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Abstract:In order to study the variation of microbial community structure and the mechanism of denitrification on bio—carrier in
recirculating aquaculture systems(RAS) during the periods of bioHilm formation and operation the systems traditional microbiological
methods were applied to count the quantity of heterotrophic bacteria ammonia oxidize bacteria and nitrite oxidize bacteria. The
amplified products of variable V3 region of bacterial 16S rDNA were separated by using denaturing gradient gel electrophoresis
(DGGE). And bacterial community DNA fingerprint was obtained. The sequences retrieved from the DGGE bands were used for
homology analysis and construction of phylogenetic tree. It presented a trend that the quantity of the three types of bacteria increased
gradually to a top and then fallen slowly to a stable level. The composition of microbial community of bio—carrier was very abundant in
all periods and the Shannon index was 1.53 1.44 1.57 1.08 1.27 and 1.30 respectively. During different periods there was a
certain shift in the microbial community structure while the C_ value(similar index) in two adjacent periods was high indicating the
variation and succession of the microbial community was slow and regular. Several bacteria had an effect on removal of pollutants for
farming water and the effluent water quality could meet the requirements of high-density culture. Among them Proteobacteria and
Flavobacteria were main communities. The Nitrosomonas and some other facultative anaerobic bacteria ( Flavobacteriaceae bacterium)
were identified which indicated that there may be coexisted pathways of nitrification and denitrification in biofilter.
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Fig.1 Water treatment process of closed recirculating aquaculture system
1 2 B1.B2.
2 10g 50 mL 1.3
48 h (2216E
~20C ) ¥ o28%C 48 h
DNA. MPN 90
mL
4 5
6 4 1 mL
Al ~ A4; ’ 28C 28 d  Griesst



1 : (RAS) 233
MPN 10 min 4°C .
’ g PCR 1.4%
1.4 DNA E.Z.N.A ™
5 mL (Omega Bio-tek) .12
5 min; 1 mL 250 mmol/L L PCR ( 800 ng)
Tris-HCI( 100 mg ) 4 mL DNA (BioRad USA)
(100 mmol/L Tris-HCI 100 mmol/L EDTA 100 30% ~65% 8% 80
mmol/L Na,PO, 1.5 mol/L NaCl pH 8.0);30°C A 16 h 60C.

30 min;37°C 30 min; 20 pL K 0.5 pg/mL SYBR Green
(100 mg/mL) 37°C 1 h; 20%  SDS Gel Doc1000 (BioRad USA)
100 pL 85%C 30 min 10 min 3 ; N
5800 r/min 15 min 50 1.6 PCR-DGGE
mL ; 1/2 7.5 mol/L DGGE (

15 min;7 600 r/min 4°C 15 ) (1)
min 50 mL ; 2 (Shannon H) " (2) 2
-20C ;7 600 r/min 4C c) "
30 min ;2 mL 70% ; H=-3, (n,/N)lg(n,/N) (D
7 600 r/min 4°C 10 min 2 mL 95% n. N
7600 r/min 4°C 10 min L _
DNA Cop = 2L/ (L, + Ly) x 100 )
DNA Takara C..s A B :
. DNA L, A B ;
20 kb 10 L, A :L, B
PCR 1.7 N .
1.5 PCR (DGGE)
DGGE
16S rDNA U341F (5’ CCTACGGGAGGC 60 pL 37°C
AGCAG 3) " U758R (5’ CTACCAGGTATCTAA 1 pL (
TCC 37) " DNA PCR 2 ) GC PCR
U341F 5’ 50 bp GC (5’ CGCCCGCCGCGCG 1.4%
CGGCGGGCGGGCACGGGGGGCCTACGGGAGGCAG ( ) GenBank
GCAG 37) ” DGGE. PCR Sequin win32 GenBank
(50 L) :dNTP (2 pmol/L Fermentas) 5 pL 10 (GU992422 ~ (GU992454).
( MgCl,) 5 wL MgCl, (25 NCBI BLAST (http://www. ncbi. nlm. nih. gov/
mmol/L Fermentas) 3 pL BSA(Amresco USA) blast/)

(20 mg/mL) 1.0 uL 1.0 pL ClustalX1. 83 ( Multiple
(25 pmol/L) Tag DNA ( Fermentas) 0.5 alignments) MEGA3. 1 (neighbour-
wL 2 wL( 5 ) Milli-Q joining-analysis)

50 pL. PCR Mastercycler gradient )
(eppendorf) PCR "

95°C 5 min 94°C I min 65C 2.1

1 min 72°C 2 min RAS
1°C 55°C 10 ; 94°C 1 min
55C 1 min 72°C 2 min 20 72C
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Table 1 Quantity of dynamic variation of three types of bacteria on bio-carrier in different periods
/CFU+g~!
7d 14 d 21 d 28 d 40 d 50 d
7.77 x10° 2.02 x107 2.08 x 107 9.04 x10° 4.10 x 10° 1.43 x10°
6.08 x 10* 4.81 x10° 6.92 x10° 1.55 x10° 3.42 x10° 2.23 x10°
2.11 x10* 3.85 x10° 1.01 x 10° 1.12 x 107 1.65 x 10° 2.32 x10°
3
Al A2 A3 A4 Bl B2
23 Table 3 C bility ind f microbial lati
5:;_ . \u - " able omparability mdex ol microbial population
18 il AU 4 ' on bio-carrier in different periods
4> N |
30— Al A2 A3 A4 B1 B2
5
?:‘ R & j Al 100
. A
A2 82.6 100
8—>
e 1 A3 77.6  88.4 100
A4 46.2 60. 6 66.7 100
B1 44.5 52.6 53.7 58.1 100
B2 40. 8 41.9 43.5 44.4 73.2 100
2.4
16S rDNA
4
GenBank 33
band 6.band 22
DNA GenBank
4 DGGE
(>96%) 4.33
Fig.4 DGGE profiles of bacterial community
composition in different periods ( Proteobacteria ) a= Bﬂ Y-
( Proteobacteria) (17 0TUs )
2 Shannon (Firmicutes) (Bacilli) (1 OTUs)
Table 2 She ind { microbial lati . .
able annon mdex ol microbial popu ation on (Bactero]detes) (Flavobacter]a)
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(15 0TUs) 5.
Al A2 A3 A4 B1 B2
5
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4 33 16S rDNA
Table 4 Results of 33 16S rDNA sequences using BLAST in GenBank
GenBank GenBank
/bp GenBank /%
1 416 GU992422 GQ331112 Formosa sp. EM151 Flavobacteria 98
2 413 GU992423 AY883939 Gaetbulibacter saemankumensis Flavobacteria 98
3 412 GU992424 FJ716799 Bizionia sp. KMM 6177 Flavobacteria 99
4 416 GU992425 FJ596337 Olleya sp. UST050418-038 Flavobacteria 100
5 417 GU992426 FJ868613 Tenacibaculum sp. RASS53 Flavobacteria 100
6 412 GU992427 AB261012 Marixanthomonas ophiurae Flavobacteria 95
7 402 GU992428 FJ176555 Arenibacter sp. TG409 Flavobacteria 100
8 399 GU992429 FJ161251 Cellulophaga sp. D4012 Flavobacteria 96
9 385 GU992430 FJ229467 Maribacter sp. KLE1063 Flavobacteria 97
10 402 GU992431 FN330974 Weissella cibaria Bacilli 100
11 392 GU992432 FJ196064 Thalassobius sp. 75648 a-Proteobacteria 99
12 416 GU992433 EF092216 Uncultured Nitrosomonas sp. B-Proteobacteria 98
13 401 GU992434 FJ222605 Albidovulum sp. S1K1 a-Proteobacteria 100
14 391 GU992435 FJ161311 Thalassobius mediterraneus a-Proteobacteria 98
15 388 GU992436 FJ868596 Ruegeria sp. RAS1S a-Proteobacteria 99
16 414 GU992437 FJ161344 Nautella sp. D7042 a-Proteobacteria 100
17 389 GU992438 FJ161324 Thalassobius aestuarii a-Proteobacteria 96
18 398 GU992439 FJ952830 Rhodobacter sp. a-Proteobacteria 99
19 408 GU992440 DQ675021 Pseudoruegeria aquimaris a-Proteobacteria 97
20 397 GU992441 EF033448 Alpha Proteobacterium 36G5 a-Proteobacteria 99
21 397 GU992442 DQ915615 Oceanicola batsensis a-Proteobacteria 99
22 391 GU992443 AF069963 Endosymbiont of Acanthamoeba sp. UWC8 a-Proteobacteria 95
23 417 GU992444 AY167341 Psychroserpens sp. ARK10236 Flavobacteria 99
24 384 GU992445 FM162948 Flavobacteriaceae bacterium ACEMC 1F-40 Flavobacteria 98
25 399 GU992446 AM945570 Polaribacter sp. MOLA 340 Flavobacteria 98
26 410 GU992447 AM941176 Uncultured Pseudoalteromonas sp. y-Proteobacteria 96
27 406 GU992448 FJ868592 Agrobacterium sp. RASS8 a-Proteobacteria 99
28 409 GU992449 FN297835 Phyllobacteriaceae bacterium AMV1 a-Proteobacteria 99
29 391 GU992450 DQ915607 Leisingera methylohalidivorans a-Proteobacteria 99
30 407 GU992451 FJ425226 Winogradskyella sp. K757 Flavobacteria 97
31 394 GU992452 EF988631 Maritalea myrionectae a-Proteobacteria 99
32 409 GU992453 AM709741 Roseobacter sp. SOEmb11 a-Proteobacteria 100
33 389 GU992454 FJ786105 Uncultured bacterium a-Proteobacteria 97
5
Table 5 Species of main bacteria on bio—carrier in different periods
Formosa Gaetbulibacter  saemankumensis  Bizionia  sp. Olleya  sp. Tenacibaculum
Al Marixanthomonas ophiurae  Arenibacter sp.  Cellulophaga sp.  Maribacter sp. Weissella  cibaria Band 1.2+ 3. 4.5, 6. 7.
Thalassobius sp.  Nautella sp. Rhodobacter sp.  Pseudoruegeria aquimaris 8+9.10- 11 16, 18- 19
Bizionia sp.  Marixanthomonas ophiurae Cellulophaga sp. Uncultured Nitrosomonas sp.  Thalassobius Band 3. 6. 8. 12 14. 15.
A2 mediterraneus Ruegeria sp.  Nautella sp.  Rhodobacter sp.  Pseudoruegeria aquimaris  Oceanicola 16 18. 19. 21
batsensis
Formosa sp. Bizionia sp. Cellulophaga sp. Maribacter sp.  Uncultured Nitrosomonas sp.  Albidovulum Band 1. 3. 8. 9. 12. 13.
A3 sp. Thalassobius mediterraneus Nautella sp. Rhodobacter sp.  Pseudoruegeria aquimaris Endosymbiont 14.16. 18. 19. 22
of Acanthamoeba sp.
A4 Marixanthomonas ophiurae ~ Uncultured  Nitrosomonas sp. Nautella  sp. Thalassobius — aestuarii Band 6. 12. 16, 17. 18.
Rhodobacter sp.  Pseudoruegeria aquimaris Psychroserpens sp.  Flavobacteriaceae bacterium 19. 23. 24
Uncultured Nitrosomonas sp.  Nautella sp.  Thalassobius aestuarii  Rhodobacter sp.  Pseudoruegeria
B1 aquimarts Psychroserpens  sp. Flavobacteriaceae  bacterium Polaribacter  sp. Uncultured Band 12, 16, 17, 18- 19,
Pseudoalteromonas sp.  Agrobacterium sp. Phyllobacteriaceae bacterium 23 24,25, 26, 27, 28
Olleya sp.  Uncultured Nitrosomonas sp. Rhodobacter sp.  Pseudoruegeria aquimaris Psychroserpens sp.
B2 Flavobacteriaceae bacterium Uncultured Pseudoalteromonas sp.  Agrobacterium sp.  Phyllobacteriaceae Band 4. 12, 18, 19, 23

bacterium  Winogradskyella sp.

Roseobacter sp.

24,26, 27. 28, 30. 32
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