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Archaeoglobus fulgidus DSM 4304 AAB90136 1 acetyl CoA decarbonylase synthase subunit alpha cdhA 1

Clostridium cellulovorans 743B ADL52297 1 carbon monoxide dehydrogenase catalytic subunit
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lostridium

 drakei W
P 032079650 1 carbon m

onoxide dehydrogenase catalytic subunit

Candidatus Magnetomorum sp. HK-1 KPA14273 1 Prismane

Candidatus Bathyarchaeota archaeon B26-2 KYH40968 1 acetyl CoA decarbonylase synthase complex subunit alpha partial
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candidate divison MSBL1 archaeon SCGC-AAA259I09 KXA97971 1 hypothetical protein AKJ37 01800
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SM 13811 WP 036377077 1 carbon monoxide dehydrogenase catalytic subunit

Methanocaldococcus bathoardescens AIJ05997 1 CO dehydrogenase catalytic subunit

Desulfospira joergensenii DSM 10085 W
P 022669220 1 carbon monoxide dehydrogenase catalytic subunit

C
lostridium

 aerotolerans D
SM

 5434 W
P 026891038 1 carbon m

onoxide dehydrogenase catalytic subunit

Stomatobaculum longum EHO16090 1 ca
rbon m

onoxid
e dehydrogenase ca

talyti
c s

ubunit

De
su

lfo
vib

rio
 o

xy
cli

na
e 

DS
M

 11
49

8 
W

P 
01

81
24

69
2 

1 
ca

rb
on

 m
on

ox
id

e 
de

hy
dr

og
en

as
e 

ca
ta

lyt
ic 

su
bu

ni
t

Cam
py

lob
ac

ter
 co

nc
isu

s 1
38

26
 E

AT
98

31
4 1

 ca
rbo

n m
on

ox
ide

 de
hy

dro
ge

na
se

R
um

inococcus gnavus C
C

55 001C
 E

TD
15658 1 carbon m

onoxide dehydrogenase catalytic subunit

Clos
trid

ium
 ce

llu
lol

yti
cu

m H
10

 ACL7
48

20
 1 

ca
rbo

n m
on

ox
ide

 de
hy

dro
ge

na
se

 ca
tal

yti
c s

ub
un

it

Syn
tro

ph
ob

otu
lus

 gl
yc

oli
cu

s D
SM 82

71
 ADY57

08
4 1

 ca
rbo

n m
on

ox
ide

 de
hy

dro
ge

na
se

 ca
tal

yti
c s

ub
un

it

ca
nd

id
at

e 
di

vi
so

n 
M

SB
L1

 a
rc

ha
eo

n 
SC

G
C

-A
AA

25
9I

09
 K

XA
98

16
3 

1 
ca

rb
on

 m
on

ox
id

e 
de

hy
dr

og
en

as
e

C
andidatus D

orea m
assiliensis AP6 W

P 053832718 1 carbon m
onoxide dehydrogenase catalytic subunit

De
su

lfo
vib

rio
 d

es
ulf

ur
ica

ns
 N

D1
32

 E
GB

15
72

3 
1 

ca
rb

on
 m

on
ox

ide
 d

eh
yd

ro
ge

na
se

 ca
ta

lyt
ic 

su
bu

nit

Methanohalophilus mahii DSM 5219 ADE36671 1 acetyl CoA decarbonylase synthase alpha subunit
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Methanothermococcus okinawensis IH1 AEH06724 1 Acetyl CoA decarbonylase synthase complex subunit alpha
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Candidatus Magnetobacterium bavaricum KJU87304 1 carbon monoxide dehydrogenase catalytic subunit

M
ethanosarcina therm

ophila TM
-1 AKB11886 1 C

arbon m
onoxide dehydrogenase C

ooS subunit

Methanococcus vannielii SB ABR54220 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Thorarchaeota archaeon SMTZ1-45 KXH75278 1 acetyl CoA decarbonylase synthase complex subunit alpha
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onoxide dehydrogenase catalytic subunit

Clostridium
 acetobutylicum

 ATCC 824 AAK78101 1 AE007524 6 Carbone m
onoxide dehydrogenase beta chain

Desulfosarcina cetonica JCM 12296 WP 054696257 1 carbon monoxide dehydrogenase catalytic subunit

Methanosarcina acetivorans C2A AAM07741 1 carbon monoxide dehydrogenase subunit alpha

Desulfurispora thermophila DSM 16022 WP 018086203 1 carbon monoxide dehydrogenase catalytic subunit
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Planctomycetes bacterium SM23 32 KPK57470 1 carbon monoxide dehydrogenase

Methanosarcina barkeri str. Fusaro AAZ69417 1 acetyl CoA decarbonylase synthase alpha subunit
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Candidatus Bathyarchaeota archaeon BA1 KPV65085 1 Acetyl CoA decarbonylase synthase complex subunit alpha 2
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onoxide dehydrogenase catalytic subunit

Desulfobacula toluolica Tol2 CCK79345 1 CdhA CO dehydrogenase catalytic subunit

Alkaliphilus transvaalensis ATCC 700919 WP 026477206 1 carbon monoxide dehydrogenase catalytic subunit
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Candidatus Jettenia caeni GAB63536 1 CO dehydrogenase acetyl coA synthase beta subunit
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Thermacetogenium phaeum DSM 12270 AFV11725 1 carbon monoxide dehydrogenase acetyl CoA synthase subunit beta

Methanoflorens stordalenmirensis 2518788627 acetyl CoA decarbonylase synthase beta subunit
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Desulfatibacillum aliphaticivorans DSM 15576 W
P 028313485 1 carbon monoxide dehydrogenase catalytic subunit
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Desulfosarcina cetonica JCM 12296 W
P 054688754 1 carbon monoxide dehydrogenase catalytic subunit
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Methanobacterium sp. 42 16 KUK75569 1 Acetyl CoA decarbonylase synthase complex subunit alpha
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onoxide dehydrogenase catalytic subunit

Desulfosporosinus orientis DSM
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onoxide dehydrogenase catalytic subunit

Methanobacterium sp. SMA-27 WP 048191451 1 acetyl CoA decarbonylase synthase complex subunit alpha

Thermodesulfobacterium thermophilum DSM 1276 WP 022856204 1 carbon monoxide dehydrogenase catalytic subunit
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environmental samples BAL56233 1 carbon monoxide dehydrogenase catalytic subunit

Desulfotomaculum gibsoniae DSM 7213 AGL00708 1 carbon monoxide dehydrogenase catalytic subunit

Archaeoglobus sulfaticallidus PM70-1 AGK61993 1 acetyl CoA decarbonylase synthase alpha subunit

Methanosarcina siciliae T4 M AKB30393 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex

Desulfatibacillum alkenivorans AK-01 ACL02385 1 Bifunctional CO dehydrogenase acetyl CoA synthase alpha subunit
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Desulfosporosinus acididurans KLU67775 1 carbon monoxide dehydrogenase acetyl CoA synthase subunit beta
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onoxide dehydrogenase catalytic subunit

Thermodesulfobacterium geofontis OPF15 AEH22502 1 Carbon monoxide dehydrogenase acceptor

Methanomethylovorans hollandica DSM 15978 AGB49214 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Methanosaeta harundinacea 6Ac AET65679 1 Acetyl CoA decarbonylase synthase complex subunit alpha
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Methanomicrobiales archaeon 53 19 KUL05190 1 Acetyl CoA decarbonylase synthase complex subunit alpha

Sporomusa ovata DSM 2662 WP 021167176 1 MULTISPECIES carbon monoxide dehydrogenase catalytic subunit
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Desulfosporosinus acidiphilus SJ4 AFM39333 1 carbon monoxide dehydrogenase catalytic subunit
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Desulfobacca acetoxidans DSM 11109 AEB09799 1 carbon monoxide dehydrogenase catalytic subunit
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Geobacter uraniireducens Rf4 ABQ24830 1 carbon monoxide dehydrogenase catalytic subunit
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Candidatus Methanoperedens sp. BLZ1 KPQ41594 1 acetyl CoA decarbonylase synthase complex subunit alpha

Deferrisoma camini S3R1 W
P 025324182 1 carbon monoxide dehydrogenase catalytic subunit
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Desulfotomaculum thermocisternum DSM 10259 WP 034634595 1 carbon monoxide dehydrogenase catalytic subunit

Spirochaetes bacterium DG 61 KPJ87388 1 carbon monoxide dehydrogenase
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Acetohalobium arabaticum DSM 5501 ADL12512 1 carbon monoxide dehydrogenase catalytic subunit
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Methanopyrus kandleri A
V19 AAM01931 1 CO dehydrogenase acetyl CoA synthase alpha subunit
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Desulfotomaculum thermocisternum DSM 10259 WP 027355632 1 carbon monoxide dehydrogenase catalytic subunit

Carboxydothermus ferrireducens DSM 11255 W
P 028051453 1 carbon monoxide dehydrogenase catalytic subunit

M
ethanosarcina acetivorans C

2A AAM
06652 1 carbon m

onoxide dehydrogenase catalytic subunit

Candidatus Thorarchaeota archaeon AB_25 OLS21233 1 hypothetical protein ThorAB25 27200 partial

C
lostridium

 asparagiform
e D

SM
 15981 EEG

52456 1 carbon m
onoxide dehydrogenase catalytic subunit

Caldicellulosiruptor saccharolyticus DSM
 8903 ABP66039 1 carbon m

onoxide dehydrogenase catalytic subunit
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Ammonifex degensii KC4 ACX51496 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Brocadia sinica JPN1 GAN33306 1 CO dehydrogenaseacetyl coA synthase beta subunit
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Pseudoramibacte
r a

lacto
lyti

cus A
TCC 23263 EFV00742 1 ca

rbon m
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e dehydrogenase ca
talyti

c s
ubunit

Clostridium
 botulinum

 A str. Hall ABS37957 1 carbon m
onoxide dehydrogenase

Desulfosporosin
us o

rientis 
DSM 765 AET66125 1 ca

rbon monoxid
e dehydrogenase ca
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c s

ubunit
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Intestinibacter bartlettii D
SM

 16795 ED
Q

97432 1 carbon m
onoxide dehydrogenase catalytic subunit

Aerophobetes bacterium JGI 0000014-C22 2264943088 Ni dependent carbon monoxide dehydrogenase precursor

Caloranaerobacter azorensis H53214 KGG79894 1 carbon m
onoxide dehydrogenase

Nitrospira bacterium SG8 3 KPK26995 1 carbon monoxide dehydrogenase

Clostridium
 novyi NT ABK62584 1 carbon m

onoxide dehydrogenase catalytic subunit
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C
andidatus M

ethanoperedens sp. B
LZ1 K

P
Q

43477 1 carbon m
onoxide dehydrogenase catalytic subunit partial

C
lostridium

 ljungdahlii D
SM

 13528 AD
K13979 1 anaerobic type carbon m

onoxide dehydrogenase

Methanosarcina horonobensis HB-1 = JCM 15518 AKB77222 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex
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m dehalogenans A
TCC 51507 AFL99565 1 ca

rbon m
onoxid

e dehyd
rogenase

 ca
talyti

c s
ubunit

M
ethanosarcina m

azei G
o1 AAM

29817 1 C
arbon m

onoxide dehydrogenase

ANME-1 meta CBH37435 1 acetyl CoA decarbonylase synthase complex alpha subunit
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Anaerolineae bacterium SM23 84 KPL24948 1 carbon monoxide dehydrogenase
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Carboxydothermus ferrire
ducens DSM 11255 WP 028051787 1 carbon monoxide dehydrogenase catalytic subunit

Methanococcus aeolicus Nankai-3 ABR56751 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit
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Candidatus Methanoperedens nitroreducens KCZ72763 1 acetyl CoA decarbonylase synthase alpha subunit

candidate divison MSBL1 archaeon SCGC-AAA259A05 KXA90963 1 hypothetical protein AKJ57 02970

Spirochaetes bacterium DG 61 KPJ86381 1 carbon monoxide dehydrogenase
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Mitsuokella multacida DSM 20544 EEX68342 1 carbon monoxide dehydrogenase catalytic subunit

C
lostridium

 biferm
entans ATC

C
 638 EQ

K44744 1 carbon m
onoxide dehydrogenase catalytic subunit

Omnitrophica WOR 2 bacterium SM23 72 2 KPK97685 1 carbon monoxide dehydrogenase

miscellaneous Crenarchaeota group archaeon SMTZ1-55 KON30510 1 acetyl CoA decarbonylase synthase complex subunit alpha
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Desulfosporosinus orientis DSM 765 AET68777 1 carbon monoxide dehydrogenase catalytic subunit

Methanosarcina vacuolata Z-761 AKB45286 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex

Thermincola ferriacetica KNZ70245 1 carbon monoxide dehydrogenase catalytic subunit
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Thermoplasmatales archaeon DG-70-1 KYK35828 1 acetyl CoA decarbonylase synthase complex subunit a
lpha
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Candidatus Altiarchaeales archaeon WOR_SM1_79 ODS39940 1 hypothetical protein A7315 02675
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aDesulfosporosin

us y
oungiae DSM 17734 EHQ87632 1 ca

rbon monoxid
e dehydrogenase ca

talyti
c s

ubunit

Thermococcus gammatolerans EJ3 ACS33326 1 Carbon monoxide dehydrogenase cooS

Caldicellulosiruptor acetigenus DSM
 7040 W

P 029227830 1 carbon m
onoxide dehydrogenase catalytic subunit

Methanotorris formicicus Mc-S-70 EHP85126 1 carbon monoxide dehydrogenase catalytic subunit
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Acetobacterium
 dehalogenans D

SM
 11527 W

P 026394529 1 carbon m
onoxide dehydrogenase catalytic subunit

Veillonella atypica KON EKY18547 1 carbon monoxide dehydrogenase catalytic subunitDe
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Planctomycetes bacterium DG 58 KPJ52187 1 carbon monoxide dehydrogenase

Clostridium pasteurianum BC1 AGK96435 1 carbon monoxide dehydrogenase catalytic subunit

D
ehalobacter restrictus D

SM
 9455 AH

F08839 1 carbon m
onoxide dehydrogenase
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Candidatus Bathyarchaeota archaeon B25 KYH36488 1 acetyl CoA decarbonylase synthase complex subunit alpha partial

Desulfotomaculum alcoholivorax DSM 16058 WP 027365451 1 carbon monoxide dehydrogenase catalytic subunit
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Dehalococcoidia bacterium DG 18 KPJ51614 1 acetyl CoA decarbonylase synthase complex subunit alpha partial

Methanotorris igneus Kol 5 AEF95913 1 carbon monoxide dehydrogenase catalytic subunit

Desulfurivibrio alkaliphilus AHT 2 ADH85531 1 carbon monoxide dehydrogenase catalytic subunit
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Moorella glycerini CEP68569 1 CO dehydrogenase alpha bundle

Terrisporobacter glycolicus ATC
C

 14880 = D
SM

 1288 W
P 018589287 1 carbon m

onoxide dehydrogenase catalytic subunit

Thermodesulfobacterium hydrogeniphilum WP 038057845 1 hypothetical protein

Desulfurispora thermophila DSM 16022 WP 018087007 1 carbon monoxide dehydrogenase catalytic subunit
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D
esulfobacterium

 autotrophicum
 H

R
M

2 AC
N

17400 1 C
dh2

Thermosinus carboxydivorans Nor1 EAX48202 1 carbon monoxide dehydrogenase catalytic subunit
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C
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7 A

K
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32788 1 carbon m
onoxide dehydrogenase

bacterium
 JG

I-12 CUS83267 1 Ni dependent carbon m
onoxide dehydrogenase precursor
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C
andidatus Soleaferrea m

assiliensis AP7 W
P 040196522 1 carbon m

onoxide dehydrogenase catalytic subunit
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Candidatus Acetothermus autotrophicum BAL59027 1 carbon monoxide dehydrogenase catalytic subunit
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Methanocaldococcus villosus KIN24-T80 WP 017980953 1 acetyl CoA synthase subunit alpha

Desulfocarbo indianensis KMY68573 1 carbon monoxide dehydrogenase
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Clostrid
ium tunisiense TJ WP 017413796 1 carbon monoxide dehydrogenase catalytic subunit

Desulfotomaculum alcoholivorax DSM 16058 WP 027365283 1 carbon monoxide dehydrogenase catalytic subunit

Desulfotignum phosphitoxidans DSM 13687 EMS77363 1 carbon monoxide dehydrogenase catalytic subunit CooS

Succi
nimonas a

mylo
lyti

ca DSM 2873 W
P 019002678 1 ca

rbon monoxid
e dehydrogenase

Carboxydothermus hydrogenoformans Z-2901 ABB15588 1 carbon monoxide dehydrogenase catalytic subunit
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C
lostridium

 beijerinckii N
C

IM
B 8052 ABR

37160 1 carbon m
onoxide dehydrogenase catalytic subunit

Clostrid
ium acetobutylicum ATCC 824 AAK80452 1 AE007748 8 Carbon monoxide dehydrogenase catalytic subunit c

ooS
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 GBS-1 U11054647362 Prodigal Gene 9
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Methanococcoides methylutens MM1 AKB85043 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex

Desulfosporosinus youngiae DSM
 17734 EHQ

89597 1 carbon m
onoxide dehydrogenase catalytic subunit

Sharpea aza
buensis

 DSM 18934 W
P 051646774 1 ca

rbon m
onoxid

e dehyd
rogenase

 ca
talyti

c s
ubunit

Candidatus Altiarchaeales archaeon WOR_SM1_SCG ODS35932 1 CO dehydrogenase acetyl CoA synthase complex subunit epsilon
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candidate divison MSBL1 archaeon SCGC-AAA259D18 KXA91819 1 hypothetical protein AKJ63 00795

Desulfosporosin
us m

eridiei D
SM 13257 AFQ42505 1 ca

rbon monoxid
e dehydrogenase ca

talyti
c s

ubunit

Methanosaeta sp. SDB KQC15557 1 hypothetical protein APR56 13840
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candidate divison MSBL1 archaeon SCGC-AAA259E19 KXA93265 1 acetyl CoA decarbonylase synthase complex subunit alpha partial

Citrobacter amalonaticus Y19 AHZ96929 1 carbon monoxide dehydrogenase
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A
cetobacterium

 bakii K
N

Z40447 1 carbon m
onoxide dehydrogenase

Pseudobutyrivibrio ruminis CF1b W
P 036951907 1 carbon monoxide dehydrogenase catalytic subunit p
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Thermincola potens JR ADG83788 1 carbon monoxide dehydrogenase catalytic subunit
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Desulfotomaculum kuznetsovii DSM 6115 AEG15693 1 carbon monoxide dehydrogenase catalytic subunit

Desulfobacca acetoxidans DSM 11109 AEB09879 1 carbon monoxide dehydrogenase catalytic subunit

Oxobacter pfennigii KPU43810 1 carbon monoxide dehydrogenase acetyl CoA synthase subunit beta

Desulfatirhabdium butyrativorans DSM 18734 W
P 028323653 1 carbon monoxide dehydrogenase catalytic subunit

Dethiobacter alkaliphilus AHT 1 EEG78230 1 carbon monoxide dehydrogenase catalytic subunit

Methanolobus psychrophilus R15 AFV25094 1 CO dehydrogenase acetyl CoA synthase complex subunit epsilon

D
esulfobacca acetoxidans D

SM
 11109 AEB08063 1 carbon m

onoxide dehydrogenase catalytic subunit

R
obinsoniella peoriensis W

P 027293138 1 M
U

LTISPEC
IES carbon m

onoxide dehydrogenase catalytic subunit
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Methanosarcina siciliae T4 M AKB29927 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex

Desulfotom
aculum

 nigrificans CO
-1-SRB AEF94014 1 carbon m

onoxide dehydrogenase catalytic subunit

Methanocaldococcus jannaschii DSM 2661 AAB98135 1 acetyl CoA decarbonylase synthase subunit alpha cdhA

miscellaneous Crenarchaeota group-1 archaeon SG8-32-3 KON32187 1 acetyl CoA decarbonylase synthase complex subunit alpha

C
an

di
da

tu
s 

M
et

ha
no

m
et

hy
lic

us
 m

es
od

ig
es

tu
m

 M
M

V2
41

12
04

41
30

93
 M

AG
T0

10
00

01
0 

1 
44

6

Methanohalophilus sp. T328-1 KXS46542 1 acetyl CoA decarbonylase synthase complex subunit alpha
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Des
ulf

os
po

ros
inu

s m
eri

die
i D

SM 13
25

7 A
FQ45

32
5 1

 6F
e 6

S pr
ism

an
e c

lus
ter

 co
nta

ini
ng

 pr
ote

in

Candidatus Kuenenia stuttgartiensis enrichment culture clone CH1 CAJ72291 1 Similar to CO dehydrogenase acetyl coA synthase beta subunit acsA

candidate divison MSBL1 archaeon SCGC-AAA259E17 KXA93303 1 hypothetical protein AKJ64 00960

M
ethanosaeta harundinacea 6Ac AET64990 1 C

arbon m
onoxide dehydrogenase catalytic subunit
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Megasphaera massiliensis WP 044502932 1 carbon monoxide dehydrogenase catalytic subunit
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Geoglobus ahangari AKG91546 1 acetyl CoA decarbonylase synthase alpha subunit

Desulfosporosinus meridiei DSM 13257 AFQ44453 1 acetyl CoA decarbonylase synthase alpha subunit

Carboxydothermus hydrogenoformans Z-2901 ABB14432 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Syntrophoarchaeum caldarius OFV67586 1 acetyl CoA decarbonylase synthase alpha subunit

Desulfitobacterium hafniense Y51 BAE83442 1 carbon monoxide dehydrogenase acetyl CoA synthase beta subunit

M
ethanocaldococcus jannaschii DSM

 2661 AAB98724 1 carbon m
onoxide dehydrogenase catalytic subunit cooS
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Alkaliphilus metalliredigens QYMF ABR49883 1 carbon monoxide dehydrogenase catalytic subunit

C
lostridium

 scatologenes A
K

A
71664 1 carbon m

onoxide dehydrogenase catalytic subunit
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miscellaneous Crenarchaeota group-1 archaeon SG8-32-1 KON32354 1 acetyl CoA decarbonylase synthase complex subunit alpha partial

Thermacetogenium phaeum DSM 12270 AFV10811 1 carbon monoxide dehydrogenase 1

Desulfotom
aculum

 acetoxidans DSM
 771 ACV63689 1 carbon m

onoxide dehydrogenase catalytic subunitca
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Candidatus Magnetoglobus multicellularis str. Araruama W
P 044604141 1 hypothetical protein partial

Candidatus Magnetobacterium casensis WP 040333243 1 hypothetical protein
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Thermodesulfobacterium hydrogeniphilum WP 051920770 1 carbon monoxide dehydrogenase
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Clostrid
ium scatologenes AKA70770 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Scalindua brodae KHE93848 1 beta subunit of CO dehydrogenase acetyl CoA synthase AcsA

Methanosarcina thermophila TM-1 AKB14098 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex

Intestinibacter bartlettii D
SM

 16795 ED
Q

96873 1 carbon m
onoxide dehydrogenase catalytic subunit

Clostridium
 argentinense CDC 2741 KIE44373 1 carbon m

onoxide dehydrogenase catalytic subunit
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Clostr
idium sa

cch
arolyti

cum W
M1 ADL03540 1 ca

rbon m
onoxid

e dehydrogenase ca
talyti

c s
ubunit

Methanosarcina soligelidi WP 048038597 1 MULTISPECIES acetyl CoA decarbonylase synthase complex subunit alpha

Desulfatirhabdium butyrativorans DSM 18734 WP 028324864 1 carbon monoxide dehydrogenase catalytic subunit

C
lostridium

 cellulovorans 743B AD
L53892 1 carbon m

onoxide dehydrogenase catalytic subunit

Methanocaldococcus fervens AG86 ACV24042 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Treponem
a azotonutricium

 ZAS-9 AEF81712 1 carbon m
onoxide dehydrogenase catalytic subunit

Methanospirillum hungatei JF-1 ABD40443 1 acetyl CoA decarbonylase synthase alpha subunit

M
ethanosarcina lacustris Z-7289 AKB74726 1 C

arbon m
onoxide dehydrogenase C

ooS subunit
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Veillonella tobetsuensis WP 059361190 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Syntrophoarchaeum caldarius OFV68309 1 carbon monoxide dehydrogenase catalytic subunit

Therm
osedim

inibacter oceani D
SM

 16646 AD
L07563 1 carbon m

onoxide dehydrogenase catalytic subunit
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Therm
ococcus sp. AM

4 EEB72960 1 Carbon m
onoxide dehydrogenase CooS

Thermincola potens JR ADG82021 1 carbon monoxide dehydrogenase catalytic subunit

Methanosaeta harundinacea 6Ac AET64162 1 Acetyl CoA decarbonylase synthase alpha subunit

Desulfotomaculum kuznetsovii DSM 6115 AEG15075 1 carbon monoxide dehydrogenase catalytic subunit

bacterium SM23 57 KPL07745 1 carbon monoxide dehydrogenase partial

Methanothermococcus thermolithotrophicus DSM 2095 WP 018154195 1 acetyl CoA synthase subunit alpha

Photobacterium marinum ELR64486 1 Carbon monoxide dehydrogenase CooS subunit

C
lostridium

 aceticum
 AKL94523 1 carbon m

onoxide dehydrogenase catalytic subunit
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inans L
MG P-21439 AGA68453 1 ca

rbon m
onoxid

e dehyd
rogenase
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talyti

c s
ubunit

Ferroglobus placidus DSM 10642 ADC64901 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit
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A
cetobacterium
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oodii D

S
M

 1030 A
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48684 1 carbon m
onoxide dehydrogenase C

ooS

Syntrophobacter fumaroxidans MPOB ABK18244 1 carbon monoxide dehydrogenase catalytic subunit
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ubunit
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Desulfurispora thermophila DSM 16022 WP 018085742 1 carbon monoxide dehydrogenase catalytic subunit

Desulfitobacterium dichloroeliminans LMG P-21439 AGA69371 1 acetyl CoA decarbonylase synthase alpha subunit

Methanocaldococcus infernus ME ADG13688 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit
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Desulfovirgula thermocuniculi DSM 16036 WP 027718779 1 carbon monoxide dehydrogenase catalytic subunit

Desulfurobacterium thermolithotrophum DSM 11699 ADY73072 1 carbon monoxide dehydrogenase catalytic subunit

Methanobacterium paludis AEG18943 1 Acetyl CoA decarbonylase synthase complex subunit alpha

Eubacterium
 hallii CAG

12 CDB18794 1 carbon m
onoxide dehydrogenase catalytic subunit

Desulfotomaculum acetoxidans DSM 771 ACV64487 1 carbon monoxide dehydrogenase catalytic subunit

Methanotorris formicicus Mc-S-70 EHP84374 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

C
lostridium

 scatologenes AKA68638 1AKA68639 1 carbon m
onoxide dehydrogenase catalytic subunit FU

SED
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Spirochaetes bacterium DG 61 KPJ89503 1 carbon monoxide dehydrogenase

Desulfococcus oleovorans Hxd3 ABW68988 1 carbon monoxide dehydrogenase catalytic subunit

Paenibacillus sophorae S27 W
P 036603121 1 carbon m

onoxide dehydrogenase catalytic subunit
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Candidatus Brocadia fulgida KKO18856 1 CO dehydrogenase acetyl coA synthase beta subunit
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Candidatus Lokiarchaeota archaeon CR_4 OLS15365 1 acetyl CoA decarbonylase synthase subunit alpha

Desulfotom
aculum

 gibsoniae DSM
 7213 AG

L02454 1 carbon m
onoxide dehydrogenase catalytic subunit

Clostridium
 ultunense DSM

 10521 W
P 025640681 1 carbon m

onoxide dehydrogenase catalytic subunit

Clostridium saccharoperbutylacetonicum N1-4HMT AGF55878 1 carbon monoxide dehydrogenase 1

Methanobacterium veterum WP 048082889 1 MULTISPECIES acetyl CoA decarbonylase synthase complex subunit alpha

M
ethanosarcina barkeri str. Fusaro AAZ72394 1 carbon m

onoxide dehydrogenase

C
lostridium

 aceticum
 AKL96059 1 carbon m

onoxide dehydrogenase catalytic subunit

Desulfospira joergensenii DSM 10085 WP 022663715 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Altiarchaeales archaeon WOR_SM1_86-2 ODS35460 1 hypothetical protein BEH94 06455

Geobacter bremensis R1 WP 026841398 1 carbon monoxide dehydrogenase catalytic subunit

Acetobacterium
 w

oodii D
SM

 1030 AFA47860 1 C
O

 dehydrogenase catalytic subunit AcsA

Therm
ococcus paralvinellae AHF80593 1 carbon m

onoxide dehydrogenase catalytic subunit

Desulfococcus oleovorans Hxd3 ABW
67265 1 carbon monoxide dehydrogenase catalytic subunit
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Aerophobetes bacterium SCGC AAA255-F10 WP 029962778 1 carbon monoxide dehydrogenase

Methanosarcina mazei Go1 AAM30380 1 CO dehydrogenase acetyl COA synthase alpha subunit

Thaumarchaeota archaeon SCGC AB-179-E04 WP 042664628 1 acetyl CoA decarbonylase synthase subunit alpha

Omnitrophica WOR 2 bacterium SM23 72 2 KPK97898 1 carbon monoxide dehydrogenase
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Methanobacterium formicicum AIS31619 1 CO dehydrogenase acetyl CoA synthase alpha subunit CdhA

miscellaneous Crenarchaeota group archaeon SMTZ-80 KON27388 1 acetyl CoA decarbonylase synthase complex subunit alpha partial

bacterium
 JG

I-4 CUU02974 1 Ni dependent carbon m
onoxide dehydrogenase precursor

Desulfotignum balticum DSM 7044 WP 006965925 1 MULTISPECIES carbon monoxide dehydrogenase catalytic subunit

Desulfitobacterium dehalogenans ATCC 51507 AFM00602 1 acetyl CoA decarbonylase synthase alpha subunitSyntrophaceticus schinkii CEO89820 1 carbon monoxide dehydrogenase acetyl CoA synthase subunit beta

Desulfotomaculum gibsoniae DSM 7213 AGL00089 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Adiutrix intracellularis KXS56482 1 carbon monoxide dehydrogenase

Candidatus Lokiarchaeota archaeon CR_4 OLS14481 1 acetyl CoA decarbonylase synthase subunit alpha

C
lostridium

 kluyveri D
SM

 555 ED
K34160 1 H

ypothetical protein C
KL 2148

Clostr
idium bornim

ense
 CDM67567 1 ca

rbon m
onoxid

e dehyd
rogenase

 ca
talyti

c s
ubunit

Syntrophaceticus schinkii CEO88364 1 Bifunctional carbon monoxide dehydrogenase acetyl CoA synthase CODH

Oribacte
rium sin

us F
0268 EEJ51944 1 putative

 ca
rbon monoxid

e dehydrogenase ca
talyti

c s
ubunit

Geoalkalibacter subterraneus AJF06773 1 carbon monoxide dehydrogenase

Geobacillus thermoglucosidasius C56-YS93 AEH47839 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Desulforudis audaxviator MP104C ACA58673 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit
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Desulfocapsa sulfexigens DSM 10523 AGF79691 1 Ni dependent carbon monoxide dehydrogenase precursor

Methanothermus fervidus DSM 2088 ADP77327 1 acetyl CoA decarbonylase synthase alpha subunit
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Tyzzerella nexilis D
S

M
 1787 E

E
A

81517 1 carbon m
onoxide dehydrogenase catalytic subunit

Candidatus Magnetoovum chiemensis KJR41450 1 anaerobic carbon monoxide dehydrogenase catalytic beta subunit

Blautia hansenii D
SM

 20583 EEX22671 1 carbon m
onoxide dehydrogenase catalytic subunit

Clostrid
ium beijerinckii N

CIMB 8052 ABR35159 1 carbon monoxide dehydrogenase catalytic subunit

Clostri
dium ca

rboxid
ivo

rans P
7 AKN33546 1 ca

rbon monoxid
e dehydrogenase
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Candidatus Scalindua brodae KHE93028 1 CO dehydrogenase acetyl coA synthase beta subunit acsA

bacterium
 JG

I-11 CUT03534 1CUT03527 1 carbon m
onoxide dehydrogenase catalytic subunit FUSED
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Planctomycetes bacterium DG 23 KPJ58813 1 carbon monoxide dehydrogenase

Desulfotomaculum acetoxidans DSM 771 ACV63140 1 carbon monoxide dehydrogenase catalytic subunit

Omnitrophica bacterium SCGC AAA011-L16 WP 020257879 1 hypothetical protein

Desulfococcus multivorans DSM 2059 EPR38787 1 carbon monoxide dehydrogenase catalytic subunit

Geoglobus acetivorans AIY89416 1 CO dehydrogenase acetyl CoA synthase subunit alpha

Candidatus Bathyarchaeota archaeon B26-1 KYH42257 1 acetyl CoA decarbonylase synthase complex subunit alpha partial

Desulfovirgula thermocuniculi DSM 16036 WP 027718666 1 carbon monoxide dehydrogenase catalytic subunit

Methanosaeta concilii GP6 AEB68019 1 CO dehydrogenase acetyl CoA synthase complex alpha subunit
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Moorella glycerini CEP67563 1 CO dehydrogenase alpha bundle

Thermodesulfatator indicus DSM 15286 AEH46038 1 carbon monoxide dehydrogenase catalytic subunit
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Methanocaldococcus sp. FS406-22 ADC70118 1 carbon monoxide dehydrogenase catalytic subunit

candidate divison MSBL1 archaeon SCGC-AAA261D19 KXB02732 1 acetyl CoA decarbonylase synthase complex subunit alpha
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Methanocalculus sp. 52 23 KUK68299 1 Acetyl CoA decarbonylase synthase complex subunit alpha partial
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M
ethanosarcina soligelidi W

P 048051429 1 carbon m
onoxide dehydrogenase

C
lostridium

 bolteae 90A
9 E

N
Z46220 1 carbon m

onoxide dehydrogenase catalytic subunit

Euryarchaeota archaeon 55 53 KUK04004 1 Acetyl CoA decarbonylase synthase complex subunit alpha

Therm
ofilum

 carboxyditrophus 1505 AJB41920 1 carbon m
onoxide dehydrogenase catalytic subunit CooS

Therm
ococcus onnurineus NA1 ACJ16506 1 carbon m

onoxide dehydrogenase catalytic subunit

Methanosalsum zhilinae DSM 4017 AEH60993 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Methanosarcina barkeri str. Fusaro AAZ69188 1 acetyl CoA decarbonylase synthase alpha subunit

Tepidanaerobacter acetatoxydans R
e1 C

C
P25289 1 C

arbon m
onoxide dehydrogenase 1

C
andidatus M

ethanoplasm
a term

itum
 AIZ56197 1 acetyl C

oA decarbonylase synthase com
plex subunit alpha

Pelobacter carbinolicus DSM 2380 ABA87320 1 carbon monoxide dehydrogenase catalytic subunit

Desulfotom
aculum

 rum
inis DSM

 2154 AEG
59136 1 carbon m

onoxide dehydrogenase catalytic subunit

Methanococcus maripaludis C7 ABR65297 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Archaeoglobus veneficus SNP6 AEA47131 1 Acetyl CoA decarbonylase synthase complex subunit alpha
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Thaumarchaeota archaeon RBG_16_49_8 OHE55937 1 CO dehydrogenase acetyl CoA synthase complex subunit epsilon

C
lostridium

 autoethanogenum
 D

SM
 10061 AG

Y77208 1 carbon m
onoxide dehydrogenase catalytic subunit

Archaeoglobus fulgidus DSM 4304 AAB91266 1 acetyl CoA decarbonylase synthase subunit alpha cdhA 2
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Methanocaldococcus vulcanius M7 ACX73045 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Spirochaetes bacterium DG 61 KPJ88820 1 carbon monoxide dehydrogenase

Methanosarcina lacustris Z-7289 AKB73910 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex

Thorarchaeota archaeon SMTZ1-83 KXH71785 1 acetyl CoA decarbonylase synthase complex subunit alpha
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Armatimonadetes bacterium CSP1-3 KRT77735 1 carbon monoxide dehydrogenase catalytic subunit carbon monoxide dehydrogenase catalytic subunit

Blautia hydrogenotrophica D
SM

 10507 EEG
48695 1 carbon m

onoxide dehydrogenase catalytic subunit
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Thermoanaerobacter kivui AIS51991 1 carbon monoxide dehydrogenase CooS

Caldicellulosiruptor lactoaceticus 6A AEM
74714 1 carbon m

onoxide dehydrogenase catalytic subunit
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Methanosarcina flavescens KPL44737 1 acetyl CoA decarbonylase synthase complex subunit alpha

Desulfarculus baarsii DSM 2075 ADK83618 1 carbon monoxide dehydrogenase catalytic subunit

Desulfobacterium autotrophicum HRM2 ACN14775 1 CdhA

Methanosarcina horonobensis HB-1 = JCM 15518 AKB79743 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex

Holophaga foetida DSM 6591 WP 005036686 1 carbon monoxide dehydrogenase catalytic subunit

Carboxydothermus hydrogenoformans Z-2901 ABB15066 1 carbon monoxide dehydrogenase catalytic subunit

C
andidatus D

orea m
assiliensis AP6 W

P 053832784 1 carbon m
onoxide dehydrogenase catalytic subunit

Desulfovermiculus halophilus DSM 18834 WP 051564163 1 carbon monoxide dehydrogenase catalytic subunit

Clostridium
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onoxide dehydrogenase
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Nitrospira bacterium SG8 3 KPK14387 1 carbon monoxide dehydrogenase

Clostridium
 aceticum

 AKL95069 1 acsA carbon m
onoxide dehydrogenase catalytic subunit
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Desulfatibacillum alkenivorans AK-01 ACL04072 1 Monofunctional carbon monoxide dehydrogenase CODH

environmental samples BAL57904 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Methanoperedens sp. BLZ1 KPQ43289 1 carbon monoxide dehydrogenase catalytic subunit partial

Methanosarcina siciliae T4 M AKB29758 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex
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Candidatus Desulforudis audaxviator MP104C ACA59383 1 carbon monoxide dehydrogenase catalytic subunit
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C
oo

S

candidate divison MSBL1 archaeon SCGC-AAA261O19 KXB04945 1 hypothetical protein AKJ48 00750 partial

Selenomonas bovis DSM 23594 WP 019542352 1 carbon monoxide dehydrogenase catalytic subunit

bacterium
 JG

I-5 CUS98768 1 Ni dependent carbon m
onoxide dehydrogenase precursor

Desulfitobacterium metallireducens DSM 15288 AHF06897 1 carbon monoxide dehydrogenase

Desulfatiglans anilini DSM 4660 WP 035254079 1 carbon monoxide dehydrogenase catalytic subunit
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R
um

inococcus gnavus C
A

G
126 C

C
Z66653 1 carbon m

onoxide dehydrogenase

Desulfitobacterium dehalogenans ATCC 51507 AFM01555 1 carbon monoxide dehydrogenase catalytic subunit

C
lostridium

 drakei W
P 032078724 1 carbon m

onoxide dehydrogenase catalytic subunit
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Syntrophorhabdus aromaticivorans UI WP 028893419 1 carbon monoxide dehydrogenase catalytic subunit

Methanolobus tindarius DSM 2278 ETA66857 1 acetyl CoA decarbonylase synthase alpha subunit

Thermincola ferriacetica KNZ71039 1 carbon monoxide dehydrogenase catalytic subunit
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Terrisporobacter othiniensis K
H

S
58383 1 carbon m

onoxide dehydrogenase

Methermicoccus shengliensis DSM 18856 WP 042686524 1 acetyl CoA decarbonylase synthase subunit alpha

Planctomycetes bacterium SM23 25 KPK42541 1 carbon monoxide dehydrogenase
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Clostridium arbusti SL206 WP 010234217 1 carbon monoxide dehydrogenase catalytic subunit

Caldanaerobacter subterraneus subsp. tengcongensis MB4 AAM24908 1 carbon monoxide dehydrogenase subunit CooS

candidate divison MSBL1 archaeon SCGC-AAA382A03 KXB05709 1 hypothetical protein AKJ49 00305

candidate divison MSBL1 archaeon SCGC-AAA382A13 KXB05050 1 hypothetical protein AKJ50 01785

C
lostridium

 ljungdahlii D
S

M
 13528 A

D
K

16793 1 carbon m
onoxide dehydrogenase

Desulfosporosin
us a

cid
iphilus S

J4 AFM39770 1 ca
rbon m

onoxid
e dehydrogenase ca

talyti
c s

ubunit

Desulfonatronospira thiodismutans ASO3-1 EFI35803 1 carbon monoxide dehydrogenase catalytic subunit

Clostridium
 dakarense W

P 042277635 1 carbon m
onoxide dehydrogenase catalytic subunit

Candidatus Bathyarchaeota archaeon B63 KYH41259 1 acetyl CoA decarbonylase synthase complex subunit alpha

Candidatus Korarchaeum cryptofilum OPF8 ACB07510 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Magnetobacterium bavaricum KJU85495 1 anaerobic carbon monoxide dehydrogenase catalytic beta subunit
Desulfococcus multivorans DSM 2059 EPR35854 1 carbon monoxide dehydrogenase catalytic subunit
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C
lostridium

 saccharobutylicum
 D

SM
 13864 AG

X42483 1 carbon m
onoxide dehydrogenase C

ooS

bacterium
 42 11 KUK13757 1 Carbon m

onoxide dehydrogenase CooS like protein subunit partial

Candidatus Scalindua brodae KHE91740 1 CO dehydrogenase acetyl coA synthase beta subunit acsA partial

Methanoregula formicica SMSP AGB02748 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Azotobacter vinelandii DJ ACO76705 1 carbon m
onoxide dehydrogenase catalytic subunit

C
lostridium

 hiranonis D
SM

 13275 EEA85558 1 carbon m
onoxide dehydrogenase catalytic subunit
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Desulfitobacterium dichloroeliminans LMG P-21439 AGA68184 1 carbon monoxide dehydrogenase catalytic subunit
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Nitrospira bacterium SG8 35 4 KPJ97998 1 carbon monoxide dehydrogenase
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Ferrimonas kyonanensis DSM 18153 WP 028112262 1 carbon monoxide dehydrogenase catalytic subunit

Thermodesulfatator atlanticus DSM 21156 WP 022854025 1 carbon monoxide dehydrogenase

Moorella thermoacetica ATCC 39073 ABC19517 1 carbon monoxide dehydrogenase catalytic subunit
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Altiarchaeales archaeon SM1-MSI 16557123 putative CO dehydrogenase acetyl CoA synthase subunit alpha 1

Clostrid
ium cellulovorans 743B ADL51265 1 carbon monoxide dehydrogenase catalytic subunit

bacterium
 JG

I-14 CUS77251 1 Ni dependent carbon m
onoxide dehydrogenase precursor

C
lostridium

 arbusti SL206 W
P 010235777 1 carbon m

onoxide dehydrogenase catalytic subunit

Campylo
bacte

r g
racili

s A
KT93408 1 ca

rbon m
onoxid

e dehyd
rogenase

bacterium
 JGI-1 25997937122599793711 Prism

ane CO dehydrogenase fam
ily protein FUSED

Carboxydothermus ferrireducens DSM 11255 WP 028052140 1 carbon monoxide dehydrogenase catalytic subunit

Geobacter sulfurreducens PCA AAR35474 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Bathyarchaeota archaeon TCS64 C2421582503 Prodigal Gene 1

Desulfitobacterium hafniense Y51 BAE84419 1 carbon monoxide dehydrogenase

C
lostridium

 tyrobutyricum
 D

SM
 2637 = ATC

C
 25755 = JC

M
 11008 W

P 017895231 1 carbon m
onoxide dehydrogenase catalytic subunit
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Veillonella parvula DSM 2008 ACZ23896 1 carbon monoxide dehydrogenase catalytic subunit

Methanococcoides burtonii DSM 6242 ABE51809 1 Acetyl CoA decarbonylase synthase complex alpha subunit 2
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rbon m
onoxid

e dehydrogenase ca
talyti

c s
ubunit

ca
nd

id
at

e 
di

vis
io

n 
W

O
R 

3 
ba

ct
er

iu
m

 S
M

23
 4

2 
KP

K6
26

42
 1

 c
ar

bo
n 

m
on

ox
id

e 
de

hy
dr

og
en

as
e

Methanosarcina acetivorans C2A AAM04446 1 carbon monoxide dehydrogenase subunit alpha
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Desulfospira joergensenii DSM 10085 WP 022664446 1 carbon monoxide dehydrogenase catalytic subunit

Desulfosporosinus m
eridiei DSM

 13257 AFQ
45089 1 carbon m

onoxide dehydrogenase catalytic subunit

Nitrospira bacterium SM23 35 KPK45128 1 hypothetical protein AMK74 04085
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Anaerolineae bacterium SM23 63 KPK94035 1 carbon monoxide dehydrogenase
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Desulfitibacter alkalitolerans DSM 16504 WP 028307219 1 carbon monoxide dehydrogenase catalytic subunit
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Thermincola potens JR ADG82786 1 carbon monoxide dehydrogenase catalytic subunit
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Desulfotignum balticum DSM 7044 W
P 024335671 1 carbon monoxide dehydrogenase catalytic subunit
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Eubacterium
 lim

osum
 KIST612 AD

O
38561 1 carbon m

onoxide dehydrogenase

Methanothermobacter marburgensis str. Marburg ADL57895 1 acetyl CoA decarbonylase synthase subunit alpha

Candidatus Bathyarchaeota archaeon BA1 KPV62667 1 Acetyl CoA decarbonylase synthase complex subunit alpha
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Deferrisoma camini S3R1 WP 025323520 1 carbon monoxide dehydrogenase catalytic subunit

Methanothermococcus thermolithotrophicus DSM 2095 WP 018153340 1 acetyl CoA synthase subunit alpha

Clostri
dium sa

cch
aroperbutyla

cetonicu
m N1-4HMT AGF55444 1 ca

rbon monoxid
e dehydrogenase CooS

Therm
osedim

inibacter oceani DSM
 16646 ADL07116 1 carbon m

onoxide dehydrogenase catalytic subunit

Clostr
idium aerotolerans D

SM 5434 W
P 026889984 1 ca

rbon m
onoxid

e dehydrogenase ca
talyti

c s
ubunit

Desulfobacterium autotrophicum HRM2 ACN17158 1 Cdh1

miscellaneous Crenarchaeota group-6 archaeon AD8-1 KON34459 1 acetyl CoA decarbonylase synthase complex subunit alpha

Desulfatiglans anilini DSM 4660 WP 028319830 1 carbon monoxide dehydrogenase catalytic subunit

Pelobacter carbinolicus DSM
 2380 ABA88143 1 carbon m

onoxide dehydrogenase catalytic subunit

Methanoregula boonei 6A8 ABS55891 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Caldimicrobium thiodismutans BAU24114 1 carbon monoxide dehydrogenase

Altiarchaeales archaeon IMC4 16555931 Acetyl CoA decarbonylase synthase complex subunit alpha

Desulfotomaculum alcoholivorax DSM 16058 WP 027365921 1 carbon monoxide dehydrogenase catalytic subunit

De
su

lfo
vib

rio
 a

es
po

ee
ns

is 
As

po
-2

 A
DU

61
54

9 
1 

ca
rb

on
 m

on
ox

id
e 

de
hy

dr
og

en
as

e 
ca

ta
lyt

ic 
su

bu
ni

t

D
es

ul
fo

sa
rc

in
a 

ce
to

ni
ca

 J
C

M
 1

22
96

 W
P 

05
47

01
77

7 
1 

ca
rb

on
 m

on
ox

id
e 

de
hy

dr
og

en
as

e 
ca

ta
ly

tic
 s

ub
un

it

C
lostridium

 scatologenes A
K

A
68278 1 carbon m

onoxide dehydrogenase catalytic subunit
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Desulfotomaculum kuznetsovii DSM 6115 AEG16299 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Syntrophoarchaeum caldarius OFV67313 1 acetyl CoA decarbonylase synthase alpha subunit

miscellaneous Crenarchaeota group-1 archaeon SG8-32-1 KON29608 1 acetyl CoA decarbonylase synthase complex subunit alpha partial
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Thermodesulfatator atlanticus DSM 21156 W
P 022853655 1 carbon monoxide dehydrogenase

Alkaliphilus m
etalliredigens Q

YM
F ABR

48178 1 carbon m
onoxide dehydrogenase catalytic subunit

Thermodesulfatator indicus DSM 15286 AEH45288 1 carbon monoxide dehydrogenase catalytic subunit

Paenibacillus forsythiae T98 W
P 051503486 1 carbon m

onoxide dehydrogenase catalytic subunit

D
esulfotignum

 phosphitoxidans D
SM

 13687 EM
S80718 1 carbon m

onoxide dehydrogenase catalytic subunit C
ooS

Candidatus Bathyarchaeota archaeon B24 KYH37445 1 acetyl CoA decarbonylase synthase complex subunit alpha

C
lostridium

 dakarense W
P 042276960 1 carbon m

onoxide dehydrogenase catalytic subunit

Methanosarcina mazei Go1 AAM31785 1 CO dehydrogenase acetyl COA synthase alpha subunit

Spirochaetes bacterium DG 61 KPJ84933 1 carbon monoxide dehydrogenase partial

Moorella glycerini CEP66607 1 CO dehydrogenase alpha bundle

Thermococcus sp. AM4 EEB74637 1 Carbon monoxide dehydrogenase CooS

Dehalococcoidia bacterium SCGC AB-539-J10 WP 029475131 1 acetyl CoA decarbonylase synthase subunit alpha

De
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miscellaneous Crenarchaeota group-15 archaeon DG-45 KON30654 1 acetyl CoA decarbonylase synthase complex subunit alpha

C
lo

st
rid

iu
m

 c
el

lu
lo

ly
tic

um
 H

10
 A

C
L7

72
12

 1
 c

ar
bo

n 
m

on
ox

id
e 

de
hy

dr
og

en
as

e 
ca

ta
ly

tic
 s

ub
un

it

Terrisporobacter othiniensis KH
S56985 1 carbon m

onoxide dehydrogenase

Candidatus Brocadia sinica JPN1 GAN32377 1 carbon monoxide dehydrogenase catalytic subunit

Caldicellulosiruptor hydrotherm
alis 108 ADQ

05995 1 carbon m
onoxide dehydrogenase catalytic subunit

Terrisporobacter glycolicus ATC
C

 14880 = D
SM

 1288 W
P 018590799 1 carbon m

onoxide dehydrogenase catalytic subunit

Oxo
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r p
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PU45
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Acetonema longum DSM 6540 EGO64665 1 carbon monoxide dehydrogenase catalytic subunit

Planctomycetes bacterium SM23 65 KPL00363 1 carbon monoxide dehydrogenase
Methanococcus aeolicus Nankai-3 ABR56061 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

P
ersephonella m

arina E
X

-H
1 A

C
O

03445 1 carbon m
onoxide dehydrogenase catalytic subunit

Ferroplasm
a sp. Type II EQB74547 1 hypothetical protein AM

DU4 FER2C00005G0045

Methanosarcina vacuolata Z-761 AKB43264 1 CO dehydrogenase acetyl CoA synthase subunit alpha CO dehydrogenase subcomplex

Candidatus Methanoperedens nitroreducens KCZ71821 1 Ni dependent carbon monoxide dehydrogenase precursor

Blautia schinkii D
SM

 10518 W
P 044947999 1 carbon m

onoxide dehydrogenase catalytic subunit

Desulfovibrio piezophilus C1TLV30 CCH50252 1 Carbon monoxide dehydrogenase 1

Euryarchaeota archaeon SCGC AAA252-I15 WP 041899577 1 hypothetical protein

Methanotorris igneus Kol 5 AEF96916 1 Acetyl CoA decarbonylase synthase complex subunit alpha

Methanothermobacter thermautotrophicus str. Delta H AAB86180 1 carbon monoxide dehydrogenase alpha subunit

Desulfosporosinus meridiei DSM 13257 AFQ43757 1 carbon monoxide dehydrogenase catalytic subunit
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Clostr
idium indolis 

DSM 755 W
P 024291552 1 M

ULT
ISPECIES ca

rbon m
onoxid

e dehydrogenase ca
talyti

c s
ubunit

Methanocaldococcus bathoardescens AIJ04855 1 CO dehydrogenase acetyl CoA synthase alpha subunit

M
ethanosarcina horonobensis H

B-1 = JC
M

 15518 AKB78979 1 C
arbon m

onoxide dehydrogenase C
ooS subunit

Methanopyrus kandleri AV19 AAM01751 1 carbon monoxide dehydrogenase catalytic subunit

Marvin
brya

ntia fo
rm

atexig
ens D

SM 14469 EET59243 1 ca
rbon m

onoxid
e dehydrogenase ca

talyti
c s

ubunit

Desulfatitalea tepidiphila WP 054033849 1 carbon monoxide dehydrogenase catalytic subunit

Lachnoanaerobaculum sa
burre

um DSM 3986 EFU77352 1 ca
rbon monoxid

e dehydrogenase ca
talyti

c s
ubunit
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Desulfotomaculum thermocisternum DSM 10259 WP 027356293 1 carbon monoxide dehydrogenase catalytic subunit

Clostr
idium ve

ntric
uli C

UO08805 1 Carbon m
onoxid

e dehyd
rogenase

 1

Methanothermobacter marburgensis str. M
arburg ADL59007 1 acetyl CoA decarbonylase synthase complex alpha subunit

Veillonella dispar ATCC 17748 EEP64700 1 carbon monoxide dehydrogenase catalytic subunit
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Methanotorris igneus Kol 5 AEF95844 1 carbon monoxide dehydrogenase catalytic subunit

Methanosarcinales archeaon 56 1174 KUK29674 1 Acetyl CoA decarbonylase synthase complex subunit alpha

Thermincola ferriacetica KNZ69747 1 carbon monoxide dehydrogenase catalytic subunit
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Geobacter pickeringii AJE03875 1 carbon monoxide dehydrogenase

Therm
oanaerobacter kivui AIS53154 1 carbon m

onoxide dehydrogenase catalytic subunit acsA

Candidatus Bathyarchaeota archaeon BA2 KPV62189 1 Acetyl CoA decarbonylase synthase complex subunit alpha 2

Methanosarcina acetivorans C2A AAM07211 1 carbon monoxide dehydrogenase subunit alpha

Desulfobacula toluolica Tol2 CCK78269 1 Cdh1 carbon monoxide dehydrogenase 1
Methanosarcina soligelidi WP 048039728 1 MULTISPECIES acetyl CoA decarbonylase synthase complex subunit alpha

Planctomycetes bacterium DG 20 KPJ75001 1 carbon monoxide dehydrogenase
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C
loacibacillus evryensis D

SM
 19522 EXG

78984 1 carbon m
onoxide dehydrogenase catalytic subunit
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Geobacter bemidjiensis Bem ACH37103 1 carbon monoxide dehydrogenase catalytic subunit
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Eubacterium
 hallii DSM

 3353 EEG
38016 1 carbon m

onoxide dehydrogenase catalytic subunit

Candidatus Syntrophoarchaeum butanivorans OFV65538 1 acetyl CoA decarbonylase synthase complex alpha subunit

Clos
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Desulfomonile tiedjei DSM 6799 AFM22978 1 acetyl CoA decarbonylase synthase delta subunit

Methanobacterium arcticum WP 048082889 1 MULTISPECIES acetyl CoA decarbonylase synthase complex subunit alpha

Nitrospira bacterium SG8 3 KPK18485 1 carbon monoxide dehydrogenase

Candidatus Altiarchaeales archaeon WOR_SM1_SCG ODS39088 1 hypothetical protein A7316 06380

Eubacte
rium ce

llulosolve
ns 6

 EIM56567 1 ca
rbon monoxid

e dehydrogenase ca
talyti

c s
ubunit

M
ethanosaeta therm

ophila PT ABK15116 1 carbon m
onoxide dehydrogenase catalytic subunit

Acetohalobium arabaticum DSM 5501 ADL12818 1 carbon monoxide dehydrogenase catalytic subunit

Methanohalobium evestigatum Z-7303 ADI73344 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit

Methanothermobacter sp. CaT2 BAM70809 1 acetyl CoA decarbonylase synthase complex alpha subunit

Blautia producta ATC
C

 27340 = D
SM

 2950 W
P 018597958 1 carbon m

onoxide dehydrogenase catalytic subunit

Desulfotomaculum acetoxidans DSM 771 ACV62152 1 carbon monoxide dehydrogenase catalytic subunit

Desulfotom
aculum

 nigrificans DSM
 574 W

P 003544498 1 carbon m
onoxide dehydrogenase catalytic subunit

Methanobrevibacter arboriphilus ANOR1 WP 042702043 1 acetyl CoA decarbonylase synthase subunit alpha
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candidate divison MSBL1 archaeon SCGC-AAA259I14 KXA97824 1 hypothetical protein AKJ38 00100

A
cetobacterium

 dehalogenans D
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M
 11527 W

P 026395656 1 carbon m
onoxide dehydrogenase catalytic subunit
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Desulfosporosinus youngiae DSM 17734 EHQ90026 1 carbon monoxide dehydrogenase catalytic subunit

C
lostridium

 pasteurianum
 B
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1 A
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97007 1 carbon m
onoxide dehydrogenase catalytic subunit
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Paenibacillus zanthoxyli JH
29 W

P 036734796 1 carbon m
onoxide dehydrogenase catalytic subunit
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C
lostridium

 hylem
onae D

SM
 15053 EEG

73068 1 carbon m
onoxide dehydrogenase catalytic subunit

M
ethanosaeta concilii G

P6 AEB69237 1 carbon m
onoxide dehydrogenase catalytic subunit

Desu
lfito

bacte
riu

m hafniense
 Y51 BAE85962 1 ca

rbon m
onoxid

e dehyd
rogenase

Methanocaldococcus sp. FS406-22 ADC68820 1 CO dehydrogenase acetyl CoA synthase complex epsilon subunit
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Caldicellulosiruptor kristjanssonii I77R1B ADQ
39747 1 carbon m

onoxide dehydrogenase catalytic subunit
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Sporomusa ovata DSM 2662 WP 021166979 1 MULTISPECIES carbon monoxide dehydrogenase catalytic subunit

Azotobacter chroococcum
 NCIM

B 8003 AJE19951 1 carbon m
onoxide dehydrogenase catalytic subunit

Veillonella seminalis ACS-216-V-Col6b EKU78173 1EKU78172 1EKU78171 1 hypothetical protein HMPREF9282 01279 FUSED

Desulfotomaculum nigrificans CO-1-SRB AEF93245 1 carbon monoxide dehydrogenase catalytic subunit

C
lostridium

 sordellii C
EK39464 1 Bifunctional carbon m

onoxidedehydrogenase acetyl C
oA synthase C

O
D

H

Methanobacterium lacus ADZ08714 1 Acetyl CoA decarbonylase synthase complex subunit alpha

Methanobacterium sp. MB1 CDG65657 1 Acetyl CoA decarbonylase synthase complex subunit alpha
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Candidatus Magnetomorum sp. HK-1 KPA18457 1 carbon monoxide dehydrogenase catalytic subunit

Desulfatibacillum aliphaticivorans DSM 15576 WP 028314288 1 carbon monoxide dehydrogenase catalytic subunit
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C
lostridium

 biferm
entans ATC

C
 638 EQ

K45493 1 carbon m
onoxide dehydrogenase catalytic subunit

Clostridium
 colicanis 209318 ENZ02069 1 carbon m

onoxide dehydrogenase catalytic subunit

Therm
ococcus barophilus M

P ADT84129 1 carbon m
onoxide dehydrogenase CooS like protein subunit

Desulfosporosinus acidiphilus SJ4 AFM41885 1 acetyl CoA decarbonylase synthase alpha subunit

M
ethanocaldococcus vulcanius M

7 ACX72487 1 carbon m
onoxide dehydrogenase catalytic subunit
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Omnitrophica WOR 2 bacterium SM23 72 2 KPK97464 1 carbon monoxide dehydrogenase

Desulfotignum phosphitoxidans DSM 13687 EMS79674 1 carbon monoxide dehydrogenase catalytic subunit

Candidatus Syntrophoarchaeum butanivorans OFV66349 1 acetyl CoA decarbonylase synthase complex alpha subunit
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Desulfovirgula thermocuniculi DSM 16036 WP 035106850 1 carbon monoxide dehydrogenase catalytic subunit

Desulfatitalea tepidiphila WP 054029835 1 carbon monoxide dehydrogenase catalytic subunit

C
lostridium

 pasteurianum
 BC

1 AG
K98040 1 carbon m

onoxide dehydrogenase catalytic subunit

Candidatus Kuenenia stuttgartiensis enrichment culture clone CH1 CAJ75372 1 Strongly similar to beta subunit of CO dehydrogenase acetyl CoA synthase AcsA

bacterium
 JG

I-5 W
P 047134050 1 carbon m

onoxide dehydrogenase catalytic subunit

Clostrid
ium drakei W

P 032078508 1 carbon monoxide dehydrogenase catalytic subunit

Clostridium
 sporogenes AKC62072 1 carbon m

onoxide dehydrogenase CooS
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Tree scale: 0.1Clade A 
(archaeal-type CdhA)

Clade CClade D

Clade B

Clade F
(incl. CdhA Firmicutes 1)

Clade E
(CdhA Terrabacteria, Gracilicutes)

Clade E
(CdhA Firmicutes 2)

Clade EOthers
(unresolved branches of Clades E,F)

Fig. S1. Maximum likelihood phylogeny of all CdhA/CooS homologs (420-aa positions) calculated in IQTree under the TEST option. Values at nodes refer to bootstrap supports (100 replicates). Branches with support below 80 were collapsed. The scale bar represents the average number of substitutions per site. Sequences are color coded as follows: black (bacterial CooS), blue (bacterial CdhA), red (archaeal CooS), and green (archaeal CdhA). In the absence of
experimental evidence, we tentatively classified these CdhA/CooS homologs using the following criteria: likely a ChdA if it is part of a CODH/ACS cluster or—in the case of Archaea—the only CdhA/CooS homolog in addition to a partial cluster, and likely a CooS if it is not part of a CODH/ACS cluster and/or the only homolog in the genome and displays an inconsistent phylogenetic placement. Clade names follow the conventions from ref. 6. For discussion and details on
analyses, see main text and Methods section.
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Fig. S4. Interdomain transfers of CODH/ACS components from Bacteria to Archaea. Bayesian phylogenies based on CdhC (643-aa positions) (A) and on a
concatenation of the three methyltransferase module subunits (AcsE–CdhDE, 947-aa positions) (B). Values at nodes refer to posterior probabilities and
bootstrap supports calculated by maximum likelihood in IQTree under the TEST option (100 replicates). Scale bars represent the average number of substi-
tutions per site. For discussion and details on analyses, see main text and Methods.
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Dataset S1. Full list of accession numbers for archaeal CODH/ACS homologs used in this analysis

Dataset S1

Some taxIDs do not correspond to public databases because the corresponding organism had not been deposited in NCBI. The same applies for some
accession numbers for which a protein dataset was not available.

Dataset S2. Full list of accession numbers for bacterial CODH/ACS genes used in this analysis

Dataset S2

Some taxIDs do not correspond to public databases because the corresponding organism had not been deposited in NCBI. The same applies for some
accession numbers for which a protein dataset was not available.
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