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Bacterial Diversity in Sequencing Batch Biofilm Reactor ( SBBR) for Landfill

Leachate Treatment Using PCR-DGGE
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yong
(1. College of Environmental Science and Engineerings Hunan University, Changsha 410082, China; 2.Institute of Microbiology, Chinese
Academy of Sciences, Beijing 100080, China)

Abstract: For studying the bacterial diversity and the mechanism of denitrification in sequencing bath biofilm reactor (SBBR) treating landfill
leachate to provide microbial evidence for technique improvements, total microbial DNA was extracted from samples which were collected from
natural landfill leachate and biofilm of a SBBR that could efficiently remove NH, -N and COD of high concentration. 16S rDNA fragments were
amplified from the total DNA successfully using a pair of universal bacterial 16S tDNA primer, GC341F and 907R and then were used for
denaturing gradient gel electrophoresis (DGGE) analysis. The bands in the gel were analyzed by statistical methods and excided from the gel
for sequencings and the sequences were used for homology analysis and then two phylogenetic trees were constructed using DNAStar software.
Results indicated that the bacterial diversity of the biofilm in SBBR and the landfill leachate was abundant> and no obvious change of
community structure happened during running in the biofilm, in which most bacteria came from the landfill leachate. There may be three
different modes of denitrification in the reactor because several different nitrifying bacteria, denitrifying bacteria and anaerobic ammonia
oxidation bacteria coexisted in it. The results provided some valuable references for studying microbiological mechanism of denitrification in
SBBR.
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1.1 SBBR A T2 R HURE

SBBR J W44 H A= W) i FH A w0 Tl S v K b B )
VR IEHM, IF AV i B b e B (W 8 s
JEHEAT 3 A AL, V3 A BN 3.0
L.SBBR 4t B L. Z By 5 ANz 4T I 4 24 b, B K
10: 003 7K, tH 7K 54 600 mL, 27K A 300 mL 398
J57K 5 300 mL 280KV A, R I 2E7K, B H K 2k
IKTEEE, 4 W B ARG E 2 ho TR 4 IR

SBBR J WV # () 32 2 & Z 404 pH. COD M
AL

ARFFILHE 8 A, Horr, 75 SBBR [V # Hi 7K
KRG CR AL BRE > 90%) J5 17 1 AN 4b 21 1
W, NIEZK SE 8, B 4 b INAEPIIEIURE 1 4, B HL
FEEZ) 0.3 g it 6 NFE L, i 508 NI ~ N6, ¥ 47
T = 20°C & H s YU I AR 1A, 9% 5 4 N7,
AT =20 C & H s JRAK CR G0 B8 1 12 3538 B8 WO
10 mL EA6 000 r/min Ly, YLIEHAF T - 20 CHH,
%5 NS.
1.2 AR DNA #2HUS 4l

AP A DNA TR B S ali Ak R H oot (4% 9
455 f) 5K (1 I K-CTAB 3557, SR 4 (0 25 W JERE ) it
RJ5, I 1.0 mL DNA $2HUZEMC0. 1 mol/L Tris-
HCl, 0.1 mol/L. EDTA, 0.1 mol/L % #5, 1.5 mol/L
NaCl, JTE5r 30 1 % W) CTAB, pH8.0) VR &, FH A
20 pL H EE K(10 mg/mL), 37 °C N, A WAL IR
225 v/mind¥: 3} 30 min: A 150 pL. 10% SDS, 65 °C
K#E 2 hy BF 20 min B HUTE — 5 =W R, 9000
r/min % Cr 10 min, EI5 RS 280 08 b piie
BN 0.5 mL 325G AN 20 L 10% SDS; W HER A
65 °C7K# 10 min, % F59 000 r/minf5 0> 10 min, F
WA I &5 00 B WS A5 R AR S - G
(24: DZEIRGIRE 2 AT )Z,9 000 r/minf L 10
min, WK AHCRI )4 DNAD B8 28 37 2.0 5 1, B
5 pl BL 0.7 % S5 B J5e g v vk R s 4] 32 1K) DNA 5

0.6 AR W EEIR A EUTUE 1 h B b B3R,
18 000 r/min &> 20 min, 5 B3, YIUE L 1 mL VKT
B 70% LBESER 4 °CTF 513 000 t/miniZ 0 5 mins
7 b, DUBE PR PR, B0 7 B R B AR KT B
200 pL Milli-Q 7K ( Millipore, USAD HL & UL TE, L 5 plL.
L 0.7 % Bt i Bt e P i A 0
1.3 PCRY I

K 2R A O 40 B 168 fDNA 18 5
¥ 341F(5'-CCT ACG GGA GGC AGC AG-3)M0 VAl
907R(5'-CCG TCA ATT CCT TTG AGT TT-3/)M#-1¢0 15
FEXT L DNA AT PCR 934, Forh 7 341F 19 57 35
40 bp 1 GC K (5'-CGC CCG CCG CGC CCC GCG
CCC GGC CCG CCG CCC CCG CCC G-3/)M2-11, HlF
JE2E ) DGGE. PCR ¥ H44K R 4: Tag DNA K &
(TianGen, 46504 U, 10 £ R N ZZ A 10 pl, Ho
Mg™* W BE 5 15 mmol/L, dNTP (10 mmol/L eachs,
TianGen, AL ) K 4 pLs 510 1.0 pL(ZO ;Lmol/L),
BSAC Amresco, USA) % ¥ (10 mg/mL) K 0.5 uL, & )5
DKW Y Milli-Q K = ARFN 100 pl.. PCR S AE
MyCycler( Bio-Rad, USA) FEAT, R N #2494 &
P 4 min, 85 94 CAEE 40 5,55 CIBK 40 5,72 C
ZEAF 1 min, JHE 35 4K, ARG AE 72 CORFFE 10 min,
J& 4 CORMR . PCR S IS HT 19 B AR B 468 112 FE vk
Lioa/ I
1.4 DGGE 7347

PCR 347 048 ) 1 9% 35 16 W8 047 58 fise FL VK
H ) 46 1 ] QIAquik Gel Extraction Kit ( Qiagen,
Germany) [FIC, %5 T~ 60 pL JEHE Milli-Q 7K 1 HX 30
pL 2546 5 1) PCR 77 W) 4E DCode System ( Bio-Rad,
USA) B EAT HL UK, A2 VEBR FETE FL R 30% ~ 60% , 2
VA I R Y 58 SIS A 2R 6% » WIS 2R 140 'V, FL VK IR (7]
N 15 ho T FEAE AE N 55 ot | ALYk 4 U, i LA
0.5 pg/mLIFRAL ZBE B G, Ve B G T Gel
Doc2000 #E R % R 48 (BioRad, USA) L S AZ 4G .
1.5 Zeilorr

h TR FPEEAE SBBR S N 4 K B AR AL,
X DGGE 45 B BT T 8 ik 70 i, B EiTie T 4%
IS 2210 400 A1 o B 1) = B R S e, E o B T
AL B e T 7 16 4% i B0 1, AN ) I Z0 0% 1) 40 B
T RRE = 5 LA A 12 IR 2R ot 110 4%t 5B LA P10 v (1
IS€ S QIR VAN OE Siid N - I D
Rs; = L;/L,

A, Rs, K ER ¢ UKIE 1) 40 e R A A I,
N T VKIE 4 G Ly A9 B IR R 4 i A
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Csy = 2L,/CLy + Ly) x 100
N, Csyy WIKTE A FIVKIE B Z 18] B9 AR APE 5 4L
L HVKIE A LR 5 IKTE B A7 B AH R ) 4% 1 40
Ly WUKIE A ERISAHEG Ly, WIKIE B LRI H
1.6 VIR RGER E 73

TEZAMT FUIE DGGE 4, YeifJa il T 60
pL JCTE Milli-Q 7KH 24 h BA L, B 20 L #E4T PCR 47
B8, 534 P2 DGGE ik 5 — 454l o, iA A8 B
23w (Sangons EHOM T W7 45 RAEAL GenBank Ff
PAHERZ T .

I GenBank (K] BLAST Xl F- & 247 [R5 &
I3 KR [T A 20 A 45 SR A ) DNAStarS. 0 70 Bt
PFESL R KRB

2 HZR5UE

2.1 SBBR X M2 [iE 1T 1% 4l

SBBR [ V.45 Ak 45 o5, 1E S AT T 30 ds B
RIS H 7KK, 32 28 AT S 546 pH. COD 2 B
AR LR, HARGE LK 1 BRI 8] 1817
55 16 d, BURERS (7K I 2.

M1 AT RAR I, s N 2% 5 3 AT B 1] 1) 7K 7K
FUER IR B T ARG () K BOR, 2 R 2 B R AT A 2
T 97% LAk I, cOD ) £ B2 BARA — & Mk, (1
URZARFFAE 86% LA L & 2 T, 0 h RoR K2 HE/K (1)
IKIFUG DL, 4 ~ 24 h s IR 25 o (0 7K 51 0L
M 2 ATELUR I, JEK pH 2 7.8, = E A KA 1B 38
WA KA IR N, 7242 T B LIRS, i vk
R E AL Al pH BRAE, 2230 4 h MRS, LR
YA W) S HE, RIS el T R R VR D, pH T R £
8.74, 1E Ja B b B FE v, pH W BE A5 2 A F0 oD 1)
[ I 2L BR MRS A R %

2.2 DNA #5404 LL K PCR ¥4

WIFE DNA F2E46 5 1 DNA 28 0.7 % B N5 Bl
I KRS, &5 R I3 A 4lifk )5 (1) DNA B B
KEERIR T 23 kb, HARAG TR w5, WK 3Ca) Al
Kl 3(h).

PCR 438 7= W LA 19 B¢ 5 W% fo VK 5 B ExBr 4%
0, BB UG RGN AR I, 45 L 3Ce), R
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100 8.6
98 : 8.5
%I 8.4

=X
o 94
@ - 83 L
i, 92
[o 8.2
90 ¢
L o,/
gL 1 1 | ? L1111 11111 8.0
1357 911131517 192123252729 31

td

El 1 SBBRIZ{TiZHEH HKKR
Fig.1 Water quality of treated wastewater in SBBR at runtime
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Fig.2 Changes of water quality in a cycle time (24 h) in SBBR
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£ Gel Doc2000 HE 848 R 48 T, 4 Quantity
One V4.52(Bio-Rad, USA) K 11 xf & ¥ 4k £ %¢ (0.5
pg/mL) G A 1F) DGGE B BEAT B, 75 8 4 kiE I
— LG R 29 AR 45407, W 4Ca); B 4(b) A2
FRA I AR 2R G IR B e, ek B pE oy BT F N
oM a2zl DGGE % 7 & I, ) il 7 %
2T TRIAFDOS 5 B R 43 A s A 0% =5 5 AR RN AR DG 1 43
W GE vk o0 A 45 SR 2 ml W3 1 FiEk 2.

MRAE I 4 A 1 DL R 2, RILIKIE N7 it 4%
WL BRT TV, 7EVKIE N1 ~ N6 B a] AR 3, 1y H.
N7 5 NI ~ N6 [1) Cs {E P LU #5310k B A2 ) JBE (1)
DIk O A B LI B, 7 IE 35 I8 AT J5 AR ) B 4 B A v
B KA R IARA 4570 T AV 2k BB e
R Al TR, DR DA FE VK TE NS Hh A R IR R R
it ki TRV S Ik BT AFAE T AR
M IEHEIBAT AP i %, ml e 2 Y4k 7
KT HRBARI 2 A A, 15 1847 I 2 A A
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Fig.3 Map of crude DNA (a), purified DNA (b) and PCR products (c) after agarose gel electrophoresis
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B4 (a) PCR =8 DGGE B2 (30% ~ 60% 140 V.15 h); (b) PCR-DGGE Eli& 81 &+ 4 Hm A BERE
Fig.4 (a) DGGE gel (30% ~60% > 140 V> 15 h) of PCR products; (b) Sketch map of bands distribution and relative luminance of the PCR-DGGE map
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Table 1 Richness value ( Rs) of bacterial community in SBBR in different periods

SR N1 N2 N3 N4 N5 N6 N7 N8

P g 21 20 20 19 19 19 19 24

Rs 0.724 0.690 0.690 0.655 0.655 0.655 0.655 0.828
TEAEYIE A FIAFAE A K . X — RAIAE , AMUFAER Z A A D RE 40 i

N8 A 2 FEME e S e H I, R 1R RN AR KRN R AN, (E2 XL R A0 15
Rs MBAUESE 73X — i, R RPN BRI /8 SBBR IeATid f th K 2 Tk 4k 8 A I, ml fig A2 A
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Table 2 Comparability index of bacterial population in SBBR in different periods

NI N2 N3 N4 N5 N6 N7 N8
N1 100 97.6 97.6 95.0 95.0 95.0 80.0 81.8
N2 97.6 100 100 97.4 97.4 97.4 87.2 72.7
N3 97.6 100 100 97.4 97.4 97.4 87.2 72.7
N4 95.0 97.4 97.4 100 100 100 89.5 74.4
N5 95.0 97.4 97.4 100 100 100 89.5 74.4
N6 95.0 97.4 97.4 100 100 100 89.5 74.4
N7 80.0 87.2 87.2 89.5 89.5 89.5 100 65.1
N8 81.8 72.7 72.7 74.4 74.4 74.4 65.1 100

A pH AR, B DR A [R) S AORR T A Ko 7
(DRI B2, P DA% b, N8 Hp ) — 28 454y, b
K L-MN.Q Al U %A tHILAE N1 ~ N7 o, Bl
Hh R Sty S8 E LUK T 454 B AT €, BRAR AT AL
B A= e i o, AR I R BT I 1 ~ 2 N BRESY
BoG, B A B 3 2, H T 4T 454 B AT G
ARG R Y. 38 384T R BEAN IE N, BT LA JEVEAE
TN Al WO ¢ U BIAN, AT LT NT ~
N6 F1 N8 17, 71 N7 W A7 A IS W 4% 7 5 Al Jit AL
G OX RIS I, 3 A R gk — 2B A 9T N8 5 N1
~ N7 1) Cs A, X F B T N 4l B 5 R K
Sl W 4Ch) P al LU B, T8 2 YIME IS A4
JEOE IS AT TR AR WIS, e AT IR K 22 B0 4% Al S R A
N8 HH R BT Y 4ty , a2 U s WY 24 o ) AR A i
P T e R 2k B T2 UE M K, e v Ve it oT Bk
HAK, XAy I N2 A I3t T — 2 &
AR .

N1~ N6 [1) Rs fE#S LLEL /N, 7] G2 K8 28 5 4l
PRRE TR, A1 22 40 1 0% L 327 20 1 940 B 5% T v UK
BT, AW 2 FEPE R B N1 N2 N3 N4+ N5 i
N6 Z I8 ] Cs {HAR K, JEH & N4 N5 F1 N6 Z [8] 1)
Cs HIX BT 100, AT WA 6 1) 40 VA7 20 B A 12
AT T HT PN AR 2 Bl e B 1, 3K b M 5 — 75 T 43 A 4
R LU G, 3R A% T LU IRAR E R AE D
2.4 MERGEKE

29 4 4 & VI M PCR 914 A1 DGGE %
SE Ji » IRATI R, —HL3R1T 29 S AR 16S rDNA 7
51,48 GenBank M Sequin win32 ¥ /7 ¥ §2& A 44
GenBank V1 M, JF 3K 19 # % % (DQ838671 ~
DQ838699), 557 H #5325 Z IR AT N G R LK 3.

§ 1] GenBank [*) BLAST F£)7, ¥4 29 451741 55 44
P FE R (1 P FUHEAT LT, SRA3 45 45 P 4 1K TR R A5
SR 3), R 5 M GenBank 3 FI| 5 L 7] Y5 1 #5305 11
JF 1, 48 H DNAStarS .0 #2757 1] MegAlign, {8 H] Clustal

VIS ARG EW, WIS,

N
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J
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- leitrosococcus oceanus-M96398
E }Vitrobacter winogradskyi-AF363288
L Nitrobacter alkalicus-AF069957
iﬁtrosococcus mobilis-AJ298728
éVitrosomonas eutropha-AY123795

R
ﬁ/itrosomonas sp.-AY123794

Oxalobacter sp.-DQ196473
Acidovorax delafieldii-AY 512826

—B
20.11 ) —— Hyphomicrobium sp.-DQ200849

20 15 10 5 0
Nucleotide Substitutions (X 100)

\I]’eillonella parvula-DQ394709
%r{egasphaera elsdenii-DQ146765
ﬁnaemvibrio glycerini -AJ010960

(@
é gacteraidex cellulosolvens -1.35517
(o]
Uncultured bacterium_sp.-AY754832
Sedimentibacter sp.-DQ168650
Bacillus clausii-DQ371241

Uncultured Chloroflexi sp.-DQ329895
Uncultured Nitrospira sp.-DQ414438

c
grocadia anammoxidans -AF375994
zr\Iilrospina gracilis-135504

-------------------- 8lostridiales sp.-DQ168655
anidentiﬁed Egbacterium sp.-U81706

H
U
1I\J/Inidentiﬁed Chloroflexi sp.-DQ32982
)I(Inidentiﬁed Chloroflexi sp.-AY263726
67.7 . . ' ‘ . ‘ ‘Bacterium sp.-DQ232379
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Fig.5 Phylogenetic trees (Ca) and (b)) of bacteria in SBBR
based on the results of BLAST of 29 sequences
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GenBank 14K 21 55 T [R] Y5 14 AR = (6 FpoE DL A, TLe
el B A bR ] LR B 5 3 A1) R YR MR >
909% A RE s AR Hs RS P o A & 2R, IR 45 & 3.4 71
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F} 2% 28 &

IR, SCI AR IL P SE R 3 (e UM M
IOANF Chloroflexi J& 40 B s AR 43 BT 45 2R, [ IV 4%
TAFAEA LU W R B U RS LK P8 20 28 4 i 4K
4 Mo OB A 4l B, L Nitrosomonas

Hyphomicrobium ~ Nitrosococcus ~ Nitrobacter ~ Nitrospina

A Nitrospira 5 2 > J& (1) W& 1k LL A Bacillus clausii 1

Pelobacter propionicus 55 M, FAT PRAZ S ALAE H W
WA 4 G BTARE N Brocadia anammoxidans'™” s It
Gb, A 50 B P AR B R A I S RO A 2 fE K
Hyphomicrobium JEP N, Bt T DL 2% RO
ALK LA, ol e R I A7 7 A R A SO AL
[Fi B i e S S A R R A B A 3 A R 2K

T3 29 FFTIH) BLAST &R
Table 3 Results of 29 sequences using BLAST

. . GenBank Lot 7 47 .
s ik BEY Cenbark 5213 Wiz I
A 547 DQ838686 AY123795 Nitrosomonas eutropha 97%
B 548 DQ838694 DQ200849 Hyphomicrobium sp. 95%
C 527 DQ838693 1.35517 Bacteroides cellulosolvens 97%
D 547 DQ838681 U81706 Unidentified eubacterium sp. 64 %
E 547 DQ838698 DQ196473 Oxalobacter sp. 96 %
F 542 DQ838674 AJ298728 Nitrosococcus mobilis 95%
G 547 DQ838671 AF375994 Brocadia anammoxidans 97%
H 547 DQ838680 DQ168650 Sedimentibacter sp. 77%
I 545 DQ838679 AF363288 Nitrobacter winogradskyi 97%
J 547 DQ838699 X83812 Terrebacter tumescens 97%
K 547 DQ838692 AJ010960 Anaerovibrio glycerini 95%
L 528 DQ838687 DQ329895 Uncultured Chloroflexi sp. 94 %
M 547 DQB38688 AY263726 Uncultured Chloroflexi sp. 88%
N 546 DQB38697 X70954 Pelobacter propionicus 97%
0] 548 DQB38684 AY754832 Uncultured bacterium 95%
P 543 DQ838695 AY512826 Acidovorax delafieldii 97 %
Q 529 DQ838685 DQ168655 Clostridiales sp. 95%
R 547 DQ838672 AY123794 Nitrosomonas sp. 95%
S 547 DQ838678 AF069957 Nitrobacter alkalicus 97 %
T 547 DQ838675 135504 Nitrospina gracilis 93 %
U 547 DQ838683 DQ329882 Uncultured Chloroflexi sp. 90%
\4 549 DQ838691 DQ394709 Veillonella parvula 97%
W 547 DQ838677 M96398 Nitrosococcus oceanus 95%
X 547 DQ838682 DQ232379 Bacterium sp. 99%
Y 542 DQB38689 DQ371241 Bacillus clausit 95%
Z 547 DQB38690 DQ146765 Megasphaera elsdenii 99 %
a 547 DQ838673 AY123794 Nitrosomonas sp. 97 %
b 532 DQB38696 AY730711 Corynebactertum variabile 97 %
c 539 DQ838676 DQ414438 Uncultured Nitrospira sp. 93%

5Ca) AR B 43 A A4 T B A A 40 T Tt B 1)
ROKRERZR, WE B REIERGERE LAFAER
SR A R ZR, A Hyphomicrobium J& 40 T (457
B T B AR S A A AR S 5 A SR e A A
WIZRG IR AR SO BN 2% B oK 22 BB 4
TRE 2 A fR 40 B 2 ] PR 4% 5 22, NIEL SCh) AT BAK
P, IXLCAH R T AE AR B AR L RE L 1K 22 57

PRAESR, 8 S 4 HP BT 18 11 P 22 5t B ABOK, TATT
FERGKE LRGR AW BT T4 D A
H AR K B R AR FRTE S b MR Gk /W L
AR LA R 2 15 2R G ok AR LU BT O b, T 2 vl
TR S N A VS UE VR (K DI RE Bl A, TR, 2 ol
AT AR REAT I R 0 B A I 2 RE RO TR R 1A
S s HH T 0 (P — 0 1 R AR S A A 1A
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1101

% G ( Brocadia anammoxidans ) X 5 T C Nitrospina
gracilis ) IRISR SR Z LU, 1 2 Fh 4l B # LA No, 1
N, AL 1 Pl i AL AR D e i A4, 1 Aol
W EUAE D B 7 32 4, DU 2 TA) 2 75 A7 AE JE B R
WA L.

3 it

(DZ LA N H 1) 904k, SBBR 1244 1T Bl
TANHE LA R T U 5 A0 RT I e S L R TR AR
WL, Bk RS e AR P AT 12 47 I 2 b I A [R) ) 4
FEA J) BH B AS [ I 2], 440 B ol e 20 B 40 38 A7 R A=
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G, T T2 44F, 75 1 /> SBBR WA SEHLZ il
RIB A TREN .
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