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Advances in methane-cycling microbial communities of permafrost and their

response to global change
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1 Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China
2 School of Food Sciences, Shihezi University, Shihezi 832000, China

Abstract: A better understanding of the global terrestrial carbon cycle has become a policy imperative,, both nationally and
worldwide. About one third of the global soil carbon is preserved in northern latitudes, mainly in huge layers of frozen
ground, which underlie around 24% of the exposed land area of the northern hemisphere. Terrestrial and sub-marine
permafrost is one of the most vulnerable carbon pools of the Earth system. Permafrost soils can function as both a source and
a sink for carbon dioxide and methane. Under aerobic conditions permafrost soil organic matter (SOM) is respired to CO,,
whereas under anaerobic conditions SOM is decomposed to CH, via a sequence of microbial processes. Thawing of
permafrost could release large quantities of greenhouse gases into the atmosphere, thus further increasing global warming and
transforming tundra ecosystems from a carbon sink to a carbon source. The atmospheric input of methane from permafrost
soils in high latitudes of the northern hemisphere has been estimated to correspond to about 25% of methane emissions from
natural sources. It is well known that methane fluxes in permafrost habitats are influenced by a number of biotic and abiotic
parameters, including water regime, temperature, type of substrate, and vegetation as well as the availability of organic
carbon. The biological formation and consumption of methane are carried out by very specialized microorganisms;
methanogens and methanotrophs. Microbial methane production ( methanogenesis) is a prominent process during the

anaerobic decomposition of organic matter. Methanogenesis is solely driven by a small group of strictly anaerobic organisms
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called methanogenic archaea, which belong to the kingdom Euryarchaeota. In permafrost environments two main pathways of
energy-metabolism by methanogens dominate: (i) the reduction of CO, to CH, using H, as a reductant ( hydrogenotrophic
methanogenesis) and (ii) the fermentation of acetate to CH, and CO, ( acetoclastic methanogenesis). Methane transport
from anaerobic soil horizons to the atmosphere is carried out via three major pathways: diffusion (slow) , ebullition (fast) ,
and plant-mediated transport. In contrast, methane-oxidizing bacteria, which belong to the y- (type I methanotrophs) and
a-(type I methanotrophs ) Proteobacteria, are using methane as their sole carbon source, with consequent energy
production by the oxidation of CH, to CO,. Microbial methane oxidation in the oxic zones of the permafrost active layer is of
great importance to the control of methane releases from permafrost environments. Most of the methane produced in the soil
is oxidized by aerobic methane oxidizing bacteria before reaching the atmosphere. Hence, the biological oxidation of
methane by methane-oxidizing bacteria is the major sink for methane in permafrost habitats. Currently, methanogenic
archaea and methane-oxidizing bacteria have received a great deal of attention in permafrost studies, because of their
pronounced distribution in permafrost soils and their consequent significance for the global methane budget. In this review,
we examine the processes of methane cycling in permafrost soils. We also describe the methane-cycling microorganisms,
including the possible impacts of global warming on their structure and function, and possible responses of the microbial

communities to a changing environment.
Key Words: permafrost; methane-cycling; methanogen; methanotroph

HBEAE R AOR T CO, M4k ER — R % M BOR BRI ZL /MG BE JT L CO, i 22—30 % X2k =
RO TTHRIE 29 18% o I JLHAEXF VB 72 A e is PG IR LA B Ha i BFoE 1 R 709% —80% 11
Bis B E DA T 0 AL D R 2 A IR I R = A () i BROAS [ A 285 2R G0 7 A 1 A 5 R o 0F AR Ui
AR 4 L -7K ST AT S P8 R B A7 S8 P45 0 Y 62 S0 AL 187 ( methanotrophs ) S8 4K, BT 31 R0 9 R e 2
e 7= 2E AR A R i 00 e 4 25 R 7R 2 AR i 7 v, 7 WY 6 TR (- methanogens ) T HT 45 480 1k T kS 1) G B 11
ERMY,

HuIRA: Wy R I 7 2 =)@ TR AV URIRGG b gk - i TR LB, R R i E S R G i i b 2 5 4
BRAUASALFE N R B 7, K AR BRI AR A VE ] . R LR R A =00 2 — AR L 2 BR e 26 B
X, KB AEAE L i AP ER B MU TET AR 249% (TR 4y > FE R BRR RS R KRBT, AR 56
TAEAAAER T AR I e 20T . B R 98 R W A Bk AU 2 23 PR VR = 09 i o, RT3 o8 22 ) T 28 <A

AR e ) B (R R TR A R SE— 25 I T R TR O R R e
A= FTHAE S 3] P T (8 ) AR I 7 FR e T R R o B A R o DA T4 4 DAL 2 BRVR it il b A= 285 R e Btk
ARSI BELI R 17x10°—42x10°, i 225k F IR AR R P Be S 229% —25% ) S8 TR i W B i 27
XFAER CH, -8 9 8 M LA RSOGHIR 28 30007 %) S B VR FH X5 S R = HV B A0 B 1) 7 FE 0 T 0 Y ot S AL TR A T 245
) S A S D RE RIS A Bl T A b DAk VR - A 28 R G0 R ke X 4 3k A A8 AR Y S i), A SO VR 1= F e 116
W e | TR E B B A RE VR S50 15 3l A2 25 TR B JHE X A=A R0 P 45 748 A 1 e 1z AL 7 %) 5 B 9 i8R 47 25
R DI S 3 I R vk 4 W B P AL B S8 S i S
1 Rt RENEIR

X T RA AT H Bk 3, R 1 BE A ORI AR T SO BRI D BE . AR A 5, AR 40 ok + 3k
AR ANTR] TRBE R[], R AR R A AF A B 22 5 38 (4—110kg C /m*) 1, TEA RS, LAY
(soil organic matter, SOM ) i i A5 IR = A — A ; T 7E = 46 8 R R S5 CE AR T, A LY B
WAk o i AL S AT e TR A 38 5 S0 D — AU R £ R R e T v R AR
AFRBECE 1) TR AR BRSSAR, BRI W L 3 DL 0 DR SR T 7 R eV o S B2 A R A6
PEAR AEARXS TR LS G ALY B A T A S i S8 AR T el B o ol T A S O e 3R 0 B e

http ; //www. ecologica. cn



3848 A E = 31 &

1815 2 | M B M7 1 AR - Pk 3 I R AR R O Bk b FE B A TR, X AR A R T R AR B O B
YER . BEAh, UR AL R AR AE T (45 o I RE 75 B A W 1 S e U0 A RE R A QOB R A, IR L O A7
BB SR LR — FEXT B ERAR IR 8 AR, 38 5 DG S AL 2 — Al S i A LS ok S
IOV = PR W AR T B 0 5 AR R o , - vl P S A0 R TR T ) P A BILRBG i B AR P
R BEHE TR BE B4, O - b SRR FE AR SN, o L TR A B R e R ) T P e 47 A T AR A Y T A
FA B A | e A e st

P 3 1R AR RR B 5 i A X 2, VR e = A 0 R e BB B T b SR A A T ot — 2 S A o — A
ik , AT P e S P2 B 0T R BTG AR TR e B AR S B Pt M X R R BRI v 7 2 1 T e sk U

F e S A 200 1 1) S AR VR IR Fe e B i, — Bl A 25 AR 0™ A Y HR e A 2E AR U2 T, R
A7 76% —90% H P AL TARHEIREE S F AN TR, A B 58 3R W LAVS RN DR S i vk A S R 5

A e A AR 58% —92% ',

> e

1 Ocm

Bl REBHEFERR PR £ R (R R IERRIC 0 R SGRE BRIER T Ag)

Fig. 1 The carbon cycle of permafrost soils ( Permafrost soils can be both a source and a sink for CO, and CH,) (el

BT e A A BR VR T 2B, R b v A TR e ) e az T X 22 iy 391 35 4 )= PP gl SR AR B PR e i, DA
LMK 2 B BB AR P et . — A, R Bl e 7 DR A J2= P o= A 9 R e T DL e e = o
PEHEARA, MBI P iR e (G4 1) OB R te (10 2) MR LR iz ik te (ikte 3, F
1) o PRI TR v e 1) BR8N 0 S i S BR AL 24 PR PR 1 B R HE A AR
ARSI mT A58t n] DAYz Y R, — D7 1T, AU AL 00 PO U4 P ORE S Uk B AR AR B2 e i U 3R
S5 BB EANE T, 55— D5 TR 2 23 3AT LAGRE A S8 2 0 PR AR 7 R I R e B AR B R, iFsE
B, PR SV P 7 0 R R e ) 68 9% i i VR R R AR IR0 . AN, A A Vi R BB I B
FIAR 22 3 W 7 FR B DR B 8 1 DR A i 2k R e o i

TEMGIRIRET T, 7™ H e vy T A Qo - A ML A P ™ A A v R A 7 A TR e ) i A A P 2% .
—JE R SAERIEJFHE R CO, 0 CH, , BV FR B i e ™ s 7 — Rl IR R B LR 4= CH, BN Z

http : //www. ecologica. cn



13 4] kil A R b HV SRR G AR MR v B R A BRAS AR A e i 3849

FRE SR e Ae ™) BUFFE R 0T, AEIS iR UK AL & IPE N IR 29 = 5r 2 W ek A 1
RN AR SRR — SRR IR T, H,/ CO, AR e B LB M A S ir 2, U HAE IR R VR V8 AV K pH
{ELIREE  BIFE 2 B BV e 2B A ARl AR 2 H,/ CO = e /E R L Ak, M R B R o 48 R T —
AR | B[R] PR A R B DR IR IR B2 10 [, 2B 3R e 5 SRS 37 7 T e 1 1 LU A
FE(R. 7615 CLLT , SRREFREAXS = HUBEAE AT STk W] 3 oK o G DR i e e S AR A T BE A5 F T TR AR
LTR AT (Homoacetogen ) L6 &UE 7777 HUBE it RO R g SL (R IC ) B TSR N 52 5 ), 3 B0R MLYIRE A 25 7
Yy e 2 1 e SR A& H A= SURE G He rh (4, S SR8 35 7 W ey R B it 1 o 2 i ARt ie o
XoF TR DX R 3 Bl 2 7 e AR T R SRS 5 2R B g b A N I R G 7 A ST 2 R 2 0 39
nmol """ [T AFF S S s TG AR IV T = A U R AR b e DXl e 7 A 3 3 0 % A e XY 10
5, IR PR ST 45 A 7 R o by R R R o S8 AL A0 DR R VA 2054 06 Bl 1) 28 5 DA A 3 Y e 32 IR ) AR ) 1170 R
& H A AR IR S AT, 2 57 WG R e S e B AR A IR AR AN 2 RTE AL, JU X MRS i A
YR BAR 2 5 AR R IR AR 00 7 T e 2 W R AL i BT 75 TR - IR AT ST
2 FtRIRTEIAE R R EX AT TR I R

F A 20 20 40 PG AR ) S R = HP i ORI R b AR TR T LSS A R W R B2 ORIl b A= 25 3R
Gt WAV - IR v A T R T VR 2058 AR GE 10 2408 190 R B R BR AR X vk 1] % +
A R FE R A P S B R S AR B A BR AU S A AT B B B2 e, & B2 o R B R
A RIS R GEIIRE RIS h H A oy R AT R e SR T 2 TR X 4 R FE A ST Al R R G 6 B )
BAER AT 10a RIX SERUE Y B ZHEVE RETS 41 oA LA KA AR Wy MR AL 2 AR B b 4 TSR 7R - 05
TR JUHON R 43 AU AR Ml DX (A5 b 38 TRk AR B va R A R B AU R b X ) 19 - FH e 70
IR REHEAT TRIRARIBTSE . HETH, 2R B S BOR TR, 25 VR AR R AR W) M BR AL 2= IR FR 1Y
A= W 2 IR G2 2R T 28 AR R R 55 g T 3 A R ARSE T 7R - v 7 FE e oy 7 0 Y e Ak
2R TR R T S AR 454
2.1 P

PR A 1) B IR AN T A A AR AT (BRI K SR b ™ B BE R R E ORI 48 R R B 2R TR
WA RG, VR R 322 AR R A ) T ( Ewryarchaeota ) A5 o BRI AV A4
SRS PGAFTRI I P 375 31122 0 7 HY by R ) 30 WD RO i e v ] 3 g 0 1 3 10PN 20 ML, 2 o 400 B
0.5% % 22. 4% > WFFEEM, LW E PR HENRERSELT LRZEET 4 HRH(E 2), 1
Methanobacteriaceae ,Methanomicrobiaceae ,Methanosaetaceae ,Methanosarcinaceae , Hhpiw S 5808 77T
Heie, 55 =255 5 CRREFM B basz SR8 TR & E 3 B bas a7, Sk AR
1R R EREEY 168 RNA FERUF S AT LIR30 4 A8 88 [ ok A TR LG s ZMRIE L2 (KT 4C) , 5
Methanosarcinaceae %% 5 Z2383T ; #F [ M1 5 Methanomicrobiaceae J& ZRAIUT , BE IV & TR /K FF I8 UL 26
ZBF(Rice Clusters I1) 7, 3l )i £ ™ FE [ IR BT 55 18 T AE A7, A AR TR R 48 & B 28R o T AR P AL
A AN TR R A BRI LT 4l A W] A PR A S BB B, H AT IE B 2 R T e o AR T, b 2029 F Y
AR EhE= R - 13 Methanosarcina sp. SMA-21 5 Methanosarcina mazei 3% 5 ZARIT , B AKHod A= KR
R 28°C ABAE 4°CARIE T AR REAE TG BRA A<, iy HHA B0 AR Y 52 14 ( -78. 5°C ) (T /& 8 B (6mol/L) |
T ILERAE ST > ST JUAF 4R T — S8 0l 55 35 19 L Pk vg % 7= F o oy BT, HL P R GE AR i B 9 B TR B TR V8
Methanogenium frigidum 43 &5 FI EE WA , 208 72 HBEAHE AR, Bedd A KR 15°C , #F 18—20°C I FE I 5k
RBEART B2 e S A M5 T AR 75 SR IR A 7 77 9 1 DA K T T R P 40 8 ) — ik & Mg A e
B BE T TR Methanolobus psychrophilus R15 , et A= AR BE 18°C , (HF 5% & WA 1A LA HY B SRR Ak 0 s = A
e, B R SEAL A M08 3R R 7= BB AN J2 EUE R AL = e 0 BARIZ B R B A A 4 E 20 R0A
A, — BN KA B Tt — 20 TR A S R G RE I P P GER A R 4 3R B AR YR

http ; //www. ecologica. cn



2
He

3850 *+ Eild 31 %

HAEZMME,

SRR, e 4 B R b rp s W e TR VR A A 2E 1k ~F B2 R R e A 2 5 8 AR B2 2R A U B
ARG — 8 AR S S () R - S R B o PR PR 540 H bR R LA B i 22 S T BRI g
AL AR - Z T R BEIE a5/ R B, )l B8 ( Euryarchaeota) 15 61% , 5% 27 B ( Crenarchaeota ) 5 39%[32] . HJ&
?UEHU?JL P FREE s B o TR B A VR S5 A AR DR R B o AR IR AR R R S A R AR

AR R A R L AT B = B R e, A R RIS,

Methanotrophic Proteobacteria

Methylocella

Methylocapsa acidiphila
Methylocystis
Methylosinus

alpha-Proteobacteria

Methanogenic archaea

Methanobacteriales

Methanococcales Methylothermus thermalis
Methylohalcbius
Methanomicrobiales
\ .
. gamma-Proteobacteria
Methanopyrus kandleri \ Rice cluster Methylococcus
ANME3
Methanolobus/ Methano ANME1GBa

Methanohalophylus ~ coccoi deﬁ Methylocaldum

Methanosarci na =
Methylosphaera hansonii

ANME1L-AT
Methylomonas
[’ ——_ ANMEIA
ARC1 \\
Methanos ANME1B
NME2A Saetaceae NP Clonothrix fusca
ylomicroium_—2 \, Methyiobacter psychrophilus, Mb. tundripaludum
0.10 Methylosarcina unc. Mb. sp. permafrost (Lena-Delta)
ANME2C Methylobacter

unc. Mb. ermafrost soil (Lena-Delt;
Methylobacter P ( 3

Crenothrix polyspora unc. Mb. sp. permafrost soil (Lena-Delta)

0.10

B2 ET16S rRNA EENFRREHRGFEFREFAFENRREE B M (K GHEREAHR A% L3085 [
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