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RO FRBE A R A K Ok RS R vk
JE L AETE B T K BT IR RE IR AY ELOIR 2, T EL R
i TR A M2 /K 1) EL R HE R, i) 1 X SR B A T Bt
P A 0 9 B i A A P 25 B3R S TR 6 2 — ol
MBS AKBA T 2. % T2 HEMNHE . 2
T 0 4 W S L R A U O PR A R IR T Ty (R
A AR W IR BN 45 ) AR G, 1T B A A e R b o e
52 L KK R I R R R A — Rl 5
(Y S Al A T2, 3% T 20 AT A= Wy I fige 5 0 T g
VR Ry S A A T A 0y 640 Tl D5 R A 0 S AR, LA T B
GyaE A" Boley % FEAR A K I R 4L
HE I T — A A B AL O, BEA AR IR R Y
il PR R e B8, T % ML A A0 BR K SR R 48 (X 1R o,
AR AL v B FF G I, 22 R BE S T AR
W0 0 B D 25 B AR PR K IR B AR G 0 B R B, RS TR
o B RCR AR o LB AR S BT I AR S AL
TEAE PR KI5 58 F2 48 b 19 BT, (E X e 5 28 G IR
RO B MR R S Al BB S 2 b
ARSCLAR R EE T M NG 4L SR i (PHBV) A 9 Jx
i P ) ik TR A g B A A, DL K B A B 0K 7 R A &
SR EIR L , 9T A PCR-DGGE AR 04 1 S i 4k
S g A 0 v Bl 2B 0 A s 1 s S AL, 1B O LA
SR AL T AR 3K IR 5 28 48 T (9 L 2 i B e 5

1 R Ae o %

1.1 ##
1.1.1 FHE B 4 M ( Carassius auratus) , P K

3.5 c¢m -6 cm,

L1.2 BEERERE: R THRZ A RA R T
Pty PHBV UKL O 1, [E R T BL 2 m/kg, B
723 mm) £f: 0 S A Ak B I 4% B9 [ R B U5, PHBV B
ARAE A 8 B 5 B B R

L1.3 FZAIF|[FAAR A K 5P 3 o {X [ 5B-3
(B) EEAEREL], SAM AT W 6 G B T (756P, I i
FIEALES) , TOC 43 M1 A (vario, K B 1E 5 i b A BR
Z3H)) 434 Fe B (S-3400N, HITAHI) , PCR 4 14X
(EDC-810, %R Tt [ br 52 % A FR 22 7] ) , Alphalmager
HP %18 1% 22 5 ( Protein Simple, USA ) | 28 P4 1 &
BEMEHLUK 2R 48 (Bio-Rad) o 51 ¥y ih b 2L T8 0,

The PowerSoil DNA Isolation Kit ( MO-BIO

Laboratorie ) , 40 7 & 4 2 Bk 57 & ( Tiangen
Biotech) ,pGEM-T Easy System I kit ( Promega) , PCR
W B AL e R AR A R F L, PHBVN £
FH (KNO, 2 g MgSO,-7H,0 0.2 g . K,HPO,0.5 ¢,
1.8% —2.0% , %45 pH £97.2,121°C K% 20 min) ,
1.2 XWEE
L.2.1 fAIRKFERLG: KM 2 DKKEHM (RS-
380A, H Erf a8 A7 BR 2 7)) AR S 1 #1 K I 58 &R 48, K
A AT BOAR R Ry 24 Lo /K A8 A AR 2 g 2
CUERE Al 27 4 5 LAY i 9B A ) , T £ BR COD |
BAFNLAERRER o 1 4> 7K R 3% He BCE Ak Sz g DA
ZERARGE PRSI (B 1), 1M IR,
1.2.2 RAEH BB 2§ « R 1Atk 5 10 78 IR s B
(1) M B AL, AR 4 em, & 40 em, il A
185 ¢ PHBV fWUkL , S I a8 A7 R0 0. 38 L, THit
AP, FEE % B0 % (BT100-2T, {4 R 22 4% 18 i %
ABRA T =, Wy 0.15 L/h, [ i 7 K R
HKGRAR , K 28 A Wy i g 4 B 3 i KB4
L3 EIRKFRERKEMIZIT

TEAKIEFEIA 20 L 234 B 48 h 9 Pk Ak A
KoK HH I A R 8 A i, JKIGAR N KR
H AR 5 i AE 29 £ 2°C I 48 (DO) WK B2 AR T
6 mg/L,pH {7 -8, 4 R AMIH T 78 A 4 2% /Y K
B (ANFEK N 23 B 48 h B9 BR AL A Sk K ), A
Ko BBIBUKFE, 4 0.45 pum 38 P 38 )5 0 2 &
A \NO,-N NO,-N Flal # figt A HL A% (DOC) W L : &
AR K BTt 0 2 A % s NO,-N 1 NO,-N 43 Jjl)
R S ON 3 0606 B vk AR IR 2% £ i e 3k I 7E
DOC ] TOC 3 B 5 o /K46 NO,-N ¥ fif
iKF) 20 mg/L LA I, JF IS BCGS AR 52 a4 , % BROKJG
R4 W T Xz 47 .
1.4 AR RRIR R E RS 2

TERRSE 14T HY SO AL S & ICR AT 2 3 AR )
I B e JSRIURE L FH 2. 5% 1% — T [ L AR I R
AN TR) AR B B LB K, T 8 05 A3 4 e B WL AR )
HREFR B AR D 285 5 05— BB 20 SR P i R B AR )
JRE, K 5 FH 2 18 K v sk 1 04, S0C TN HE T, Tl
BiWLgE PHBV JsUbHRL AL IR = i PHBV UKL Y 3% 1
B,
L5 WEMBEEERSH

TE SR A B2V #4532 17 1Y AN ] B 39 R B2 [T 44K itk I
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Figure 1. Schematic representation of the experimental set-up. 1-

aquarium, 2-biofilter, 3-peristaltic pump, 4-inlet port, 5- solid

carbon source, 6-exhaust port, 7-outlet port.

AU, 7S U R B AR W R 3 A i IR L 10000 x g
B0 5 min, 38R LW, UOTERR 40 B A & A7 PHBV
R AEYEAIRER , - 20°C IR, F Thd: Y Bt v 45
45347 o

1.5.1 #5ZE DNA g9 E: 4= Wy s i) Bk K 2H DNA
% | The PowerSoil DNA Isolation Kit ( MO-BIO
Laboratorie ) $2 I, 3R 15 A9 FE F 21 DNA I 1% BE it /i
VKA

1.5.2 Z87%& 16S rRNA RF R By ¥ & . o 547
GC ¥ ( CGCCCGCCGLGLCGLGGLGGGLGGGGLGE
GGGCACGGGGGG) 1 4 1 i H 5[ 4 BAC341F (5'-
CCTACGGGAGGCAGCAG-3") Fi1 534R (5'-ATTACC
GCGGCTGCTGG-3") ¥ 1 4H i 16S rDNA V3 X K
Be'R MR R O 50 wL: 51 (0.01 mol/L)
1 wL, 2 x TransStart'™ FastPfu PCR SuperMix 25 plL,
ddH,0 22 uL, PCR M #JF: 94°C 3 min; 94°C
40 s,55C 1 min, 72°C 2 min, ff ¥ 30 ¥k; 72%C
10 min, HL YK KZ I o

1.5.3 PCR =¥ DGGE %47 : il %5 8% RN I
il B e, 728 1 7 Wk B 35% — 70% (100% [ 25 14 71 Sy
7 mol/L [ FRZE N 40% X & F W BER IR &5 9) , b
N 25 wlo ik 5514 .1 x TAE (20 mmol/L Tris,
10 mmol/L yKEE#ER ,0. 5 mmol/L EDTA ,pH7.5) 2% uh
W, 130 V, Bk 6 h, MKk 45 )5, ff § SUPER
Green T YLy BEIE Y4 (8, 30 min, 1117,

1.5.4 DGGE £HHEFI MR RAZZENN
2 Yl i B 4, 15 R TE T 100 pl ddH,0
L AC L E R, DL EVEAE 8 PCR B AR, I 519

BAC341F #1 534R ¥ 1%, PCR & & K 2 W 4 14 [
1.5.2, PCR ¥ H] pGEM-T 4 i 4 , #vili e ke
28R IR L, Bk v B S % P AR A AR S m Y
74t B 25 Nucleotide Blast 4% 4 ( http ://blast. ncbi.
nlm. nih. gov/ ) b XF, T 2 AH L3 51, 347 £ 17 51 kb
Kt (ClustalX) , F:#) 8 R 5t & & # ( Neighbor-Joining ,
MEGA4.0) .
1.5.5 DGGE B 4 #7: % Quantity One 43 f7 5K
£ (Bio-Rad ) L B AHBIPE 2B (Cs) , 70 H 3 N HE
& SUE R M RLEE ", Cs (A8 ARG LN 0 - 1005 43
T 25 ity 25 9 AH X K BE , 3R AT A () I 48 2 4 J A
sl 5 2% AT TR A RE TR O R L
1.6 PHBV EfEMNSE44{ S5 16S rDNA F 3|
a3

A B IBORE D7 ) 1.5 o R AR A o TS
Az BRER K HEAT ZR 50 B B, 0B S L R R Y TR R R
UrAi PHBVN Zihs-FAR, T 28 C I E 1577 7 do PR
A 375 W] Pl 1 TR 7 AT R R Al o R A0 R DR 21 42
O G PR Al AL TR bR 9 DNA L, LAJE (A 2H DNA Of
Bt , PCR 4734 16S rDNA . 5| ¥ Jy 40 i 38 1 51 )
27F (5'-AGAGTTTGATCCTGGCTCAG-3") #1 1492R
(5'-TACCTTGTTACGACTT-3") , PCR Jz L & ¥ [Fl
1.5.2, PCR P¥pik 2= h BFA AR A R o I P 245
2 Nucleotide Blast # {4 ( http://blast. ncbi. nlm.
nih. gov/) 5 & I F 5 JE 4T HEXT .

2 HERMAAHN

2.1 BIRKFHERSEHHBIEHER

2 AKIEARAE B AT b B rh, NO,-N ¥ B LLAH fB
T B ,45 d J5i5 %) 20 mg/L A4 (Bl 2),
55 46 RIF I IR AL S NE 4% , 5 1 7K A48 (% i) 47
M s 1. WK 2 af LUE ), X IR &R 4 h
NO,-N ¥ B2 H5 22 58 i, fi 5 {H 35 %) 100. 1 mg/L (5
195 K) 5 1M 32 #92 S A Ak S o #5% 7K I 46 T i) NO,-N 78
SUdisEI AR (21.4 mg/L) , Bl 5 F7 28 T F%, 100 d
JE W — L AERFTE 10 mg/L LA, 2 NKEA P
ZA N NO,-N & FE 43 5 ik T+ 0.5 A1 0.05 mg/L,
DOC ¥ FH 6 -9 mg/L, X —%5 5% %W, L)L PHBV
Shy B U5 A [ R A Ak B 4% e (4 B /K 77 5 &R 4
(10 T R ek A4 415 7 AR KT

M PHBV J5KL 2% 11 A= ) B5% ) 491 4 F 5% (SEM)
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MR (181 3) T LA 78 SO s 1 as 47 ad 7 v, e
YrRe s /e PHBV 1 i 35 I A= W I, 22 P I o
MIRCER IR E 8 T 4 385 A2 W) s PHBV
PR (HUH 1217 150 d B B A B & ) R TNE 25 5
PHBV JsURURL 3% 1 25 19 L 8. M IET 4-B "] LU A
H, PHBY JoURL 2 11 G 1, 92 W0 1 b ) A 0 A

Ja (& 4-A) i A2 f MRS, B T AR 2 L AR 45
Hyo DL b g5 R R, 57 5 &R G0 0 A W e
PHBV 2 [fi fff 35 J& Wl A= W 12, I 0 ff A PHBV O
B A A AE T B2 B/ 0 A5 AL AR L, DA T S B 7R £
1 5B o

—[O— nitrate-nitrogen in control system
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2. BIRAKRFERGH NO,-N BT

Figure 2. Changes of NO;-N concentrations in recirculating aquaculture systems.

B 3. PHBV Witi R EAMENRHEEERA
Figure 3. SEM photo of biofilm coating onto the surface of PHBV

granule.

2.2 DGGE B a1

AR VR B BE IS LUK (DGGE) 4 FH Ok X 34 35
il R B R GE AR EAT AT T A R D U R
BRI A LAt 1, AT AR M) (PR R AN B A ) BB ST

AN F L ZH ) DNA g Be X3 1ok o O T il S 1l
A S i v 2R R 95 45 48 1 s 2 A2 AL, 3 ) T O
fIB AT YA [F] I ] (40 .80 150 d) SRAE A= ) BREAE i
47 PCR-DGGE J3#fr , 45 R 40181 5 ffios o

M S AT LA H,40 d A BB RR i 1 45 B0
/0T 80 d F 150 d 1y 4578, 4k 8.9.10.12 H
TE T AATE 5 3005 B 2 W A I s %, T DL e AT BT
L N R R (R A RO iR S A < KR
4.5.6.7 HAEJE WA RE i rb s BE R, TR E AT
AR 20 T TR S A S 0 4 19 32 A7 000 91 B B mT e
AN TTRE A RN s 1 38 47, B 2 i i 2, 1 se 2
T BE A% AR 4 b 335 107 e i Ak S L s 1 B 85 K K B, 5
AP — HAFE R B TERE (1,211 &4 dk [
R E B A A S R G

7% 1 2 3 B & %0 ( Dice coefficient ) 315 H 19
S RE AR A AR R . FHIZER T LAXS &4 i 2Z 1]
A AR R AT BB R 1 AT a1, 40 d Bl A1 80 d
150 d B 5 09 A0 DL B8 4K (38. 1% - 62.4% ) ,80 d
150 d A 2 A LR (73.6% -
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76.3% ) .

S-3400N 5.00kV 5.8mm x5.00k SE 19:51

B4 HNELEWER(A) R PHBV Bk H R
EHEE(B)

Figure 4. PHBV granule after boilfilm development( A) and
Surface of fresh PHBV granule(B).

® 1. BUEERER

Table 1. Dice coefficients (Cs) comparing the
similarities of PCR-DGGE fingerprints

lane Al A2 Bl B2 Cl Cc2
Al 100.0

A2 91.8 100.0

B1 75.9 76.3 100.0

B2 73.7 73.6 93.0 100. 0

Cl 44.5 45.7 59.2 62.4 100.0

c2 38.1 40.0 53.2 55.8 80.0 100. 0

2.3 DGGE B8 &7 Bl 7 & & 50 5 47
¥ DGGE B3 i (1 12 S 34 25l U e [l i .l
J¥ o P45 R 828 GenBank ¥4 i, 5 C AT 41 i
X (£2) IFMERZELEW (K 6), MES5.6
MR 2 WG RATLIE N, AW E D g E EEZ 0N
5 RERE: B-7£IE I 49 ( Betaproteobacter) | y-7 I 4
84 B W W
( Deltaproteobacteria) \J&BE B [T ( Firmicutes ) £ L #T

2 ( Gammaproteobacteria ) .

B 5. AEH 5 16S rDNA B E i 187~ ¥ K 35 48
E# Bk (DGGE) Ei%
Figure 5. DGGE profiles of 16S rDNA gene amplification

products from different samples. Lanes Al and A2 are
representatives for the 150" day samples, lanes Bl and B2
are representatives for the 80th day samples, lanes C1 and C2
are representatives for the 40™ day samples, and 1 — 12 are

representatives for the twelve bands isolated from the samples.

B ] ( Bacteroidetes ) , J2 W #% 12 17 %7 # (40 d),
PHBV 2 [fii A& 9 55 1 3 22 R 10 1R L 45 Acidovorax |
Bacillus . Diaphorobacter , Comamonas F1 Bdellovibrio ,
Horp Acidovorax F1 Bacillus = J& % & , 7E PR EE BT 5
Fe il 53 530 S 26. 79% 1 26. 7% 5 [ Jif &3z 47 5
(80 FI1 150 d), {f; ¥ 5 Bt 6 45 Acidovorax | Bacillus .
Desulfitobacterium . Flavobacterium . Dechloromonas |
Diaphorobacter . Pseudoxanthomonas F1 Clostridium
80 d I, 7E Fl BE o T o5 Lo 9] 5 = 19 A Clostridium
(27.04% ), H K % % N Bacillus ( 14.48% ) .
Pseudoxanthomonas ( 12.46% ) F1  Flavobacterium
(11.09% ) ;150 d B}, I P BEHC R A Clostridium
( 21.72% ) . Desulfitobacterium ( 13.76% ) .
Dechloromonas  ( 12.84% ) .
(12.7% ) F1 Flavobacterium (12.19% ) .

Pseudoxanthomonas
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R2. FEMBAEYERE R DGGE YIREHHIF FI L3t 45 R H &M B B S B9 EL 51

Table 2. Sequence alignment results and the proportional in population of DGGE sequenced clone of the samples in different periods

o GenBank proportion/ %
. similarity/ K
band  closest organism % accession class group
; No. 40 d 80 d 150 d
j o Acidovorax avenae 100 KF809859 teobacter 13.1 8.5 9.38
subsp. avenae ATCC 19860 ( NR_102856) B-proteobacteria : : :
Desulfitobacterium dichloroeliminans LMG
2 KF “lostridi 13.
P-21439 ( NR_102483 ) 97 809860 Clostridia 0 8 3.76
3 Flavobacterium cheniae( NR_044198) 100 KF809862 Flavobacteriia 6.45 11.09 12. 19
4 Clostridium aestuarii( NR_043569) 99 KF809861 Clostridia 0 20.73 18.26
5 Dechloromonas aromatica RCB(NR_074748) 100 KF809868 B-proteobacteria 0 8.78 12. 84
6 Pseudoxanthomonas mexicana ( NR_025105) 100 KF809864 y-proteobacteria 3.05 12. 46 12.7
7 Clostridium vincentit( NR_026336) 100 KF809870 Clostridia 2.23 6.31 3.46
8 Acidovorax defluvii( NR_026506) 100 KF809866 B-proteobacteria 13.5 0 0
9 Comamonas nitrativorans( NR_025376) 100 KF809865 B-proteobacteria 12.42 0 0
10 Bacillus siralis(NR_028709) 100 KF809867 Bacilli 26.79 14.48 8.53
11 Diaphorobacter oryzae( NR_044472) 100 KF809860 B-proteobacteria 13.13 9. 66 8.87
12 Bdellovibrio bacteriovorus str. Tiberius 100 KF809863 8-proteobacteria 9,32 0 0

(NR_102470)

100 | Pseudoxanthomonas Mexicana (NR 025105)
6

84 100 [~ Flavobacterium cheniae (NR 044198)

3

Acidovorax defluvii (NR 026506)
Diaphorobacter oryzae(NR 044472)

64
96

Comamonas nitrativorans(NR 025376)

Acidovorax avenae subsp. avenae ATCC 19860 (NR 102856)

100 3
Dechloromonas aromatica RCB (NR 074748)

100 ,_12

98 55

10
|

100 | gacitus siralis (NR 028709)

43
Clostridium vincentii (NR 026336)

0.05 7

4

97 L Clostridium aestuariilNR 043569)

E 6. £MEHS DGGE YIREHENERLXEN

}
}

L Bdellovibrio bacteriovorus str. Tiberius (NR 102470)

80 [ 2
Desulfitobacteriumdichloroeliminans LMG P-21439 (NR 102483)

y-proteobacteria

Bacteroidetes

p-proteobacteria

} J-proteobacteria

Firmicutes

Figure 6. Phylogenetic tree of sequences from DGGE bands of biofilm samples. Numbers in parentheses represent the sequences accession

number in GenBank. The scale bar: 5% sequence divergence.
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2.4 REEHRMB[PIEERNIBELERE
LA PHBV Jhy Wl — i Y50, DA W A i o 3 2
2 18 BRAEAE 73 B VAl LB i DT B 1) 4l 1, 16S

PDNA J 9] F R (025 5 (35 3) 0], 4 B4 50 10 40 2
55 Acidovorax . Methylibium . Pseudoxanthomonas

Dechloromonas

% 3. M&fE PHBV %k 16S rDNA 55| tL 345 8
Table 3. Results of 16S rDNA sequence alignment of the strains degrading PHBV isolated from denitrification reactor

bacterial No. closest organism

s transparent circle
similarity /% class group . P
diameter/cm

B1.B2 B8 .B11 B13 .B15 Acidovorax citrulli AACO0-1( NR_074638) 97 -98 B-proteobacteria 1-1.5

B17 Methylibium petroleiphilum PM1( NR_041768) 98 B-proteobacteria 0.8

B3 B4 B6.B7 B9, . N .

B 10 B 12 B16 .BIS Acidovorax facilis(NR_024935) 96 - 98 B-proteobacteria 0.6-1.7

B5 Dechloromonas agitata( NR_024884 ) 98 B-proteobacteria 1

B 14 Pseudoxanthomonas mexicana( NR_025105) 98 y-proteobacteria 1

Bt s 17 A A, W R A e I Ok Y

3 it 4N A Comamonas ( 5 9) Ml Bdellovibrio ( 2k ¢

TEER K= 3R 58 T, K B Al A R
A FEAE G P K 7 IR 50 28 G0 R ALK Ak B SR AL L
4R A PHBV g fi I8 (4 35050 PR B L 4, 2 BR R 40
TSR H o R A PCR-DGGE £ ARBF 5T 1 BB %
TEIB AT A, A W I e 20 o 9 9 B S A A, R
MR STy B M2 T AR WD P i BE 70 fi PHBV
P T R o

2 W7 B AT B PR K IR R G, 783 200 d
Wiz A7 B, i AR R vk B B W G i, 1X 5 Boley 2%
(R 45 SR ) 3 3 [ R B Ak BT I 37 9
ARG fefd iz frid e, IR ER W R (UL N i) —
HAKT 10 mg/L, & A Al FR £ A Al DOC ¥k & 5
LI RGN Y . X 45 R UM, BL PHBV S fii
AR 11 AH B A Ak BE 41 PR K 57 A 2 48 4k 45 B A1 4 7
PR+ W, T ELAS 2 52 oA 75 Je W 60 L B

I A B AiF A 6 A PR £5 B9 L Bk, B S i T AR
5 P BRI 0 7 i T A s R /N 701 T R A L
W, Wil I 9 A A 20 T R AR g e b A 18 TR R
AR JE T DRI A BB v B 0 O T s
AT RE R R REET T

DCGE [ K Py 45 R 4 7 T B At A B %
A Bh A A AR R, A 1 3 i 25 ) B A B Al
AE AR X S A5 L, ) LS TR A Ml A R B A AL S
W T HL o s AT R0 (40 d) A= Py B A P 5 e i 5
s 47 H R (80 150 d) 22 3 K, i W 7 i B 4
IBATHYRT 40 d, 2L W05 B AR W v S5 A IR A ARE
80 d A1 150 d A= Wy I 1) 4 1 A AR O, B R AR E
T 45

12) ., Claudia 2" % B Comamonas A~ F| F 4T fa] 4
FEW A S B U, TR AR S5 0 T T A] LA I
iz &k o Bdellovibrio BEVE KR 7K 7 2l ¥ o WL 1 B0 1,
X IR A — 2 B

SN a3 A7 AR W I 2 S A LA LA Fb
JE Y A TR s (1) Acidovorax ( 5573 1 Fl 4707 8) #
Diaphorobacter ( 557457 11) 48 3 /NI (14 A= ¥y ik v —
BB O N A s AT AR i SRR TR A
ZH Y JE I\ B B FF ( Comamonadaceae ) , AIF 5%
W, Acidovorax F1 Diaphorobacter §g 43 Wb Jifd # PHB
fif B Wit , flf PHB H1 PHBV B% %, A B} ¥ 17 & i
£ 5 (2) Flavobacterium ( 275 3) + B 2 i % 1432 47
F % m, 150 d OB B RPOBE A 12.19%
Flavobacterium > F 1k IR 4, 41 1 , fE % it PHBV'™ |
TEAR SR BT A AR T, e AT BE A T 6 2 35 500 A1 1R
AR Ry B 2 v, - S AR AT TC A, AT AL ) [ I
AL 5 (3) Bacillus (47 10) L RL 85— EAFLE,
B0 F B2 &, o5 B RERY 26.79% , 5 W B W R
M. Bacillus fEREFERE PHBV ™ Jf & 25 FE K {4
U AH PR Eh A vk B DA R AR K AR 1) BR K- TR
R IS U8 B 40 T i AR R A, R A R
50% B AN B A ) B ZELAN 5 (4) Clostridium
(4575 4 M4k 7) : Clostridium 18 KV #% 18 17 41 1
AR, 76 R E IR A SRR e, Mergaert 2507
iE Bl T Clostridium fE %% F% f# PHBV., (5)
Dechloromonas( 2515 5) : Ml ] WV 28 I 1B 17 F 5 & 7
B, 2R E AR, 5 S BRI bR
Dechloromonas aromatica RCB J& M I F& 5 55 17] 43 &5
Bl EA R AE M BE BT 5% § R
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(Rhodocyclaceae) ; (6 ) Pseudoxanthomonas ( 55H5 6) :
T SV A 18 AT W B AR (i 3. 05% ), 18 v )5 48
R B Fh Bt 22— Pseudoxanthomonas g ¥ W fl
Wb iR J5 o N,O, H R fE I R A B 26, 9 7 &
geh Xk NO,-N #y £ BR ST MK B K. (7)
Desulfitobacterium ( 5745 2) B 2 N 2y 847, FE R
W yg om Of B o R E W L R B 2 —
Desulfitobacterium J "™ 4% IR % 16 , 76 L3 V5 e b )™
WZAETE , RE A A BILIR B3 VE y Hi AR A 04 52 i 1R
WU LR R Y AR, SR Y SEM I (K
3) FI R AAIE S — B

K A% Gt A W 2 Ay B A 1) O s, AR E i
AT SCNE i B A= ) v 43 15 B RE [ i PHBY 1 48 74
18 t, & % & 4 3 K Acidovorax . Methylibium |
Pseudoxanthomonas g8
Methylibium A, 3453 2l 55 3% 1) PHBV [ fift 1 #5 9L
DGGE iE B & A= W) B rp i 0 S B e . W9 R B,
Methylibium & — Tl 24 B fifk T, A8 I ik 7K A o g Y
kT H ik ( MTBE) 3] Kalyuzhnaya %:34] i\
Methylibium W] DL #E 47 B Al Ak, {2 A UL 3% )& B i
PHBV ({4218 . AHETE B UL Methylibium BE W% fif
PHBV | H: % fift ¢ M 18 A5 RRIR AMFY
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Nitrate removal from recirculating aquaculture system using
polyhydroxybutyrate-co-hydroxyvalerate as carbon source

Lanhe Zhang', Lili Liu'"?, Tianlei Qiu®>, Min Gao’, Meilin Han®, Ding Yuan’,
Xuming Wang”*

'School of Chemical Engineering, Northeast Dianli University, Jilin 132012, Jilin Province, China

’Beijing Key Laboratory of Agricultural Genetic Resources and Biotechnology, Beijing Agro-Biotechnology Research
Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China

’Beijing Fisheries Research Institute, Beijing 100068, China

Abstract: [ Objective | Polyhydroxybutyrate-co-hydroxyvalerate ( PHBV ) was used as solid carbon source and biofilm
carrier to remove nitrate from recirculating aquaculture system ( RAS). Dynamics of microbial community structure in
biofilm coating on carbon source packed into denitrification reactor were investigated. [ Methods ] Polymerase chain
reaction-denaturing gradient gel electrophoresis ( PCR-DGGE) was used to analyze the microbial community in biofilm
from denitrifiation reactor. Bacteria degrading PHBV were isolated from the reactor using pure culture method. [ Results ]
Nitrate decreased remarkably in the RAS connected with dentrification reactor. In contrast, Nitrate increased continuously
in the conventional RAS without dentrification reactor. According to the phylogenetic analysis, the microbes in the biofilm
samples from denitrification reactor were divided into Proteobacteria ( B-proteobacteria, -y-proteobacteria and §-
proteobacteria) , Firmicutes and Bacteroidetes. The major advantageous populations were Acidovorax and Bacillus in the
40-day reactor. The advantageous populations in the 150-day reactor were in order of Clostridium, Desulfitobacterium ,
Dechloromonas, Pseudoxanthomonas and Flavobacterium. Pure cultures of bacteria degrading PHBV isolated from
denitrification reactor were classified into Acidovorax, Methylibium, Pseudoxanthomonas and Dechloromonas.
[ Conclusion ] Nitrate could be removed effectively from RAS using PHBV as carbon source. Advantageous bacteria and
their dynamic changes were ascertained in biofilm from denitrification reactor packed with PHBV.

Keywords: recirculating aquaculture system, nitrate, Polyhydroxybutyrate-co-hydroxyvalerate ( PHBV ) , denitrification,
Polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) , microbial community
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