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25ml.
SmL
1.01 x 10°Pa
N,/CO, 80:20
1.3 16S rRNA
1.3.1 DNA DNA
/ ’ DNA
10mmol/L. pH7.2 30
50 0.3mm ~ 0.5mm
10mmol/L Tris-HCl ~ pH7.5  50mmol/L.  EDTA
0.5mol/L NaCl Cycle
0.5 Amplitude 90 220V 2A 1.5min
1.3.2 16S rRNA PCR
DNA 530F
1490R 16S rRNA 530F
5'-GTGCCAGCA/GGCCGCGG-3' 1490R 5'-GGT-
TACCTTGTTACGACTT-3’ Es-
cherichia coli 16S rfDNA 514 ~ 529 1491 ~ 1509
> PCR 95°C S5min 94°C
Imin 50°C 1min 72°C 1.5min 30 72°C 10min
PCR 6 25pl.
1% wlv PCR EB
1.0 kb
PCR T4
DNA pUCm-T
E. coli DH 5a
100pg/mL
6
16S rDNA
1.3.3 16S rRNA
CHECK . CHEMERA
16S rDNA
Operational taxonomic
units OTU OTU BLAST
GenBank 7 DNA-
MAN version 4.0
Bootstrap
1.4
MPN s N,

10

37°C
3
MPN ’
1.5
GC 0 N,
30cm’ /min
50°C  220C HPLC "
60 % 40%
0.5mlL/min
2
2.1 16S rRNA
1.0kb  16S rRNA
25 OTUs 58 1
OTUs 16S rRNA
1~ 4
58 19 33%
39 67 %
GC 22% 0-
9% 12%
1 16S rRNA
Table 1 Distribution of 16S rRNA gene clones obtained in the granular sludge
No. of No. of Percentage of
Grou OTUs clones total clones
Archaea
Euryarchaeota 5 19 33
Bacteria
Gram-positive bacteria
High G + C subdivision 1 1 2
Low G + C subdivision 6 13 22
Bacteroides/ Cytophaga 2 3 5
Spirochaetales 2 3 5
Proteobacteria
Delta subdivision 4 5 9
Green non-sulfur bacteria 3 7 12
Candidate division OP8 1 5 9
Candidate division OP11 1 2 3
2.1.1

__ Archaea ) )
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19 16S rRNA 5 OTUs 4  OTUs Methanobacte-
Euryarchaeota rium formicicum Methanosaeta con-
1 G4-13 13/58 cilii Methanosarcina mazei
Methanobacterium bry- Methanocorpusculum parvum 16S
antii OTU 95% ~ 97% rRNA 97 %
0.05 ”
| I—

100 | G2-6 (AY280645) [2/58]
Methanosaeta concilii (X16932)
Methanosaeta thermophilum (AB071701)

95
99 11G2-9 (AY280647) [1/58]
‘Methanosarcina mazei (AE013440)
Methanosarcina barkeri (AJ012094)
100 [G3-14 (AY280649) [1/58]
Methanocorpusculum parvum (AY057068)
— Methanobrevibacter curvatus (U62553)

100

6 84 (G3-20 (AY280653) [2/58]
100 Methanobacterium formicicum (AF028689)
55 Methanobacterium subterraneum (X99045)

G4-13 (AY280655) [13/58]
40 Methanobacterium bryantii (AF028688)
39| smMethanobacterium oryzae (AF028690)
— Metharnobacterium thermophilum (X99048)

_EMethanococcus vannielii (M36507)
100 Methanothermococcus thermolithotrophicus (M59128)

Sulfolobus metallicus (X90479)

— 1007

1 OTUs
Fig.1 Phylogenetic tree of the OTUs and their relatives in Euryarchaeota of the domain Archaea
“ G" refers to the granular clones representing different OTUs. Numbers in parentheses represent the sequences’
accession number in GenBank. Numbers in square brackets indicate the clone number out of the total clones.

The number at each branch points is the percentage supported by bootstrap. Bar 5% sequence divergence.

2.1.2 Gram-positive bacteria OTU G4-8
14 16S rRNA Syntrophobacter 96 %
7  OTUs G4-17 GC ~99% OTU
Thermoleiphilum album Smithella Syntrophus
Thermoleiphilum minutum S. propionica
6 OTUs 13 GC 99% 2 OTUs G3-7 G3-
OTU 19
G2-14 2 OTUs 7 88% ~ 90%
SJA-162 3
Syntrophothermus Syntroph- 2.1.4 Green non-sulfur bacteria
omonas Syntrophospora 7 3
Pelospora 16S rRNA OTUs OTU Dehalococ-
93% ~ 95% 3 OTUs cides sp. F12 90% OTU
Aminomonas Desulfotomac- Eub4
ulum Bacillus 95 % OTU
88% ~93% 2 SHA-31 97 % 1 2-
2.1.3 & O- Proteobacteria 5 4
o- 4 OTUs 2.1.5 2 OTUs B% 95%
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0.05
. 75 G2-10 (AY280639) [1/58]

100 -Aminomonas paucivorans (AF072581)

100 Thermanaerovibrio acidamionovorans (AF071414)
Anaerobaculum mobile (AJ243189)

100 GI1-1 (AY280637) [5/58]

G1-6 (AY280638) [2/58]
Syntrophomonas sapovorans (AF022249)

Pelospora glutarica (AJ251214)
Syntrophomonas wolfei (AF022248)

Syntrophospora bryantii (M26491)
Syntrophothermus lipocalidus (AB021305)
Clostridium argentinense (X68316)

55

45 Thermoanaerobacterium saccharolyticum (L.09169)

—G2-11 (AY280640) [1/58]
Bacillus sp. (AJ297716)

Tm_[Bacillus subtilis (AY134870)

G2-14 (AY280641) [2/58]

Uncultured bacterium (AJ306784)

100

44

| L] G2-5 (AY280644) [1/58]
Eubacterium barkeri (M23927)

34 100

|:Desulfotomaculum geothermicum (Y11567)

Desulfotomaculum ruminis (Y11572)

307 65

Heliobacterium chlorum (M11212)
50:04-17 (AY280657) [1/58]
| Thermoleiphilum album (AJ458462)

Streptomyces albus (AB045884)

Escherichia coli (AE000474)

2 OTUs
Fig.2  Phylogenetic tree of the OTUs and their relatives among Gram-positive bacteria

The annotation was the same as in Fig. 1.
- Bacteroides/ Cyto- 2
phaga 2 OTUs SpiTO- Table 2 Numeration of different trophic groups

chaetales 88% in the granules using MPN method

Trophic groups Counts/ Cells/mL

KB43 2 OTUs G2-7 G4-2 I Syntrophic acetogens degrading organic acids

920% 959 OP8 Syntrophic propionate-degrading bacteria 7.0% 10°
OP11
2.2

Syntrophic benzoate-degrading bacteria 9.0x 10°

Syntrophic butyrate-degrading bacteria 4.5x 10
Il Methanogens

Acetoclastic methanogens 4.5%10°

MPN 2 Hydrogenotrophic methanogens 1.1x%10°

UASB
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opP8  OP11

95 %

16S rRNA
PCR

19 20

2 UASB
0.05
| I
46 Syntrophobacter fumaroxidans (X82874)
yntrophobacter pfennigii (X82875)
79
100 yntrophobacter sp. (X94911)
og | "G4-8 (AY280661) [1/58]
100 Syntrophobacter wolinii (X70905)
Desulfacinum subterraneum (AF385080)
100 [G3-19 (AY280651) [1/58]
100 08 —[
B Uncultured bacterium (AJ009498)
G3-7 (AY280654) [1/58]
100 [G2-29 (AY280643) [2/58]
mithella propionica (AF126282)
100
Syntrophus buswellii (X85131)
Syntrophus gentianae (X85132)
100 Syntrophus aciditrophicus (U86447)
50 Pelobacter propionicus (X70954)
I:Desulfonema ishimotonii (U45991)
Escherichia coli (AE000474)
3 o OTUs
Fig.3  Phylogenetic tree of the OTUs and their relatives among 6- Proteobacteria
The annotation was the same as in Fig. 1.
16S rRNA
UASB
16S rRNA
12 13 14 17
14
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S ;
- 1315 16 2 OTUs 7/
58 16S rRNA DNA
95% DNA
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52
100

&‘:02-20 (AY280642) [1/58]
Uncultured bacterium (AJ0O09506)
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49
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— ..
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W': Treponema sp. (AF023055)

G3-2 (AY280652) [2/58]
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100 ——G3-18 (AY280650) [1/58]
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|
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98 33
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4
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OTUs

Fig.4  Phylogenetic tree of the OTUs and their relatives among other bacteria branches

PCR

rRNA

1 Thiele ] H Zeikus J G. Interactions between hydrogen-and formate- strain A7.

The annotation was the same as in Fig. 1.

producing bacteria and methanogens during anaerobic digestion. In
Erickson L E et al ed. Handbook on Anaerobic Fermentations.
New York Marcel Dekker 1988 537 —595.

2 Hulshoff P LW Zeeuw W J Velzeboer CT M et al. Granulation

16S in UASB reactor. Water Sci Technol 1983 15 291 -304.

3 LiuS HulJ GuX. Anaerobic sludge granulation in a UASB reactor
treating protein-containing wastewater. Water Treatment 1992 7
297 - 306.

4 Zehnder A ] B Wuhrmann K. Physiology of a Methanobacterium

Arch Microhiol 1977 111 199 — 205
© MERFRMEMMRITATIEKSHwIES http://journals, im. ac. cn




2 UASB 147

5 Weisburg W G Bamns S M Pelletier D A et al. 16S ribosomal munity in granular sludge treating brewery wastewater. Water Res
DNA amplification for phylogenetic study. J Bacteriol 1991 173 2002 36 1767 - 1775.
697 - 703. 14 WuJH LuWT Tseng I C et al. Characterization of microbial
6 Sambrook J Fritsch E F Maniatis T. Molecular Cloning a Labora- consortia in a terephthalate-degrading anaerobic granular sludge sys-
tory Manual 2™ ed. New York Cold Spring Harbor Laboratory tem. Microbiology 2001 147 373 -382.
Press 1989 1.85-1.86. 15 Schink B. Syntrophism among prokaryotes. In Balows A Triiper H
7 Altschul SF Gish W Miller W et al . Basic local alignment search G Dworkin M et al. eds. The Prokaryotes. New York springer
tool. J Mol Biol 1990 215 403 -410. Verlag 1992 276 -299.
8 Wu W Jain M K de Macario E C et al. Microbial composition 16 ZhaoH YangD Woese CR et al. Assignment of fatty acid-B-oxi-
and characterization of prevalent methanogens and acetogens isolated dizing syntrophic bacteria to Syntrophomonadaceae fam. nov. on the
from syntrophic methanogenic granules. Appl Microbiol Biotechnol basis of 16S tRNA sequence analysis. Int J Syst Bacteriol 1993
1992 38 282-1290. 43 278 -286.
9 Hurley M A Roscoe M E. Automated statistical analysis of microbial 17 Bjornsson L. Hugenholtz P Tyson G W et al. Filamentous Chlo-
enumeration by dilution series. J Appl Bacteriol 1983 55 159 - roflexi  green non-sulfur bacteria are abundant in wastewater treat-
164. ment processes with biological nutrient removal . Microbiology 2002
10 Touzel J] P Albagnac G. Isolation and partial characterization of 148 2309 - 2318.
Methanococcus mazei strain MC3. FEMS Microbiol Lett 1983 16 18  Reichenbach H. The genus Herpetosiphon. In Balows A Triiper H
241 - 245. G Dworkin M et al. eds . The Prokaryotes A Handbook on the
11 Jackson B E Bhupathiraju V K Tamner R S et al. Syntrophus Biology of Bacteria Ecophysiology isolation identification appli-
aciditrophicus sp. nov. a new anaerobic bacterium that degrades fat- cations. New York Springer Press 1992 3785 —3850.
ty acids and benzoate in syntrophic association with hydrogen-using 19 Martin-Laurent I Philippot L. Hallet S et al. DNA extraction from
microorganisms. Arch Microbiol 1999 171 107 - 114. soils  old bias for new microbial diversity analysis methods. Appl En-
12 Visser F A van Lier ] B Macario A J L. et al. Diversity and popu- viron Microbiol 2001 67 2354 —2359.
lation dynamics of methanogenic bacteria in a granular consortium. 20 Young M Cole S T. Clostridium. In Sonenshein A L. Hoch J A
Appl Environ Microbiol 1991 57 1728 —1734. Losick R eds . Bacillus subtilis and other gram-positive organisms.
13 LiuWT Chan O C Fang H H. Characterization of microbial com- Washington D.C.  American Society for Microbiology 1993 35-52.

Phylogenetic Diversity of Prokaryotes and The Main Functional Groups in A
UASB Reactor Treating Bean Curd-farm Wastewater

ZHANG Chun-Yang LIU Xiao-Li DONG Xiu-Zhu"
Institute of Microbiology ~ Chinese Academy of Sciences  Beijing 100080  China

Abstract Phylogenetic diversity of microorganisms in the UASB granular sludge treating bean curd-farm wastewater was
surveyed based on the homology analysis of 16S rRNA sequences obtained from the granules. Quantification of syntrophic
acetogenic bacteria and methanogens for degradation of fatty acid in the granules was determined with MPN method. The
results indicated that methanogens both of H,-and acetate-trophors were the most abundant metabolic groups in the gran-
ules. 33% of 16S rRNA sequences retrieved from the granules were affiliated to methanogens and 1.1 x 10’ cells/mlL
and 4.5 x 10° cells/mL were counted for H,-and acetate-trophic methanogens respectively. Low GC Gram-positive bac-
teria and Delta- proteobacteria  the two phylogenetic phyla to which syntrophic acetogenic bacteria were affiliated could
also be predominant in the granules and their 16S rRNA sequences accounted for 22% and 9% respectively at the
same time their count was determined as high as 4.5 x 10" cells/mL. Green non-sulfur bacteria were another group exis-
ting abundantly 12% of 16S rRNA sequences of them were obtained. Hence phylogentic analysis of an ecosystem could
provide a preview for the organism composition before attempting to purify some cultures.

Key words UASB granules Phylogenetic diversity Syntrophic acetogens Methanogens
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