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Table 1. The summary of collected coal samples

Sample The depth Coal-bed
names of coal/m temperature / °C
HF ~200 15

SL ~300 20

ZC ~380 13

YJG ~80 20

XL ~200 20

ZJM ~150 20

NLM ~ 190 15

SM ~ 140 20

wWJT ~189 17

AEB ~ 1278 5

L12 FZERFMMLEF: PEE. o5 A
Sigma A W o A7 IR TR AUE MR AR B 26 [H VICT
/v o TaKaRa Taq X5 &M H TaKaRa 28 ). BR |9
W s AR & W B Qiagen 2 7). UAH 4% GC2010

J& Shimadzu 23 7] 7= dh o ASAH €03 A8 52 7] 47 28 53
% A% (IRMS) , 42 Thermo 24 ] 7= iy, 2o vp [/ 47 % Lk
T AR S S MAT 253 %o % R 35 48 4 BT 1
(Rec Core-3010) J& v [E A7 yih 48 4% I & 0F 5% Bt g ¥
BB EWF R % % . 454 GSFLX Titanium i JF % 2
Roche 22 &) 7= o B HOA A 22X g5 Rl
W TR AR AT PR A ) A [ [ 25 5 1] .

1.2 TMEhEsEdE

K H Hungate JR50E:/E B, 1E )6 ML #h & 48
B gk oML IR AUE B IR 5L 4y W R - NaCl
0.5 g-MgCl,*6H,0 0.5 g.CaCl,*2H,0 0.1 g.NH,CI
0.3 g.KC10.5 g KH,P0,0.2 g ", Bk &AL & W 3 1k
DR, KA 1 Lo BB E M A A, IMA 0.5 g 2
W R Eh e 2, R pH T 7.5 A4, M FE AL IE
EME R R H TR EF (0.1%, W/V) 1 mL, 3@ N,
(2.0 m*/h) 25" R, A FE 306 29 20 min, ¥ H1 5 7
N, fRH R 433, 121°C K B 30 mino 22 R [T 4k i1 G
PG48 R NaHCO,  Na,S<9H, 0, M Gl 4B A4 K
WA VB, (2 mL/L) K t§ & J6 # % W
(2 mL/L) "9,

1.3 REE&EESF

¥ 78 53 WF B 1) A [) b XA (L 10 41, WLk 1)
210 g, BEN 1 TG W DU 8N TR A N,/
CO, (80:20, V/V) , JF N AN TEHL £ K7 77 3 50 mL, %
NS T2, B S E 0, H B E 4
B,

PEH HF WXL & NLM 3 41 itk B ke 3k 47 74 4 o
R M) WO 5 . & FRELZ) 10g 78 4 0T B A 4
B 26 RS T NN 40mL TG HL 36 35 95 58, 43 917
TN 35°C K R4 M IE oS ke K B A R bR R R
(AHB) "™, 5 Fh 8 10% (V/V) o St AL 8 h 5
S 58 ZH AR 7] % A AEUAS 2 BRERE S Ol AR i AL R 56 4

HRRECZ) 10 g 7840 WF S 1) 3 4 Al R 75
MLk £ 2% L L mh b, 4 3 W% in H,/CO, (80: 20,
V/V) LA (4% BE 10 mmol /L) J H g (49K B
10 mmol /L) , F T Ji& 4 il R 56 -

PLE3 4R & R R i 15C 35T 2
AW, FEAERE 3 NS, RO R IR R
WA IR R 50y R T Ak B A PR R LR
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Table 2. Identification of source materials and experimental conditions

Sample or treatment Description

Mineral salt enrichments

50mL mineral salt medium + 10g coal (10 sample groups)

Experimental group:10g coal (3 sample groups) , 50mL mineral salt medium with 10mL AHB enrichment

Bioaugmentation; microcosm with
inoculum
coals, and AHB enrichments

Control group:50mL mineral salt medium , 10mL. AHB enrichment inoculum

50mL mineral saltmedium, 10g coal (3 sample groups) with additionof H, /CO, (80/20,V/V)

Biostimulation ; microcosm with

50mL mineral salt medium, 10g coal (3 sample groups) with methanol (final concentration 10mmol /L)

coals, nutrients

50mL mineral salt medium,10g coal (3 sample groups) with sodium acetate (final concentration 10mmol /L)

AHB enrichment inoculum indicates inoculation withmesophilic anaerobic hydrocarbons degradation enrichments.
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KA A3 GC2010 ) 58 /< A 24 2 o e
M & o L& AT TCD A I #5 Al Porapak Q
AN AN TS AT, ERE T A A RS I 2% 1 3L B 43 i 2
50 °C .50 CH1 70 °C, mahisl (99.999% ) fEH<, it
A 50 mL/mine A IR 1T 0% 2R SR B SR AR
0.2 mL b5 AR 3 v KT AR A — A e AR 2
a3 PR SR A B AR T A i T A
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PR 11 e [ A7 32 0 5 R L /0AH 68 1% & 5 [R) A7
F VG A, SR R PR TR R T . W IR R
JE35C, fR¥F 6 min, 15C /min F} i M % FF &

80°C, LL 5°C /min J} i W X [ F+ & 200°C, {f kF
5 min, 73 b6 100 1o H op B Al R 2 il AR R S
PRI ) 5% S 6 =8 58 B R b 1) Ak [ A7 2 0 o
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WAL T 510 e 21 WLk 3.
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Table 3. Primers in this study

Primers Sequence of up-stream primer (5°—3") Sequence of downstream primer (5°—3")
Bac27F /Bac907R ACACAGAGTACGGRAGGCAGCAG ACACAGAGCCGTCAATTCMTTTRAGTTT
Arc8F/Arc 958R ACACATATTCCGGTTGATCCTGCC ACACATATYCCGGCGTTGAMTCCAATT
Arcl09F/Arc915R ACKGCTCAGTAACACGT GTGCTCCCCCGCCAATTCCT

1.6.2 % hHEY DNA ZEL: FREL 0.5 g MEFF
(FEorWF S J5 ) 5 X B AE o 4 A= 4 DNA L AR 3 I 5
Bz RSk (17 1. R F 1% B0 IS8 06 I ol vk 4
Ja o BTG 825y 1 AW F o0 b e

1.6.3 ZBEMF: 474 16S rRNA PCR ¥ #4154
%t Bac27F /Bac907R "™ , M 4F 1 4 16S rRNA % F 5
W) % Are 8F/Arc 958R™, Ao R 4 [
ACACATAT g 8 /ANBf AL & 1% FF R b 25 17 41 (%
3) . PCR ¥ #1k & K H] TaKaRa Taq {5 &x. 415
16S tRNA PCR 4 14 2 J5: 94°C 3 min; 94°C 30 s,
53°C1.5 min,72°C 1.5 min, 28 AN {F ¥ ;72°C 10 min.
B 16S rRNA PCR 2 7 :94°C 4 min; 94°C 30 s,
56°C 30 s,72°C 1 min, 34 A4 ¥£;72°C 10 min"” .
PCR =4 I 1. 2% Bt 5 B 46 Jie vl vk A W0 ot H 1R )

BRI 2l o 102 i 2 A 2 3R 2 Bk ) o 11 g W ik
7o X2l Ja 1) PCR ™ 9 BEAT i 2w 3 & 454 U
P o B iE & 454 0 P £E Roche 454GSFLX Titanium
V& BT M or 2K LA % € 1) RDP 7R 2k ) 3K
L B s 34T 0 M, 4 A Online Classifer I H. fff
SE 73 RUAL, IF VAL AR 73 K b BRAF A P
AT 1) 73 2P 28 B i oy LE A

2 SRR

2.1 BHEYEMLEERS R

196 WP AN [R) R AE 10 4 B AL 2 P 5 o3 T 45 2R WL 3R
4o MR LW LU Y, Prik (1) 10 AR HEFE, Al 2% 1
ALy MR8 i (R, <0.6%) , 54 YIG.SM.



1310

Qiao He et al. /Acta Microbiologica Sinica (2013) 53 (12)

ZIM I NLM, 2545 i 4 (0.6% <R, <2.0%) , 5
WJT.AEB.ZC.XL.SL & HF. #2124 2 £
Foh 2 55 080 2 IRERE I3 B2 FLER IS B3B8 R AT % 1)

e 2P BRI A 2 AL RR 4 K AR S 2 IR
5 BSR4 R R P T
AT WL 5 5 1 20 4% s A B
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Table 4. The physical and chemical properties of coal samples obtained from different sites

Organic Permea— Hydrocarbon Vitrinite

Sample Porosity /
Vitrinite Inertinite Exinite Mineral matters bility / generation reflectance /

name %

type mD potential %
HF 77 19 - 4 I 2.52 - gasHormation 1.91
SL 80.2 16.3 - 3.5 I 0.35 - gas<formation 1.32
ZC 82.6 16.3 - 1.1 jii| 2.17 0. 05 gas-formation 1.3
YIG 6.3 85.5 6.9 1.3 m 27.59 0.07 poor 0.5
XL 91.7 8.3 - B I 11.08 204. 12 oilformation 1.31
ZJM 70.7 20 9 0.3 1 14.76 0.07 oil-formation 0.56
NLM 75.8 18.6 5.3 0.3 1 25.32 0.37 oilHormation 0.56
SM 7.4 78.9 12.5 1.2 I 26.17 0.01 oilformation 0.55
WIT - - - - I 24.17 - oil-formation 0.8
AEB 71 7.6 18.9 2.5 m 1.88 - poor oilformation 1.11

“ — 7indicates the data was not detected.
2.2 EHBEREEEERE
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15°C 35C 2 MY 5 1F T 20d 200 d A4 LR
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JRRE (% 4) 5 BEAL TR B2 v 2 WA VR S A= ) 1 R 1
MU Cln 2 2 TR 28 I K BE R I I 28D 5 it /b
2.3 £YRBUNAEEFERXEIERE= SN

126 BRUAN [R] 3t 458+ 5 e 4 A0 AL 7 1 o ¥ A K
EZ5M HF(R, =1.91%) - XL(R, =1.31%) /& NLM
(R, =0.56% ) 3X 3 AbJEFE, Vs A VR 821 & 2= 94k

B R 75 e s DR A o it 7 T e e AR 0 AR g A I
B, 2233 186 d AW omAl & B s 7%, B 7= A e W
Bl 2. 75 15CHEFRAT T 05 o U5 4 R 1) HE
XL F1 NLM 3 21 43 5 82 Jo Bl &6 46 A 1 55 9%, 77 A
PR FE LT XLNLM 2 A RE7E EHL£6 & 42 4 1
IARFEA L (B 1) 5 0 E 186 d ¥ i Ak 5 2 F 4
14534 0. 12 mmol.0. 10 mmol CH, ;= 4, 514
FEAE [0 CKO4 ™=k 350 7= A& A LG W i XL
NLM BERE 0 & 4 A — & M fl 4 H . HF-AHB
LG CK ™= Ja 2y I 18] 4 2, 7= < ke, 8
186 d P4l (] =R B EAH 2= A K.

35CHE 72 4 F T, HF-AHB 41 7F 186 d I =X
AR A 5 0025 mmol, [A] L3 K 12.9% , 72K
A LG PR A IR B JE BIL £ 55 9 HF 20 1 Wb 2% 0
Ko 5 15CAEW A 4= %KL, XL-AHB.
NLM-AHB 2 241 7 A8 AR T 0 AL, 75 45 d R 5
72 )5 HF XL NLM £ 21 7™ e oo % 3dF N A8 .
A RE A2 PR R 7R v e B B AU B Rl 5 R AR R
A=W AE B IR BT B W] R AR e B
b FE AN B A EAT S TR P A A5

36 M B A B WA TUAS [ 3 AR RE S 20t
ANTRI B 35 5% 5 76 B0 A0 U5 B A LR AR o B
225, X s VF 5 JERE AL 2« o8 U5 T S A R R LS
VRS 22 B IR AT G o DA I AR O S A U R i b
SRR » 3 20 BRI A TR AR A R 5 LA B Y M
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Figure 1. Time course of methane production from mineral salt
medium enrichments. Methane production from coal samples, with
HF sample (M), SL sample (@), ZC sample ( A) and others
(A). Others indicates the samples except from HF, SL and ZC
three samples. The enrichments were incubated at 15°C (A) and
35°C (B). Values are the mean of three replicates indicating the
amount of methane accumulated in the head spaces of the culture
bottles, error shars (where visible) represent the standard deviation,

the same below.
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Figure 2. Methane production of bioaugmentation experiment
with addition of a microbial consortium during incubation time.
Culture temperature at 15C (A), at 35°C (B) respectively,
NLM-AHB (M), XL-AHB (@) and HF-AHB ( A) with
anaerobic hydrocarbons degradation enrichments respectively,
CK group ( V) indicates the anaerobic cultures with only
addition of anaerobic hydrocarbons enrichments and without any

coal samples.

ST AW R R B X A K

K4 T LA S oL R HE IR 4548 1 HF REFE
I5CHFFH8 35C 4 Fre < 4. 45 pmmol /g, 45
& HF BEREIURE T 70 S5 2 i B2 (15°C) , 7T g b % M
J2 A A A W e 3 AR KR R K. SR AR R AK
2% BT I A U5 DR AR Jes o it 1 b 40 » AE 35°C B 9% 4%
PER =R T 15°C, 3% F B A] A A2 IR 8 i o
Y5 T ) el A AU B Ol 35°C il 4% A AU Rk 2R
PG T2 5 BRI B AR 55 AN S I A8 U5 B R )
06 HL R 40 AR bE, B ke e RO OFE A
8.72 mmol/go 15CH;F= 4511 T K M LW oAb T Bt
e = s AL B 7 22 e A .

HE JREREALE V3 0 A0 U5 1 50 R B8 Ho= Ui
BTN ER A A AR . 35CHF&MET,
A H, RO s o W) B L A R e
30. 87 wmmol /g, B4 hn %y 2.3 f%. ¥ H,/ Wi/ 4
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Figure 3. Methane production of biostimulation experiments by
adding different nutrients during cultivation over time. The

incubation temperature at 15°C (A) and 35°C (B), H,-utilized
(M) > NaAc-utilized ( @) and methanol-utilized ( A ) indicates

the medium with the H, , NaAc and methanol addition respectively.

M 3 A=<= m Tl dh s R (K 4) . &
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Figure 4. Comparison of methane generated in different groups (HF

sample) .

AL, 40 HESZC Py Ab JEFE, P 76 B 2 R 4 15°C,
TobLEE 15°C 5 AR B IR IR 35°C w AR B 9%, B B A
WA R AR X R B AT R b AR ) e R K
UL JEE o il L 5 AT 0% 5 SL AR P A8 52l Ol 20°C,
TEHLER 15°C F1 35°C & 42 885 9% 77 26 i A8 W 0wt 1R 4ir
R ET AR AEWadd, B 87 Con i
&, (-44. 07%0) - ( —48.47%0) , 7= 43X Bl 22 5+
) NS I R N B Sl e N A (U R R Al T S =
N Tk B R RS R T R
Toft 5 I, 1T S AT Y o T B 3 I S22 B 05 0 TR AV 3R
i 8 5 S5 5 R - 5 4% A FRAL 8 C s R S

RS BEREETRRRBREMEMNLER

Table 5. Final results of BHCCMCOBIS enrichments

3" Cepy / (%0 PDB)

Treatments Sample name
15°C 35%C
HF -54.85 -49.73
Mineral salt SL -48.71 -49. 80
enrichments ZC -78.07 -66. 94
CK -44.07 -44.19
Bioaugmentation NLM-AHB -47.72 —-48.47
XL-AHB -47.29 -47.41
HF-AHB -48.37 -47.95
H, - utilized -60.28 -59.83
Biostimulation NaAc-utilized -52.27 -54.39
methnol-utilized -62.48 -61.16

The values are the mean of three replicates respectively.
2.6 SBEMNFERSH

P HL HF\SL A1 ZC 3 /S FE i, 1 T HFVZC $2 K
B it i 5 R B AE S DAL AN SRR I 454 0
FOEAL I, X5 T HLER B IR 4 1F T SLAE 15°C \35%C
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Table 6. Comparison of diversity estimators and

coverage for SL coal sample

No. of No. of

sequences OTUs

Average

Domain Converge  Chaol

read length

1866 158 491
8500 448 523

0.971
0.912

236.79
769. 08

Archaea

Bacetria

(A)

Uneclassfied archaea

AR UBI R RS T HEVZC 2 A AR
Jewe T SLRERE B & AL BB R o K 454 il
P43 B J5 4 1y 518 8 RDP %4 e 50 B M R &= )7
S, LRSI F 50 RbR 25 R 515 73 0 3143 1866 4%
#7511 .8500 54 1# ) 51l o LUy SUARAUIE =97 % 1
o OTU 73 br e, 41 31 A0 s 20 59 ) 73 Ty 448 1158
> OTUs. LI &5 KA R L 6. dfid RDP 10 %

Methanoculleus

Methanolinea

Archaeal composition

Methanosaeta

Haloferax

0 10 20 30

®) Unclassified Bacteria |

40 50 60 70 80 90

% of total sequences

Firmicutes

Proteobacteria

Deinococcus-Thermus
Caldiserica :|
Bacteroidetes
Thermotogae :|
Actinobacteria

Svnergistetes

Bacterial composition

Tenericuies
Chloroflexi
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Methane-generating potential of coal samples with
different maturity
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Abstract: [Objective] To evaluate coal bed methane production potential and characterize the in situ microbial
communities of coal bed. [Methods] Coal samples were incubated under anaerobic conditions: mimicking coal bed
condition, supplementing with methanogenic hydrocarbon degrading consortium, or adding with exogenetic substrate.
Methane production was observed over time using gas chromatograph, and the in situ bacterial and archaeal communities
were revealed using pyrosequencing. [Results] Enrichment incubation revealed that 3 of total 10 coal samples microcosms
produced methane; bioaugmentation and substrate addition could enhance methane production of coal sample HF.
Hydrogenotrophic Methanoculleus and acetoclastic Methanosaeta dominated the archaeal community of coal sample SL,
while the bacterial domain was mainly composed of Firmicutes (54.4% ) » Proteobacteria (30.9% ) , uncultured bacteria
(10.8%) , Caldiserica (1.5% ) and Thermotogae (1.3% ). [Conclusion] The methane production potential of coal
bed samples with different maturity is different; the in situ coal bed microcosms are likely involved in hydrocarbons
degradation and methane production.

Keywords: coal-bed methane, biostimulation, biocaugmention, high-throughput sequencing
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