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Figure 1. Hydrogenotrophic methanogen5|s[27 31 MFR: methanofuran; H;MPT: tetrahydromethanopterin;

CHO-MFR:

formyl-MFR; CHO-H;MPT: formyl-HsMPT; CH=H,MPT":

methenyl-HsMPT"; CH,=H4MPT:

methylene-H4sMPT; CH3-H4MPT: methyl-H4sMPT; CoB-SH: coenzyme B; CoM-SH: coenzyme M; CoM-S-S-CoB:
heterodisulfide; Fd,>: reduced ferredoxin; Fdo: oxidized ferredoxin; Fi: oxidized coenzyme Fgz0; Faz0H2:
reduced coenzyme  Fso;, Fwd: tungsten-dependent  formylmethanofuran  dehydrogenase;  Fmd:
molybdenum-dependent formylmethanofuran dehydrogenase; Ftr: formyltransferase; Mch: methenyl-H,;MPT*
cyclohydrolase; Frh: Fjo-reducing [NiFe]-hydrogenase; Mtd: F4z0-dependent methylenetetrahydromethanopterin
dehydrogenase; Hmd: [Fe]-hydrogenase; Mer: Fgo-dependent methylene-H4MPT  reductase;  Mcr:
methyl-coenzyme M reductase; Hdr-Mvh: heterodisulfide-reductase/[NiFe]-hydrogenase complex; Eha/Ehb:
energy-converting [NiFe]-hydrogenases; Mtr: membrane-associated methyltransferase complex (MtrA-H).
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Figure 2. Structure of Fwd tetrameric complex and the proposed catalytic mechanism. A: Crystal structure of the
tetramer Fwd(ABCDFG), (PDB: 5T61%®)). The subunits and iron-sulfur cluster are shown with stick and cartoon
model, respectively. B: Catalytic mechanism of Fwd. Tungsten accepts two electrons which delivered by [4Fe-4S]

2—

cluster, resulting W(IV). Then CO; is reduced into formate with the two electrons from Fd,.4" at the tungsten center.
The formate is transferred into [ZnZn] center, where it reacts with MFR to form CHO-MFR.
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Figure 3.

Structure of Ftr and catalytic mechanism. A: Tetramer of Ftr with CHO-MFR and H,MPT (PDB:

2FHJ™™). The substrates are shown with stick mode. Four subunits are shown with green, yellow, cyan, pink,
respectively. B: Proposed catalytic mechanism of Ftr. The active formyl group of MFR is shown in red.
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Figure 4. Structure of homotrimer Mch and the catalytic intermediates. A: Trimer of Mch with CHO-H;MPT
(PDB: 4GVQP?). Substrate is shown with stick mode and the different subunits are shown with green, yellow,

purple, respectively. B: catalytic intermediate state of Mch. The active methenyl group is shown in red.
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Figure 5. The reaction catalyzed by homohexameric Mtd and its active site with binding substrate. A: The
reverse reaction catalyzed by Mtd (PDB: 31QF""). B: Crystal structure of Mtd hexamer. The substrates are
shown as stick mode with green carbon. C: substrate binding site of Mtd and catalytic mechanism. H;MPT
was show in green carbon and F4,0H, with yellow carbon mode.
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Figure 6.

Homodimer of Hmd, cofactor structure and proposed catalytic mechanism of Hmd. A: Open (PDB:

6HAC) and closed (PDB: 6HAVY®Y) forms of homodimer Hmd. B: Chemical structure of FeGP cofactor. C:
Heterolytic cleavage of hydrogen molecule at the Fe center and the transfer of the hydride and proton.
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JE TR REER 11 L T4k 2-OH 2, SR )5 4
T e 78 H AL IS PE 0 (B 6-C) o THAPIRES
(T IS S A AR SR ZE 4 1 QMMM 3 ) 5541
S H TR A AR R
5.6 Fu-reducing [NiFe]-=E§ Frh

R B B bt ity B P AEAE Fr®, Frh L H,
LA, LT GRS FagoH,, BHIE 524
T Mtd 1 Mer fUfEFL I N . Gn A (6) s .

HotFao=FaoH,  AG”=-11 ki/mol™ ()

Frh i3 RETE i FrhAGB 1) = JRIRLL Y,
FrhA 5 FrhG 7343 5] 2 S 1% R I 56 1 /NTE
ST ErhA A AR Ni-Fe it ARIH
FHAb X 8 S Y [3Fe-4S15%, FrhG 4% 3 AN
T3 T [4Fe-4STHE, BeAh, 1 PO i i
[FeSIHERY 1 NS 15 Asp AHIE, A% ULy
Cys, HEMI AT e HAA AR S 5B, Frh o
[4Fe-AS]H%E IR EE B #IRT-400 mV, BIRALT
HoAth S [FeS]%, X AIRES Frh XL fi AL D)
BEA R UnE 7 R,

£ Frh (O dRiRZE R, FrhAGB 1 [l J5 — 5 14
HEWW— DN, RYEIST T Fao 8555
MFEANRBERFRRISE G N L, X—FiiER
WIS SRARSE M 1A% 0 IR BEAS 2 Frh 4L
OB BRI, RS AR T B A RS R
PAg, Frh IR WA RRdE— 22 B9 .
5.7 methylene-H;MPT & JREE Mer

Mer J" {2 AEAE T Be i A a4 I A
Mer TERLIA R H 25 CRAAER CO, Kt
RN FepE e, Mer fiEfk CH=H,MPT
$| CHa-H,MPT iy al 39 5 i 9% (1] 8-A). S22
KA AH(T)FR .

CH,=H;MPT+F50H,=CH3-H;MPT+F 459

AG*=-6 kJ/mol™"] @)

M. marburgensis, M. kandleri. M. barkeri %

WA Mer & (145 ARAE AT Y . M. kandleri
() Mer (1 SR 2544 S 7R Mer J& AS il 25 A Aa] il i 1)
HO R, PARNTE 8 A 8 00 R AA 5 X A7
7EB (15 8-B). Mer J& T4 6 ¢ 6 K il K 5 ik
(luciferase), ZZEMHEE 1L FMN | Faoo 55 0 SV
Y1, TIM Z56 BURZRME AR R 45 6 h
LPY Aufhammer ZEfRAT 9 Mer 55 Fapo 25 4 10 3E
25 S EE A SR Fapo G55 7E TIM KIRP . Fapo 4%
DEEBERIE L Gly61, Val62, His36 254 Kz L)
AT B 1) - 1 45 44 [ 72 78 456 0 (cis-face) , Fazo
MEERAE AT, EL5H B Fao K 2
W S EEA 1 (K 8-C). &1, FIRT Mer 5§
Y HiMPT HIZ5 I8 ARHRIE . 18X M. barkeri i)
Mer L5 FBRL 3 2 B, TIM 455105 IR1.IR3
25 B I B B 23 [T LS & HyMPTO%A,
Mer F4 ALt ERLRS ) 45 5 RS IR S5 44 e % T
v A B
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(A) . (B)
, Sy Cys171
N7 . ) iy FrhA
FrhB f@$§(_ sf_r ‘kZe’
T - '/[NIF‘ | H, Cysl32 Cys57
AD/ B> /)
Fuo | FADH, BY ¢4

Asp-60

FipoHa

B 7. FrhABG EH%HMIKifif Fe-S fR45H
Figure 7. Structure of FrhABG and special proximal [4Fe-4S] cluster in the active center. A: FrhABG monomer
structure (PDB: 4OMF[84]). The hydrogen is cleavage into two protons and electrons at the active center of FrhA.
Then electrons are transferred into FAD via [Fe-S] cluster to form FADH,. B: Mode of proximal [4Fe-4S] cluster,
which bond to protein by cysteine and aspartate.

(A) H S H

B F
0 Bt o on A
N \_/ N 1o
QL — I @A
~ Mer ~H
H,N™ N N “ HZNJ\\N N
H

Methylene-H,MPT Methyl-H,MPT

©

E 8. MerEUHBERNREERSM
Figure 8. The reaction catalyzed by Mer and the tetramer structure of Mer. A: The reduction of methylene group
with FyH, catalyzed by Mer. B: Structure of Mer homotetramer (PDB: 1269[92]). C: Binding site of F4y which
show with stick model in the active site.
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5.8 H,MPT:CoM H ZEEREF Mtr

R A H LRSI MrA-H &2 G ik F
M HMPT 5655 CoMP*1, f it Fi 28 3X(8)
FI7R o

CH3-H;MPT+HS-CoM=CH3;-S-CoM+H,;MPT

AG”'=-30 kJ/mol™"! (8)

IS R B, BR Ho 15 3 J5 ) i R ey
BeR AR AR Na she, Z iigte . CO, i 5k
DA R B BU R R ARA A Na HOmi i o i g i
R HE IR HyMPT #6782 21 CoM A R Na™ i
BN, HEAIZ N B Mtr s & 45 2 28 AR
P98 ienard Z5:Mi45 Methanosarcina mazei
4li Ak Mtr i S 15 PETR 7.0 pmol/(min-mg), 454
B 1 mol A SE, [ RSN H 24 1.7 mol f) Na '™,
FH 8 M 3E4H A% 1) Mtr (760 kDa) £ M. marburgensis
R Rl AL AR AT R A1 43 A W Mitr A
PR o iy B Hp g JEE 010

HHT, MtrA-H & G141 58 8288 L 254838 oK L
I8 BT H P AR S BN 7, MtrC . MtrD
LR MUrE J2iliil 6-7 SRR Zs A B L,
MtrA, MtrB, MtrF Fl MtrG HA3 — 5 it .
MtrH 55 A B4 58 TR NI, B e —
iz B RRET K X5, HOEME—RE M Mtr & &4
ooy R L (1] 9-A) . 4l Ab i MtrH BBAEfLH
KN HAMPT 565531 MtrA 1% 152 (cobalamin, 4
£ B12)M Co JiiF L1,

MtrA A0 — R AR Z, Co JEFLIos
P 2 A AFAER, 5 A 7 cobalamin 8 1126
L, MtrA B o/p P& AT Rossmann 4% 4514
SRR, JEEEMRIRE S 7E Rossmann 54 ek
A1, MAZ TR RN ofp P18 X ARG K X
B, A AR A SRR BAARAS & . Co BT
U5 TS O B R HisB4 A BKIEEE N AH

%, AR R cobamide(11) 5 & 45 SR B SR
base-off/His-on #4#4(]%] 9-B),

5 2B, Mtr JAA7E cobamide()ARAET
AAHWEH, HAMAIRS K Co'-cobalamin 5
CHa-Co"'-cobalamin #s5 — ™l [ (Y i 3, 1 A H
FAL Y Co'-cobalamin EIV A 4l Bk . [Fl4 358
BRI, iz R EOE GG His8d 1 mkmk
NEOL (R, #fiil MtrA %51 Co'-cobalamin H
FEALIE Y, CH,-Co"'-cobalamin it FE 512 MtrA &
FHE AL, ff Co 5 His 454 . bR
CHs-Co"'-cobalamin it i A 3k (8153 A 42
W

(A)

out

CM _
CH;-HMPT~{
in

(B)

9. MtrA-H E SR EEILIR B £ MtrA RIREH
Figure 9. The complex model of membrane protein
MtrA-H and the crystal structure of MtrA. A: MtrA-H
packing model and the catalytic mechanism model.
The methyl group is transferred into cobalt through
MtrH, then it moved into MtrE, where the methyl-CoM
formed. B: Crystal structure of MtrA with cofactor
cobalamin (PDB: 5LAAP®. Cobalt in cobalamin is
shown with ball.
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3 MUA WAL Y, MUE AL
CH3-Co-MtrA #:#3] CoM, JEJ CHs-CoM, %)%
O G FEE AR Na 0! s — i 5 B3 T B AN 5L [A
T4, MUE A KA X 25k 3, 55—
B BEETEZ [B] (1Y) loop 7 62 MM REERR, HiX —i%
He K A& — DR SF W Zn &5 & AL AR
(Asp26-XGlu28-X22-His51-X9-Glus1)%, H fi i
G P AL A S e S Ak 1 B AR AT PRSF Y Zn
EAI . HIR, MUE & — P Ea KA
PEIEiE . BDFoE R Asp XIS IEIEE%IE Na' %
S o

Mtr AL RE i fk B 36 N HMPT 55 %% %)
" i 3 & (CHe-HMPT+
Cob(1)alamine=CHs-Cob(l)alamine+H,;MPT, AG"=
~15 kd/mol), iFfEMHEIL CH3-Co"'-MtrA %] CoM
Al 3% Kz W (CHs-Cob(l)alamine+HS-CoM=CH,-S-
CoM+Cob(l)alamine, AG®=-15 kJ/mol)*>®!_
SE R R & MUrA B (IR R s, K RE
L3825 MUE {2 Na ABE DY 56 R RIS, T8 e
AN BB, HEMTEIE ATP 16 8, SERLAE
R
5.9 CH;-CoM 1A J5EF Mcr

A =50 B, s —2%
S 3528 CHa-CoM I Ji Az B H e, Ak X — B
FIIE B Mer (B 10-A). it B2 an2s X(9)
IR

CH;-S-CoM+HS-CoB=CoM-S-S-CoB+CH,

AG”=-30 ki/mol™*”] (9)

AR B AL B, 2t R LA 4 Ak R e
1 SR, Mer 2677 B e iy B HR R R ST 1 2R
1, R 91 ) 6 1 45 e (61%—699%) M [,
Mer F14 & fith 5 PRI o B Ay 7 R G oty T 45 08 AR A ks i
S

cobalamin
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M. marburgensis. M. wolfeii, M. barkeri &5
B Mer B8R (I E5H O R oM, Mer
HEWRER a. By =AW R [RE —RK
(apy)2 (Bl 10-B), %—1> afy BAALIE MO fELE
£ Ni B95H T Fazo, EPR Z3HT R 1 52 A AL 3
Firpr, NI BYEUE M5 Ni(). Ni(n) . Ni(in)
TR Mer BRI JE LLSE BUEE AN RN, HH
ofya’5E o’ BTy o AL BT B ELE AR 1R
T BRAEGHIE , Fago Z5 S 7R E YT, BT Fazo
WML IR B 2y 50 ARSI i g 5 g
PR SR ETY LA A B A TE Ly, N RS FLA D
1755 GIN147 ST il ) FE A, 55 7 Be A 18 ) 38
EA, WA N R B G RCAL, eAh,
JEY) CoM Z5ETE Fuo B9 L7, CoM MY BEHE 2
Ni 2y 2.4 A, HEERR I b e | A S50 PO
FILPRIR LSS A . KW CoB 2l it Hhi s A1
PersimiEmy iRy, X—MAsEiE WAy CoB
AR5 A T A T 52 4 PA] pRp AR A Lo 9-1200

Mer 19 55—~ I 2 e U G R PO 2 SRR 5%
JEEIF SR, 78 M. marburgensis 1 Mcr
WO R B 4 A BB EILR | 1 A FILB Y
HHER . UK 1 AEERALR KRR (4 10-C).
BRI A BB AE T A 1 Mer FIEANRSE,
W] 3k 0 G B 1R B e ) A A X A K M AN R b T
(7, ATREA B TR S A ROR LA RS PE oL R
JEL A

HHE Mer (945 43 B B g AL pLE an F
R T Fazo A9 Ni(1)ZZ il CH3-CoM 724 CHa-Ni(111)
Fil CoM BHE ¥, HLF M CoM #F5%] CHa-Ni(lIl)
FE R CH3-Ni(1) A &z CoM-S A % (radical), 14>
A F N CoB-SH #E 5] CHa-Ni(11)4E il H e
(K 10-D)" 29 R AL HLEIZE LT cobalamin
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(A)
OPO:,

5
Hoo NN SH

€000
HS-CoB  CoM-S-S-CoB

H
-5 #L’ I
H,C7 80, Copy

Mcr H™ Y
Methyl-S-CoM

© Methyl-Cys Methyl-Arg
L o !; o

e Methyl-His
Didehydro-Asp

Mechanism 2

Mechanism 1

N s ¥’  CoB—sH
Co

CoB—S

O —com H\( P \
T”-“ \ S —CoM
1
Ni'l 1{“[[
Fis F,.

E 10. Mcer R . BRIAREH. FMHA S RELHLE
Figure 10. The catalytic reaction, crystal structure, binding site and mechanism of Mcr. A: Methyl-CoM reduced
into methane with CoB catalyzed by Mecr. B: Crystal structure of Mcr homodimer with cofactor F43,/CoM/CoB
(PDB: 5A8K[”9]). The subunits and cofactor are shown in cartoon and stick model. C: Active site of Mcr with Fa3,
CoM and CoB. Several post-transcriptional modified amino acids are arranged surrounding the active site. D:

Hypothesized two type of catalytic mechanism of Mcrf*?2.

WIS A, Lt R IE B CHa-Co (1) Hh ]
A, it DFT W30 Mer 14 527 3 A% 7T B
BT HHEAE . R iR R Ni() B
CH;-S-CoM, ZERH 56 B 2L AT CoM-S-Ni(ll),
RS, WA A2 CoB-SH AR T4l H
Bt o Ay AR R R s T E, C-S TR
C-H (I B[R] i s (12212671270

510 R BAYEIEE[NiFe]-SME A4k

e s — A RN, 5 ik
BRI FEE B AL CoM 5 CoB J5 A4 RES ST
flg CoM % R L I I3 12T 2 40 i 00 25 Bl 2 ) 7
T, CoM-S-S-CoB it Jit th 5 6 fb & ik 5t

fiff (Hdr) i1 [NiFe]- & ¥ & 4 {4 (HdrABC-MVhAGD)
SERL, At RN 2 (10C) Bz o T AE S 41 i £,
ZRHBEA B H, B HArDE-VhtACG & & i
P s 282 R s RN 28 3K (10a-b) i o AS[F]
[ HArABC-MVhAGD & & A4 A, LU
B2 N A R T R (FAD) Sy it B H, - 1 b 52
= A - VA S 0 7 QI o Y S ]
HdArDE-VhtACG & & RN TN -, i+
BAK MPH, AR e, LUB R 5
5 2 pE R 20 CoM-S-S-CoB i J5i 2 i
AN R B 1 28 ™ B e oy TR 7 e o PR A X
) 22 5%
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H,+MP=MPH, AG%=-50 kJ/mol®*" (10a)
MPH,+CoM-S-S-CoB=MP+HS-CoM+HS-CoB
AG"'=-5 kJ/mol™"! (10b)
2H,+CoM-S-S-CoB+Fd,=HS-CoM+HS-CoB+
Fdyeg® +2H" AG”=-39 kJ/mol™” (10c)
S B A YR R Hdr 528 Mvh 765
P BB A G E A R, MVhA JZ[NiFe]-
SRR I, WEMEh LSS Ni-Fe BiE T,
MvhG & EF/NIEEE, &f 3 AMESEH T
[Fe-S]#%, MvhD WA 14~ [2Fe-2S]#%, N
I SEAL T3] Hdr AEIEE . HdrA £
A 14> FAD FiIR 745500 5 L 4 1~ [4Fe-4S]H% |
4 473 [ ORAF I 1 D 2R - HArB /9 N S 45 #4358
A LA Zn SEENLE UK 2 AN E Sk e E R Bk
Bt CX31-39CCX35-36CXXC, % A Bi#iih N Je
[4Fe-4S]#% B 45 A 7 5., HArB 40 {5 CoM-S-
S-CoB I8 JFL A4 1 Pk H 0> o HArC 405 2 /~[4Fe-4S]

@ Be @
OB ‘QDQ

E,'=~—500 mV

Fd,,

& 11.
Figure 11.

%, BWOA L HArA 55 HArB (1) s 514 o 1
B FWIELL 101 1 ELFld % Hdr-Mvh 2 514,
Al AT B TS PR G R 22 500 kDa, (KA
B RBIhRE AL L — BIR B R AR,
PR, BRI Fd M sh$ E”
=500 mV/, 1fif J5i T/ 53 F HL G 2H'/H, ) HL 35 E”
-400 mV, It Fdo ARMEM HL BELAR A A 57
EFHL T, MAE HArABC-MVhAGD Ak A 7 2 7
W S TR IR A L TR R 2 T 3kA FAD,
Lk FAD WERAER], —PHRFHTIEE CoM-
S-S-CoB (E”N-140 mV), —FHLFHTIEJE Fdo
(E” }-500 mV), XFHELGRRZ A L T %0,
HdrABC-MVhAGD & G4k il i ki ie
Jii COM-S-S-CoB -3k 18 18 )51 /1 Fdeq®, HIZHT
PR BRI CO, M, AR At AR
WA U, LA RE R, Wl 11 fios.

CoB-S-S-CoM

Fdred27

HArABC-MVhAGD & {45 & fE L 1L )
Crystal structure of HdrABC-MvhAGD homodimer complex and its catalytic mechanism. The

structure (PDB: 50DR™) complex is shown with cartoon and surface model in different color, and the [Fe-S]
cluster and FAD are shown with ball. MvhAGD, [NiFe]-hydrogenase, oxidize 2H,, producing 4H" and 4 electrons.
The electrons are transferred into FAD center via [Fe-S] cluster, where two electrons are used for ferredoxin
reduction and another two electrons for CoM-S-S-CoB reduction.
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1 A A €5 R 7 B Bl T R, HArDE-
VhtACG f#fk CoM-S-S-CoB fif i . B2 2R A ifF Vht
SR L T AN -, HIEATE i B A S
MEATR, TEWME NS, FLEmE MP
T U A i = ) A F £ 33 g R O
VhtACG Ak &S 4 7 A 1 f il 4 i e 3%
sy MP, A SGAJER MPH,, MPH, @l A&
AR A I AL 45 10 R HArDE, 1]
Tk CoM-S-S-CoB. i Jit Sz v & il 1) g et 55
JF A RSE PN A1 8% (RE RE SN ) FE S IBG , Fl TR st
IS TR0 BE T T ATP A4, 1T 58 A AE
fRppiese2n,

AP o & B, 1EElE VItACG & 41k
i, VhtA JZ[NiFe]-Z R WAL, 5 [NiFe]id
Pt vntG RAEEH /NS, B AP
[N Fe ]34 HCo T ) 200 6 I, R0t Ak 505024
it 7 A ) BT BB R R AN i vihtC
oM ER b MEEED, HOREIEANE
it A% 336 1, T 238 5 HArDE A H T 14 . HdrDE
AN HArE 2 & anfi . R4 &N,
g3 —NESE HArD J& 38 4 5 1145 GV Al e 7E
HArE FIREREE . WL HArE @it 4n e R
WAL MPH,, I8R5 T4 7845 HArD T
CoM-S-S-CoB fyif J5i*H1%¥ - (il VhtACG 5k
J5 i HArDE FY48 [ 258 H TR A g dT, Hfa
AL ML A e — 2P IR ABIESR -

5.11 [NiFe]-& % Eha. Ehb, Ech

TEANM (8 B B 77 FRGE R A2 R, Fdreg™ 772
T CoM-S-S-CoB i J5t [ )i (i B F B Ak it /%, &6 53
AT =W ey Co, e, #BoHF Hith
iR, AAMEWEFEM L), BE AR
41K EhaA-T, EhbA-Q 5 Fdes® HYLE R

X W2 A W LA A T (-414mv) S B TR, AR
Fdox HIIEJE (=500 mV), iX—FERE SN IR P 2k
Na"Bh B e s 52, 4 EhaA-T. EhbA-Q 2
TCA M € 3R FR e o B A IR R A 1, A
AHMEARY”HESEY, BEORE G
EchA-F {0 Eha 8% Ehb fyZhAER™, F 1 i Fdn
AR ADFR

Ho+Fdox=Fdeq” +2H" AG”=+16 kd/molt*™ (11)

HARER A IEER A EhaA-T. EhbA-Q
Y5 EchA-F 7E45H B HA —E IR I, X IR
FI[NiFe]- & liE G IRIERZ, BRT 6 MESFHY
Bz AN, A FE 14 A EE[R P,
M. barkeri Zfifb15 2 192 514k EchA-F i 6 NIE3E
Ry, Hih EchA. EchB & 2 MBI AE,
I LI R 5 RS DY A B T s A ST T
T 3E A R - 12 R ) DCCD S286 Al 2 ARic
SCERAFEINESL . EChE AL [NiFe]H 0 iy SR
WA, EchC J2f i 1 /~[4Fe-ASIHE Ry S/ NIVEE
EchF f1{ 2 {~[4Fe-4S]##, EchD AL & A A
T4, HIOReMA I .

EhaA-T 5 EhbA-Q. EchA-F HA7 [l JE M FIAH
IR AT RE,  F A A A LR el A
[l 2, 7EAT 20 (0 R 1 R Be ot T b, #fE3h Ech
H N Fded B Na'iE HTOL i FRE AL
GRS B AR A KRR R, BATiR K
A AT 850, SR LALLM AR

6 RZ

B RS T 1936 4F, Barker B
R AEYERT COp 3 i ™= B Lt it B
2, B o s A — kR W e T . BE% Hungate
DRGSR gy, ORI 2 1™ R e oty TR 4
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KB, TR 2 BT 7 B ey AN [ 2
TR AR R A G P gt Kkt
R, AR TRFE R ™ B ek, i
1= . WA A RN BE AR AR 20 AT

FERE R0 20 AR, R TR IS
G e BRI . ST X 1454
PIRNT, Ha7R T 25 R G AR D 25 A R AE 5 i AL
BLEIEA, R, F T by ARG AR L Xk
TRV A IR (A XAl AL SRR, BB R ik
0 B A5 0 U R B AV 2 AR I 8 R
BT, 3% 2L 2 AL AL A S8 g . i,
BIBCAE RO M IR 1 MUrA-H & AR S5t iR
b s 24K Hdr/Mvh B T A FE B PR 4R HL
il RV A, X m R R ARG R
fi#dr. Mo, CHs-CoM ik 5 Mer f 51 L
45 AR 22 B Rl 5 gtk CoM-S-Ni(11) 7] {4 3 B
HARE ML T BRI T H 3 [ th 3L p Sy, AR
MR T A B2 AT A4 AL T A
F Mer JEE MRS M E AL, Hik, EERE
T B UGS AR ML Y o0 B AL o TS
PEAM Mor 3 M H0 48 22 1 5 it I 18 M 2 S IR 1) 1)
REATY T AT o

AAEF GG TR, 7 bR A Y I AR
15 i AL 0F 3R b Mg g AR AR K, 2
HdrABC-MVhAGD . Mcr LA & MtrA-H 258 414
WSk, I VA VR L S AR A A £ B v )
R (G A8 Mk, 7= Be il 52 A5 1A i 45 F4 F
FEREEEMIEM . FE, s il
PRI it 12 1 2t 4 25 o P AR AR P BIL I
A ANE % £ 5 T B g M

A, FEEEXT 7 FBE Y A ) Be U 0 FH A 5
P E TR R AT A RN DG B AR 1 A
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FEA R AKH BT T 0] . ARSI IEAEWT ST
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REAE A P A0 B A& W™ W e, Fedi s i %)
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Recent advances in hydrogenotrophic methanogenesis

Huan Leng, Qing Yang, Gangfeng Huang, Liping Bai
Biogas Institute of Ministry of Agriculture, Chengdu 610041, Sichuan Province, China

Abstract: Methanogens are a group of extremely anaerobic microorganisms affiliated with the archaeal domain.
They use simple compounds such as carbon dioxide, acetate and methyl compounds as substrate to grow.
Hydrogenotrophic methanogens is the main type in all the cultured species. Among the three major methanogenic
pathways, the hydrogenotrophic methanogenesis shows the highest energy productivity and includes a special
energy metabolism system. In recent years, with the development and application of mass spectrum, spectroscopy
and crystallization technology, the research on the methanogenic pathway has been further studied, especially in the
biochemical mechanism of hydrogenotrophic methanogenesis, which revealing a unique and efficient way of
energy conversation under extreme environment. Based on the massive research results, this review summarizes the
details of hydrogenotrophic methanogenesis from the aspects of energy storage, metabolic pathways, enzyme
structures and catalytic mechanism of enzymatic reactions. The prospect for the future research and technological
development in the field of methanogenesis is also proposed in this review.

Keywords: methanogens, hydrogenotrophic methanogenesis, energy conservation, protein structure, catalytic
mechanism
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