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Abstract: [Objective] The composition and diversity of microorganism during low rank coal
authigenous microorganism methane conversion were explored in Xinjiang. [Methods] We evaluated
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the effect of low rank coal authigenous microorganism on methane conversion and organic acid
content by anaerobic culture. The dynamic changes of microbial community were analyzed by
terminal restriction fragment length polymorphism (T-RFLP) in Hami’s long flame coal. [Results]
The results suggested that lang flame coal and brown coal had little influence on methane production
of indigenous microorganism. As low rank coal biological methane conversion time went on,
methane production showed an increasing tendency. The yield of long flame coal biological methane
was 10.28 mL/g and the concentration of volatile fatty acid (VFA) were the lowest at 60 days. The
diversity indexes of microbes did not change significantly. The major microbial groups were
Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria in different low rank coal conversion
period. The bacterial community structure was more complex, while the methanogens community
structure was relatively simple. All samples harbored these phyla such as Methanosarcina,
Methanohalobium, Methanolobus, Methanomethlovorans, which constituted a basic flora of
community structure. [Conclusion] There was abundant microbial diversity in different low rank
coal conversion period and the diversity was different in different period. The methanogens
community structure was relatively simple, and the number of common groups was higher in
methanogens community.

Keywords: Anaerobic culture, Terminal restriction fragment length polymorphism, Bacterial
community, Methanogens community
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PCR
Eppendorf AG 22331 Hamburg
GK-330C
99.9% GC-6850
113 FHRREEMEEREFE: 1000 mL

K,HPO4 0.4 g MgCl, 2.0 g KH,PO4

04¢g 1.0g NH4,«Cl11.0¢g 001g
20g KCI0.2g NaCl2.0g
10 mL pH 7.0

MgS0O47H,0 3.0 g FeSO47H,00.1 g CoCl,0.1 g
CuS045H;0 0.01 g MnSO42H,0 0.5 g KAI(SO4),
0.01 g CaCl,2H,0 0.1 g H3B0O30.01 g ZnSO47H,0
0.1 g NaMoO42H,0 0.01 g NaCl 1.0 g

100 mL 70 mL
5-10 min
1x10° Pa 20 min
1% Na,S
5% NaHCO; 20 mL 05g
1.2 {EMEEY R
121 BEEEHE: S-H D-C
20¢g 70 mL
35°C
60 d
122 EkELEE: 100 mL
20¢g 70 mL
4 mL 35 °C
15 30 40 50 60 d

VFA S-H1
S-H2 S-H3 S-H4 S-H5 (S-H )
D-Cl D-C2 D-C3 D-C4 D-C5(D-C

)
—-20°C 3

123 =Z=AMNRE:

1.3 HBERSKENE

GC-6850
HP-PLOT U
120 °C
10 °C/min 170 °C 250 °C
150 °C N,
25 mL/min 1 mL
0 mL +
I mL 0.2 mL +0.8 mL 0.2 mL
+0.6 mL 0.2 mL +0.4 mL 0.2 mL
+0.2 mL 0.2 mL +0.1 mL

358.40 286.70 215.00
143.60 71.68 35.84 g/L
(%)=7.85x10"*A+1.709 764

A
14 #ERMEBINER(VFA)NE
10 mL 20 min
6 000 r/min 4°C
6 mol/L HCI pH 2.0
VFA (FID)
FFAP 200 °C
70 °C
1 min 15 °C/min 230 °C
1 min 250 °C 10 uL
956 pL 604 uL 625 pL
100 mL
10 6 6g/L 5 1.5mL

1.0 08 06 04 02 mL
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0 02 04 0.6 0.8mL 5
VFA 10
8 6 4 2g/L 6.0 4.8
3.6 24 12gL (X)
(Y)

Y=57.34X+20.60
Y=54.91X+37.85

Y=27.62X+14.94

1.5 525 DNA B91EE

D-C
15 30 40
50 60 d D-CI D-C2 D-C3
D-C4 D-C5
DNA 0.8%
—20°C
1.6 YHEFIFRLTHE 16S rDNA A PCR ¥ 18
46F  519RD 16S
rRNA 46F
5-GCYTAACACATGCAAGTCGA-3' (5 FAM
) 519R 5-ATTACCGCGGC
TGCTGG-3' (5 HEX ) PCR

(25 uL) Premix Taq( Taq
(6 U/pL) 0.1 pL

25U0) 125 ul Taq
(10 pmol/L)

0.5 uL DNA ( 2-3mg/L) 1yl ddH,O
25uL PCR 95°C 5min 94 °C 45 s
58°C30s 72°C1min 30 72 °C 7 min

341F Bl 5.CCTACGGGRSG

CAGCAG-3' (5 FAM ) g6orR

5'-GGCTCGCTTCACGGCTTCCCT-3' (5" HEX

) PCR (30 pL) Premix Taqg ( Taq
25U)15uL Tag (5 U/uL)0.1 pL
(10 pmol/L) 0.5 pL DNA1pL  ddH,O
30uL PCR 94°C3min 94°C30s 58°C
30s 72°C90s 30 72 °C 10 min
3  PCR
1.7 T-RFLP $#f
Ava II  BstU I

http://journals.im.ac.cn/wswxtbcn

16S rDNA PCR (30 pL)
1 uL Ava II/BstU I 2 pL 10xBuffer R 10 uL PCR
ddH,0 30 uL 37°C
65 °C 20 min
ScrF [ BstU I PCR
(30 uL) 1pLScrF I/BstU I 2pL
10xBuffer R 10 pL PCR ddH,0 30 uL
37 °C 65 °C 20 min
Excel
(T-RFs) 50 bp
50 T-RFs
MiCA (http://mica.ibest.uidaho.edu/)

18 BEEZHEMSW

T-RFs 50400 bp
50 U T-RFs 0.5% (
0.5% )
(Shannon index H") (Simpson index
D) (Eveness index E)
H'=—%PinP; D=1-ZP;
E=HY/InS P; s
T-RFLP
19 HiEgit
Excel SPSS 17.0
2 HR50H
2.1 KIRWEVE LRI E R LTI 2 B
1 15d
0.24 mL/g 60d 1.30 mL/g
15d
4.12mL/g 5.14mL/g
30d 8.54mlL/g 7.12mL/g
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http://journals.im.ac.cn/wswxtbcn



2428 WA 2# ik Microbiol. China 2014, Vol.41, No.12

24 BIgEpudiRMEdREgassti CO, H,
15d VFA
(Actinobacteria)
(Bacteroidetes) (Firmicutes) 30d
L- Na,S
60 d

(Thermoanaerobacterium) 5

(Actinobacteria) (CK)
(Bacteroidetes) (Firmicutes) CK ( 2
(Proteobacteria)( 1)
VFA
VFA
(Methanosarcina) (Methanohalobium) VFA ]
(Methanolobus)
(Methanomethylovorans) T-RFLP
( 2 VFA
3 ﬂhﬁ T-RFLP
T-RFLP
[16]
pH " T-RFLP
MPN
[13] CO,
[14]
[17]
(Bacteroides) (Clostridium)
(Eubacterium)
(Desufovibrio) (Desulfomonas)
(VFA) L18]
VFA (Bacteroides) (Clostridium)
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Table 1 The bacteria identified by MiCA during generation of methane

Ava II BstU |
Sample Ava II observed BstU I observed Accession No. Genera name Phylum
D-Cl1 182.37 199.27 DQ767879 Acetobacterium Firmicutes
273.12 194.52 DQ168656 Clostridium
300.54 185.33 AB245515 Ferrimonas
285.52 165.53 AF359941 Acidithiobacillus
161.65 350.50 HQ284952 Acinetobacter Proteobacteria
203.54 132.26 FJ015030 Pseudomonas
154.84 350.50 AB332414 Cellvibrio
280.37 185.33 AF131315 Actinomadura Actinobacteria
284.76 194.52 GU168006 Actinobacterium
280.17 185.33 AM423085 Chryseobacterium Bacteroidetes
281.28 280.17 GQ167610 Capnocytophaga
D-C2 185.63 195.20 GU370092 Clostridium Firmicutes
192.50 179.39 FN397995 Acetobacterium
282.99 195.20 AB426563 Actinobacterium Actinobacteria
281.38 63.48 AY781191 Psychroserpens Bacteroidetes
282.99 195.20 FJ425220 Algibacter
D-C3 192.49 87.59 AB546245 Acetobacterium Firmicutes
162.62 350.61 HQ841028 Acinetobacter
285.90 353.83 AF359941 Acidithiobacillus
290.47 357.22 AMO084114 Arcobacter Proteobacteria
147.56 353.83 FJ015030 Pseudoalteromonas
285.90 360.69 HQ588838 Pseudoxanthomonas
282.66 353.83 AJ609273 Psychrobacter
280.25 194.43 GU168006 Actinobacterium Actinobacteria
282.66 353.83 HM 134893 Caldilinea Chloroflexi
D-C4 288.65 355.85 M75074 Actinobacillus Proteobacteria
158.9 166.56 AY437843 Acidithiobacillus
288.65 54.01 M63248 Buchnera Proteobacteria
158.90 350.44 AB461811 Acinetobacter
158.90 355.85 DQ517286 Citrobacter
158.90 350.44 EF556273 Pseudomonas
279.94 185.26 AJ293702 Actinomadura Actinobacteria
285.15 74.51 729968 Clostridium Firmicutes
285.15 66.39 AM110988 Flavobacterium Bacteroidetes
D-C5 359.64 288.51 AF268946 Acidithiobacillus Proteobacteria
350.53 161.02 FJ816055 Acinetobacter
350.53 279.92 EF621896 Campylobacter
186.47 279.92 DQ351730 Actinobacterium Actinobacteria
185.26 279.92 AF131315 Actinomadura
68.18 285.34 CP002171 Thermoanaerobacterium Firmicutes
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Table 2 The methanogens identified by MiCA during generation of methane

ScrF | ScrF [
Sample ScrF [ predicted ScrF I observed Accession No. Genera name
D-Cl1 120 119.57 GQ872118 Methanosarcina
220 220.56 M59133 Methanohalophilus
D-C2 121 120.58 AY487181 Methanimicrococcus
121 120.58 AM268271 Methanosarcina
121 120.58 AY177812 Methanolobus
121 120.58 AY780565 Methanomethylovorans
121 120.58 FR733675 Methanohalobium
D-C3 121 120.52 EU731574 Methanohalophilus
120 119.59 GQ872118 Methanosarcina
121 120.52 AY196680 Methanimicrococcus
121 120.52 DQ631888 Methanolobus
121 120.52 DQ631884 Methanomethylovorans
D-C4 121 120.59 AY487181 Methanimicrococcus
121 120.59 EU731574 Methanohalophilus
121 120.59 EU721850 Methanolobus
121 120.59 DQ631884 Methanomethylovorans
88 87.39 AB529874 Methanosarcina
121 120.59 FR733675 Methanohalobium
D-C5 121 120.65 GQ872118 Methanosarcina
121 120.65 AY196680 Methanimicrococcus
121 120.65 EU731574 Methanohalophilus
121 120.65 AY177812 Methanolobus
121 120.65 AY780565 Methanomethylovorans
(Eubacterium) (Methanoculleus)
(Thermoanaerobacterium)
(Thermoanaerobacterium) (201
[19] (21] 10
Methanobacteriales
60 d (221
(Methanosarcina) (Methanohalobium) 16S rDNA

(Methanolobus)
(Methanomethylovorans)

(23]

Whitby C.
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