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Abstract: PCR-DGGE was applied to analyze the microbial communities in rotating drum biofilter (RDB) for nitric oxide denitrifying removal
under anaerobic conditions. The 16S rRNA genes (V3 region) were amplified with two universal primers (338F-GC and 518R). These
amplified DNA fragments were separated by parallel DGGE. The DGGE profiles of biofilm samples from different sections of RDB are similar
and about sixteen types of microorganisms are identified in the biofilm samples. These results show that microbial diversity of RDB firstly
increases but then decreases with the addition of Cu' (EDTA) and the increase of NO removal efficiency. Howevers the change of microbial
community is not significant during the process. Eight major bands of 16S rRNA genes fragments from DGGE profiles of biofilm samples were
further eluted from gel, re-amplified, cloned and sequenced. The sequences of these fragments were compared with the database in GeneBank
(NCBD. The gene analysis of 16S rRNA showed that the major populations are Cytopahga- Flexibacteria- Bacteroides( CFB) group Bacteroides,
(3- Proteobacterium > Y- Proteobacterium and Clostridium sp.. In addition, denitrification is related with band G-5; G-6 and G-8. G-5 is
affiliated with - Proteobacterium . Both G-6 and G-8 are affiliated with 3- Proteobacterium .
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Fig.1 Schematic representation of the experimental system
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Wy BRI RE AT A E 58 A S R A B U U
Vet 73l WURE &, 95 Oh CK85-1. CK85-2+ CK85-3+
CK85-4; 11 NO 2= B Z A58 41 92% I, 773 A L ik
P HURE, 25 S92-1892-2 S92-3 S92-45 4k £ 1]
R AR IniE & cu CEDTA 4671, 76 NO 25 B¢
HEGIEAE 99 % I, HUA W) e 135 592 00 2 L P A2 ) AT
IR 1A, S5 S99-1.899-2.
1.1.3  Siss

Deode ™ [B] 58 A5 6 I 2 48 (32 [ Bio-Rad)» Gel
Doc 2000™ i £ 52 48 (36 [H Bio-Rad), PTC-100™
Peltier Thermal Cycler( 3% [ Bio-Rad) » GE-100™ 1 214 /¢
FREHLEK A AT M 18 45 ), v VR B 0 ML 5804 R (i
Eppendorf) .
1.2 J5i%
1.2.1 40755 DNA $#2H

10 gt AR PU NN E 10 mL KR 1 25
T7K Y, 120 v/mindf& % 30 min &7, AAHTE 500 0 &7
3G PETS Y > 12 000 v/mindki% 10 min, ¥ LG A
B ASF RSO T, M 300 uL DNA $2 0 (0. 1
mol/L PBS; 0.1 mol/L Tris base> 0.1 mol/L EDTA, 0.2
mol/L NaCl, 2% CTAB, pH=8.0), {t 37°C 225 r/min
P 30 min Ji5, I 80 pL 10% I¥] SDS, 7£ 65°C 1 il
#2 h(BERE 15 min BRI S 1 0. 2R 5 1512 000
r/min FE50 10 min, ¥ FIFEBE R 1 N EOE T,
B30 pI NaAC VK% 10 min, ££ 12000 r/min & L 5
min, B EIFEAE AN F] 1 ASF B LA T, I 400 L
5 13 RECARFRLE 24 1D _FFEUEE T, 7£12 000 r/min
B0 5 min, M 400 pl 5805, A J5 712 000 r/min
B0 5 min, ¥ EIEWERE R 1 ASH A O R
JECEAE - 20°C UKFR W AORAE 1 h 8BS B BEAT e, B
512000 r/minf/Lr 20 min, 7 B 78 = N BT
fh 6 h AFIL T, FH 20 pl TE 2% il i i D 43 2
=t DNA Ff i
1.2.2 FE41E DNA 16S rRNA V3 X473

B P2 B 2L 9 41 DNA fE o 2R & i BE &
(PCROAEA, K K 22 240 B3 H 1) 16S rRNA ik [l
V3 X FF R 1 516 338F-GC (5'-GCCCGCCGCGCGC
GGCGGGCGGGGCGGGGGCACGGGGGGACTCCTACGGG
AGGCAGCAG-3") F1 518R ( 5'-ATTACCGCGGCTGCT
GG-3"DHATY 1 .50 pL PCR S N AR F 41 R < 45
# 5 pl, 10 x BufferCincluding Mg™* )5 L, dNTPs 200
pmol/L, 338F-GC M1 518R %% 0.5 pmol/L, Tag 1 2.5
U A & (19 8 47K 4R 2 50 pl. PCR R YR HH B ¥



1094 B2 5% B 2% 29 %
PCR W&, ROFAS P 454 0 94°C 5 min, BT 20 & BLAST #E4T EE X047

FEFA M 94°C 1 mins 65 ~ 55°C 1 min f172°C 1 min( 3L
T 2 AMIEIRE IR KRS R BE 1°0), J5 10 MERR A
94°C 1 min,55°C 1 min 1 72°C 1 min, &5 {E 72°C°F
ZEf 5 min. PCR 4714 7™ ) FH 19 B N5 0% 4¢ 115 v Uk
R
1.2.3  XUBHFEAR PR B2 3t 1 H WK ( DG-DGGE)

K H Bio-Rad A #] Deode™ 3 K1 58 AR K6 2 8¢
XF PCR SN =W HEAT 43 15 A FH A VR 5 26 8 ol %
SOURF JEE 56 TR 05 T e Je 4, B A 4 G e o i R A v
A AN b 3 R AR IR 0, A T e < B R 6% ~
12% , 2 FI BE N 35% ~ 55% (100% L P57 7
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I 1E B PR BH P B 5 B 6 AR ) TR ORI PR )
DUFE, 4 BT 43 1) 77 510326 A8 31 GenBank Chttp: //www .
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Fig.2  NO removal efficiency in RDB over 155 days operation
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Fig.4  Agarose gel (0.7%) electrophoresis of PCR amplified
16S rDNA gene of biofilm samples
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Fig.5 DGGE profile of different biofilm samples
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5 NI 1 — 25 2 5y R 45 ] UPGMA C the
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204 DG-DGGE BB REAT SR, g Rl 7 P
7,899 55 CK85.892 43 & T 2 AN KR M, B A 11l
FATE S 429 11 CK85 15 S92 th J& AN [F) (¥ 2
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Fig.7 UPGMA clustering of different samples
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R A 2D 2 gt 1Y)
FhE P =5 L, species richness ) F1# 4 (1) AH X}
Z LRI A FE , species evenness B IUTE S species
heterogeneity) , T #1X 2 NG Tt MR A — ARG TR
KRR 2 R R A

MecIntosh 45 #4+ Simpson 5 % #1 Shannon-Weaver
TRBHS BN T T A 2 FEPE R E 20 0l 2 2 4
PER U5 A A A 3 MR A
v P00 T s IR A 9 ) A2 4 22 AL JEvh MeIntosh 47
BOL A AP ) —VE S, Simpson $i5 250 32 22 s Ik
T REE b R LI )l 1T Shannon-Weaver $i7 3052
FEBAIR A B R R

M5 DG-DGGE B FIAH S HAT 3 #r, oh B A
[FIFREEARE S A W) 2 A PEHR 2. 36 1 7R, Melntoshs
Simpson M Shannon-Weaver 5 £ # S it S92 44 2 -
PEB R (5393 0.684.0.896 A1 2.532), HLKZE CK8S,
FERZ PSR U AR A A S99C 5333 0 0.644.0.868 il
2.388), S Wit i A= S5 N B DR 22 REE S 86 T
J XD B — N ARG AR (H AR AR B AN K
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Table 1  Diversity indices of different samples

FE i Mclntosh $54 Simpson 7% Shannon-Weaver 7 1
CK85 0.671 0.888 2.430
S92 0.684 0.896 2.532
S99 0.644 0.868 2.388

2.4 DGGE i3k 8 BEA I 23 #r

£ DGGE 43 8 Ja i 24 o, JE L b 8 A3k
9IS AL T A AR A 32 4ty HEA T R IR i s
8GR AT, WP A4 R 555 GenBank %
7 1R BLAST 3EAT A 3 ATIEAT RIS TE LA, g
2 s

M) 8 RIS K )BT Clostridium
sp. ~ B- Proteobacterium ~ Y- Proteobacterium 1 Cytopahga-
Flexibacteria- Bacteroides ( CFB) group Bacteroides. ¥ 5
T G-6 M1 G-8 AL A 55 S A AL AR IAE R, 5 G-8
HA 999 7 HIAIYE ) B- Proteobacterium OcN1 #&—
Tl S A AL T C GenBank #5040 45 L, R k%D, 5 G-6
¥ 51 AH 8L BE G5 989% () Thauera aromatica C J& T
B- Proteobacterium W.A4) FAT A AAE H 5 Thauera sp.
WHEA RAAER], — B pH YLy 7 ~ 8, W&l
(28 ~ 40°CO™ . 5 G-5 F¢ 4 A B L 989% 1
Uncultured Piscirickettsia group bacterium(AY090118) J&

T - Proteobacterium 1 Piscirickettsia Bt Methyiophaga
spp. » Piscirickettsia FF AT RAH A HIPY, A8 4 4R
T A RERE TR P R R A B R A KT, X
ol 5 B G A £ H At SCHR T L™ G2 ~ G4 T8
T Cytopahga- Flexibacteria- Bacteroides ( CFB )  group
Bacteroides, 1X— K B £ FR 55 h 4y i i 12 e 4
XP a5 KK W, G4 5 Alkaliflexus imshenetskii C J& T
CFBOI SRR 2-7010 P 5 HAT 98 %0 AN LAY . il
77010724 & —Fh R 8057 7% 11, il LA 2F 4 — B 45 4 Bk
Ui, HAEK W pH YE R 7.2 ~ 10.2. W% DG-DGGE
K B R IL, G-2 ~ G4 BEH Cu (EDTADZ A AN
ATINO EBRFTF, 40l me FEANKT T R 20 2K
JEIERE G4 WP AP 227010 H9 A4 >3 P, ]
Cu CEDTA D875 71 N HE A 512 56 256 B2 P Aol 2 0
TAHAR BB WOA ST pH BN BRGS0 e By
pH EAFEAN AR R i 7.5 218 T FE2) 6.7, 7
B 26 i Bl P 40 R D 61 R GT R T
Clostridium sp. > TR, Clostridium sp. 1]~ L& T& Fif
AW D fig, W Clostridium butyrium 2] AE DG-
DGGE i, G-7 58— FLARFFANAR, 1T G-1 42 S99
FEA L WBE G-1 Al G-7 P AR I 4H TRy & — A
BERSUN) Clostridium » BEF NO ZiBRF LT, MR %
(9 NO i SR B N, (et LA

%2 DGGE REFHHER R B FTIH L4 R
Table 2 Comparison of 16S rDNA sequences in dominant DGGE bands by sequencing and BLAST analysis

Elle i Fe A bp GenBank U4 i B AHALL VA A 44 PR CEE R 5D AALEE 9%
G-1 170 Clostridium butyrium, strain DSM523 (X77834) 95
Clostridium butyrium strain IDCC5101 (EF533982) 95
G-2 193 Uncultured bacterium (EF559223) 9
Uncultured CFB group bacterium ( AJ582209) 98
G-3 193 Uncultured Bacteroides bacterium (DQ432404) 93
Uncultured Bacteroides bacterium (DQ432315) 92
G-4 193 Uncultured Alkalifleus sp. (EF445464) 98
Alkaliflexus imshenetskii » type strain Z-7010 ( AJ784993) 98
G-5 198 Uncultured bacterium ( AB205628) 100
Uncultured Piscirickettsia group bacterium (AY090118) 98
G-6 198 Uncultured Thauera sp. (DQ507137) 98
Thauera aromatica> strain LG356( AJ315680) 98
G-7 175 Uncultured low G + C Gram-positive bacterium (AY245474) 96
Clostridium sp. (AJ291836) 94
G-8 198 Beta proteobacterium OcN1 (AF331976) 99
Perchlorate-reducing bacterium MLC33 (AF444791) 99
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