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Supplementary Figure S1. SDS-PAGE Gel of Recombinant S. aciditrophicus HydAB 

Purified from E. coli. Lane 1, molecular weight markers; Lane 2, E. coli cell-free extract; Lane 

3, HydAB fraction. Molecular weights listed on gel image were predicted from the encoding 

gene sequence. 

 

 



Supplementary Figure S2. Native PAGE Analysis of Recombinant S. aciditrophicus HydAB 

Purified from E. coli. Lane 1, molecular weight markers; Lane 2, E. coli cell-free extract; Lane 

3, HydAB fraction. 

 

 

  



Supplementary Figure S3. SDS-PAGE of Recombinantly Produced S. aciditrophicus 

Ferredoxin from E. coli and Ferredoxin Partially Purified from S. aciditrophicus. Lane 1. 

molecular weight markers; Lane 2. nickel affinity purified recombinant SYN_03059 gene 

product; Lane 3. partially purified ferredoxin fraction from S. aciditrophicus cells. 

 

 

  



Supplementary Figure S4. Production of Hydrogen from NADH by HydAB in the Presence 

of Reduced Ferredoxin-Generating System. The reduced ferredoxin-generating system and 

HydAB (25.4 µg) were added as indicated by Fdred and +HydAB, respectively. NADH was added 

as indicated by +NADH. The maximal rate of hydrogen production was 24.6 nanomoles • min-1• 

mg-1. 

 

 

  

           

    
   



Supplementary Figure S5. Hydrogen Partial Pressures During the Metabolism of 

Crotonate, Cyclohex-1-ene-1-Carboxylate, and Benzoate By Pure Cultures of S. 

aciditrophicus and Co-Cultures of S. aciditrophicus with Methanospirillum hungatei. Panels 

A, B and C: hydrogen and substrate concentrations for metabolism of crotonate (A), cyclohex-1-

ene carboxylate (B), and benzoate (C) by pure cultures of S. aciditrophicus. Panels D, E, and F: 

hydrogen and substrate concentrations during the metabolism of crotonate (D), cyclohex-1-ene 

carboxylate (E), and benzoate (F) by co-cultures of S. aciditrophicus with M. hungatei. (A) 97.8 

±9.8 nmol, (B) 127.5 ± 6.9 nmol, (C) 72.2 ± 9.8 nmol, (D) 57.4 ± 9.1 nmol, (E) 56.8 ± 7.3 nmol, 

(F) 46.9 ± 28.8 nmol. 

 

 



 gi|325987541|gb|EGD48368.1| NADH dehydrogenase (quinone) Ruminiclostridium papyrosolvens DSM 2782

 gnl|REF jgi|Dred 3291|ref|YP 001114616.1||gi|134301120 NADH dehydrogenase (quinone) Desulfotomaculum reducens MI-1

 gi|570739786|gb|AHF10653.1| NADH dehydrogenase Dehalobacter restrictus DSM 9455

 gi|409020585|gb|AFV02616.1| putative iron-only hydrogenase electron-transferring subunit HymB Dehalobacter sp. DCA

 gnl|REF goetting|CLJU c14710|ref|YP 003779641.1||gi|300854657 NADH dehydrogenase Clostridium ljungdahlii DSM 13528

 gi|553907723|gb|AGY77773.1| NADH dehydrogenase (quinone) Clostridium autoethanogenum DSM 10061

 ref|YP 001318524.1||gi|150388475 NADH dehydrogenase (quinone) Alkaliphilus metalliredigens QYMF

 gi|391357612|gb|AFM43311.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Desulfosporosinus acidiphilus SJ4

 gi|402255897|gb|AFQ46172.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Desulfosporosinus meridiei DSM 13257

 gi|357212598|gb|AET67216.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Desulfosporosinus orientis DSM 765

 gi|391353673|gb|AFM39372.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Desulfosporosinus acidiphilus SJ4

 gi|402252448|gb|AFQ42723.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Desulfosporosinus meridiei DSM 13257

 ref|YP 003935938.1||gi|310658217 putative Fe hydrogenase electron-transfer subunit Clostridium sticklandii

 gnl|REF jgi|Clocel 2244|ref|YP 003843747.1||gi|302875114 NADH dehydrogenase (quinone) Clostridium cellulovorans 743B

 gnl|REF tigr|CLJ B2021|ref|YP 002862804.1||gi|237795252 putative Fe hydrogenase electron-transfer subunit Clostridium botulinum Ba4 str. 657

 gnl|REF tigr|CLI 1850|ref|YP 001391108.1||gi|153941131 Fe hydrogenase electron-transfer subunit Clostridium botulinum F str. Langeland

 gi|295319154|gb|ADF99531.1| putative iron hydrogenase electron-transfer subunit Clostridium botulinum F str. 230613

 gnl|REF tigr|CLM 2008|ref|YP 002804183.1||gi|226949092 putative Fe hydrogenase electron-transfer subunit Clostridium botulinum A2 str. Kyoto

 gnl|REF tigr|CLD 2792|ref|YP 001781396.1||gi|170754983 Fe hydrogenase electron-transfer subunit Clostridium botulinum B1 str. Okra

 gnl|REF tigr|CLK 1233|ref|YP 001787173.1||gi|170759324 Fe hydrogenase electron-transfer subunit Clostridium botulinum A3 str. Loch Maree

 gi|322806085|emb|CBZ03652.1| NAD-reducing hydrogenase subunit HoxF Clostridium botulinum H04402 065

 gi|148379808|ref|YP 001254349.1| Fe hydrogenase electron-transfer subunit Clostridium botulinum A str. ATCC 3502

 gnl|REF tigr|CLB 1784|ref|YP 001384106.1||gi|153931627 Fe hydrogenase electron-transfer subunit Clostridium botulinum A str. ATCC 19397

 gi|153936195|ref|YP 001387646.1| Fe hydrogenase electron-transfer subunit Clostridium botulinum A str. Hall

 gi|29345535|ref|NP 809038.1| NADH:ubiquinone oxidoreductase subunit Bacteroides thetaiotaomicron VPI-5482

 gi|295087526|emb|CBK69049.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Bacteroides xylanisolvens XB1A

 gnl|REF jgi|Odosp 0186|ref|YP 004251474.1||gi|325278932 NADH dehydrogenase (quinone) Odoribacter splanchnicus DSM 20712

 gnl|REF wustl|BD1020|ref|YP 001302431.1||gi|150007688 NADH:ubiquinone oxidoreductase subunit Parabacteroides distasonis ATCC 8503

 gnl|REF jgi|Clole 2395|ref|YP 004309300.1||gi|326791479 NADH dehydrogenase (quinone) Clostridium lentocellum DSM 5427

 gnl|REF jgi|Sterm 0624|ref|YP 003307428.1||gi|269119251 NADH dehydrogenase (quinone) Sebaldella termitidis ATCC 33386

 gnl|REF jgi|Sterm 3600|ref|YP 003310365.1||gi|269122188 NADH dehydrogenase (quinone) Sebaldella termitidis ATCC 33386

 gnl|REF jgi|Ilyop 0690|ref|YP 003966825.1||gi|310778492 NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Ilyobacter polytropus DSM 2926

 gi|269791767|ref|YP 003316671.1| NADH dehydrogenase (quinone) Thermanaerovibrio acidaminovorans DSM 6589

 gnl|REF jgi|GM18 1858|ref|YP 004198597.1||gi|322419374 NADH dehydrogenase (quinone) Geobacter sp. M18

 ref|YP 002951624.1||gi|239904886 NADH-quinone oxidoreductase chain F Desulfovibrio magneticus RS-1

 ref|YP 006717363.1||gi|404493257 cytoplasmic FeFe-hydrogenase-associated NADPH oxidoreductase major subunit Pelobacter carbinolicus DSM 2380

 ref|YP 006717332.1||gi|404493226 cytoplasmic FeFe-hydrogenase-associated NADPH oxidoreductase major subunit Pelobacter carbinolicus DSM 2380

 gi|372102371|gb|AEX86275.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Marinitoga piezophila KA3

 gnl|REF jgi|Pmob 0724|ref|YP 001567771.1||gi|160902190 NADH dehydrogenase (quinone) Petrotoga mobilis SJ95

 gnl|REF jgi|Apre 1086|ref|YP 003152834.1||gi|257066578 NADH dehydrogenase (quinone) Anaerococcus prevotii DSM 20548

 ref|YP 006200432.1||gi|384362580 iron-only hydrogenase electron-transferring subunit Peptoclostridium difficile BI1

 gi|489512089|ref|WP 003416938.1| NADH-quinone oxidoreductase subunit NuoF Clostridioides difficile

 ref|YP 003219703.1||gi|260688569 iron-only hydrogenase electron-transferring subunit Peptoclostridium difficile R20291

 gi|126701029|ref|YP 001089926.1| iron-only hydrogenase electron-transferring subunit HymB-like protein Clostridioides difficile 630

 ref|YP 003216196.1||gi|260684911 iron-only hydrogenase electron-transferring subunit Peptoclostridium difficile CD196

 gnl|REF jgi|Oter 1545|ref|YP 001818429.1||gi|182413363 NADH dehydrogenase (quinone) Opitutus terrae PB90-1

 gi|390612233|gb|AFM13385.1| NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Turneriella parva DSM 21527

 gi|186971102|gb|ACC98087.1| FeFe Hydrogenase HydB (NuoF) Elusimicrobium minutum Pei191

 gnl|REF CCGMU|BHWA1 02503|ref|YP 002722660.1||gi|225621401 NADH:ubiquinone oxidoreductase NADH-binding (51 kDa) subunit Brachyspira hyodysenteriae WA1

 gnl|REF jgi|Bmur 2160|ref|YP 003634434.1||gi|296127182 NADH dehydrogenase (quinone) Brachyspira murdochii DSM 12563

 gi|343385866|gb|AEM21356.1| DH:ubiquinone oxidoreductase DH-binding (51 kDa) subunit Brachyspira intermedia PWS/A

 gi|383108106|gb|AFG38439.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Spirochaeta africana DSM 8902

 gi|339412206|gb|AEJ61771.1| Respiratory-chain NADH dehydrogenase domain 51 kDa subunit Spirochaeta thermophila DSM 6578

 gnl|REF goetting|STHERM c13750|ref|YP 003874588.1||gi|307719056 hypothetical protein STHERM c13750 Spirochaeta thermophila DSM 6192

 gi|565679686|gb|AHC13717.1| NAD-reducing hydrogenase subunit HoxF Salinispira pacifica

 gnl|REF jgi|Spirs 3688|ref|YP 003805368.1||gi|302340162 NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Spirochaeta smaragdinae DSM 11293

 gi|324027373|gb|ADY14132.1| NADH dehydrogenase (quinone) Sphaerochaeta globosa str. Buddy

 gi|359352465|gb|AEV30239.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Sphaerochaeta pleomorpha str. Grapes

 ref|YP 004438911.1||gi|332296989 NADH dehydrogenase (quinone) Treponema brennaborense DSM 12168

 gi|530724461|gb|AGT43414.1| NADH dehydrogenase (quinone) Treponema pedis str. T A4

 ref|YP 004529576.1||gi|333996964 NADH dehydrogenase Treponema primitia ZAS-2

 gi|338835692|gb|AEJ20870.1| NADH dehydrogenase (quinone) Treponema caldarium DSM 7334

 ref|YP 004528210.1||gi|333995597 NAD-dependent formate dehydrogenase subunit beta Treponema azotonutricium ZAS-9

 gi|570739304|gb|AHF10171.1| hydrogenase Dehalobacter restrictus DSM 9455

 gi|409019871|gb|AFV01902.1| putative iron-only hydrogenase electron-transferring subunit HymB Dehalobacter sp. DCA

 gi|383107475|gb|AFG37808.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Spirochaeta africana DSM 8902

 gnl|REF jgi|Spirs 0475|ref|YP 003802216.1||gi|302337010 Respiratory-chain NADH dehydrogenase domain 51 kDa subunit Spirochaeta smaragdinae DSM 11293

 gi|333748978|gb|AEF94085.1| NADH dehydrogenase (quinone) Desulfotomaculum nigrificans CO-1-SRB

 gnl|REF jgi|Dred 1652|ref|YP 001113005.1||gi|134299509 NADH dehydrogenase (quinone) Desulfotomaculum reducens MI-1

 ref|YP 004545924.1||gi|334340944 NADH dehydrogenase (quinone) Desulfotomaculum ruminis DSM 2154

 gnl|REF jgi|Daud 1338|ref|YP 001717479.1||gi|169831497 NADH dehydrogenase (quinone) Candidatus Desulforudis audaxviator MP104C

 ref|YP 001212561.1||gi|147678346 NADH:ubiquinone oxidoreductase NADH-binding 51 kD subunit Pelotomaculum thermopropionicum SI

 gnl|REF jgi|Sfum 0845|ref|YP 844977.1||gi|116748290 NADH dehydrogenase (quinone) Syntrophobacter fumaroxidans MPOB

 gnl|REF jgi|Dtox 0173|ref|YP 003189751.1||gi|258513529 NADH dehydrogenase (quinone) Desulfotomaculum acetoxidans DSM 771

 ref|YP 004517645.1||gi|333979700 NADH dehydrogenase (quinone) Desulfotomaculum kuznetsovii DSM 6115

 gi|83590554|ref|YP 430563.1| NADH dehydrogenase (quinone) Moorella thermoacetica ATCC 39073

 gnl|REF jgi|Hore 06320|ref|YP 002508384.1||gi|220931476 NADH dehydrogenase (ubiquinone) 51 kDa subunit Halothermothrix orenii H 168

 gi|433669556|gb|AGB40371.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Halobacteroides halobius DSM 5150

 gnl|REF jgi|Acear 1884|ref|YP 003828452.1||gi|302392632 NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Acetohalobium arabaticum DSM 5501

 gnl|REF jgi|Dtox 3830|ref|YP 003193157.1||gi|258516935 respiratory-chain NADH dehydrogenase domain 51 kDa subunit Desulfotomaculum acetoxidans DSM 771

 ref|YP 001211928.1||gi|147677713 NADH:ubiquinone oxidoreductase NADH-binding 51 kD subunit Pelotomaculum thermopropionicum SI

 ref|YP 004544087.1||gi|334339107 NADH dehydrogenase (quinone) Desulfotomaculum ruminis DSM 2154

 ref|YP 077034.1||gi|51894343 iron hydrogenase beta subunit Symbiobacterium thermophilum IAM 14863

 ref|YP 001321848.1||gi|150391799 NADH dehydrogenase (quinone) Alkaliphilus metalliredigens QYMF

 gi|407051861|gb|AFS79906.1| iron hydrogenase HydB Clostridium acidurici 9a

 gnl|REF jgi|Clos 0929|ref|YP 001512472.1||gi|158319965 NADH dehydrogenase (quinone) Alkaliphilus oremlandii OhILAs

 gnl|REF jgi|Cphy 3804|ref|YP 001560890.1||gi|160881922 NADH dehydrogenase (quinone) Lachnoclostridium phytofermentans ISDg

 ref|YP 003823543.1||gi|302387721 NADH dehydrogenase (quinone) Clostridium saccharolyticum WM1

 gi|291544586|emb|CBL17695.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Ruminococcus champanellensis 18P13 JCM 17042

 ref|YP 004709436.1||gi|339443431 NADH:ubiquinone oxidoreductase NADH-binding 51 kDa subunit Clostridium sp. SY8519

 gnl|REF jgi|Rumal 2965|ref|YP 004106065.1||gi|317057598 NADH dehydrogenase (quinone) Ruminococcus albus 7 DSM 20455

 gnl|REF jgi|Teth514 2139|ref|YP 001663747.1||gi|167040762 NADH dehydrogenase (quinone) Thermoanaerobacter sp. X514

 gnl|REF jgi|Thet 0796|ref|YP 003903717.1||gi|307723966 NADH dehydrogenase (quinone) Thermoanaerobacter sp. X513

 gi|344032682|gb|AEM78408.1| Respiratory-chain NADH dehydrogenase domain 51 kDa subunit Thermoanaerobacter wiegelii Rt8.B1

 gnl|REF jgi|Teth39 1457|ref|YP 001665443.1||gi|167037865 NADH dehydrogenase (quinone) Thermoanaerobacter pseudethanolicus ATCC 33223

 gnl|REF jgi|Thebr 1492|ref|YP 004186441.1||gi|320116282 NADH dehydrogenase (quinone) Thermoanaerobacter brockii subsp. finnii Ako-1

 gnl|REF jgi|Thit 0829|ref|YP 003476669.1||gi|289578042 NADH dehydrogenase (quinone) Thermoanaerobacter italicus Ab9

 gnl|REF jgi|Tmath 0868|ref|YP 003676615.1||gi|297544313 NADH dehydrogenase (quinone) Thermoanaerobacter mathranii subsp. mathranii str. A3

 ref|NP 622545.1||gi|20807374 NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Caldanaerobacter subterraneus subsp. tengcongensis MB4

 gnl|REF tigr|COPRO5265 0180|ref|YP 002246550.1||gi|206895390 NADH:ubiquinone oxidoreductase nadh-binding (51 kd) subunit Coprothermobacter proteolyticus DSM 5265

 ref|YP 004471284.1||gi|333897410 NADH dehydrogenase (quinone) Thermoanaerobacterium xylanolyticum LX-11

 gi|389570726|gb|AFK87131.1| Respiratory-chain NADH dehydrogenase domain 51 kDa subunit Thermoanaerobacterium saccharolyticum JW/SL-YS485

 gnl|REF jgi|Tthe 1119|ref|YP 003851723.1||gi|304316578 NADH dehydrogenase (quinone) Thermoanaerobacterium thermosaccharolyticum DSM 571

 gnl|REF jgi|Thethe 01063|ref|YP 007298420.1||gi|433654712 NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Thermoanaerobacterium thermosaccharolyticum M0795

 ref|YP 004461325.1||gi|332799826 NADH dehydrogenase (quinone) Tepidanaerobacter acetatoxydans Re1

 gnl|REF jgi|Toce 0696|ref|YP 003825088.1||gi|302389267 NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Thermosediminibacter oceani DSM 16646

 gi|332699506|gb|AEE96447.1| NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Mahella australiensis 50-1 BON

 gi|375303317|gb|AFA49451.1| iron hydrogenase HydB Acetobacterium woodii DSM 1030

 gnl|REF KUCSBL|ELI 0846|ref|YP 003958823.1||gi|310826466 NADH dehydrogenase (quinone) Eubacterium limosum KIST612

 gi|373945917|gb|AEY66838.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Clostridium sp. BNL1100

 gi|325988959|gb|EGD49783.1| NADH dehydrogenase (quinone) Ruminiclostridium papyrosolvens DSM 2782

 ref|YP 002506555.1||gi|220929646 respiratory-chain NADH dehydrogenase domain 51 kDa subunit Clostridium cellulolyticum H10

 ref|YP 005045888.1||gi|374295697 NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Clostridium clariflavum DSM 19732

 gnl|REF jgi|Cthe 0341|ref|YP 001036772.1||gi|125972862 NADH dehydrogenase (quinone) Ruminiclostridium thermocellum ATCC 27405

 gi|489608142|ref|WP 003512583.1| NADH-quinone oxidoreductase subunit NuoF Hungateiclostridium thermocellum

 gi|442740252|gb|AGC67941.1| NADH-quinone oxidoreductase subunit F 2 Thermoclostridium stercorarium subsp. stercorarium DSM 8532

 gnl|REF jgi|COB47 1259|ref|YP 003840537.1||gi|302871901 NADH dehydrogenase (quinone) Caldicellulosiruptor obsidiansis OB47

 gnl|REF jgi|Calow 1089|ref|YP 004002452.1||gi|312135114 NADH dehydrogenase (quinone) Caldicellulosiruptor owensensis OL

 gnl|REF jgi|Csac 1863|ref|YP 001180639.1||gi|146296868 NADH dehydrogenase (quinone) Caldicellulosiruptor saccharolyticus DSM 8903

 gnl|REF jgi|Calkr 1283|ref|YP 004026403.1||gi|312793480 NADH dehydrogenase (quinone) Caldicellulosiruptor kristjanssonii I77R1B

 gi|343964191|gb|AEM73338.1| Respiratory-chain NADH dehydrogenase domain 51 kDa subunit Caldicellulosiruptor lactoaceticus 6A

 gnl|REF jgi|Calhy 1428|ref|YP 003992514.1||gi|312127640 NADH dehydrogenase (quinone) Caldicellulosiruptor hydrothermalis 108

 gnl|REF jgi|Calkro 1403|ref|YP 004024078.1||gi|312622465 NADH dehydrogenase (quinone) Caldicellulosiruptor kronotskyensis 2002

 gnl|REF jgi|Athe 1298|ref|YP 002573171.1||gi|222529289 NADH dehydrogenase Caldicellulosiruptor bescii DSM 6725

 gnl|REF goetting|HRM2 16600|ref|YP 002602930.1||gi|224368769 protein NuoF Desulfobacterium autotrophicum HRM2

 gnl|REF jgi|Deba 1519|ref|YP 003807481.1||gi|302342952 NADH dehydrogenase (quinone) Desulfarculus baarsii DSM 2075

 gnl|REF jgi|Halsa 1863|ref|YP 003995635.1||gi|312144189 NADH dehydrogenase (quinone) Halanaerobium hydrogeniformans

 gi|309389874|gb|ADO77754.1| NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Halanaerobium praevalens DSM 2228

 gi|433671345|gb|AGB42160.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Halobacteroides halobius DSM 5150

 gnl|REF jgi|Acear 0270|ref|YP 003826884.1||gi|302391064 NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Acetohalobium arabaticum DSM 5501

 gi|225168515|gb|EEG77317.1| NADH dehydrogenase (quinone) Dethiobacter alkaliphilus AHT 1

 gi|395812962|gb|AFN75711.1| Fe-only hydrogenase subunit beta Melioribacter roseus P3M-2

 ref|YP 005845510.1||gi|385809114 hydrogenase subunit HydB Ignavibacterium album JCM 16511

 gi|359350288|gb|AEV28062.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Sphaerochaeta pleomorpha str. Grapes

 gi|324026659|gb|ADY13418.1| NADH dehydrogenase (quinone). Glutamate synthase (NADPH) Sphaerochaeta globosa str. Buddy

 gi|553906952|gb|AGY77002.1| NADH dehydrogenase (quinone) Clostridium autoethanogenum DSM 10061

 gnl|REF goetting|CLJU c07040|ref|YP 003778876.1||gi|300853892 NADH dehydrogenase I subunit F Clostridium ljungdahlii DSM 13528

 gi|530452983|gb|AGT29710.1| electron bifurcating FeFe-hydrogenase dependent on TPN subunit B Clostridium autoethanogenum DSM 10061

 gnl|REF jgi|Tpet 1368|ref|YP 001244958.1||gi|148270498 NADH dehydrogenase (quinone) Thermotoga petrophila RKU-1

 gnl|REF jgi|Tnap 1386|ref|YP 003346883.1||gi|281412804 NADH dehydrogenase (quinone) Thermotoga naphthophila RKU-10

 gi|15644176|ref|NP 229225.1| Fe-hydrogenase subunit beta Thermotoga maritima MSB8

 gnl|REF jgi|TRQ2 1318|ref|YP 001739345.1||gi|170289107 NADH dehydrogenase (quinone) Thermotoga sp. RQ2

 gnl|REF CP000916|CTN 1068|ref|YP 002534610.1||gi|222100042 Fe-hydrogenase beta subunit Thermotoga neapolitana DSM 4359

 gnl|REF tigr|DICTH 0411|ref|YP 002250293.1||gi|206900598 Fe-hydrogenase beta subunit Dictyoglomus thermophilum H-6-12

 gi|217966957|ref|YP 002352463.1| NADH dehydrogenase Dictyoglomus turgidum DSM 6724

 gi|655460247|ref|WP 028843228.1| 4Fe-4S dicluster domain-containing protein Pseudothermotoga elfii

 ref|YP 001470583.1||gi|157363816 NADH dehydrogenase (quinone) Thermotoga lettingae TMO

 gi|335364259|gb|AEH50204.1| NADH dehydrogenase (quinone) Pseudothermotoga thermarum DSM 5069

 gi|383109372|gb|AFG34975.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Fervidobacterium pennivorans DSM 9078

 gnl|REF jgi|Fnod 0226|ref|YP 001409750.1||gi|154248925 NADH dehydrogenase (quinone) Fervidobacterium nodosum Rt17-B1

 gnl|REF mbdal|THA 786|ref|YP 002334589.1||gi|217076873 Fe-hydrogenase subunit beta Thermosipho africanus TCF52B

 gnl|REF jgi|Tmel 0491|ref|YP 001305743.1||gi|150020389 NADH dehydrogenase (quinone) Thermosipho melanesiensis BI429

 ref|YP 901163.1||gi|118579913 NADH dehydrogenase (quinone) Pelobacter propionicus DSM 2379

 ref|YP 002952161.1||gi|239905422 NAD-reducing hydrogenase subunit Desulfovibrio magneticus RS-1

 gnl|REF jgi|Despr 1600|ref|YP 004195043.1||gi|320353704 NAD(P)-dependent iron-only hydrogenase diaphorase component flavoprotein Desulfobulbus propionicus DSM 2032

 gnl|REF jgi|Spirs 0354|ref|YP 003802104.1||gi|302336898 NADH dehydrogenase (quinone) Spirochaeta smaragdinae DSM 11293

 gi|395811129|gb|AFN73878.1| Fe-only hydrogenase subunit beta Melioribacter roseus P3M-2

 gnl|REF jgi|Hore 01800|ref|YP 002507937.1||gi|220931029 NADH dehydrogenase I subunit F Halothermothrix orenii H 168

 ref|YP 004518296.1||gi|333980351 NADH dehydrogenase (quinone) Desulfotomaculum kuznetsovii DSM 6115

 gi|488456657|gb|AGL02551.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Desulfallas gibsoniae DSM 7213

 ref|YP 004545920.1||gi|334340940 NADH dehydrogenase (quinone) Desulfotomaculum ruminis DSM 2154

 gnl|REF jgi|Dred 1655|ref|YP 001113008.1||gi|134299512 NADH dehydrogenase (quinone) Desulfotomaculum reducens MI-1

 gi|333748984|gb|AEF94091.1| NADH dehydrogenase (quinone) Desulfotomaculum nigrificans CO-1-SRB

 gnl|REF jgi|Toce 0536|ref|YP 003824933.1||gi|302389112 NADH dehydrogenase (quinone) Thermosediminibacter oceani DSM 16646

 ref|YP 004461912.1||gi|332800413 NADH dehydrogenase (quinone) Tepidanaerobacter acetatoxydans Re1

 gi|348594901|dbj|BAK98861.1| putative uptake hydrogenase subunit HupB Oscillibacter valericigenes Sjm18-20

 gi|295112090|emb|CBL28840.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Fretibacterium fastidiosum

 gnl|REF jgi|Clos 0989|ref|YP 001512532.1||gi|158320025 NADH dehydrogenase (quinone) Alkaliphilus oremlandii OhILAs

 gnl|REF tigr|CLL A2308|ref|YP 001886497.1||gi|187932967 iron hydrogenase electron-transfer subunit Clostridium botulinum B str. Eklund 17B (NRP)

 gnl|REF tigr|CLH 2051|ref|YP 001921432.1||gi|188589360 putative iron hydrogenase electron-transfer subunit Clostridium botulinum E3 str. Alaska E43

 ref|YP 001311177.1||gi|150018923 NADH dehydrogenase (quinone) Clostridium beijerinckii NCIMB 8052

 gnl|REF jgi|Cphy 0088|ref|YP 001557217.1||gi|160878249 NADH dehydrogenase (quinone) Lachnoclostridium phytofermentans ISDg

 gi|325988870|gb|EGD49694.1| Respiratory-chain NADH dehydrogenase domain 51 kDa subunit Ruminiclostridium papyrosolvens DSM 2782

 gi|373945989|gb|AEY66910.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Clostridium sp. BNL1100

 ref|YP 002506621.1||gi|220929712 respiratory-chain NADH dehydrogenase domain 51 kDa subunit Clostridium cellulolyticum H10

 gnl|REF jgi|Ethha 2615|ref|YP 004092839.1||gi|317133525 NADH dehydrogenase (quinone) Ethanoligenens harbinense YUAN-3

 gnl|REF jgi|Cthe 0429|ref|YP 001036860.1||gi|125972950 NADH dehydrogenase (quinone) Ruminiclostridium thermocellum ATCC 27405

 gnl|REF jgi|Clole 1577|ref|YP 004308500.1||gi|326790679 NADH dehydrogenase (quinone) Clostridium lentocellum DSM 5427

 ref|YP 004529858.1||gi|333997246 NADH dehydrogenase Treponema primitia ZAS-2

 gnl|REF goetting|Cspa c43750|ref|YP 007457382.1||gi|451821181 NADP-reducing hydrogenase subunit HndC Clostridium saccharoperbutylacetonicum N1-4(HMT)

 gi|553905750|gb|AGY75800.1| NADH dehydrogenase (quinone) Clostridium autoethanogenum DSM 10061

 ref|YP 004529844.1||gi|333997232 NAD-dependent formate dehydrogenase subunit beta Treponema primitia ZAS-2

 gi|291549368|emb|CBL25630.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Ruminococcus torques L2-14

 gi|251850133|gb|EES78091.1| hypothetical protein RSAG 00048 Ruminococcus sp. 5 1 39BFAA

 gi|291546305|emb|CBL19413.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Ruminococcus sp. SR1/5

 gi|295110158|emb|CBL24111.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Blautia obeum A2-162

 gi|489710243|ref|WP 003614380.1| MULTISPECIES: NADH-quinone oxidoreductase subunit NuoF Methylosinus

 gi|294477372|gb|ADE86760.1| NAD-dependent formate dehydrogenase beta subunit Rhodobacter capsulatus SB 1003

 gi|499933888|ref|WP 011614622.1| formate dehydrogenase beta subunit Cupriavidus necator

 gi|1020101994|ref|WP 063236917.1| formate dehydrogenase beta subunit Cupriavidus oxalaticus

 gi|114337484|gb|ABI68332.1| NADH dehydrogenase (quinone) Syntrophomonas wolfei subsp. wolfei str. Goettingen G311

 gi|1001635851|ref|WP 061213711.1| NADH-quinone oxidoreductase subunit NuoF Syntrophomonas wolfei

 gi|938915189|ref|WP 054698037.1| NADH-quinone oxidoreductase subunit NuoF Syntrophomonas palmitatica

 gi|1120223812|ref|WP 073091112.1| NADH-quinone oxidoreductase subunit NuoF Thermosyntropha lipolytica

 gi|817127551|ref|WP 046500148.1| NADH-quinone oxidoreductase subunit NuoF Syntrophomonas zehnderi

 gnl|REF jgi|Slip 0124|ref|YP 003701489.1||gi|297616330 NADH dehydrogenase (quinone) Syntrophothermus lipocalidus DSM 12680

 gi|502939352|ref|WP 013174328.1| NADH-quinone oxidoreductase subunit NuoF Syntrophothermus lipocalidus

 gi|765346563|ref|WP 044664703.1| NADH-quinone oxidoreductase subunit F Syntrophaceticus schinkii

 ref|YP 001741249.1||gi|218961474 putative Fe hydrogenase (Fe-only hydrogenase) (ferredoxin bidirectional hydrogenase) subunit beta (hymB-like) Candidatus Cloacimonas acidaminovorans str. Evry

 gi|85722032|gb|ABC76975.1| NADH-quinone oxidoreductase chain F Syntrophus aciditrophicus SB

 gi|16130219|ref|NP 416787.1| NADH:quinone oxidoreductase subunit F Escherichia coli str. K-12 substr. MG1655

 gi|1279866|gb|AAA97943.1| NADH dehydrogenase I subunit NQO1 Thermus thermophilus HB8

 gi|240011409|gb|ACS42635.1| Tungsten-containing formate dehydrogenase beta subunit Methylorubrum extorquens AM1

 gi|559771450|gb|AHB12962.1| Fe hydrogenase subunit Dehalococcoides mccartyi GY50

 gnl|REF tigr|DET0146|ref|YP 180896.1||gi|57235004 Fe hydrogenase HymB subunit Dehalococcoides mccartyi 195

 gnl|REF jgi|DhcVS 154|ref|YP 003329655.1||gi|270307597 Fe hydrogenase subunit HymB Dehalococcoides mccartyi VS

 gi|452110069|gb|AGG05801.1| FeFe hydrogenase NAD-binding subunit Dehalococcoides mccartyi DCMB5

 gnl|REF jgi|DehaBAV1 0225|ref|YP 001213692.1||gi|147668874 NADH dehydrogenase (quinone) Dehalococcoides mccartyi BAV1

 ref|YP 307337.1||gi|73748098 Fe hydrogenase subunit HymB Dehalococcoides mccartyi CBDB1

 gnl|REF jgi|DehalGT 0174|ref|YP 003461997.1||gi|289432124 NADH dehydrogenase (quinone) Dehalococcoides mccartyi GT

 gi|452111484|gb|AGG07215.1| FeFe hydrogenase NAD-binding subunit Dehalococcoides mccartyi BTF08

 gi|570739836|gb|AHF10703.1| NADH-quinone oxidoreductase subunit F Dehalobacter restrictus DSM 9455

 gi|409020634|gb|AFV02665.1| protein HymB Dehalobacter sp. DCA

 gi|332699634|gb|AEE96575.1| NADH dehydrogenase (quinone) Mahella australiensis 50-1 BON

 gi|372101522|gb|AEX85426.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Marinitoga piezophila KA3

 gnl|REF jgi|Pmob 1150|ref|YP 001568191.1||gi|160902610 NADH dehydrogenase (quinone) Petrotoga mobilis SJ95

 gnl|REF jgi|Halsa 1769|ref|YP 003995542.1||gi|312144096 NADH dehydrogenase (quinone) Halanaerobium hydrogeniformans

 gnl|REF jgi|Hore 02970|ref|YP 002508053.1||gi|220931145 NADH dehydrogenase I subunit F Halothermothrix orenii H 168

 ref|YP 005434366.1||gi|383755463 putative NADH dehydrogenase F subunit Selenomonas ruminantium subsp. lactilytica TAM6421

 gi|493203480|ref|WP 006191643.1| NADH-quinone oxidoreductase subunit F Selenomonas sputigena

 gnl|REF jgi|Sgly 2915|ref|YP 004267185.1||gi|325291004 NADH dehydrogenase subunit F Syntrophobotulus glycolicus DSM 8271

 gi|390523334|gb|AFL99064.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Desulfitobacterium dehalogenans ATCC 51507

 gi|325985665|gb|EGD46501.1| NADH dehydrogenase (quinone) Ruminiclostridium papyrosolvens DSM 2782

 gi|373944100|gb|AEY65021.1| NADH:ubiquinone oxidoreductase NADH-binding (51 kD) subunit Clostridium sp. BNL1100

 gnl|REF goetting|STHERM c06250|ref|YP 003873857.1||gi|307718325 NADH-quinone oxidoreductase subunit 1 Spirochaeta thermophila DSM 6192

 ref|YP 005845236.1||gi|385808840 Hydrogen dehydrogenase Ignavibacterium album JCM 16511

 gi|51947501|gb|AAU14235.1| hydrogenosomal Fe- hydrogenase Nyctotherus ovalis
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Figure S6. Phylogenetic Comparison of BF and non-BF NADH Dependent Beta Subunits 
(Nqo1/NuoF Homlogs). The tree is drawn to scale with branch lengths measured in the 
number of substitutions per site. A total of 495 positions were used for this analysis trimmed 
from a total of 1930 positions (positions 907-1402 in in the full alignment) from the full 
alignment (Supplemental File 1.). 
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