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Microbial mechanisms of methane production and oxidation in terrestrial

ecosystems

ZHANG Jianchao, XU Yiqin, LU Yahai”
College of Urban and Environmental Sciences, Peking University, Betjing 100871, China

Abstract; Terrestrial ecosystems consist of oxic and anoxic environments. Anoxic environments can be permanent or
temporary, and they include natural wetlands, paddy field soils, lake and river sediments, rumens, landfills, and
anaerobic bioreactors. Large amounts of organic matter are released into these environments annually. Under anoxic
conditions, organic matter is decomposed anaerobically, with methane (CH,) as the final product. CH, can diffuse through
the anoxic-oxic interface and enter the atmosphere, and can become a potent greenhouse gas. Methanogenesis appears to be
the core process of organic matter decomposition in anoxic environments. Methane oxidation takes place actively in the
anoxic-oxic interface through which CH, diffuses. Microbial production and oxidation of CH, in terrestrial ecosystems
together regulate the atmospheric concentration of CH, and contribute to a crucial part of global carbon cycling. In this
review, we report the recent advances in the mechanistic understanding of microbial CH, production and oxidation in
terrestrial ecosystems. The major topics include: discovery of novel methanogens, particularly of the psychrophilic and
acidophilic methanogens, and the 6" and 7" orders of methanogens; syntrophic interaction and direct interspecies electron
transfer in the methanogenic oxidation of short—chain fatty acids; the discovery of novel methanotrophs, including anaerobic

and aerobic verrucomicrobial methanotrophs; and the novel ecophysiological properties of methanotrophs. These advances
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have greatly increased our understanding of microbial CH, production and oxidation in terrestrial ecosystems, and with the
development of new methods and technologies, more breakthroughs are expected. We also propose a few perspectives for

future studies.

Key Words: methane production; methane oxidation; microbial mechanisms; novel methanogens; direct interspecies

electron transfer ( DIET)
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M A DX B I IR T TS bt T o A0 38 [ 2 o DA AR oW 53 5 3R AT PR Rk g v 7 R Bt vy e, e v
Methanogenium frigidum W) 5 3& A4 K i B 72 15°C, £ 88 ) 2 2.9 K, #ad 20C A fg A &Y, i
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®1 FREGTEBRENE

Table 1 Some characteristics of the methanogens orders

PR H Phe ke HEEREH I BerT T H H et H LRG3 3z 1= IR O | HEHEE SR H
Orders Methanopyrales Methanococcales  Methanobacteriales  Methanomicrobiales Methanosarcinales  Methanocellales  Methanomassiliicoccales
Methanococeus Methanobacterium Methanocella
oo bryantii, Methanoculleus Methanosarcina paludicola,
RREMEF Methanopyrus vannieli, . Methanobrevibacter bourgensis barkeri Methanocella Methanomasstliicoccus
Representatives Kandleri Mcthanotoms wolfeit Methanogenium ~ Methanosaeta arvoryzae luminyensis
gneus Methanosphaera  cariaci concilii Methanocella
stadtmanae , conradii
. H,+CO, " N o
S e, HetCOp BB (B, COZH, Z?ﬁw o, MO H W)
)
B C
Temperature 84—110 18—94 15—97 0—60 2—170 25—55 37
range

B, WE SR ER 55 -L 7= bty B B RS A2 8 Y LA 7= B ey B AN 2 A8 7 H ey 7, B T
HIRA B,

RUEAEKFE L SR HUFREA IR A A SR REE Hh 2 BRI 2 5 55 L B Bt & H 4 ALY 16S rRNA
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R BRI U I8 | 327 HBE T TR 1Y D) fE R 2 B AT 56
1.2 HE-H B R o o
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BT, B — PR RS DGR | BRSSPI AN [R] A S 2 () 3k A= 1y B R s ) A BIR e 15 31 i R PR B2 1Y
FIH B EHEENMED A2 E L B8RRI KA AR Iy 20— B N AMIFIE e 0 o, L H:
PRBUAE R ] F R AL EANGRE T A B T R A 7 T e i R AR A58, R 7= R e oy 5
BRI o AR T 2 B A 2 1 A K B BRI T 8
1.2.1  Fplaj &/ PR L8

BRSO 7 B R B HL BT A9 T mm> CW(f) sz
W, ROOPTRA BRI TES B EGERN o T o

SRR A PG B 25 B LR B 0, 1 10 T L A oo

T B SE R 0 S PR e R B AR R HL B ) o,
P PRI BN 2a Fos . BPE DL I AR R A ) " CCH
JFiff NADH . FADH, Fl Ferredoxins ( Fd) %, X264 5 iy o 4

SR T34 JRL 1Y) i S ] A2 BOE 7 R R AR 1 K HAEFACH L]

B HY/H AHGE AR (EY = ~414mV) )NAD @ mapmisste(a) , R T (b) HEMESET
+/NADH Fl FADH/FADH, [ & AL i JE B A 70 5N - e

320mV A1-220mV, 1fif Fd(ox)/Fd(red) 4E$57E-398mV  Fig.2 Schematic diagrams of (a) H, mediated electron transfer
A, ERMEIRE T, EREALIR A FiELIE /7 Hl,  and (b) direct interspecies electron transfer in syntrophic -
TR JF H I H, (B AR AEFRAIR H, 40 K B 2L methanogenic associations

1Pa I, 2% SO 0 R RE T & AE B 25781k, 7 1 DA I 34

SN 78 SRRSO, ORI 7E B P e AR v 0 1, A IR AR R AEARMR A K, R e TR S
HE AR SRR D U AL DA RE A% R i IR S G %) R R D SRR P R A A 1, I R e TR AN I
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THAE H, 2845 H B AR H, REAS MO 0T3S0 JoT 7 A 1] i A= A% 33k DA T e AV R A S A4 2R 1) H, 03 1, e 44 ffi
FE A AT SE BB R R RE AL A . 7 F e B R 2 A HL iR I CO, , R N4 6 R A e S
A R H, 40 A — 8 R G AN B 6 38 1 7= B BE oy T RE S 0 1, e R e S IR K7, #E B
Ve A

SR H, FFAE I L F-1% 328 (0 M — 28, PR 8 4 1000 4y S o — b el 28 R L RS RT DAL= 2E H,,,
Hi%EZ5 CH R, 1 H R/ CO, M E MR IR LA (- 432 mV) 5 H'/H,1Y(-432 mV) M[R),  HFT#AE H,
s R R IR R ARl 5 £ RIF A IR . TEAF ARSI N T 3R, AT B8 7™ e R A AR X BTk vl
REA T ANTR] , TR 2 J 118 35 PR A R SR 21 2 B AR AT R T JR X 5 TR AR A
1.2.2  HHEAPE 155

EHEEFP R F1% 3% ( DIET) & AR R SE K B8 7 F e B e AF FE B B (2B MLkl . LAE 20 Tk
2 80 4R, Lovley 25 IER] T HLF52 14k Fe (11 ) R #5132 52 125 W BR IS0 28 A1 9 L 75 7= A A AR AR
FFE T WF 5 A B 4 B 756 8% ( Direct extracellular electron transfer, DEET) 4G, M JE , A K= SCHR X
DEET (JE iU E A T4 7 . DEET 8 S A 9005 e o 7= A 1) v 7 56 4% 39 i A rl 7 32 1A B2 52 R 2B R
WL T2 A4S Fe( 1) Mn(IV) JEFE BTSN T 5T, 3850 02k ml A1 AT el 5 50 — 2R A= W i e .
FRA T LA A: o L F 22 R I A B2 L F 55 % ( DEET) FK 82 Fh [ #7432 ( DIET) . DIET 1 DEET #i
KA Z A A2 T, T 32 AR R e s A A7 A o W AN 4 5 . DIET 4Pl 2b B, 45 56 DIET (iiE
P de A AT B A LR SR v R B IR AT B FE LA 2 B R IS 0 68 35 4 0F P RERSIE AR 1—2 mm
S HL ) R AT R K (dual —species aggregates) , TEHERR AP 8] S5 R 0O 1G0T, WF 5% & 40 — 18 A SRR R A= T Fp
(] A% L F A58 . Morita 45> Y251 RORE 25 ) 7= FR ot i Bt o R B T 28 BI04, & BN I 3 2 PR 475 D8 A I
IO i B H A A A P SR A e MR R AT TR P SR AR ) =% O FLI IR R TC ik S LA e 7% i 4%, R W] DIET
S HE P AR I — R L]

Hij, DIET AL 2 AL G LR JLAD, — &8 40 M B B A 3 o A 0% o 1538 44 32 1K,
Summers 55" JIE AT 2 A1 LA 5 HU R A PR SR PSR AR S b T TR A B - R A (5 38 ¢ TR i L
SR BRI T BT AT TR AR A 3R ¢ S BRI Ok A T A L A% 5, i — A U A A 3R ¢ 1Y
FEME, TR E (Pili) SN MEHHE Y S BN ALk BB B R S . Malvankar 450
KIHETEARRSIE N T LRI 45, — 2 EBHB A B T/ A W) 1R S 4 %K ( Phenazine) @' #%
B (Flavin) " FIEEZE (Quinones ) "™ A5 E LA I L TR MR ST L 1538, LAM , BF5T R WDRLAR TS M e |
) SRR YT SR DIET A5 8 R i A 7R

IR AR SCHE A 1 S50 2 R s B B 3% 14 O 6 K R b TR L R A T W B R AT TR
ZE R R IAE S R TR R TP S IR RS B ek 1 e 7 i an RATRE R bR — 2 Si0, i 1T
Y A0 P HOOE P Bt R A e VR FH BB BDVA 2% X R W 9K R i i Mele 1 S SR T, FRATiF— 20
KA SRR ARAUK LR, K IR RERE XS 7 HY be il A PR VR T . 14 H B WL 0 /s A9 K DR B % B
TEA IR ZS 0 AU AL T, K AN () A BRI Fe ke o, X S SR YR R WA o ) P42 v 1% 388 P RBTE T R B8 Ak it
R EEAEN, 2R EA EE PR S A TE SRR & B ARG T2 4 i & S AR AR )
WBER FB R4 1 BARZ X SUFREE B SE 200 T TCAIL Wy vl RS R IRk A SR o

2 AN RERRELHREDNIE

I Be S AL TR — MR O T, 2 i AR TE AN R IREE  BEATTRER FH e IR AL A CO, UK, R IR R &E
FBEHR B R AR I A, BT 20 4FRK  BEXEA A AR S R G b B AL M AT S I 1T 35 e

R e E b L g AR TR L AR 1] ( Proteobacteria ) , MR 4 41 M 1 PN IR 25 44 W B Big iy R R4 LA
() Pl i A2 A5 o 4 Y e ST TR 2 Bl T BT RN T BU R 1 BT IR AN, A 5 - WA A [e] 1k i A2
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(RuMP) , £ 45 H FE AT B ( Methylobacter ) W R ER B ( Methylococcus ) . W 3 Bt 18] ( Methylomonas ) . HH 3 1 14
( Methylomicrobium ) F1H %5 )\ & EK T ( Methylosarcina ) %5 12 J& ; 11 B & o—"BIE I, F) H 22 % 1R ( Serine ) [A]
fei e, 35 B L5 [T ( Methylosinus ) FFH JE A0 BE TR ( Methylocystis ) 25 4 J& 70 1 BT w] gF— 443 Y Ta W
RUFN Ib WA b VAU ( Methylococcus F1 Methylocaldum ) [R5 RuMP F122 &R 4%, I FEA 1 AU A 10
U TR] ) ik [ AL RFAIE
2.1 R bR
211 RER RS

PR W A R 5 10 B Bk e 2 — R PR e S IE T . 28 T e nd b2 de v I LK
FHEZN B R T BEAATE TR A S S I W B Al . (2 A W M R Ak 2 5 T A IESE A W7 b s TR AR )
REAFAE DR e Bk AR T L SEEUZEYI2E R Delong 45T MRS /N R I RG 8 R R IRET AR, Bk &
B B T RE AL T IO (M PR B Ak BT AT TR PR R T T R (SIS ) JiF 5 PR 48 o 4
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