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Preservation and methane production of methanogenic microbial
consortia from coal geological environment in Sihe Mine
YANG Xiu-Qing" CHEN Yan-Mei' WEI Guo-Qin*®* CHEN Lin-Yong*?

(1. Key Laboratory of Chemical Biology and Molecular Engineering, Ministry of Education, Institute of Biotechnology,
Shanxi University, Taiyuan, Shanxi 030006, China)
(2. Sate Key Laboratory of Coal and CBM Co-mining, Jincheng, Shanxi 048000, China)
(3. Yi’an Lanyan Coal and Coal-bed Methane Simultaneous Extraction Technology Co. Ltd.,
Jincheng, Shanxi 048000, China)

Abstract: [Background] Methanogenic microbial consortia from coal geological environment can
metabolize coal matrix to produce methane, which is of great significance for realizing the
reutilization of coalbed methane (CBM) resources. [Obj ective] In order to prove the feasibility of the
methods of culture preservation, community dynamics of methanogens was analyzed and the yeild of
methane was tested during the preservation process. Meanwhile, the results would give theoretic
basis for microbial enhanced CBM. [Methods] Three culture preservation methods involving
glycerol/L-cysteine, eutrophication, and coal-basic salt method were compared at different
temperatures. Microbial methanogenic activity in different preservations was tested by gas
production. In addition, the compositions of microbial community in coal and basic salt preservation
at 25 °C were studied by 454 high-throughput sequencing technology for 16S rRNA genes of bacteria
and archaea. [Results] The preservation methods of 9 groups were compared, and the best culture
preservation was the coal and basic salt preservation at 25 °C. Under this condition, the microbial
methanogenic activity and the methane production were the highest. The yeild of methane was 12%
to 25% and 24% to 73% using anthracite and lignite as carbon sources, respectively. In the coal and
basic salt preservation test, the dominant bacteria and archaea in the early period were Pseudomonas
and Methanosarcina at 25 °C, respectively. The structure of bacterial community changed
dramatically with preservation time. The dominant bacteria changed to fermentative bacteria and
acetogenic bacteria. The composition of dominant archaea was relatively stable. [Conclusion] The
best preservation was coa and basic salt preservation at 25 °C, in which microbial activity of
methanogens could be sustained at a better status and methanogens had good methane production
ability.

Keywords: Coalbed formation water, Methanogens, Microbial consortia preservation
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Figurel Gasproduction curve for the second enrichment
of coalbed formation water
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x1 FEXBER
Tablel Theresult of gasproduction experiments

Preservation method Preservation temperature (°C) Methane content (%) Hydrogen content (%)
/L- —80 0.00 0.00
Glycerol/L-cysteine preservation 4 11.00 0.00
25 9.81 0.00
—80 0.00 0.00
Eutrophication preservation 4 0.00 0.00
25 0.00 5.46
= -80 0.00 0.00
Coal-basic salt preservation 4 0.00 1231
25 35.25 3.23
-80 °C 30 ¢
4°C s ¥ B3 -
- 25°C £ 20¢
g 15
o
-80°C  4°C Z 10}
= sl
25 °C - 0 . .
| 2 3 4 5 6
Biogenic gas simulation experiment
1M S7 =y =45+
25 oC _ 42 70 2 %klﬂk%in%%1¢j—a’]ii_\,é % ) )
Figure2 Theresult of gas production from cultivate with
105 209 369 459 anthracite
2 1-6 25°C - 42 70 105
209 369 459 .
Note: 1-6: Gas production experiments inoculated with
12%—25% methanogenic microbial consortia from coal and basic sat
preservation test under 25 °C at 42, 70, 105, 209, 369, and 459 days,
25 °C - 687 respectively.
710 742 758 771 804 839
2.3 HREH DNA BIIRELK 16S rRNA EE HE
3 HI#18
24%—73% 25 °C -
25°C - DNA
3 DNA
25°C - 23 kb
16S rRNA V1-V3
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Biogenic gas simulation experiment

Methane content (%)

B3 #BEREFREFGTH~SER

24 =BEEMNFHIFFISH

2
97 403
18 381-27 408 OTuU
3132-579%4 118 045
25694-34 384
OoTu 144-495
97% oTu

Chaol Shannon Simpson

Figure 3 Theresult of gas production from cultivate with Chaol
lignite
1-7 25 °C - 687 710
742 758 771 804 839 . Chaol
Note: 1-7: Gas production experiments inoculated with ’
methanogenic microbial consortia from coal and basic sat Shannon Simpson
preservation test under 25 °C at 687, 710, 742, 758, 771, 804, and Shannon
839 days, respectively. ]
Simpson
2 25 °C
16S rRNA V3-V4 PCR
DNA Shannon Simpson
16S rRNA -
V1-V3 500 bp
Roche 454 FLX Shannon
16SrRNA V3-V4 350 bp ( )
Roche 454 FLX
*x2 =BENFHE
Table2 Data processing results after high-throughput sequencing
Strains Items Samples 1D
1 2 3 4
Bacteria Reads 27 408 18 381 25 800 25814
OTUs 3995 3132 5221 5794
Shannon index 5.569 5.414 6.731 7.043
Simpson index 0.053 0.045 0.005 0.004
Chaol index 11 838 9704 16 339 16 791
Archaea Reads 25 694 34384 30292 27 675
OTUs 144 186 183 495
Shannon index 1.250 0.498 0.816 1.672
Simpson index 0.455 0.873 0.679 0.556
Chaol index 399 473 504 841
1-4 25°C - 35 42 70 105

Note: 1-4: Samples of methanogenic consortia with different sampling timein coal and basic salt preservation test under 25 °C at 35, 42, 70,

and 105 days, respectively.
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(Pseudomonas 85.17%)( 5)
(35-105d)

100

= 1 Others
s mm Spirochaetes
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< 60 mm Chloroflexi
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< 40 B Firmicutes
2 Hl Proteobacteria
= 20 Bl Actinobacteria
& H Bacteroidetes
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B4 FEMRBATEEIZKE EHRFEEE DT
Figure 4 Distribution of bacterial community abundance
sampling in different preservation time at the phylum level
1-4 25 °C - 35 42 70
105 0.1%

Note: 1-4: Samples of methanogenic consortia with different
sampling time in coal and basic salt preservation test under 25 °C
at 35, 42, 70, and 105 days, respectively; Abundance of sequences
of lessthan 0.1% was classified as * Others'.

1 Others
mm Massilia
= Cryptanaerobacter
100 == vadinBC27
m Petrimonas
m Ornatilinea
mm Citrobacter
= Acinetobacter
=3 Proteiniphilum
mm Incertae_Sedis
mm Macellibacteroidws
mm Proteocatella
1 Proteiniclasticum
= Aeromonas
mm Clostridium
mm Pseudomonas

80
60
40
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Relative abundance (%)

1 2 3 4
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E5 A RERIREAEERBLEKE LARIHEFEESH
Figure 5 Distribution of bacterial community abundance
sampling in different preservation time at the genuslevel
1-4 25 °C - 35 42 70
105 0.1%

Note: 1-4: Samples of methanogenic consortia with different
sampling time in coal and basic salt preservation test under 25°C at
35, 42, 70, and 105 days, respectively; Abundance of sequences of
less than 0.1% was classified as ‘ Others'.

100
;\3 1 Others
E 80 mm Methanospirillum
g 60 mm Methanosollis
=l
£ mm Methanoculleus
S 40 mm Methanosaeta
4 mm Methanosarcina
5 20
=
[}
“ 0

1 2 3 4
Samples

E 6 AFEHREAEEBEKFE EHEEEEENH
Figure 6 Distribution of archaeal community abundance
sampling in different preservation time at the genus level
1-4 25 °C - 35 42 70
105 0.1%

Note: 1-4: Samples of methanogenic consortia with different
sampling time in coal and basic salt preservation test under 25 °C
at 35, 42, 70, and 105 days, respectively; Abundance of sequences
of less than 0.1% was classified as ‘ Others'.

Proteobacteria Firmicutes
Bacteroidetes Synergistetes Chloroflexi
( 4
—_— (Pseudomonas)
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