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TBER /K 578 3 4 4 W iie it 48 & 8% 7% B9 PCR-DGGE 53 #ff
EHE, BEE”, K %, Z4F

(1. KRR BRI SO K BRI LR 18 266071
2. FHRIEHE AR S A, L 201306)

WHE: AL EIRAIRIER LT TR ATE NH -N IR B & Ao o &£ 4 b feok
FHAHKERFEMLRARATT AR TRBENERREEE TN RAE AAMLE .
TR Bk A IR R SRR A £ IR AT R RIREE R, IR IR T BB
TR EMELNEENE T HREANEREE R R B R, B35 HAHE3 ~4 4
R F M L A & ey 165 rRNA JEF B i PCR 3 3 7= 4y 3 AT 2 1 4k 8 B X A 0
(DGGE) 2 #f R & J7 7| Fl IR AT v R KA, £ T K P B ARG A % 0%, B — 4
BRANBE IR T EWE LW ST T AT, AR TNEE ZZRIATE ]
WEMENTEREI TN - - y-RBERNN IS AEAK, £HE LN RS E O
RERWE HNEAFREHRE RAENERE ARTERE FFERERE APV HEE M T2
BHERES; KRB ENARE LR, TEHEEEN T B Nautella, ZHAT H B o —
MAME Fo Wha B ARG WIR P, TR 2 M0 B o 20 T 7 A 0 R B PIT 7 Lo R s, 28
BARBEZL —o FRIEL, ERVH  REAREFWRA AR, A THABENE &
B &, R m IR B B AE

KGRI : B AREAREAG; RUME R, MEAE; MAEE; Wk, £WE
HESES: Q938; S 959 SMERFRIRED : A

RN AR RS /K = IR AT Y 2 de
PR, AR FE B 355 75 T AR A 2 e A ) 3 2 )
Z = R A R 2% BR R K R P
NH,"-N NO, -N Z4 F {55 i, i T e
B K IRIE R G h B A B ik =z —" 0 &
WIS 5 2 0y R 3 T AT TR B, T B ) i
M RRFRZ O A IR o A R R A
X, — iR B 0 2t A B A R R ) RE 19 13K
P AT HEIE 55 — B 2 A W kAT A
SRHENE, Je 3 DR AR ) 6 1Y 249 AR T ) 92 1o
o FEIE A W b A B 0 B0 b e 4 %
B S, X SE A W I Y S R AL B L3 e R
fip FEE AL R AR B+ A e RN, R
Xt T ARARER K #1298 SR FE 2 G H A Wt 1)
3t B L R R I 23 A B A T 4R S 8

Wi BEHE:2010-11-28 & B HEA:2011-02-11

PCR-DGGE Jy ikt 1 1% G55 97 1 # vh i A= 1
FESRIE A R, R DL i 4 E R e B T )
ARAHIRA: W Fe 7 P 2R AL SRR R B, N
1138 A — FofrBREEE L AR X6 A 280 1) BF 5 Bl 26 0 v
ARAC RIS FE 9 T7 3%, HORTE IR B B2 T 2 &
TR T IR o AR SCER XA TR 4 B 5
UL 14 A= W 0 b b A B B K A A X R
A BRI A SR T RO S Ak R ) PCR-
DGGE $ A X HL 41 1 Fh IS 20l 22 5 34T 1 41
B, LA A0 2 0K 1 7K 37 B 28 0 A 10 8 1)
AL AR T 1R B SRR,

L BPR ik

1.1 LIt

TR B A JEZ ) 35 36 00 K R A D 2 ) i

HENTE « [6 5B H: 3 151 H (2006BAD09A03 ) 5 [115 /A =7 @ B AR WF5E % JE 5 (2006 AA100305 ) 5 4l k4% ik S AL ¥
450 H (2007GB23260387 ) ; B fir S A BHIF Al 55 9% 351 H (2007-gn-06 )
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W, HEAR 1.0 m, &4 1.0 m, A RUAT N
600 L, o) Bt A Wy a8k, A W) B0k th Ak 2 21 4
2 (HARN 0.5 mm, LLRHEAL N 360 m*/m”)
TN, R A, B AT 5, AU P RE
SIHURRT A TR R — AR 22 4% b, T ELRB AR K
Yy Z 6] 56 3 F iy, ARAF AR HE R A

I AT B 4 DAY , HEIRESCR AT, YD
IR K B IE RS, AT BFR i K,
IKBHEPRUNT - 2K 0. 14 ~0. 17 mg/L, WAR R A,
0.015 ~0.032 mg/L, g & 0. 31 ~0. 36 mg/L,
R L 0. 046 ~ 0. 058 mg/L,COD,,,5. 28 ~5.36
mg/L,pH 7.96 ~8.22 L & 30, 7F 4 M Y)uEith
FRII A ] 8 114 S8 A i A A i e R I 0 )
N2 mg/L(1#),5 mg/L(2#),10 mg/L(3#),20
mg/L(4#) . N TG Y S 54K,
[F) Fof > A4 2 vl T B R ) 5 A AR T
THIR AN BEIR A — 1 (BRI — A IR AL S5 . AR
Jo K A= Wy A B LR IR T 1R BT R, AT A AR
AR
1.2 HRRERAEITH

JK B bRk B A BRI AT IA S HE R R, 40 5]
M T# 28 3# A4 P gt A WA 10 g, i
A 50 mL K ELE T (300 0 1#.24 3# 4#
BEAR ), [RIINE A) 4 0 A D 10 mg/L i A= 4
JE T IBOKRE 100 mL T K B (128 S#AE
atn) S BRI ASPATHRE . B AR WA K
W), WG ORI KA — &, Sr B AT B B2
B, 2 BRI A I (I K08 )R ,1995) , IR Al
2216E VM 74k, 28 CHiFR 2 d J5 , 47T 757
PR [RIE A 2 SE AL A TR IV S R 5 S Ak 1T T
Wb FRIE 28 C Bk — ], AT A AL T AN T
F IR ER S TR T, B R A 3 A 5 —
OISR 0. 22 wm A UE R I8 IS, R 8 AN
HAAYER YT -20 T,
1.3 #&/2 DNA 2

HE KRR RIS Y U R, AR WA R R, 2
A FORTIN %57 1y 4k 2% — i i 15 32 U BE DA 24
DNA, Bl A 5 mL K Z& K, DL s 2 b9
HEPRY% 5 min; il A 1 mL 250 mmol/L Tris-HCI
(1% 100 mg 7% B i ) 1 4 mL DNA $2£HUR (100
mmol/L Tris-HCI, 100 mmol/L EDTA ,100 mmol/
L Na,PO,,1.5 mol/L NaCl,pH 8.0) ;30 C f1 37

CH&HR Y 30 min; FAIA 20 wL 1 EF K (100

mg/mL) ,37 TH 1 h; A 20% SDS ¥ ik 100
pL,85 Tkt 30 min, % 10 SRR E LR 48
J5 5800 r/min(3 084 g) , =R E.0 15 min, L F7E
W55 — 50 mL B0 T A 1/2 R 7.5
mol/L ZJR%, 25218 5], vK i & 15 min;7 600
r/min(5 295 g) ,4 CE.C 15 min, B iR T 95—
50 mL ELOEH A 2 AR ClE, =20 C
PLFERAT ;7 600 1/min(5 295 g) ,4 CELL 30 min,
F LW 2 mL 70% B R UTRE IR ;7 600
r/min(5 295 g) ,4 CE.L 10 min, JLiE T4 )5 H 50
pL JETE KA , B35 DNA SR .
1.4 PCR i

KO o4 W o H 5l ® U34IF (5'-
CCTACGGGAGGCAGCAG-3') F1 U758R ( 5'-
CTACCA-GGTATCTAATCC-3") "™ (y g4 T
B/ T4 ) 2 DNA JE45 PCR 4754 3
US4LF fy 5 3 m & 50 bp Y GC %% (5'-
CGCCCGCCGCGCGCGGCGGGLCGGGCACGGG-
GGG-3") """, PCR 4" ##{A % (50 pL):dNTP (2
wmol/L,Fermentas )5 wL,10 1% 52 W 2% PR (AN
MgCl,) 5 pL, MgCl, (25 mmol/L, Fermentas ) 3
wL,BSA ( Amresco, USA) ¥k (20 mg/mL) 1.0
uL, 2% 1.0 wL(25 wmol/L) , Tag DNA 4
it} (Fermentas )0. 5 wL, Ak 2 WL, 555 fin K i i1
Milli-Q # 4fi /K 2 K FHLH 50 pL, PCR J )i 1E
Mastercycler gradient ( eppendorf) [ #E4T, 2 b %
JHRE% 2 PCR Semg! ™ I 95 CHiAEHE 5 min, 4R
J5 94 CA54: 1 min,65 CTiB A 1 min,72 CHEff 2
min, FEMEFRR JGR LT CH % 55 T JHH
10 Y% ;4R )5 94 CA5¢E 1 min,55 CiB &k 1 min, 72
CEfH 2 min, JEFF 20 ¥k, 76 72 T4 10 min, F
J& 4 TR, PCR 3= W) {1 1. 4% B g ok ik
TTBEICHL UK A A B ROR
1.5 DGGE 4 #f

PCR =¥l E. Z. N. A. ™ fig [a1 i it 57 &
(Omega Bio-tech) [, 7 f# T 60 wL TCHE/KH
B12 pL( %y 800 ng) Ziifb )5 %) PCR =4 7€ 3
ALK R 48 (Bio-Rad, USA) b kA7 HLIK, #&% IR
AR LI A5, ] 4 2R N T e B e , Wk 3 8%
AR RS EEE Ly 30% ~70% , , HL K HE JE 2 80
Vv, HLYKIR ) 16 h R BEAEE A 60 T ik
25 G B LL 0.5 wg/mL 1) SYBR Green ¥ 7K
Jufa, YRR EOR G T Gel Docl000 #EHE iR R 42
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(BioRad,USA) FWE%E ik,
1.6 HHEHEW.EVE.MNFREZXER
e

TE#ECRUR R U1 DGGE JiE E H A5 1
fEME & IR TF 60 wL K ,37 Tk, L
EIEBRAE AR, S WL A (AR S T
B 10 £%) HIANAE GC #1951 it 17 PCR 473,
FH 1. 4% 3R EE e v DK A, 88 TA Ry B — 2R
Je R AR T (=1, ) T

{i Ff] NCBI ff) BLAST # % % % (http: //
www. ncbi. nlm. nih. gov/blast/ ) %} 15 3] 1 5 %) i3k
ARl A 23 B, I 8] ClustalX 1. 83 {45 A
GenBank £ 415 22 H AR A5 14 17 91 ARBLP v2 1) T A
w7 8 AT 2 7 4 It B HE 51 ( Multiple
alignments ) , fifi ] %X MEGA 3. 1, >R H] 4B 4% i
(Neighbor-Joining ) 3k 1% & 4t &k & #, I i i
Bootstrap (1 000 YREE ) K5 .

2 4

2.1 AYRREKEH3 NEBHRIEBE

R T AR AE DS TR SR TR A i A P L
AR FENER AN B, SRR A R Bk R
T S A B S SRR R R LA TR R R A AL TR
TR TR IR L AT, AR v 5 95 T A
WA i b A s 2 R B B K b, (H 38 4 10°
CFU/g I b, G B W PR SR AL B 35 0 4
SRR K %2, 47E 107 CFU/g B, Hirr 4
#ER T AR A P ST R R R 4k
WEGE IR . /KA I TR TR 2 AL BRI A
BRER LA BB 3 A1, 12 x 10° 2,31 107
1.57 x10° CFU/mL, & Ik F A= W 155 b 20 e 4 ot
(P <0.05) , RBA W 38R KT AN R A B4 A SR AR A
W AR T L0 s 28 MR B ey, AR I | 2
PR I s PR AR A T A R e

R1 EWRRKER I KAFHHE

Tab.1 The numbers of 3 types of bacteria in bio-films and water samples

N5 A% (CFU/g) numbers of bacteria
bacterial groups 1# 2# 3# 4# S5#
je_'“?%g 3 3 8 3 5
heterobacteri (7.20 £0.04) x10% (7.00£0.03) x10® (6.10 £0.02) x10® (4.36 £0.07) x10° (1.120.09) x10
eterobacteria
AT B .
ammoni fffl, I,Zig bacteria (2.65+0.05) x107 (3.90 £0.08) x107 (5.60+0.05) x107 (1.23 £0.03) x10® (2.31 £0.03) x10*
1Um-0x1d1Z1
AR ER A AL P

(1.74 £0.10) x107 (2.63 £0.11) x107 (3.20 £0.04) x107 (3.92 +0.04) x10° (1.57 £0.08) x10*

nitrite-oxidizing bacteria

2.2 HEYBRFnsktEE DNA BIREVA 16S rDNA
HJ PCR ¥ 1%

AW KK RE SR IR 5L DNA Sl 3t 1. 0% 1Y
TN GRE i P KRG 3, 40 2R S s P A B 2%t (B
1-A) , 5 DNA i BER/N E 2L TE 23 kb 7247,
FEE AN FE R 4100 RN S PR, B ELY DNA
J& T H A Te B i A A BRI 4 DNA, BB R F Y 42
WO 1 m] AN S IBORE i P 9 DNA R B

S 40w AE 51 % (U341FGC/U758R ) Xif
16S rDNA HEAT 3 T 7= A= ) DNA F Be 3y it
— 2kl (B 1-B) , 5 BOR/NA N 417 bp 755519
BT, WY 7= O 2 AR AR e
WG .

2.3 41 16S rDNA K E DGGE 154 EiE

M DGGE HLyk [&]38 (151 2) ol 10, B i AR
I EAFEZ M AN T, A [ iR /R T e
JIC A A I FEL K Al B AN A e A ] A
WA (HLBSE i 257 ) oA 22 57 IR A 2R

1 EYERKEFRRRE S DNA R H PCR =¥
a. i DNA; b. PCR 77#; M. Jp Tt 1 1MIEIAENE; 2. 24
TEMLEMNR; 3. 3B 4. 4% JEMAEWIIR; 5. S#IEHUKE:
Fig.1 Total DNA extracted from bio-film and
water samples and their PCR products
a. Total DNA; b. PCR products; M. Marker; 1. 1# bio-filter
pond; 2.2# bio-filter pond; 3. 3# bio-filter pond; 4. 4# bio-filter

pond; 5. water samples from 3# bio-filter pond.
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2 A EHm 16S rDNA EE 8=

TR BBk (DGGE) EiE

L I#IEBAE IS 2. 248 AR R s S#IEM AR W5 4. A4k

HAEPIHE s 5. 3#IEHKRE

Fig.2 DGGE profile of 16S rDNA gene amplification
products from different samples

1. 1# bio-filter pond; 2. 2# bio-filter pond; 3. 3# bio-filter pond;

4. 44 bio-filter pond; 5. water samples from 3# bio-filter pond.

I: Crocinitomix sp. (AB0708042)
95 3—4

[ Virellibacter sp. (AM403205)
99— 5-1 ’

4-2
Flavobacteriaceae(EF527871)

97 e

1-3
Lacinutrix sp. (EU581705)
3-2

033

28' 3—-1
Gaetbulibacter sp.(F1490367)

100" -4
Cellulophaga sp. (DQ480142)
100 -3-5

10¢ o5lo

0.05

3-3
37‘|_}Sediminibacter Sfurfurosus (AB255369)
Psychroserpens sp. (DQ001321)
419- Arctic sea ice bacterium (AF468430)

sulfur—oxidizing bacterium (U62131)
96 54
82 Nitrosomonas sp. (AF386752)
4-1

100

Pkt 244 PR S R UK S B B b, 2T
B R AL AR YInE i 3#FE SRRSO B H i 22,
WA [RII i 2 R B A= it AN [ 4 PR e 2R
YA IR A K SIE R  BE A BTm ; [a]—
SRR A g, A PR it (34) B FRLUK 2%
HECE LKA (5#) iYL A H I R 5 2, W]
A b R A A AR 2 LR AR R T, B R
B5) KRR b B S .
2.4 DGGE £HHF S LT &R A

M DGGE Jig¢ FYIF 17 25557 , 42 PCR F 41
AR, —2L3RK45 17 A M) 1% 16S rDNA 331, 3f:
i NCBI B[R FE LT, 45 21 5% 5 8 S A AR Y
JF 30, 0025 30 Wy FL Ay 2 7, — A A 16S tDNA
FFHNEEAE /N T 98% , 1T LATA K & A [m) i 114 4
B, QR [EJEE/NT 93% ~95% , W AT LA K J& T
RRIE o M7 51 45 R A0 M K 4
ST FIEN RE LB (B 3) A&, 4
/R R o e I o L N S (5 it D RV

Flavobacteria

Rhodobacteraceae (EU267637
S ( )

v -Proteobacteria

} B -Proteobacteria

Roseobacter sp. Sea—1 (FJ869032)
99'1-6

Roseobacter sp. (AM709732)
Leisingera sp.(DQ915607)

N

o -Proteobacteria

El3 ET DGGE %% 16S rDNA FIIRHE RE L B
P i R i B
Fig.3 Phylogenetic tree of bacteria based on the 16S rDNA sequences of DGGE bands

Bar indicates genetic distance.
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FFE T ] ( Bacteriodetes ) % #F [ 44 ( Flavobacteria )
H¥% g T W J& ( Psychroserpens ) | ¥ 75 K H J&
(Olleya) AF:4 W& (Lacinutrix) (75214 )&
( Crocinitomix) JUFMF & ( Sediminibacter) & &t
@ A J& ( Vitellibacter ) . & ¥ FF &
( Gaetbulibacter ) F J& A~ BE 1 22 1) B FF B R 40 14
( Flavobacteriaceae bacterium ), Ul J 2% £ & ']
(Proteobacteria) a7 JE 7 44 ( a-Proteobacteria ) [
BB K W )@ ( Roseobacter ) | ¢ k& [ W )&
Leisingera . Nautella italica, B-7% & 2 ( B-
Proteobacteria ) [ WV AL A 17 )& ( Nitrosomonas ) |
il 5T 7448 y-Proteobacteria) F 1 2724k I
( Cellulophaga) T 40FF # F} ( Rhodobacteraceae ) 4
AR 48 AL B (sulfur-oxidizing bacterium) , {H /&
M 3 = 3.3 —4 4y W 5 Gaetbulibacter sp. J& Fil
Crocinitomix sp. 40 BIAHIVELE 95% VLT, 55447 1
-3.1-4 3 -1 15 -4 By5r22E 1A KRy 218}
B 2T, M AN RERE BAA R & A T REJE R

FEFR A E B o
AN [R5 s 14 A 9 58 KRR F 5 A TR 2 R
g 2 PR, SR IR s (Olleya sp. ) (1A IR 3

J& ( Lacinutrix sp.). & ¥ / H )8
( Gaetbulibacter sp. ). % ¥ Ui B T

( Sediminibacter furfurosus ) F 55 2F #% K H J&
(Leisingera sp. ) 4715 T Jr A7 U6 1t 1) £E ) A
R E YR B RSO, R P R
(Psychroserpens sp. ) e W) i 28 R JE B [l 1
#EE MR AW Z —, WP EE
Nitrosomonas sp. B 15 Az P JEE - %) A1 34 B U il
WG A R E D = BT o KR P LR B
WS A0 A B 2, TREEMNAM
J& Vitellibacter sp. , Nautella italica, 8L 3T H /&
( Roseobacter sp). 1 — Fi i & 1k % ( sulfur-
oxidizing bacterium ) , F ' Nautella italica
FEm I

R2 BEHRFERFEMREAERRBEMNERS 5

Tab.2 Dominant bacteria and their distribution in bio-films and water of re-circulating culture system

gt 1 S : -
e no./t)fmbj;ds Closeicci;a?nzijijfi[lﬁ fj:lgaﬁifj fi{iilirities 1# 2 # A o#
1 1-1 Psychroserpens sp. (DQ001321) + - - - -
2 1-2E3-1 Olleya sp. L —4(FJ886713) + + + + + + + -
3 1-3J63-2 Lacinutrix sp. (EU581705) + + + + + + + -
4 3-3 Gaetbulibacter sp. (FJ490367) + + + + + + -
5 5-1 Vitellibacter sp. ( AM403205) - - - - +
6 3 -4 Crocinitomix sp. ( AB0708042) + - + + + -
7 5-2 Nautella italica( AM944522) - - - - ++ +
8 1-4 Rhodobacteraceae ( EU267637) + - - - -
9 4-1 Nitrosomonas sp. ( AF386752) - + + + + -
10 3-5 Cellulophaga sp. (DQ480142) - - + - -
11 4-2 Sediminibacter furfurosus( AB255369) + + + + + -
12 5-3 Roseobacter sp. (AM709732) - - - - + +
13 2 -1([f1-5) Leisingera sp. (DQ915607) + + + + -
14 5-4 sulfur-oxidizing bacterium ( U62131 ) - - - - +
15 2 -2([i1-6) Roseobacter sp. Sea-1( FJ869032) + + + — —
T + B EZ—, + + (RBERE, + + + B, - IR,

Notes: + dominant, + + more dominant, + + + the most dominant, — non-dominant.

3 Wie

MR TR B S e F) A 35 T R RIOR T B
AR 4 FPLLERPEE R . XA T A AR
PRep A Z2 0 73 50 B AT AS ] 2B B 2 RE B 20 T4, T
AR F A n] R A RO E AR kA —

o3 B MR AT B A0 R 2 B WA T R AR
PO b B e AR (1B 2) o AR 0 /U
N AR B AR, SR 34 44
FHLE A RE 24 4 Py AL il v DK 2R R HL D
DA AL B AR B 0 hn 28 2 e T il
YA (Nitrosomonas sp. ) FJEH L Z#T 2., 1%
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WEIE 1% J& ( Psychroserpens sp. ) R e 1#UKIE | i
I, BB AT & (Roseobacter sp ) I 2L 41 #T 1# Fl
(Rhodobacteraceae ) 4 5 57 14 H L SV BB W7 T [,
X GEEFREIT RN 45 R — 3, BEWI ) R 2 Rk
Xp A P b A RS A AR A BB —
FYFENE , W) 06 2 608K B A 1 Ak 4 T 2R
Y A M AR TR 2 | 3k HE
b AR 2K W Y 5 ] B e S ) i 2 R
JE B Ak, SR R BR R IA B A
FERRE B B[] B, 248t 280 40 d, 2 /MR EE N
5 mg/L &% 0.025 mg/L, WG AR EN 4#
U 28 0 35 d, 2 AW 20 mg/L [ &
0.86 mg/L, T J5 4EHF7E X — W BE o AE 9 A b
H LUK ST B H LK RE R LIRS S E 2, AT
7S e S O e RS ) N N R Y R S
225t X R AWM T A A A Sl
PR AIE WU & 82 VE 1T, AR W I3 ) [
A R R LA BE R KR P 4l B A — 3
RERN & T34 I AT AR FERT , T — 7 RE K
HAEYIE RS

IS 0 A2 P gt h 4H R 16S TRNA
A Bt ) DGGE 4325 F iy 22 BH , A8 06 it i A=
PR SO AR AL 5 L3 T 4 ol g T UL 1T 1] 1)
W 49 ( Flavobacteria ) (9 > OUTs) FIASTE &[]
B a— B — .y - ZJE I 24X ( Proteobacteria) (8 4~
OUTs) , iX5 WAGNER 25" {55 SRR
Tk IR B ( Leisingera ) | Z1 41 W P
(Rhodobacteraceae ) 4 . W A5 fb 5 il 1§ /&
( Nitrosomonas) 2 15 2 Fi A 6 1015 7K A= 9 b B T
SRR, IR o S R IE A AR EA
FEMEHIR R SIX S R AN T, AT
W RO FABLIG G R it LK i VAR 40 1 1 R
IR ERERICHLER S (5 e i 2Rt . B -
Proteobacteria 1 fiJ . W i fb £ i J&
(Nitrosomonas ) 5 1% V£ 15 e H & i UL 2 AL T
Z—""""" ,PURKHOLD % 4 il vF 2 R K A
HMAS PR AAENEZ D B AWM
Nitrosomonas sp. 5&8,, i 4 —1 5 Nitrosomonas
sp. ELA AR AR, UL ZE U W HE RS R
WEE) 1R 2 A W B W3R 5, Nitrosomonas sp. J{_H
AR B AT, XA LR EE £ S 1E
T, e ZAE RS BN S R M AT 0. 02 mg/LM
F35h, BT R (Flavobacteriaceae ) 4 T \ UER AT

J& (Roseobacter) . Je M K 7 )& ( Gaetbulibacter ) 25
FEMEDR A AN A AR AR B EU R  BEFI T NO,
VE R B M ¥ 32 AR A T T A I, B S SR A RO
YRR, 73 S0 1) 2 2k A A 25 o 0 S vk 7 4
ALY I B R, AR BT A AR IR
AT, AR iEIRIE s Ve T LA A DL 15 2
R SR (2 Wyt o 2R AN
bR 7RG AL AR A1, R I A7 A I AR B R
TR AR SV E ] ] T AR AR BRI AN A

4 L

HARFE B R A A= 08 v, AR P REE I i 4
PRI B 8 Tk Y, LS KR 4 R I 2
2 AP AR 22 5 I IR A R By, AR IR B
AP0 TR R I A 2 kS A TRT T Bl B 22, T S R
2 A RS U

PEER K SR F8 22 G2 Wk v A B B K R
SR 7/ B I VO o =
( Flavobacteria ) (9 4~ OUTs) fil 2¢ & & [']
(Proteobacteria) ) a — B — .y = LI EH (8 4~
OUTs) , A=W E AR v i I 34 T o 2R AT 0 K
225w HRMER & MR m G A AR A AT
A A ER i  J ( Nitrosomonas ) 5B A6 20 T4 1Y) 2
B RIAE AR AR R S5 A e b A B R RCR, o

S 3K

(1] B/ BB BT AR, 5. R 56 IR SR R G
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PCR-DGGE analysis of bacterial communities in
bio-filtors of re-circulating mariculture system

LI Qiu-fen'* , FU Xue-jun'”, ZHANG Yan', MA Shao-sai'
(1. Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Science ,Qingdao 266071, China;
2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; The numbers and composition of bacterial communities in bio-filters of re-circulating mariculture
system were studied. The numbers of total heterotrophic bacteria, ammonium-oxidizing bacteria and nitrate-
oxidizing bacteria on the matured bio-film samples from the 4 bio-filters with different initial ammonia-
nitrogen concentrations ( 1#,2# ,3#,4#) and from the water sample (5#) of 3# bio-filter were counted. The
results showed that, the numbers of ammonia-oxidizing bacteria and nitrate-oxidizing bacteria on the bio-
films increased and the number of heterotrophic bacteria declined gradually with the increase of initial
ammonia-nitrogen concentrations in bio-filters. The numbers of bacteria on bio-film were higher by 3 —4
orders of magnitude than those of the water sample in the same bio-filter. The amplifying products of the
fragments of 16S rRNA gene from above samples were analyzed with denaturing gradient electrophoresis
(DGGE) ,and the sequences of DGGE bands were phylogenetic analyzed. The abundant bacterial diversity
was found in bio-filtors of re-circulating systems,and higher on biofilm than in water in the same bio-filtor.
The bacteria communities in bio-film and water samples were mainly made up with two bacterial groups:
Flavobacteria,and o — ,3 — ,y — Proteobacteria, including 15 genera. The predominant bacteria on bio-films
were Olleya, Lacinutrix, Gaetbulibacter, Sediminibacter, Leisingera, Psychroserpens and Nitrosomonas.
While those of water were significantly different,including Vitellibacter ,Nautella ,Roseobacter ,and a sulfur-
oxidizing bacterium. Nitrosomonas became predominant bacteria on bio-films gradually with the increase of
initial ammonia-nitrogen concentrations. The results suggested that, during the maturation of bio-film,
increasing the initial ammonia-nitrogen concentrations is beneficial to the gathering of nitrifying bacteria and
the improvement of nitrogen removing efficiency.

Key words: recirculating mariculture system; denaturing gradient electrophoresis ( DGGE ) ; bacterial
communities ; nitrifying bacteria; bio-filter; bio-film
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