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Abstract Among the bacteria colony in the anaerobic digestion
system, the Hydrogen—Producing Acetogens (HPAs) are in between
acidogenic fermentation bacteria and those with methanogens in the
functional niche. They can digest or translate volatile fatty acids and
ethanol, produced by acidogenic fermentation bacteria, into acetic
acid and COy/H, which can be directly derived by methanogens
while methane is being produced. HPAs are quite difficult to be
isolated by pure and ampliative cultures due to their accrete
characteristics. In order to study HPA’s physiological and ecological

characteristics and to establish the scientific basis for the

development of highly efficient anaerobic biological treatment
processes, the syntrophic acetogen cocultures are enriched and
selectively bred from the anaerobic activated sludge with
methanogens by selective medium, using propionic and butyric acids
as the only carbon source. Furthermore, the community structure of
the selected syntrophic acetogen cocultures are analyzed by
Polymerase Chain Reaction—Denaturing Gradient Gel Electrophoresis
(PCR -DGGE). With the medium and the culture condition being
improved, two syntrophic acetogen cocultures, namely 7-m-2a and
11-0-1, are obtained. These two cocultures show a high ability in
degrading propionic and butyric acids and producing acetic acid,
with no CHy or HyS evolved in both culture systems. The analysis
results of PCR-DGGE indicate that specialized syntrophic acetogen
bacteria Desulfotomaculum sp. Iso—W2 and its associated bacterias
are dominated in the syntrophic acetogen cocultures. The associated
uncultured 054E12_B_DI_P58 and
Sedimentibacter sp. IN18_A14_H, which can use formate and H¥CO,.

bacteria  are bacteria
The two new syntrophic acetogen cocultures obtained can provide a
sample for investigating the physiological characteristics of HPA in
depth.
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, 35°C 130 r/min
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(79 . 30d
, , 10%~20% (VIV )., ,
, 1.3.2
PCR-DGGE ,
, . . 25 mL ,
o o , 5 mL ,
0.5 mL; 10 mL,
1 . : , .
1.1 10 ’
, ,35°C ; ,
,35°C . 130 1/min
(ABR)¥, . ; .CH, H,/CO,
1.2 , 10 ,
1.2.1 .
20 g, 20 g, 10 mL, ,
10 mL, 20 ml, 30 mL, ) .
50 mL, 1.0 g, 0.5 g, CaCl, 1.96 g, )
1L, pH 7.0, 12d .
1.2.2 1.4
20 g, 20 g, 10 mL, )
10 mlL, 20 mL, 1 g,NaCl 3 g,MgCl, 0.1 g, (PCR-DGGE)
K,HPO, 0.75 g,KH,PO, 0.75 g,NH,C] 1 g, 10 g, , : DNA
1 g,CaCl, 1.96 g, 1L, pH 7.0, (PCR) ., ) T .
1.2.3 .
KH,PO, 10.0 g/L,MgCl, -6H,0 6.6 g/L,NaCl 8.0 g/L, mrg
NH,C1 8.0 g/L.,CaC1,-2H,0 1.0 ¢/L, 1.5
1.2.4 (VFAs), CH,.CO,
ZnS0, -7H,0 0.1 g/L,MnCl, -4H,0 0.03 g/L,H;B0; 0.3 H, , i ,
g/L.,CoC1,-6H,0 0.2 g/L.,CaCl,-2H,0 0.01 g/L,NiCl,-6H,0 0.02 ; 0.5
/L., Na,Mo00,+2H,0 0.03 g/L,FeCl,-4H,0 0.15 g/L, cm ; 5cem, 5% ,
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) b ) B (2+3 )#o 30 d ) 350C\130
, , r/min o 5~7
b ;350(: b o
) (+) B (_) o 1 o N 30 d N 5
,(243)0 3 ( )
2 , 13 713 .14 470 mg/L
2.1 526 461 ml., o ,3*
ABR 4 (2+3)", (2+3)"
. 1~4 , (243)*
1* 2% 3% 4%, s 2 3 o
1
Table 1 Characteristics of the enriched mix cultures on degrading substrates
/(mg-L™) /(mg-L™)
/mL. CHy%  COJ/% Hy/%
1* 1 602 1 388 2 990 775 931 185 71 1962 187 23.68 74.66 1.58
2* 3582 7 309 10 891 694 1823 145 59 2 721 421 31.21 68.05 0.05
(2+3)* 4494 9219 13 713 699 2 091 237 69 3 096 526 60.13 39.05 0.07
3" 5723 8 747 14 470 382 2 336 294 98 3110 461 22.44 77.58 0.10
4* 913 911 1824 408 650 360 5 1423 234 23.62 76.10 0.04
2.2 s
(2+3)* s 12d o 35 ,
, W-1.B2 B4 .7-m-2a.7-m-5a 11-0-1 6
. . , 2
2 6
Table 2 Changes in gas components of the cocultures from generation to generation
1%
CH, CO, H, W-1 B2 B4 7-m-2a 7-m-5a 11-0-1
1 9.16 20.22 0 + + + +
5 16.24 22.25 0 + + + + + +
10 12.70 18.25 0 + + + + + +
15 10.89 19.14 0.03 + + + + + +
20 0.46 7.68 2.80 + + + + + +
25 0.02 0.48 7.16 + - - + - +
30 0 0.77 11.46 + - - + - -
35 0 0.80 11.55 - - - - - -
6 ; 47 =7 B
Notes: The percentages of CHy, CO, and H, in biogas were the average values of the 6 cultures. "+" for positive while "-" for negative in H,S production test.
2.3 s o B2 7-m-2a 11-0-13
s 6 2300 310 ml/L, 11-0-1
30d o C 3 s W-1 s 3061 485 ml/L,
CH,, H,S o 14 862 mg/L., B2 7-m-2a ,
CH, HS , 15524 448 ml/L, ,
s 11-0-1 7-m-2a 5
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Table 3 Changes in substrate degradation and gas components of the selected cocultures
/(mg-L7) CH, HS
/(mg-L7") /(mg-L7) CH, H,S

W-1 4 500 5 878 10 378 1737 269 - +

B2 7 096 4 600 11 696 2 738 312 - -

B4 3 894 5328 9222 1491 277 - -
7-m-2a 6313 9211 15 524 2 385 448 — —
7-m—5a 4 360 6 484 10 844 1953 274 - -
11-0-1 7 037 7 825 14 862 3061 485 - -

6 34" -

Notes: The percentages of CHi, CO, and H, in biogas were the average values of the 6 cultures. "+" for positive while

2.4

5

"-" for negative.
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Fig. 2 DGGE electrophoretogram of the
selected cocultures
s DNA tor
GenBank o 4
, 7-m-2a 11—
o-1 4 :@ )
., Desulfotomaculum sp. Tso-W2;@)
1 7-m-2a (a) 11-0O-1(b) s . Sedimentibacter
sp. JN18_A14_H; H,/CO,,  Uncultured
Fig. 1 Photos of 7-m-2a (a) and 11-O-1 bacterium 054E12_B_DI_P5;® . N
(b) by scanning electron microscope ,  Clostridium hydroxybenzoicum,
25 , @ « 1 ,
2  7-m-2a 11-0-1 PCR-DGGE 4 2.6.9 Horz .Godon 1271
° ) 7-m-2a 11— “ ” i 7
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( 2 234 9 s o
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4 16S rDNA
Table 4 Comparison result of 16S rDNA from 7-m-2a and 11-O-1 in GenBank
16S rDNA 16S rDNA
1 Aminobactertum mobilis 94
2 Uncultured bacterium clone synarJH09 96 ’
3 Uncultured Peptostreptococcaceae 04 s
bacterium clone D12_24
Uncultured '
4 . 92 , H,/CO,
bacterium054E12_B_DI_P58
5 Sedimentibacter sp. JN18_A14_H 16S 94 ’ ' ’
6 Uncultured bacterium clone synarJH09 97 ’
7 Uncultured Clostridia bacterium clone 0
X3Ba26
8 Desulfotomaculum sp. 1so—W2 99
9 Uncultured bacterium clone synarJH09 97 ’
3 [7 ) . Ul
1 : , 1991, 17(1): 75-79.
5 Zhao Yuhua, Qian Zeshu. Journal of Zhejiang University: Agriculture &
’ Life Science Edition, 1991, 17(1): 75-79.
,  7-m-2a  11-0-1. [8] Jackson B E, Bhupathiraju V K, Tanner R S, et al. Syntrophus
2) 7T-m—2a 11-0-1 aciditrophicus sp. nov., a new anaerobic bacterium that degrades fatty
Desulfotomaculum sp. Tso—W2 acids and benzoate in syntrophic association with hydrogen —using
H,/CO, Uncultured bacterium microorganisms|J]. Arch Microbiol, 1999, 171: 107-114.

054E12_B_DI_P58  Sedimentibacter sp. JN18_A14_H,
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