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Methanogenic Activity and Methanogen Diversity in Marine Gas Field Sediments
TIAN Qi"?, WANG Jia', FAN Xiao-lei*, LUO Sheng-jun®, GUO Rong-bo>, QIU Yan-ling’

(1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China; 2. Qingdao Institute of
Bioenergy and Bioprocess Technology, Chinese Academy of Sciences, Qingdao 266101, China)

Abstract: Methanogens play an important role in marine sediments, which are related to methane production and methane hydrate
deposits. Methanogenic activity of marine gas field sediments was investigated using substrates that methanogens usually used as carbon
sources. H,/CO,, methanol, methylamines and trimethylamines could support the growth and methane production of gas field
sediments. 16S rRNA gene sequence analysis indicated that the predominant methanogens in the enrichment cultures were related to
known cultured methanogens in the family Methanosarcinaceae of the order Methanosarcinales and the family Methanomicrobiales of the
order Methanomicrobiales, with genera Methanococcoides, Methanogenium and Methanosarcina as major methanogens.
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Table 1  Characteristics of samples collected from marine sediments

FE He i HE/m pH ZE Sl
EG ZRifg — 7.3 — —
BO1 fe7jpiins 27.5 7.4 120°11. 733'E 38°20. 126'N
BO2 g 25 7.8 119°47. 567'E 38°19. 858’'N
1) “—"FORKARRIBACAE B
DE T 4CIRAT. Purification Kit) , ¥ i [ R e AR A R A

77 H B i M ST e K HGE BT 1) 3 B 4 9, SR
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A, i H R et 58 2 W e A F1 K2 80™ |
LErE A PRI A SE 50 R ARG %28 pH Ol 7. 5.
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Fig. 1 Methane production from different substrates by gas

field samples after 60 days incubation
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d. BO2-H,-37 JE#  Ha/CO4, Methanogenium cariaci, 100%
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Fig. 2 Phase-contrast micrographs of methanogens obtained from marine gas field sediments
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AR R (B 6 ARLL L) sRali bR AT iR AT,
BAERRERPTHRA TR A EELE T
B &
Methanomicrobiales H Methanomicrobiaceae £}, 3£}
54 L 10 AR, 5 E R B G AR AR 95% ~
100% (£ 2). 3 Ml HEE S, UL H,/CO, NIEY

2.3

Methanosarcinales H  Methanosarcinaceae

TEPIMIRBE 5T, 345 17 BE R T 3 AN Y
4 A~ Ff. Methanosarcina barkeri .
frigidum . Methanogenium cariaci M Methanoculleus
submarinus. %287 8 T # & T AU 77 80 H e
W, EEAHAIMBRRE, RA Methanosarcina
barkeri SR T] LAFI FHBSRR . FHEE, FHe, T RRAE.
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P %[11 2] m Methanosarcina
Methanogenium frigidum 535 B IR /Kb, H HA —
BT ERE

LA B O JiS ) 2R A5 1 A0 35 HY b 1 AT R T
Methanosarcinales H Methanosarcinaceae £t0YJ 3 1~ J&
Methanosarcina . Methanolobus 1 Methanococcoides.
25°C WY 55 35 25 40 BT 34T 1Y D0 5 W e AR S
Methanococcoides methylutens VT %% , M 1E 37°C W) £5 57
AT 3 RRE T ARAT A DL W e B AN [ 43531
5 Methanolobus zinderi . Methanococcoides methylutens
M Methanosarcina siciliae T 2. Methanococcoides
methylutens . Methanolobus zinderi 1 Methanosarcina
siciliae #f 5 W 2% 35 5% Y 7 W BE &, Methanolobus
zinderi B J5 7 B T REE T ER K RETE R R O B
FRE AR, M HEE KR EEEANAERKE
el ; Methanosarcina siciliae T IAUURRY) %
gL BLAT IR e

L S 0y JEC ) TE P A I B 25 N AR A5 077

barkeri .

K ER S Methanococcoides methylutens ﬁ%’i( AL
99% ~100% ). Methanococcoides methylutens 43 T
TEFEDURRY) , J B SR 2™ H e i, 3 0 Y PP
A RRIR, WP, — PR, R =R R
=R 6 NHEFRZR b L™ I be
#F)&% T Methanosarcinales F| Methanosarcinaceae )
2 M@ Methanosarcina F1 Methanococcoides. EH-H1 5 4~
KR 2 7= Wi )& T Methanococcoides J& ) 3 4
Fl.  Methanococcoides — burtonii .
methylutens } Methanococcoides alaskense , 75—~ 7R 1§
EG R 25 C 153 & By = H i 5 Methanosarcina
T %Z%.  Methanococcoides — alaskense I
Methanococcoides methylutens B 5t 43 5 F 1 ¥ TR
Yt Methanococcoides burtonii 435 T T Al I 4 1
AR I, (E 3 30K T 4L RS i KA L
Methanosarcina semesiae 73 TLLRMRIAEE (B HA 1S
o KA EE A AR PR P Y
PR R 2 BA TR A — L R

Methanococcoides

semesiae

®2 BEFHSHEEEFNFLEE 16S rRNA EEREIT

Table 2 Methanogens of the enrichment cultures from marine gas field determined by 16S rRNA gene-based direct sequence analysis

RN FEFRIREE/C A 7] Frle B/ B bines Tl AL/ %6 ¥
EG-H,-25 H,-CO, Melhanom{crob{ales/ Methanoculleus submarinus 95 NR_028856
Methanomicrobiaceae
25 EG-ME-25 methanol N - Methanococcoides methylutens 99 FR733669
EG-MA-25 methylamine Met anosareina es/ Methanococcoides methylutens 99 FR733669
Methanosarcinaceae
BG EG-TMA-25 trimethylamines Methanosarcina semesiae 98 NR_028182
EG-H2-37 H,-CO, Methanosarcina barkeri 100 NR_074253
37 EG-ME-37 methanol Methanosarcinales/ Methanolobus zindert 99 NR_044558
EG-MA-37 methylamine Methanosarcinaceae Methanococcoides methylutens 99 FR733669
EG-TMA-37 trimethylamines Methanococcoides burtonii 99 NR_074242
Methanomicrobiales/
BO1-H,-25 H,-CO " eni ioidum
2 ,-CG0, Methanomicrobiaceae Methanogenium frigidum 98 FR749908
25 BO1-ME-25 methanol N - Methanococcoides methylutens 100 FR733669
BO1-MA-25 methylamine Met anosareina e/ Methanococcoides methylutens 99 FR733669
Methanosarcinaceae
BO1 BO1-TMA-25 trimethylamines Methanococcoides methylutens 99 FR733669
BOI1-H,-37 H,-CO, Methanomicrobiales/ Methanogenium cariaci 99 FR733663
Methanomicrobiaceae
37 BO1-ME-37 methanol N - Methanococcoides methylutens 99 FR733669
BO1-MA-37 methylamine Met anosareina e/ Methanococcoides methylutens 100 FR733669
Methanosarcinaceae
BO1-TMA-37  trimethylamines Methanococcoides alaskense 99 AY941802
BO2-H,-25 H,-CO, Melhanom{crob{a]es/ Methanogenium cariaci 100 FR733663
Methanomicrobiaceae
25 BO2-ME-25 methanol N ol Methanococcoides methylutens 99 FR733669
BO2-MA-25 methylamine Met anosareing es/ Methanococcoides methylutens 99 FR733669
Methanosarcinaceae
BO2 BO2-TMA-25 trimethylamines Methanococcoides alaskense 100 AY941802
BO2-H,-37 H,-CO, Methanom%croh%ales/ Methanogenium cariaci 100 FR733663
37 Methanomicrobiaceae
B0O2-ME-37 methanol Methanosarcinales/ Methanosarcina siciliae 100 FR733698
BO2TMA-37 trimethylamines ~ Methanosarcinaceae Methanococcoides methylutens 99 FR733669

1)H,/C0,% 200 kPa, HAJEYWZ L 5 mmol - L~
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WPEE R, X —45185 Grabowski 267 1E 2005 4F
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P Wk A R R 22 0, B 2L B A A
Methanomicrobiales H , X 5 AW 57 I 15 45 2L A —
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