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Analysis of Methanogenic Community of Anaerobic Granular Sludge Based on

mcrA Gene
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Abstract:The methanogenic community in anaerobic granular sludge from a full-scale UASB treating avernectin wastewater was
analyzed based on mcrA gene compared to 16S rRNA gene. The results indicated that the diversity indices of methanogenic
community including Shannon diversity index Margalef richness index and Berger-Parker dominance index were no difference
between mcrA gene-based and 16S rRNA gene-based PCR products analysis by DGGE although their DGGE band patterns were
different implying that the diversity analysis of methanogenic community based on mcrA genes was consistent with 16S rRNA gene. The
phylogenetic analysis of dominant methanogenic populations based on these two target genes also showed resemble and
Methanobacteriales and Methanosarcinales were determined to be the main orders of methanogenic populations in anaerobic granular
sludge. On the other hand the difference in phylogenetic analysis suggested simultaneously some group-specific of the two target
genes. The hybridization of methanogenic community in FISH analysis based on two target genes was almost identical except a little
different hybridization areas. The average relative abundance of methanogenic community was 24.25% =+ 6.47% detected by FISH
based on mcrA gene lower than that based on 16S rRNA gene (33.42% +2.34% ). Then it could be concluded that the analysis of
methanogenic community based on mcrA gene and 16S rRNA gene exhibited high resemblance and mcrA gene could used to be target
gene for methanogenic community as an alternative of 16S rRNA gene.
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merA PCR
( denaturing gradient gel
electrophoreses DGGE)

mcrA (fluorescence in situ
hybridization FISH)

. mcrA 16S rRNA
PCR-DGGE  FISH

1
1.1
UASB (500
m’) VSS/SS 0. 882.
1.2 DNA
DNA DNA
* . DNA 0.7%
(BioRad )
DNA -
Ao Ao
1.3 DNA PCR
DNA merA
16S rRNA PCR . merA
PCR : MLf (5'-GGTGGTGTMGGATT

CACACARTAYGCWACAGC3')  MLr (5'-TTCATT
GC-RTAGTTWGGRTAGTT3") " ; 16S rRNA
PCR : ARC787F (5'-ATTAG
ATACCCSBGTAGTCC3") (GC 5'-CGCCCGGG
GCGCGCCCCGGGCGGGGCGGGGGCACGGGGG3T)
ARCI1059R (5'-GCCATGCACCWCCTCT3") *' .

(Sangon)
PCR 50 nL :5uL PCR Buffer.
1 pL dNTPmixs. 5 pL DNA 1 pL 1
wL 1 L Taq 36 nL
PCR :94°C 3 min 94C
1 min 65°C 45 s 72°C 45 s
0.5C 55C 20 ; 94 C
1 min;55°C 45 s 72°C 45 s 10 N
72°C 8 min. 1% PCR

1.4 PCR DGGE

DNA PCR BioRad
PCR
6% ( merA PCR ) 8%
( 168 rRNA PCR )
30% ~70% (100%
7 mol /L 40%
). : 1 xTAE 60°C 120 V
12 h. EB Bio-

Rad Quantity One

1.5 DGGE

DGGE Quantity One

(H') « Margalef
Berger-Parker

Shannon

(DMg)

(d) 22 23 1
1 D

Table 1 Diversity indices and expressions

Shannon (H") H =- 2 P;/nP,(P; = N;/N)

Margalef (DMg) Dy, = (S -1)/InN

Berger-Parker (d) d =N, /N

1)N, DGGE
;N ;S

L ’ Nmzl\

1.6 DGGE
DGGE DNA
PCR PCR
1.3 . (Sangon)
NCBI (http ://www. nchi. nlm. nih.
gov/blast/) DNA
EBI
ClustalW2 (neighbor joining NJ)
1.7 FISH
2
mcrA
5" TTCATTGCRTAGTTWGGRTAGTT-
3075 Fam; 16S rDNA MPB1
5'-CATGCACCACCTCTCAGC3" * 5’
Hex. (Sangon)
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25 . . merA PCR 472
5 bp 16S rRNA PCR
270 bp
2.1 DNA PCR
DNA 1
DNA 23 kb DNA
Ao /Ay, 1.7564 A, 1A,
1.707 8 DNA DNA
1 DNA
DNA merA 16S Fig.1  Total DNA of granular sludge sample
(a) merd R4 (b) 16S IRNAKEEH
2 mcrA  16S rRNA PCR
Fig.2 PCR products targeting for mcrA gene and 16S rRNA gene
2.2 PCR DGGE (p <0.01).
mcrA 165 rRNA PCR DGGE merA 16S
DGGE 3 4 . rRNA PCR-DGGE
PCR DGGE
6 . 2
Table 2 Diversity indices of methanogenic community
PCR-DGGE ' D d
mcrA 6 0.5688 0.5369 0.2288
16S rDNA 6 0.5794 0.5392 0.2397
M, My, M, My M, M;
mcrA 16S rRNA PCR-DGGE
3 mcrA PCR DGGE
Fig.3  DGGE pattern of PCR product targeting for mcrd gene DGGE
DGGE
EEE T 1 o
3 4 . DGGE
4 16S rRNA PCR DGGE
Fig.4 DGGE pattern of PCR product targeting for 16S rRNA gene 5
16S rRNA DGGE
DGGE
Shannon “Margalef . G,~G, G,
Berger—Parker 2 . (
merA 16S rRNA DGGE ) 50.03% ;G,.G, G,

P 49.97% G,
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3 16S rDNA DGGE
Table 3 16S rDNA gene sequence-based phylogenetic affiliations of DGGE bands
1% N 1%
G, 14.24 Methanobacteriales Methanobacterium betjingense (EU544027) 99
G, 12.70 Methanobacteriales Uncultured Methanobacteriaceae archaeon (¥J898359) 95
G, 11.04 Methanosarcinales Uncultured Methanomethylovorans sp. (AY780565) 97
G, 10. 75 Methanosarcinales Uncultured Methanosaeta sp. (AY899830) 94
Gs 28. 18 Methanosarcinales Uncultured Methanosarcinales sp. (CU916488) 97
Gy 23.09 Methanobacteriales Uncultured Methanobacterium sp. (AY899845) 98
4 mcrA DGGE
Table 4 mcrA gene sequence-based phylogenetic affiliations of DGGE bands
1% 1%
M, 17. 64 Methanobacteriales Uncultured Methanobacteriales Archaeon (AB353235.1) 98
M, 14.28 Methanobacteriales Uncultured Methanobacteriales Archaeon (AB353235.1) 97
M, 19. 31 Methanobacteriales Methanobacterium Beijingense (EF465106. 1) 97
M, 32.82 Euryarchaeota Uncultured Methanogenic Archaeon (DQ260890. 1) 99
M 15.95 Euryarchaeota Uncultured Methanogenic Archaeon (DQ262419. 1) 98
G,
44.86% M, M,
Gy 02.42%; M,
G 12.27% 5(b) merA
3
| M, M,
Gs ]\/[5 :
16S rRNA M, M,
Gy
Gs merA 16S rRNA
a) 16S IRNAZ:H
@ PCR-DGGE
M; 2 ;
| — M, 2
L,
NCBI M, ~ M; GU183143
M, GU186965 ~ GU186968;G, ~ G,
GU294765 ~ GU294770.
M,
(b) mcrAH: A 2.4 FISH
mcrA 16S rRNA
5 16S rRNA mcrA
Fig.5 Phylogenetic analysis of methanogenic populations FISH FISH 6 . 2
based on 16S rRNA gene and mcrA gene
10.75% . 5(a) 16S rRNA 70% ~80% ) 2
GG, FISH . 2
95% 3 16S rRNA
Gy Gy G, mecrA
merA FISH
mecrA DGGE M,.M, M, 24.25% +6.47%
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Fig. 6 Detection of methanogenic population by FISH
based on mcrA gene and16S rRNA gene
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