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Study on Microbial Community in Methanogenic Granular Sludge by FISH and
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Abstract: Four methanogenic granules taken from an anaerobic reactor in different periods were investigated by FISH and DGGE, the
eubacterial and archaeal community in these granules was researched and the phylogenetic analysis of dominant archaea was also
studied. The FISH results indicated that the quantity of eubacteria was much more than archaea in the methanogenic granule and
most eubacteria were located in the out layer of granule, while most archaea were located in the inner layer. The DGGE fingerprints
indicated that as the organic loading rate of the reactor increased and the operating time elapsed, the eubacterial community was kept
stable relatively, while the archaeal community was changed significantly, which resulted in the gradual decrease of the archaeal

varieties. As seven typical bands were cut and sequenced, the results indicated that the dominant species of archaea in granule of the

last period were Methanocorpusculum, Methanobacterium,

Methanosaeta, and etc.
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Fig.2 DGGE fingerprint of eubacteria in four methanogenic granules
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Fig. 3 Similarity analysis of eubacteria in four methanogenic granules
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Fig. 4 DGGE fingerprint of archaea in four methanogenic granules
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Fig. 5 Similarity analysis of archaea in four methanogenic granules
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Fig. 6 Phylogenetic tree of the dominant archaea in

methanogenic granules

a g, o 3 ANFS 3 4 R 6 L5 HUGEAT 1 JE b
I A ( M ethanobacterium f ormicicum ) FALTE
35 98% LA _L; e a1 5 L5 FRGEIORE 141 J v A9 A58 T il
( Methanocorp usculum parvum ) #ELYE L 99%;
7 5 H gL B W E T ) R ( Methanosaeta



2272 B oW

it

e 27 &

harundinacea ) FLPEIE 99% ; J¥ 41 1 5 0] 5 72642k
IARAAPEAI, 53 Ath 2 5 7 DRAEC R B o '0) B [ 88 K
SR BT rp 3R A3 1 52 B P 51 (uncultured archaeon)
FEATEIL 98% LA L-; 1741 2 55 Genbank (3 4
O FURAE SR T 95% , 1R A fig A 1 b A Jn iy
S PRI, AR R AN R AU HE e B 28 9,
B @ A AR A ) oy A v 3 LS R R IORE 1 e AT

3 g

(1) BRORL Y e STAH G (15 A T A o 1t i
LA v B AT A BORLYS Ye A0 2, A R 2 S A
TEA 2, T RORE PO WA AR AR )0 ks HL Bt
Fi RN A% COD Bfif (F) 8400 LA SIS AT I 1) RO SE G, oy
0 B AR A N WS AT 190, o0 A1 5 ] TR T
Ve Y L X

(2) BAT SV 2% COD A 19344 n LA K2 3& 47 1 )
FAHE K, TN B R0 RE 25 R AR AR, Ty 4 g e
SR WA T W S AR Ak, HE b e A b 2% B R e 2
I JC W 2 0, 1 BN a8 3B AT R e o
DEFA 1 oLy 0 b 218 328 M ik D>, e A BR T JL AN
MR T A

(3) F5 4 i DGGE Bl AR 7 455
A VI RIS I e, 45 S W ACHIE T 1 N IR A
P SN Y oy A R AR AT R e O P
( Methanocorpusculum ) « ¥ %¢ ¥ % ( Methanob-
acterium ) ML B ( Methanosaeta ) 55.
£ % Sk
[ 1] MacLeod F A, Guiot SR, Costerton ] W. Layered structure of

bacterial aggregates produced in an upflow anaerobic sludge bed
and filter reactor[J]. Appl. Environ. Microbiol., 1990, 56
(6): 1598~ 607.

[ 2] FangHP, ChuiH K, Li Y Y. Effect of degradation kinetics on
the microstructure of anaerobic biogranules[J]. Water Sci.
Technol. ., 1995, 32(8): 165~ 172.

[ 31 BE R B8 G, A SRk RIS EY A e 5 HE R
[ M. dbng: ST R AR, 2002, 19~ 65,

[4] Amamn R 1. Schleifer K H.

Ludwig W, Phylogenetic

identification and in situ detection of individual microbial cells
without eultivation| J]. Microbiol. Reviews, 1995, 59(1):
143~ 169.

| 5] Raskin L., Amann R I, Poulsen L. K. Use of ribosomal RNA-

[ 6]

[7]

[ 8]

[9]

[ 10]

[12]

[13]

[ 14]

[15]

[16]

[17]

based molecular probes for characterization of complex microbial
communities in anaerobic biofilms[ J]. Water Sei. Technol.,

1995, 31(1): 261~ 272.

Torsvik V, Daae F L, Sandaa R A. Novel techniques for
analysing microbial ~diversity in  natural and perturbed
environments| J|. J. Biotechnol., 1998, 64( 1): 53~ 62.
Muyzer G. DGGE/TGGE a method for identifying genes from
natural ecosystems| J|. Curr. Opin. Microbiol. . 1999, 2(3):
317~ 322,

e, LU, BLDUYE, 55, PCR-DGGE AR LRIy Kb 2%
Al SRR P R R )] BREERLE, 2004, 25(6) 1 T4~ T9.
LW, TR, & 2 0. PCR-DGGE AT 48 i 2l S 1
MU E 2 PR )] BREERLAE, 2005, 26(2) 1 172~ 176.
ATHELLE, TR 0g B, JF4. B Sy DA 4% B R 48 1l 2 A
BEES W0 20 TREVEWE ST 0] . BRBERF 222540, 2005, 25(2) : 214
~ 219.

Yuji Sekiguchi, Yoichi Kamagata, Kazunori Nakamura.
Fluorescence in situ hybridization using 165 rRNA-targeted
oligonucleotides reveals localization of methanogens and selected
uncultured bacteria in mesophilic and thermophilic sludge
granules| J]. Appl. Environ. Microbiol. . 1999, 65(3): 1280
~ 1288.

Schmidt T M, DeLong E F, Pace N R. Analysis of a marine
picoplankton community by 165 rRNA gene cloning and
sequencing| J]. Bacteriol., 1991, 173( 14): 4371~ 4378.
Ovreas L, Forney L, Daae F L. Distribution of
bacterioplankton in meromictic lake saelevanner, as determined
by denatureing gradient gel electrophoresis of PCR -amplifyied
gene fragments coding for 16srRNA [ J]. Appl. Envrion.
Microbiol. , 1997, 63: 3367~ 3373.

Gmﬁknpf R. Janssen P H, Liesack W. Diversity and Structure
of the Methanogenic Community in Anoxic Rice Paddy Soil
Microcosms as Examined by Cultivation and Direct 165 rRNA
Gene Sequence Retrieval [ J]. Envrion. M icrobiol. ,

1998, 64(3): 960~ 969.

Roest K, Heilig H G, Smidt H. Community analysis of a fulk

Appl.

scale anaerobic bioreactor treating paper mill wastewater| J].
Syst. Appl. Microbiol., 2005, 28(2): 175~ 185.
Collins G, Woods A, MecHugh S. Microbial community

structure  and  methanogenic  activity  during  start-up  of
psychrophilic anaerobic digesters treating synthetic industrial
wastewaters| ]]. FEMS Microbiol. Ecol., 2003: 46(2): 159
~ 170.

Chan O C, Claus P, Casper P. Vertical distribution of structure
and function of the methanogenic archaeal community in Lake
Dagow sediment| J]. Environ. Microbiol., 2005, 7(8): 1139

~ 1149,



