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1 ##E5r&®

1.1 HSE%&E

PAVG 2T AB /KK P2 Rl 2R B K R L AR )V O S 30 4 kL d8 HTABEAS AR R AR 4 R B 3R E TR (0
~30 cm) A TC W H B4 T ARG A 8°C/NK & .48 h Z iz [a] S5 % L 15 1.

1.2 #ZHEE

Y BEPE IR AL BE 32 3T )7 : NaAc 0.1 g/L,NaNO,0. 036 g/L.K, HPO,0. 02 g/L.MgCl,0. 01 g/L,
CaCl,0. 01 g/L,pH 7.0~7.5.

BM 8538 £ J7 : NaAc0. 1 g/L,NaNO;0. 036 g/L,K, HPO,0. 02 g/L,MgCl,0.01 g/L,CaCl,0. 01
g/L,pH 7~7.5,818 20 g/L.

FW 1535 5 - [a] 38 £ S 1k 3 77 2.

DM £ ##£1 ,Na, HPO, » 7H,05.0 g/L,KH, PO, 1.5/L,NH,Cl 0.3 g/L,MgSO, + 7H,0 0. 1
g/L, T4 4.7 /L EIIuEEW 2 mL/L,KNO; 1 g/L.

BTBOR 3L #5) 55 37 55 . 78 DM RE 3R L9 36 At F W8 Jm 1 mL BTB(1 %6 3 ff T RS 2. 520 31
Ml s 2R K s i R pH 7. 0~7. 5.

1.3 E£5Yl«

AR NS AT AR < IUE VAL AT B SRS Ak w AR S SR L D BT SR A SR SR A R
oA 250 mL BEESHETE M O O AR ZE € B 78 25 COKIR G B AR b 15 97 B R L 120 r/min k% 4
h GRUETE GF SR T 85 35, F U IC 5 48 S 0 6 W 38 i A 0 266 B O g R T HL O R 0 O R AL
10%, 3055 10 d &8 IR Wk B R w1 A fE 0 10 %6, B I 247 18 e VR
1.4 HBE5HHF

BI85 3% 8 F A AR BEAS RS 8, F 1071 .10 7 .10 °f1 10 " B6 B R R AR A kA6 BM BE 37 3%
EREFR 30 C AR TR IR 3~5 d ikl R GERMEM R % BM K9 5 R alifb 3 0. i O 26 78
% PREA V5 T BTB B 58 ERFTRIZR R 95 . 5 1~3 d K H B i v » MR 90 555 5 5k 131 €0 400 28 ) Wy HE I
TS AR 43 00K Sl Ak B 1 TR b 422 Fp P FW iﬁ%ﬁﬁﬂlﬂ 18 30 °C 238 SR 3 15 F2 46 P s Ak 18 ODgo, 35 31
0.2 PA_E o A 10 26 g 3 Pl it e F 7 e 1 5 Sk b B IR 12 b 05 LB P T S A R 4k /Eﬂc{a 15 2L
MAEY.

1.5 IFERMUMAE PCR ¥ 1

16S rDNA K Bty PCR §" 8 i B9 3 : 27F .5’ — AGAGTTTGATCCTGGCTCAG—3',1492R ;
5'—=GGTTACCTTGTTACGACTT—3". 5| ¥th 3% E # A Invitrogen (i) A &l 4 AT

PCR B & £ (50 pb) :2X Taq Mastermix 25. 0 pl, IE 1 514 27F(10 pM)1. 0 pl, A 514 1492R
(10 uMD1. 0 pl.ddH, O 22 pl. itk DNATL 0 pl. Hrf 2 X TagMaster mix(Jb 50 R AR A AL B A R 7D
PR M :0. 1 U Taq Polymerase/pl 500 uM dNTP each.20 mMTris-HCI(pHS8. 3) .100 mM KCl.3
mM MgCl, H A A2 5 7] 55 4 5 )

PCR Jz i 254 . D95 C A ¥k 5 min; @94 Z8M 1 min,55°CiB kK 1 min,72°C ZEf#H 2 min; Q% —
BAEIF 32 25 @T2°CHRALEM 10 min, 4°CLRAE . PCR P34/ Yy (A0 : PCR 4784 74 H 1 0 B s i 5
JiE FL BRI L £E 100V HLE R HL YK 60 min S5 ] GelRed 448 10 min, 76588 14 2 45 (Gel DocTM XR
+ RVEE I AR &R G - Bio-rad . USA) SR AN RN BUGHA R G A5 A JC 450 AR R e 1 AR el b i H
PR 2 1 500 bp, YK AT DNA Marker 2 DL2000(db 5t R A LB A BR A FD.

1.6 SERREFREUARTSFEKKEREDFHESHEEMNZMD

R T g R AR T R B AR A DA R T K K AR ) B AR A P R A 2 R Y R BRI L SE IR T K
VG2 HE AR PR K UG K B B 5 L A, 43 48000 S5 56 =5 I AT e a8 A AR R AR T R HE3SY Fn i 8 25 [
Xf B ERIE LI (14 D FI 9] (42 ) 7K R A T AT T30k T R R 5 i TR T R A K AR A T L LT
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T B ER Eh R )5 I PCR &34 51 W) S &Nk 1 s,
I RE AR M RE T8 718 A SR FH 25 1 6 B2 5 I FEL UK (DG GE) 43 B 8 R HEAT . 28 P 77 e Bl 30 % ~ 70 %.
Tor 8 181 5 o B IS AR A L UK A s 50l it iERE 2 Dl A 45 pIPCR OB 32 AL TR, 130 VLK
10 min, 70 V Hyk 13 h, HLIKIR B 58 °C. MLk 58 B8 M AR IO A GelRed 345, 20 min, 75 1
1B & G LG BAR BRI R
£ OAWRGEE EE S B ERE PCR I3 MR &4

Tab. 1 Primers and procedure of bacteria, fungus, actinomycetes and sulfate reducing bacteria used in this study

Microbial species Primer sets PCR procedure
Bacteri fD1, rP1 94°C 3 min; (94°C1 min, 54°C1 min, 72°C90 s) X 30 cycles ;72°C7 min
bacteria 534r, 341F-GC 94°C 3 min; (94°C 30 $.55°C 30 $,72°C 30 ) X 30 cycles; 72°C5 min
F ) ITS4, ITS1-F 94°C5 min; (94°C30 s, 55C30 s, 72°C30 s) X 35 cycles;72°C5 min
ungus ITS2. ITSIF-GC 94°C5 min; (94°C30 s, 55°C30 s, 72°C30 ) X35 cycles; 72°C5 min
Actinomycetes F243, R513-GC 94°C5 min; (94°C60 s, 59°C30 s, 72°C60 s) X 30 cycles;72°C 10 min

Sulfate reducing bacteria DSR4R, DSRP2060F-GC 94°C 4 min; (94°C60 s, 59°C60 s, 72°C60 s) X35 cycles;72°C 10 min

2 HRE5ik

2.1 HB5ME

23 @ AR R oy B AL B 234 BRATE IR AR I AL A TR . b, AR R 40 0 DL B IR SR
MRS R S 126 #k . Hid 48 h U ECR IR 80 %0 LA E A 8 AR 1A - X 35 40 1R MR B AT 40 T AE W of
(K 2).
2.2 BI# 16S rDNA FE 3 E

ARG S SR AL TR R E AT 16S rDNA JFF S0 5 65 7 25 2R A BLAST 2 5 GeneBank Hr 2 % 5%
B 16S rDNA JF5 47 [Rl IR H 4. 28k [P B 40 8 a4k 15 30 09 & 480 S B A 40 T 32 25 A s AT 1
JE& E AR B T e AR R VR AR A AT I B AR R T 8 AR (GR 2. Hod R R AE
lib] &G0 B R R I B A SO A R

R2 REFFERMUAESISLENRESY

Tab. 2 Isolation and identification of oligotrophic aerobic denitrifying bacteria and its denitrification characteristics

Numbers of isolation Species of isolates Place Similarity/ % Denitrification rate/ %
1 Acinetobacter sp. Xi'an A Reservoir 100 50
2 Uncultured bacterium Xi'an A Reservoir 99 48
3 Ralstoniasp. Xi'an A Reservoir 99 54
4 Acinetobacter sp. Xi'an A Reservoir 100 54
5 Uncultured bacterium Xi'an A Reservoir 99 42
6 Uncultured bacterium clone Xi'an A Reservoir 100 73
7 Streptomyces sp. Xi'an A Reservoir 100 49
8 Acinetobacter sp. Xi'an A Reservoir 100 81
9 Rhizobium sp. Xi'an A Reservoir 100 52
10 Sphingomonas sp. Xi'an A Reservoir 99 47
11 Acinetobacter sp. Xi'an A Reservoir 100 62
12 Uncultured bacterium Xi'an A Reservoir 100 72
13 Sphingomonas sp. Xi'an A Reservoir 99 46
14 Methylophilus sp. Xi'an A Reservoir 99 65
15 Uncultured bacterium Xi'an A Reservoir 100 67

16 Uncultured bacterium Xi'an A Reservoir 100 58
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HR2
Numbers of isolation Species of isolates Place Similarity/ % Denitrification rate/ %
17 Acinetobacter sp. Xi'an A Reservoir 100 66
18 Sphingomonas sp. Xi'an A Reservoir 99 47
19 Uncultured bacterium Xi'an A Reservoir 99 44
20 Uncultured beta proteobacterium gene Xi'an A Reservoir 99 49
21 Uncultured Lysobacter sp. Xi'an A Reservoir 99 41
22 Uncultured beta proteobacterium Xi'an A Reservoir 100 56
23 Pseudomonas fluorescens Xi'an A Reservoir 99 42
24 Zoogloea sp. ShanDong Reservoir 100 98
25 Acinetobacter sp. ShanDong Reservoir 99 86
26 Acinetobacter sp. ShanDong Reservoir 99 84
27 Acinetobacter sp. ShanDong Reservoir 99 82
28 Pseudomonas sp. ShanDong Reservoir 99 81
29 Streptomyces sp. ShanDong Reservoir 99 99
30 Acinetobacter sp. ShanDong Reservoir 99 100
HF3 Pseudomonas sp. Xi'an B Reservoir 100 99

2.3 BRRAEFTFERWUAE HF3 Wk EREDFHESHERTZME

HPE 1 A0 AT DL 220 3000~ 70 06 Bty A8 PR BE L BB I L UK 2 0« K R R SRR R R B 23 T L D8 3% 8
P 2 A BE 3 5 A IS . MUK KR 20 A BTl 2R B 22 Rl 2 80D (] TAL 1B & 04 T 7 PR - 3 Ji
B AR D Rl D) (B 1C. 1D UE Y B e 42 5 B2 48 BUS RAEBUE Y M E 2 FEVE I BB 5)2
4 N7 P AE FR A ) A 25 U Pl 2 2 20 A T L e ol o 2000 S S A A 20 TR HIES o Ji /A I I 400 TR 7R L
2L TR PR R 530 I TR M 3 22 R (R o BE AR OS2 R 35, T K IR R TS L 40 T BEVE ZAEPE SR KON
30,2842 Fl 42. Ft 2 BETE ZREVE TR SO BRI AR 14 42 d 4 Rl R BE Ah B 22 B 1 1 B0 oK & A R
A B R 300 S TR b 2K B /b o EL A2 SRR T e R

Bl BT aRmimiE HF3 st R KKK (A i (B A .
(O & A= (D) ALBL 3k 38 R A A B % M%7 69 PCR-DGGE B #%

Fig. 1 Profiles of PCR-DGGE of (A) bacterial, (B) fungal, (C) actinomycetes, (D) sulfate reducting bacterial

communities in raw water inoculated with effectively oligotrophic aerobic denitrifying bacterial isolate HF3

I 2 208 el W, 32 %43 43 B (Principle component analyses, PCA) 45 R0, 2 Fh HF3 5 A Fp
X BEK AR A: D A 2 R 2 S BT R Bl A AR Ak, LA Ak R 5 (FR A RO R 13 5 ) R K K AR A TR
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FUTR | O TR B TR k3 D R b A 22 R . U5 W32 e B8 R e S S S e A 1 X D AR A 25 T R 45 A 52
Wep A 8 2 AR S e

RI3I ENEUFERWELAE HRB WK EREYHREFEEREHEHZE
Tab. 3 Effects of effectively oligotrophic aerobic denitrifying bacterial isolate HF3

inoculation on the species richness of raw water microbial community

Time Treatment Bacteria Fungi Actinomycetes Sulfate reducting bacteria
14 days (DInoculation 30 23 4 2
(ND Non-inoculation 28 24 4 2
12 days (DInoculation 42 30 12 8
(ND Non-inoculation 42 31 12 7
3 % # T T
1 : J 1 *«NI
(1) MK 8K JE T FR o i 3 Y 234 ” N o 3y NI
WRIUE R AT R AL A . P AR 20 T o) g0 a ’
B A0V LL LM RE R R AR - NI -1 :
126 LR 48 h PYBLRURE 80% L E 5 ,
M 8 B bk AL Z B sy 2 b 0 2 2 a2
BAF A E R I IR o R b AT 2 = 2 D) T
R A e B SE B TR E SR : 1 Lot N
RIS LRI AT 5 BB Sol b el AN
(2)3B 3353 TH 4% 16 s tDNA 51 = N[
OB W E R AUE SR R R e A ! I !
KA R BEGRR EE, 2 2
AREE BT Ml PP T L P PR RO PC1 PC1
J& A5 IEB T K IR KK R TR 2 E SR AT B2 BAh o AR A HE3 st B K Ak
S SR AR A T B AT R AL Z R S (M@ (B)AHE . (C) ik & A= (D) LB 2
AR TR s A T 1 AR TR AR M YR 8 £ R A
(3)PCR-DGGE £5 1 75, 5 i 2L Fig.2 Principle component analyses (PCA) of (A) bacterial,
FOE SR A RIS AL 0 B 6 IR K K AR 4 B (B) fungal, (C) actinomycetes, (D) sulfate reducting bacterial
,E% ﬁﬁl@i & *ﬂﬁ@AiI\LE lﬂﬁ‘ﬁ t*@g communities in the raw water inoculated with effectively

R e AN 2 25 10 ] A 2 DU ol 3

oligotrophic aerobic denitrifying bacterial isolate HF3
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Isolation of oligotrophic aerobic denitrifying bacteria and its
effects on the water microbial communities

HUANG Ting-lin, LIU Ting-ting , ZHANG Hai-han, YANG Xiao, GUO Lin

(School of Environmental and Municipal Engineering, Xi'an University

of Architecture & Technology, Xi'an 710055, China)

Abstract; Based on a preliminary screening, 234 oligotrophic aerobic denitrifying bacterial strains grown on oligotrophic
aerobic denitrifying selective medium were isolated from the drinking water reservoir sediments. Meanwhile, the denitrifi-
cation characteristics and its regulation mechanism on the water microbial communities were explored. The results showed
that denitrification rates of eight oligotrophic denitrifying bacteria were more than 80% within 48h. Acinetobacter, Strep-
tomyces, Methylophilus, Rhizobium, Pseudomonas were identified using 16 s rDNA sequences. Nested PCR-DGGE re-
sults revealed that highly oligotrophic denitrifying bacteria HF3 inoculation have no significant impact on the raw water
functional microbial communities (bacteria, fungi, actinomycetes and sulfate-reducing bacteria) structure diversity.
Therefore, its effect on the raw water microbial ecological population is weak.

Key words: reservoir; sediment; aerobic denitrifying bacteria ; microbial community ; nested PCR-DGGE
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