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Abstract : Domestic animal excrement is known as biomass resources for soil improvement material and manure,
and methane fermentation process is known as a remarkable method other than composting as the animal waste
management. In our previous study, the existence of pathogenic microbes was not identified about methane-
fermentation liquid from a methane fermentation biogas plant in University of Miyazaki. In this study, bacterial
community structures of eubacteria and archaebacteria were investigated for methane fermentation liquid and swine
slurry by clone library analysis of environmental DNA targeting 16S rRNA genes. Phylogenetic tree by neighbor-
joining method was constructed based on the ClustalW alignment result of the sequence data about 730 bases and
the database sequences by BLAST search. In eubacteria, Family Clostridiaceae clones occupied majority in the
slurry and the occupancy rate further increased in the fermentation liquid. Most eubacteria except for Family
Clostridiaceae, decreased the occupancy rate, and the diversity index of the ecubacteria also decreased. In
archaebacteria, the community structure of the detected methane fermentation archaebacterium was changed. The
dominance of Methanocorpusculum and Methanoculleus became large and the diversity index of a methane fermen-
tation archaebacteria increased. From these results, it was thought that the major bacteria in methane fermentation
liquid and swine slurry could be clarified by differences of population of various microbes.
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Fig. 1. Dendrogram of bacterial clones contained in swine slurry and methane fermentation liquid.
Circles indicate clusters of Phylum. Bar (0.1) indicates the rate of base substitution. BS
represents bacteria clone from swine slurry and BSy represents bacteria clone from methane

fermentation liquid.
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Fig. 2. Dendrogram of archaeal clones contained in swine slurry and methane fermentation liquid.
Circles indicate clusters of Genus. Bar (0.1) indicates the rate of base substitution. AS rep-
resents archaea clone from swine slurry and ASy represents archaea clone from methane

fermentation liquid.
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Table 1. Deduced taxonomical order, family, and genus of bacterial clones detected in swine slurry and methane fermenta-

tion liquid, and number and ratio of isolates.

Swine slurry Methane fermentation

liquid
Phylum Class Order Family Genus No. ((:)ICOCIEC_ Agi‘(‘ifd No. %lc‘g:le_ Agiléslfd
clone pancy pancy clone pancy pancy
@y @ @y (@)
Firmicutes Clostridia Clostridiales Clostridiaceae
Clostridiales Family I. Clostridium 18 20.7 12.5 36 45.0 36.1
Clostridiales Family II.  Desulfotomaculum 1 1.3 1.0
Clostridiales Family IV.  Clostridium 6 6.9 42 5 6.3 5.0
Clostridiales Family VIII. Ruminococcus 1 1.1 0.7 1 1.3 1.0
Clostridiales Family X. Clostridium 1 1.1 0.7 3 3.8 3.0
Clostridiales Family XI.  Tissierella 2 2.5 2.0
Peptoniphilus 2 2.3 1.4 1 1.3 1.0
Sedimentibacter 1 1.1 0.7
Acetobacterium 2 2.3 1.4
Clostridiales Family XIII. Clostridium 7 8.0 49 14 17.5 14.0
Rumen bacterium (AB239481) unknown 3 34 2.1 1 1.3 1.0
Bacilli Bacillales Bacillaceae Bacillus 1 1.3 0.8
Vulcanibacillus 1 1.1 0.5
Lactobacillales Carnobacteriaceae Atopostipes 1 1.1 1.0
Lactobacillaceae Lactobacillus 1 13 1.4
Erysipelotrichi Erysipelotrichales  Erysipelotrichaceae Turicibacter 1 1.3 1.1
Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Parabacteroides 2 2.3 22
Petrimonas 1 1.1 1.1
unknown 2 23 22
Bacteroidaceae Bacteroides 1 1.1 1.1
Cytophagia Cytophagales Cytophagaceae unknown 1 1.1 1.6
Sphingobacteria Sphingobacteriales Sphingobacteriaceae unknown 2 23 3.8
Devision Bacteroidetes O O unknown 6 6.9 9.6
Devision Bacteroidetes O O unknown 8 9.2 12.8 6 7.5 13.8
Actinobacteria  Actinobacteridae Actinomycetales ~ Nocardioidaceae Aeromicrobium 2 2.3 2.9
Microbacteriaceae Leucobacter 1 1.1 1.5
Rumen bacterium (AF544207) unknown 2 23 2.9
Proteobacteria ~ Betaproteobacteria Imtechium 1 1.1 1.2
Gammaproteobacteria Pseudomonadales Pseudomonadaceae Pseudomonas 1 1.1 1.2 1 1.3 1.8
Spirochetes Spirochaetes Spirochaetales Spirochaetaceae Sphaerochaeta 2 2.3 6.4 2 2.5 9.2
Synergistetes Synergistia Synergistales Synergistaceae unknown 2 2.3 34 1 1.3 2.5
Lentisphacrae  Lentisphaeria Victivallales Victivallaceae Victivallis 1 1.1 2.9
Verrucomicrobia Opitutae Puniceicoccales Puniceicoccaceae Puniceicoccus 1 1.1 2.6
Verrucomicrobiae Verrucomicrobiales Verrucomicrobia Pedosphaera 1 1.1 1.7
Bacterium (DQ168648) unknown 3 3.8 53
Bacterium (DQ238245) unknown 7 8 8.6
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Table 2. Deduced taxonomical order, family, and genus of archaeal clones detected in swine slurry and methane fermenta-

tion liquid, and number and ratio of isolates.

Phylum Class Order Family

Methane fermentation

Swine slurry liquid
Genus Clone Adjusted Clone Adjusted
No. occu-  occu- No. occu-  occu-

clone pancy pancy clone pancy pancy

(0)  (0) @) @)

Euryarchaeota ~ Methanomicrobia ~ Methanomicrobiales Methanocorpusculaceae

Methanomicrobiaceae

Methanospirillaceae
Methanosarcinales ~ Methanosactaceae

Methanosarcinaceae

Methanocorpusculum 41 47.1 473 24 343 34.4

Methanoculleus 1 1.1 1.2 22 31.4 315
Methanogenium 11 12.6 12.7 3 43 43
Methanosphaerula 1 1.1 1.2

Methanospirillum 9 10.3 10.4 6 8.6 8.6
Methanosaeta 23 264 262 9 12.9 12.7

Methanosarcina 1 1.1 1.1 6 8.6 8.5
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Table 3. Diversity index of deduced taxonomical order, family and genus level.

. Shannon-Wiener H’ Simpson D

Sample Domain - -
Order Family Genus Order Family Genus
Swine slurry Bacteria 1.981 2.814 2.935 0.748 0.914 0918
2.361 2918 3.013 0.866 0.931 0.934
Archaea 0.589 1.276 1.356 0.400 0.675 0.681
0.586 1.276 1.356 0.397 0.675 0.681
Methane fermentation liquid Bacteria 0.862 1.932 1.956 0.352 0.751 0.752
1.244 2.102 2.121 0.557 0.814 0.814
Archaea 0.520 1.420 1.551 0.337 0.724 0.751
0.516 1.417 1.549 0.334 0.724 0.751

Upper values were calculated from clone number.

Lower values were calculated from occupancy rate adjusted by copy numbers.
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Table 4. Relative amount of 16S rRNA genes and the relative cell density.

Domain Sample Relative gene amount Relative cell density

Bacteria Swine slurry 128.0 67.3
Methane fermentation liquid 52.0 21.3

Archaea Swine slurry 13.0 13.0
Methane fermentation liquid 1.0 1.0

Each values were calculated as relative value against archaea in methane fermentation liquid.

ogbooo, goboboobooboobo.
goboob, obooobogoobooooooo
gooobooobobooboobg, bbobo
oooobooboboo, oobooboobo
oooobooboboooboo, gobooboo
oooobo. bobobo, boobgoobooo
goboobooboboobooboob. bo
gbooobooboboobooboobobo
goooboooboobooobooobooboobog,
oooobooboboo, boobgooboobo
ooo, boobobooobooobgoobooboo
o0. 0obooboboboo, ooboobooboo
oo, bgobobooboobooobobo
gooobgooboooo.

o 0O
doooooooooooooooooogn
ooooooooooooooooog, ooo
ooooooooooobooo, oooobooo
00o00oOodo0. 0Doboo0ooooooDoooon
00o0oOo0oooooooooooooDooon
oodoooodooooooo, oooooooo
ooooooooo. ooooo, oooooo
odoooooooooooooooooooon
O0oo, 16S (RNAODOOODOODODOODOO
eDNAODOODODOOOOooooooooog, o
00oo0oOo0ooooooooooo. booo
16S (RNAO OO DODOO5000007300000
O0000OBLASTOOOOOOO. ODOoOooo
odoooooooooooooooooooon
000000 CnstaiWOOOOOOQOOoooo,
goooooooooooboooooog, ooo
O000001WS RNAOOOODOOODOO.
oooO0, O0O0O0O0oOogggd, Clostridiaceae
ooooooooooooo, oooooooo
oooooooo, Doooooooao.
Clostridiaceac0 D D O OO OOOOOO, OOO

gooooooooob, obbobooboooo
goooooooooobo. oo, oooooo
oooo, oooooboooboooooooa,
gobooooooooooo, booooooo,
Methanocorpusculum , MethanoculleusU) 1 0 0 0O
Methanogenium, Methanospirillum, Methanosaeta,
Methanosarcina0 D OO O0O0O00O0OO0O, OOO
goooooooooboobooboooooon
o0. 00, 00o00obOooooboooooon
go0ooooooooboooooDooooon
gooooo, OooboooobDooooon
goooooooooooopooooo.

goooboooooooooooo, bbooo,
goo, bgoo, booboo
oo

o o

goboo, poobboooboooboon
gobooboobooboooobooboon
gobooooboobobooobooooo.
gooobooooog, iobboooboooob
gobobooobooooooboboooboon
goooooobooon.

gogd

Collins, M.D., P.A. Lawson, A. Willems, J.J.
Cordoba, J. Fernandez-Garayzabal, P. Garcia, J.
Cai, H. Hippe, J.A.E. Farrow (1994) The phylog-
eny of the genus Clostridium : proposal of five
new genera and eleven new species combinations.
Int. J. Syst. Bacteriol. 44, 812-826.

Connaughton, S., G. Collins, V. O’Flaherty (2006)
Development of microbial community structure
and activity in a high-rate anaerobic bioreactor at
1800 . Water Res. 40, 1009-1017.

Cullen, D.W. & P.R. Hirsch (1998) Simple and
rapid method for direct extraction of microbial



28 oo bod o

DNA from soil for PCR. Soil Biol. Biochem. 30,
983-993.

Einen, J., LH. Thorseth, L. @vreds, (2008) Enu-
meration of Archaca and Bacteria in seafloor
basalt using real-time quantitative PCR and
fluorescence microscopy. FEMS Microbiol. Lett.
282, 182-187.

O0OoooOoO O (2005) DOoOoOoOoOoOoOO
go0diles r(DNA-OODOODODOODOODO. O
ooooogd. 19, 47-52.

Hori, T., S. Haruta, Y. Ueno, M. Ishii, Y. Igarashi
(2006) Dynamic transition of a methanogenic
population in response to the concentration of
volatile fatty acids in a thermophilic anaerobic
digester. Appl. Environ. Microbiol. 72, 1623-
1630.

Hwang, K., S.G. Shin, J. Kim, S. Hwang (2008)
Methanogenic profiles by denaturing gradient gel
electrophoresis using order-specific U rimers in
anaerobic sludge digestion. Appl. Microbiol.
Biotechnol. 80, 269-276.

Johnson, J.L. & B.S. Francis (1975) Taxonomy of
the Clostridia : rhibosomal ribonucleic acid ho-
mologies among the species. J. Gen. Microbiol.
88, 229-244.

oo0o0d (2000 OOODO.OOODOO. OOO
oo. O0o0. pp.128-129.

o000 (2001) OOODOOOO. ODODOOO
ooooooboooo. obooooobo.
00O . pp.88-110.

o000 (9%) Doooooooooooo.
ooboooooooo. obobogo. oo-. pp.
9-21.

Liu, FH., S.B. Wang, J.S. Zhang, J. Zhang, X.
Yan, HK. Zhou, G.P. Zhao, Z.H. Zhou (2009)
The structure of the bacterial and archaeal
community in a biogas digester as revealed by
denaturing gradient gel electrophoresis and 16S
rDNA sequencing analysis. J. Appl. Microbiol.
106, 952-966.

Mladenovska, Z., S. Dabrowski, B.K. Ahring (2003)
Anaerobic digestion of manure and mixture of
manure with lipids : biogas reactor performance
and microbial community analysis. Water Sci.
Technol. 48, 271-278.

gooobooooooboooooobooo
o0 (2007) bOoOoOoOoooboooooooo
gbooooooboooooooboo. ogooo

goooo. 223, 40.

o000 (o08) DOoOooOOoDO, bOoDODOO
U . Argonauta, 15, 10-22.

Peu, P., H. Brugere, A-M. Pourcher, M. Kerouredan,
J-J. Godon, J-P. Delgenes, P. Dabert (2006) Dy-
namics of a pig slurry microbial community
during anaerobic storage and management. Appl.
Environ. Microbiol. 72, 3578-3585.

Snell-Castro, R., J-J. Godon, J-P. Delgenes, P.
Dabert (2005) Characterization of the microbial
diversity in a pig manure storage pit using small
subunit rDNA sequence analysis. FEMS Microbiol.
Ecol. 52, 229-242.

000000 ooboobOoobOooDbOoo
OO0 (2010) DOOOODOOoOOoOoDOOobOOO
g000oO0o0o0oooOOoboobooobooooo
O.00o0ooooooog. se, 93-101.

Sousa, D.Z., M.A. Pereira, H. Smidt, A.J.M. Stams,
M.M. Alves (2007) Molecular assessment of
complex microbial communities degrading long
chain fatty acids in methanogenic bioreactors.
FEMS Microbiol. Ecol. 60, 252-265.

Suzuki, Y., A. Kubota, T. Furukawa, K. Sugamoto,
Y. Asano, H. Takahashi, T. Sekito, Y. Dote, Y.
Sugimoto, (2009) Residual of 17 S-estradiol in
digestion liquid generated from a biogas plant
using livestock waste. J. Hazard. Mater. 165,
677-682.

Tang, Y., T. Shigematsu, Ikbal, S. Morimura, K.
Kida, (2004) The effects of micro-aeration on
the phylogenetic diversity of microorganisms in a
thermophilic anaerobic municipal solid-waste
digester. Water Res. 38, 2537-2550.

Whitehead, T.R. & M.A. Cotta, (1999) Phylogenetic
diversity of methanogenic archaea in swine waste
storage pits. FEMS Microbiol. Lett. 179, 223-
226.

Yamada, T., K. Miyauchi, H. Ueda, Y. Ueda, H.
Sugawara, Y. Nakai, G. Endo (2007) Composting
cattle dung wastes by using a hyperthermophilic
pre-treatment process : characterization by physi-
cochemical and molecular biological analysis. J.
Biosci. Bioeng. 104, 408-415.

Ye, N-F., F. Lu, L-M. Shao, J-J. Godon, P-J. He
(2007) Bacterial community dynamics and prod-
uct distribution during pH-adjusted fermentation
of vegetable wastes. J. Appl. Microbiol. 103,
1055-1065.

obooO0 (004) DOOOODOOOODODO
ooooboooboobobobooboooboon
oooooo. ooooob@oo). 9, 21-26.



