isola-

ted, 11 strains had the amoA gene, 7 strains had both of the two genes, and there were 9 strains which had ni-

trifying ability.

Key words: mixed culture enrichment; heterotrophic nitrifying bacteria; aerobic denitrifying bacteria; amoA

gene; napA gene
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B, SR JE R o0 R 7 5 s T b i 128 R AFK FE8(5°-3)
SRR o, AMOIF GGGGTTCTACTGGTGGT
1w B AMO2R  CCCCTCKGSAAAGCCTTCTTC

V66 TAYTTYYTNHSNAARATHATGTA
1.1 E#RIR ot V67  DATNGGRTGCATYTCNGCCATRTT
AR I8 T gl T AL T K™ TR A A BR S W) R 11 amoA Tl napA IR HIERSH0Y 94 C

%@@i@g FRIRIBK. FASHE S min;04 CAPEAS 548 °C 60 5,72 CAE
1.2 13

BT FR AL 2216E  FE AR S o, BELEF 1 g,
BEER % 0.1 g, BRifF/K 1 L,pH 7.6 ~7. 8.

fEfLRE I E B R B R 1 g, SR
L1 g, BEFRE 4k 0.01 o, Wig/K 1 L,pH 7. 7.
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K TR 37w A Ak I g ke R A ] ok R 4 SR
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&R A B ET A SR E A 70 d,
SO T) g R S A U A ) 2 B A A A R
W BE, T 1) TN U M0 2 AL, O BT Ok E GR
0.5 mg/L, — FLAi b o 252 st i A0 12 & 914k i
()2 ATV P A 8 me/Ls J5 i 5w 72 I4E 10 d,
S0 ] A IR S A 00 7K v 2= 280 R I i A R o vk
JE I E BN 8 me/L 2 A, ] I [ T P i
20 mL GRS N 10 o/L iy R IR, A 1L
R JE P R A0 I R A4 GR 100 L.,
1.3.2 VR IR AN Y 20 2 2tk

SMTE E R YIMLET . B 7% LI R A
FRYNCEE A 3 B[] s FH 2216 E 3557 34 Tl
SR AN TR ) o1 S alifk.
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B L

AR P2 B FH 78 W 24 78, AR b PR
WY&, T 20 pL WUZE K o, 78 K I B N & T
10 min. amoA K:[HF1 napA e H ¥ 54 1) |2 W 1R &
R 5 B PR B, 20 pL; 10 x PCR Buffer,
2.0 pL; MgCl, (1.5 mmol/L), 1.4 uL ; ANTP
(10 mmol/L), 0.4 pL; FIE5 9 (20 pmol/L),
0.5 uL; F 8l ¥ (20 pmol/L), 0.5 uL;
Taq DNA R & (5 U/pL), 0.2 ulL; ddH,O0,

140 ;474 29 MER ;e f5 72 CHEMH S min.
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B2 RrEfldEhaafmmsanEd

SARYMEBT B, KM 8 mg/L R A, &
A PR HE RO i 2 0 A, ARG ) ) 28 ST
WEATSHERSAE 0. 1 mg/L LUR I HA /D i Al R
A BUR LR S IR A P A S A R R A BIL IR
TR, o R A B i R R O LAY
SRS BT R R FE A ] =4y
L PR RO £ 25 me/L AR A BT, K
Ja SRR BR. B ML A7 A —F s &
PE B IR AL AN TR A R Z 2, Sl iR A 5
FRAHALRE ST A 20 T I, A ZER A A R £ 1)
RE ST 5.

2.2 BEFERFHENIBER
A 3 SRR R s RO R T A A T S

FABE R H 6.4 x10° mL ™", [ R YILEE R
SFAMERIEE J 7.6 x10* mL™", FHUIMLIE 5
FEANERCE J91.22 x 10° mL ™", [ FUIMLLEH 5

SEFAMAEEH WA T4 1 g, w79l
SRS SR AT A B B ] 20 £, KR
B % AR S5 4 R O, T R s A
H I 4 i v A 597 AR KRS AL RE 7 0 240 e
ifﬁ
B EEYIEET 7215 2 8 MR IE S
#E’Jﬁ??lil 5395 WOl ~ W08 , 2858 & AL 9l
HIE 7T B3] 14 BRANE , Hh B s 5153 8
B, o3 dm 5k S ~S18, 3 & 5153 6 %,
A geE R S21 ~ S26.
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M1 IM1 M 12MM11 2M M112M
M :DI2000;
FER K, A1 W05 ;B1 ;W07 ;C1: WO1.
34k 455, D1:S11;E1:S14;E2:S15;F1 :S16.
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BEIE IR K B 8 BE R
W, 519 amol F/amo2R G434 H e 5 1 25wt 1)
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514 amol F/amo2R REH 4 i 57 0 A 4 ¥, 5351
#& S11,S14,815,S16, LK 4507 R S AN iy, (HLAE
6 HRSFFEI Y, 514 amol F/amo2R REH 3 H 4 7
PR AT 4 K, K/NTE 750 ~ 1 000 bp, 4351 /2
S21,822,824, 827, 4L 11 ¥R 44 )5 g 15 2

X PREEAE i v ) 2 A A A B AP R A T 2 T 0 &R
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H I

SFYIMLLE R, G1:S21 ;G2 :S22 ; H1 :S24 ;11 12:S27.
A 3 Bk, R/ME 500 ~ 750 bp, 435 J& W01, W05,
490 bp LA HERA 5. R E EE R E BN
PCR y=4).
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B AR AN ], S IR A8 AL T 1Y amo JEPIAFTEAR K
m2= 5. B AR B B (Pseudomonas putida)
(SHFRAEALTRE ) 1Y amo J PR RICUH S0 A Ak 56 Y 1
(N. europaea) (A FFREALAN T ) 1Y) amoA 17 1E W]
T S AR UM, T ST 5 A Ak T B A I BR
Pd1222 5 8 SR A0 R AT ROR 22 5. 21
SRR A A AL B P amoA 3 R K /INTE
650 bp Zi47, Jia You 25 By 5 6 BH & S AL
BT amoA KKK /MR 635 bp, x5 W01, W05,
W07 S & #:8 PCR =¥k /MEA. T H Rotthauwe
SEPO YRR ST 3% A AL AN T B 8 A amod
Fr BN 491 bp, 5ACIKE B % 5 4R 5 4 A 34
R 2% /NI
2.4 napA BEEFTIEEREHH

TR ERIC SR AT P FP AT 20, —Fh i T
PR, FR A NEEZE 5 R R R0 J5 e , g —Fh i 25
TANMLIE SN A B, Bk o B BR R I i It , =
(23K 5 TE M 543 B IR A UK, B 48U A
A B T Fh 3 R SR T A A A 1. o A 0 A
Mo A 3K A B A R £ 340 It il 1 BE DR B BT
B0 W HJe 5 B S A UL BE ). 25 2R L
Kl 4.
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A #YIL4E#G , DI: S16;5E1:S15.
SFRYMELS RS, F1:521;G1:S22.
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5149 V66,/V6T T 43 5 1) B B Hh i 15 v
RE A napA FER TR , 779 o UK IS B REAS 21 R
A, HS H R B (414 bp) M R/MHIE. &
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RIGH 2 Bk, HI02 S15,S16; R s £ 5 A2 bk,
A S21,S22.
ZHRE NS IE AT I S S AR AR % T RR R A
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D E F
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WAREREAT IR, 3 A B Bear B i bR b, 30
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HRRED 3t amoA JEIN (HEA amoA FEDN I T #k
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U A A TR B 45 A4T STRRSALRE D "
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PR DR 3G 45 2R . FHPE A AT 11 PR
X 11 R ARG BE I E B SR AR T, A 24
48 72 h A I A 285 SR T ) TR AN S
iz Al LA, amoA Fl napA J P93 2 FHAE Y
PR PRI BESEAT SR IR AL A, IO 11 R T v I A
SRPURHE I A T, IR AL RE A —E
257, FLRE3 AN IR , SR K H i) WO7
FIE 77 & 55 19 S11.S15 75 24 h B LAl 25 U
IRBERGE 48 h TR IE A IR A T FE,72 h
AR AL SE e, T 5 5R & 4R A B bR S21.822
S27 BT Ao 8 AT HIT A I v (R BE S E
FT RSP IR B bR i 3 2. A7 A i 10 5 9
AL A AR B R UL S A FR A8 2 ~3 R0
G, A7 IR TR 1A 2R AR BE A e M T I A
e, WOL BRI AT A SRR 18 6 BRI
FIEALBOR B, 73 3l & W07, S11.,S15 821,
S22 S27.
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R2 BRIEPREBENETNTIHSENELE

R AR APLRAAE W iF 25 SR AL A 3R
wol -9.31£0.12 1.15 £0.09 0.18 £0.01 -7.99
W05 -8.09 £0.33 1.23 +0.06 0.16 +0.01 -6.70
w07 -7.13£0.25 1.43 +0.05 0.87 £0.03 -4.83
si1 -6.65£0. 15 0.14 +0.01 0.62 £0.03 -5.89
S14 -5.83£0.26 0.42 +0. 02 0.00 £0. 01 -5.41
s15 -0.12 £0.03 0.34 +0.02 0.59 +0.01 0. 80
S16 -1.47+0.19 2.44 +0.09 0.04 £0.00 1.01
s21 -9.90 £0.41 0.35 +0. 02 0.53 £0. 02 -9.03
S22 -21.99 +0.79 0.19 +0.01 0.24 +0.01 -21.56
S24 5.49 +0. 14 0.59 +0.01 -0.01 +0.01 6.07
27 -1.47£0.32 0.78 +0. 02 0.52 £0.01 -0.17

3 RGPPSR LR T BRI U RE
J1,ATLAE H, BR T S16 fil S24 4b, FLZFE 41
L5 PR 1) T R ) LA il A s SRURE T, 0028
2759 T LA 8 3 BAT 397 B S RE D I T k-

x3 ERYBERKREARRIHMLEE

G 7S amoA napA fidfL e
Wo1 + + +
W05 + + +
wo7 + + +
S11 + - +
S14 + - +
S15 + + +
S16 + + _
S21 + + +
522 + + +
S24 + - -
S27 + - +
PEs bR A LR T s ¢ -7 R
AP TS T RE -
3%

U) St 1 g 280 g 2 9 Ak T 20 A A 240 1R 1) 5
LR TR AR I 2 A R (25 +
2)°C, DO >5 mg/L, f£ A 57 & % 5 W17 57 I7 Y
&, AT LA HAT R IR R 194 5 77 i A 40 1 A
U S AL AT

2)TER YL HT, A R YL E R 5= 914k
LETRN BEAT SR AN B 0 L AR B R R A 2
B 8 Bk 8 BRAN 6 Bk

3) EEIMLRT T B 8 BRSFIRF H amoA

PR3 R BRPERIA 3 Bk, napA HE Y38 52 FHAERY
A 38k, HIRE BATHUR 70 1 8 MRS IR I SRR
ARG UG B 6 BR SR IRIE T, amoA FE[N 1Y
N PHTERIE N 4 Bk napA FEIR 938 52 FHAE B9 24
2 Bk

4) PRAE TG H PR 5 DR 1 B PR 11 BR i
H,9 BREAT AR R RE ST, AT LORE U R AR AR
ArAL 40 (Al 285 20 A S 20 B4R ™ 1 (R
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