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Analysis of Microbial Community Variation in the Domestication Process of

Sludge in a Sulfate-reducing Reactor

ZENG Guo-qu'*, JIA Xiao-shan', ZHENG Xiao-hong’, YANG Li-ping’, SUN Guo-ping’

(1. School of Environmental Science and Engineering of Sun Yat-sen University, Guangzhou 510275, China; 2. Guangdong Institute of
Microbiology, Guangzhou 510070, China)

Abstract: The variations of microbial community in the sludge of sulfate-reducing UASB during domestication period were analyzed by
PCR-DGGE technique. The results showed that the diversity of microbial community was strongly related to the sulfate reduction and
COD removal performance. The sulfate reduction rate of the reactor was about 95% when the Shannon index of microbial community
was higher than 3. 45. The preponderant bands in DGGE figure were excised and cloned, and the sequencing analysis indicated there
were Firmicutes, Proteobacteria, Deinococcus-Thermus and Chloroflexi in the sludge, which accounted for 50. 0% , 28.6% , 14.3%
and 7. 1% of the total sequences of samples, respectively. The anaerobic fermentative bacteria of Clostridium sp. were predominant in
the whole domestication period, but the predominant species was changing. Some anaerobic bacteria like Chloroflexi sp. and
Geopsychrobacter sp. were detected to be dominant species, which then disappeared along with further domestication, but anaerobic
bacteria Geobacter sp. became gradually predominant in the domestication process. Species of Desulfovibrio sp. were detected to be
predominant only in the last two phases of domestication.

Key words : sulfate-reducing; domestication of the sludge; PCR-DGGE ; microbial community; predominant bacteria
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TR 45 B8 B[] 09 7 vk DASR 2 S L 2R B R R T .
A FR DT 240 d, $57K S5 88 Bt Ia] B R 1R 43
4 NYIHEBY B, HorP 25 0 ~ 150 d A% 1 BB, K S5
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Fig. 1 DGGE patterns of different sludge samples
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Table 1  Coefficients ( Cs) comparing the similarities of the DGGE profiles at different sludge domestication stages

A B C D E F G
A 100.0 42.7 26.3 42.5 40. 1 25.1 33.2
B 42.7 100. 0 37.8 45.6 30.7 23.8 35.6
C 26.3 37.8 100. 0 36.6 27.2 23.0 27.7
D 42.5 45.6 36.6 100. 0 56.9 47.1 39.8
E 40. 1 30.7 27.2 56.9 100. 0 33.8 51.7
F 25.1 23.8 23.0 47. 1 33.8 100. 0 57.0
G 33.2 35.6 27.7 39.8 51.7 57.0 100. 0
. \ . R L . 100 - —o—COD —o- S0, o |
D SFEM B, LLRRER: F SRR G 2 I DL 0| Sumestl g g B 138
57% feA W R A YIALAY S 150 ~ 180 d | 45210 80 ¢ e . {35
~240 d B 2 BT M R A . ST L 7| SN "
T AR RIS ST R R AT (1 2) TR B & o) UJL, l
2 MREURR BRI R ot RO & ol Ji
190, BRI 90% ~99% . oL et og‘fy 15
o T AR T o R A TR 5 5 e ot .,
LI RETE SRR SO AL 6 R R SPSS A, L T .

Xf B g PIALIS TE] | COD S ARk 67 fif S H: 25 BRask
R TGVWRIE | TSI rP U iR Z R R BT
AL T, G 2R WK 2.

ZEG IR 2 Ak 2 R oMM, nl LB I AR B AR £k K
COD LBRAGYNLmIE] | 5L | 5T HUEY

120 150 180 210 240 270
i fH/d
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Fig. 2 Relation between removal efficiency and variation of

microbial community at different sludge domestication stages
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Table 2 Correlation analysis among parameters

Shannon COD COD
" Rk L% MLVSS R
JE% SR 1 6 2 o o X TICEDIR T 5 §
Shannon F8%X Pearson Correlation
Sig. (2-tailed)
N
COD B3R Pearson Correlation 0.758 "
Sig. (2-tailed) 0. 048
N 7
TR 5K Pearson Correlation 0.825" 0.923 **
Sig. (2-tailed) 0. 022 0. 003
N 7 7
MLVSS Pearson Correlation 0.795* 0.903 ** 0.892 "
Sig. (2-tailed) 0. 033 0. 005 0. 007
N 7 7 7
COD 1 fif Pearson Correlation 0.570 0.532 0. 556 0.736
Sig. (2-tailed) 0. 181 0.219 0.195 0. 059
N 7 7 7 7
R EE 7 1oy Pearson Correlation 0.571 0.538 0.556 0.738 1.000 **
Sig. (2-tailed) 0. 180 0.213 0. 195 0. 058 0. 000
N 7 7 7 7 7
K Pearson Correlation 0.810" 0. 880 ™" 0.970 ** 0.924 ™ 0.731 0.729
Sig. (2-tailed) 0. 027 0. 009 0.000 0. 003 0. 062 0. 063
N 7 7 7 7 7 7

1) 4 P<0.05, * %} P<0.01
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75 R I A, b 32 G b 4% TR AL T R AR
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561 R 3 AR BN AT U T A W
P EEA S 4 REHE, Hoh Firmicutes 5 S AT AY
50.0% , HoOB B 28.6%,
Deinococcus-Thermus 7 5= 50 A9 14. 3% , Chloroflexi
B 7. 1%

TGe YRR o K i J8 T Firmicutes [ &
BB, AR 1, 4.7.8,9, 10, 14, KR

Proteobacteria

A REASHG R0 1 IS (HNREARE | ) 2 W A R
VA O CBE, R, PR 5 ) B
SRB F|H W) 5t ; 768 SRB #2434, 2% vl i 28
1k, 4ERF R e A 0y A5 PR 85E 55 0 T A B T E AR
FHPY . ARBFSE H ) Firmicutes 41 B 35 I8 T4 1 )&
Clostridium sp. , e KIS HEHEWFZAT 1,4, 7.8,
9 FT AR MY TR HEAE SO AR WAL Y 4 A B rh ¥ aT
R, AR T DA E. Clostridium ™%
IRE, B NH, . H,S, H,, HARBA . KWK
FELRFLFR S IRE™ . Kaksonen 45 7E B R £k 18
JEZ N £ Th 8 o B A5 2 Clostridium ERE. AN, AT
RBE AT 7R B BR R i SR N A b W 3
Clostridium TS0 TR BEAR IR £5 25 BR 10 T 5 15 LA
WA TERON A R AR B N A R
KM Clostridium J& NG AT HBL, HACE ™ 4 Kk
PR P AR R i IR R 3 I e 72 i AR RS, DT 5%
W B PR 8 DA R R 0 2 B AR AL 0| Pl I s B PR
WREEE S Clostridia B R 217 RIS AE L.
ARG Clostridium 41 TRAERT Wl A0 304 Wi v vh
Fr A 3R 50. 0% |, I HL B % SN 5 B R & 17 107
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Uncultured Clostridium sp. (KC535172.1)
Band 7
81 | Clostridium botulimam (EF030540.1)
Clostridium botulinum (X68173.1)
51 Band 14
Clostridium botwlinm (JN617090.1)
Clostridinm sp. (KC508492.1)
L Band 8
—, |Band 9
‘I Clostridinm beijerinckii (KDF892545.1)
Clostridium chartatabidum (NR_029239.2)
99 [ 35 Clostridium sp. (AB672665.1)

Firmicutes

Band 1
31 Uncultured Clostridium sp. (KF956783.1)
31 Clostridium sp. (JX258847.1)
Band 4
Uneultured Lachnospiraceae bacterium (EF702012.1)
Band 10
30 100

Uncultured Clostridiales bacterium (AB793359.1)
65 | Uncultured bacterium (FJ172853.1)
Uncultured bacterium (EU7793361.1)

Band 2
499chultured Deinococeus sp. (HQT727578.1)
58 92! Band 6

Deinococcus-

Thermus
Uncultured Chloroflexi sp. (JF754541.1)
‘M Uncultured Theauera sp. (HQ230899.1)
Uncultured Chloroflexi sp. (JN651987.1) Chloroflexi
100
Band 3

Uncultured Chloroflexi sp. (CU925985.1)
Desulfovibrio butyratiphilus (AB303305.3)
Desulfovibrio africanus (EU659693.1)

Band 11
Desulfovibrio carbinoliphilus (DQ186200.2)
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Fig. 3 Phylogenetic tree of bacteria in different sludge samples based on the 16S rDNA sequences of DGGE bands
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