
 
NuoLEcoli            ---MNMLALTIILPLIGFVLLAFSRGRWSENVSAIVGVGSVGLAALVTAFIGVDFFANGE 57 
Nqo12Thermus         ---MALLG-TILLPLLGFALLGLFGKRMREPLPGVLASGLVLASFLLGAGLLLSGG---- 52 
Nqo12Paracoccus      -----MEKFVLFAPLIASLIAGLGWRAIGEKAAQYLTTGVLFLSCLISWYLFLSFDGVP- 54 
NuoLRhodobacter      -----MTTIILLAPLLGALIGGFGWRLITEKGALVVTTGLLFLSCILSWVVFLTLPAET- 54 
NuoLPseudomonas      ---MNLLPLTFLFPLVGFLLLSFSRGRWSENLSALVGVGSVGLSALSAAWAIFSFHSSPP 57 
NuoLStreptomyces     --MENLIALLVAAPLLGAVVL-LCGGRRLDRVGHWIGTLLAAVSFVLGVVLFADLLGSGA 57 
ND5Neurospora        --MY---LSIIILPLLGSIVAGFFGRKVGVSGAQLITCLSVIITTGLAILAFFEVGFNNI 55 
ND5Yarrowia          --MYNAISLIIILPCISWLFPLFFGRQLGYVFVTRMTSTLIIITTLITYYYFYQLLGNNN 58 
ND5Bovine            MNMFSSLSLVTLLLLTMPIMMMSFNTYKPSNYPLYVKT-AISYAFITSMIPTMMFIHSGQ 59 
ND5Human             MTMHTTMTTLTLTSLIPPILTTLVNPNKKNSYPHYVKS-IVASTFIISLFPTTMFMCLDQ 59 
 
 
NuoLEcoli            Q--TYSQPLWTWMSVGDFNIGFNLVLDGLSLTMLSVVTGVGFLIHMYASWYMRGEEG--- 112 
Nqo12Thermus         -----ARFQAEWLPG----IPFSLLLDNLSGFMLLIVTGVGFLIHVYAIGYMGGDPG--- 100 
Nqo12Paracoccus      ----RHIPVLDWVVTGDFHAEWAIRLDRLTAIMLIVVTTVSALVHMYSLGYMAHDDNWTH 110 
NuoLRhodobacter      ----QHIHLLDWIRSGALDTSWGIRLDRLTAIMLIVVTTVSALVHLYSWGYMAHDENWTH 110 
NuoLPseudomonas      EGGAYSLVLWQWMAAGDFSTNFTLYLDGLSVTMLGVVTGVGFLIHLFASWYMRGETG--- 114 
NuoLStreptomyces     EDRTLTQHLFSWIPVEGFQADVAFRLDQLSMTFVLLITGVGSLIHLYSVAYMEHDERR-- 115 
ND5Neurospora        P---VTINLFRWIDSEWYNILWGFQFDSLTVAMLIPVLIISSLVHIYSISYMSHDPHN-- 110 
ND5Yarrowia          P---INLELFNYLNIDYLDINYNFEIDALTITMLLAITTISSMVHIYSIGYMETDPH--- 112 
ND5Bovine            E---LIISNWHWLTIQTLKLSLSFKMDYFSMMFIPVALFVTWSIMEFSMWYMYSDPNIN- 115 
ND5Human             E---VIISNWHWATTQTTQLSLSFKLDYFSMMFIPVALFVTWSIMEFSLWYMNSDPNIN- 115 
 
 
NuoLEcoli            ----YSRFFAYTNLFIASMVVLVLADNLLLMYLGWEGVGLCSYLLIGFYYTDPKNGAAAM 168 
Nqo12Thermus         ----YSRFFAYFNLFIAMMLTLVLADSYPVMFIGWEGVGLASFLLIGFWYKNPQYADSAR 156 
Nqo12Paracoccus      DEHYKARFFAYLSFFTFAMLMLVTADNLLQMFFGWEGVGVASYLLIGFYYKKASANAAAM 170 
NuoLRhodobacter      HEAYKARFFAYLSFFTFAMLMLVTSDNLVQMFFGWEGVGVASYLLIGFYYKKPSANAAAI 170 
NuoLPseudomonas      ----YSRFFAYTNLFIASMLFLVLGDNLLFLYFGWEGVGLCSYLLIGFYYSNRNNGNAAL 170 
NuoLStreptomyces     -----RRFFGYLNLFLAAMLILVLADNYLLLYVGWEGVGLASYLLIGFWQHKPSAATAAK 170 
ND5Neurospora        -----QRFFSYLSLFTFMMIILVTANNYLLMFVGWEGVGVCSYLLVSFWFTRIAANQSSM 165 
ND5Yarrowia          ----QVRFFSLLSMFTFWMIILVTGSNYFVLFVGWEFIGVTSYLLISFWVTRLQAMKSAL 168 
ND5Bovine            ------KFFKYLLLFLITMLILVTANNLFQLFIGWEGVGIMSFLLIGWWYGRADANTAAL 169 
ND5Human             ------QFFKYLLIFLITMLILVTANNLFQLFIGWEGVGIMSFLLISWWYARADANTAAI 169 
 
 
NuoLEcoli            KAFVVTRVGDVFLAFALFILYNELGTLNFREMV-ELAPAHFADGN------NMLMWATLM 221 
Nqo12Thermus         KAFIVNRIGDLGFMLGMAILWALYGTLSISELK-EAMEGPLKNPD-------LLALAGLL 208 
Nqo12Paracoccus      KAFIVNRVGDFGFLLGIFGIYWLTGSVQFDEIFRQVPQLAQTEIDFLWRDWNAANLLGFL 230 
NuoLRhodobacter      KAFVVNRVGDFGFALGIMGLFFLTDSIDMDVIFASAPELAKTELHFLAWEFNAANLLAVL 230 
NuoLPseudomonas      KAFIVTRVGDVFMAFGLFILFQQFGTLNIQELL-VLAPQKFPEGN------LWLTLATLA 223 
NuoLStreptomyces     KAFLVNRVGDMGLSIGIMLMFLWFGTFAFGPVLGGHGEAGLAAGADEG----KLTAIALM 226 
ND5Neurospora        SAFLTNRVGDCFLTIGMFVVLWTLGNLDYATVFS----------LAPYINSDIATIIGIC 215 
ND5Yarrowia          SAVLMNRFGDAFFVLGLCVIAYVFGTLNYSTIFATAYLIN----------TDLLVLIMLA 218 
ND5Bovine            QAILYNRIGDIGFILAMAWFLTNLNTWDLQQIFMLNPSDS--------------NMPLIG 215 
ND5Human             QAILYNRIGDIGFILALAWFILHSNSWDPQQMALLNANPS--------------LTPLLG 215 
 



 
NuoLEcoli            LLGGAVGKSAQLPLQTWLADAMAGPTPVSALIHAATMVTAGVYLIARTHGLFLMTPEVLH 281 
Nqo12Thermus         LFLGAVGKSAQIPLMVWLPDAMAGPTPVSALIHAATMVTAGVYLIARSSFLYSVLPDVSY 268 
Nqo12Paracoccus      LFVGAMGKSAQLLLHTWLPDAMEGPTPVSALIHAATMVTAGVFLVCRMSPLYEFAPDAKN 290 
NuoLRhodobacter      LFIGAMGKSAQLFLHTWLPDAMEGPTPVSALIHAATMVTAGVFLVCRMSPLFEYAPEAKM 290 
NuoLPseudomonas      LLGGAVGKSAQLPLQTWLADAMAGPTPVSALIHAATMVTAGVYLIARCHGLFTLAPDILE 283 
NuoLStreptomyces     LLLAACGKSAQVPLQSWLGDAMEGPTPVSALIHAATMVTAGVYLIVRSGAIFNGAPDAQL 286 
ND5Neurospora        LLIGAMAKSSQVGLHVWLPMAMEGPTPVSALIHAATMVTAGVYLLMRSSPLIEYSSTVLL 275 
ND5Yarrowia          LFIAAMAKSAQFGLHNWLTLAMEGPTPVSSLLHAATLVTAGIYLLLRSANILEYTPTVLF 278 
ND5Bovine            LALAATGKSAQFGLHPWLPSAMEGPTPVSALLHSSTMVVAGIFLLIRFYPLTENNKYIQS 275 
ND5Human             LLLAAAGKSAQLGLHPWLPSAMEGPTPVSALLHSSTMVVAGIFLLIRFHPLAENSPLIQT 275 
 
 
NuoLEcoli            LVGIVGAVTLLLAGFAALVQTDIKRVLAYSTMSQIGYMFLALGVQ--AWDAAIFHLMTHA 339 
Nqo12Thermus         AIAVVGLLTAAYGALSAFGQTDIKKIVAYSTISQLGYMFLAAGVG--AYWVALFHVFTHA 326 
Nqo12Paracoccus      FIVIIGATTAFFAATVGLVQNDIKRVIAYSTCSQLGYMFVAAGVG--VYSAAMFHLLTHA 348 
NuoLRhodobacter      MVVYVGAVTAFFAATVGLVQNDIKRVIAYSTCSQLGYMFVAAGSG--VYSVAMFHLLTHA 348 
NuoLPseudomonas      LVGIVGAVTLVLAGFAALVQTDIKRILAYSTMSQIGYMFLALGVG--AWDAAIFHLMTHA 341 
NuoLStreptomyces     VVTIVGAVTLLFGAIVGCAKDDIKKALAGSTMSQIGYMVLAAGLGPIGYVFAIMHLVTHG 346 
ND5Neurospora        LCLWLGAITTVFSSLIGLFQQDIKKVIAYSTMSQLGMMVIAIGLS--SYNVALFHLINHA 333 
ND5Yarrowia          IILWIGALTTLSAGLIAICSNDLKRIIALSTMSQLGMMTIAIGLS--AYNLALFHLLGHA 336 
ND5Bovine            ITLCLGAITTLFTAMCALTQNDIKKIIAFSTSSQLGLMMVTIGIN--QPYLAFLHICTHA 333 
ND5Human             LTLCLGAITTLFAAVCALTQNDIKKIVAFSTSSQLGLMMVTIGIN--QPHLAFLHICTHA 333 
 
 
NuoLEcoli            FFKALLFLASGSVILACHH-EQNIFKMGGLRKSIPLVYLCFLVGGAALS--ALPLVTA-G 395 
Nqo12Thermus         FFKALLFLASGSVIHALGG-EQDVRKMGGLWKHLPQTRWHALIGALALG--GLPLLS--G 381 
Nqo12Paracoccus      FFKAMLFLGAGSVIHAMHH-EQDMRNYGGLRKKIPLTFWAMMIGTFAITGVGIPL-THLG 406 
NuoLRhodobacter      FFKAMLFLGAGSVIHAMHH-EQDMRNYGGLRKKIPFTFAIMMIGTLAITGVGIPFFSIGG 407 
NuoLPseudomonas      FFKALLFLASGAVIVACHH-EQNIFKMGGLWKKLPLAYASFVVGGAALA--ALPFLTA-G 397 
NuoLStreptomyces     FFKAGLFLGAGSVMHGMND-EVDMRRYGGLRKYMPVTFVTFGLGYLAII--GFPGLS--G 401 
ND5Neurospora        FYKALLFLGAGSVIHAVAD-NQDFRKFGGLKNYLPLTYSVMLIASLSLV--AFPYMT--G 388 
ND5Yarrowia          FFKALLFMSAGSIIHSILNESQDIRTYGGLLSYLPYTYICITIASLSLM--AMPGLT--G 392 
ND5Bovine            FFKAMLFMCSGSIIHSLND-EQDIRKMGGLFKAMPFTTTALIVGSLALT--GMPFLT--G 388 
ND5Human             FFKAMLFMCSGSIIHNLNN-EQDIRKMGGLLKTMPLTSTSLTIGSLALA--GMPFLT--G 388 
 
 
NuoLEcoli            -------FFSKDEILAGAMAN--GHINLMVAG--LVGAFMTSLYTFRMIFIVFHGKEQI- 443 
Nqo12Thermus         -------FWSKDAILAATLTYPFGGVGFYVGA--LLVAVLTAMYAMRWFVLVFLGEERG- 431 
Nqo12Paracoccus      ----FAGFLSKDAIIESAYA-GSGYAFWLL----VIAACFTSFYSWRLIFLTFYGKPRG- 456 
NuoLRhodobacter      VPVGFAGYLSKDAIIESAFASGNGFAFYVL----VAAAGMTSFYSWRLIFLTFYGEARG- 462 
NuoLPseudomonas      -------FYSKDEILWEAFAS--GHRELLIAG--LVGAFLTSIYTFRLIFVAFHGEPKT- 445 
NuoLStreptomyces     -------FFSKDKIIEAAFAKG-GTEGWILGACALLGAAITAYYMTRVMLMTFFGEERWR 453 
ND5Neurospora        -------FYSKDFILESAYG-QFSFSGVAVYIIATIGAIFTTLYSVKVLYLTFLANPNGY 440 
ND5Yarrowia          -------YYTKDIIIESTYG-SYSISNYVVYWIAYLSAVLTCVYSMKILYLTFYSNPN-- 442 
ND5Bovine            -------FYSKDLIIEAANTSYTNAWALLMT---LIATSFTAIYSTRIIFFALLGQPRFP 438 
ND5Human             -------FYSKDHIIETANMSYTNAWALSIT---LIATSLTSAYSTRMILLTLTGQPRFP 438 
 



 
NuoLEcoli            ---------------------------------------HAHAVKGVTHSL-PLIVLLIL 463 
Nqo12Thermus         ---------------------------------------HHHPHEAPPVMLWPNHLLALG 452 
Nqo12Paracoccus      -----------------------------------DHHAHDHAHESPPVMTIPLGVLAIG 481 
NuoLRhodobacter      -----------------------------------DHHKHDHAHESPAVMLAPLALLAVG 487 
NuoLPseudomonas      ---------------------------------------EAHAGHGISHWL-PLSVLIVL 465 
NuoLStreptomyces     ----------------NAPTPSPAKPDVEPAAETRGTYEPPHPHESPGLMTIPMIVLAVG 497 
ND5Neurospora        IHFYRHFILYERLYVYVSYTGKEEFYLPKHMSKEINNLPRSVSGEGGFFLSLPLVILALF 500 
ND5Yarrowia          ----------------------------------NNTITYYNAHESNIYITLPMFILAIF 460 
ND5Bovine            --------------------------------------TLVNINENNPLLINSIKRLLIG 460 
ND5Human             --------------------------------------TLTNINENNPTLLNPIKRLAAG 460 
 
 
NuoLEcoli            STFVGALIVPPLQG------------VLPQTTELAHG----------------------- 488 
Nqo12Thermus         SVLAGYLALPHPL-----------PNVLEPFLKPALAEV--------------------- 480 
Nqo12Paracoccus      AVFAGMVWYGPFFGDHHKVT--EYFHIAGAHHEAAEGEE--AEHATAEAPVEHAVADTAT 537 
NuoLRhodobacter      SVLAGMVWYHSFFGD--KVA--SFFNLPAAAHGEAHGTEHATEGHVPEAAMTAEAAHEAA 543 
NuoLPseudomonas      STFVGALITP------------PLAGVLPESVGHAGGE---------------------- 491 
NuoLStreptomyces     SVGAGAFFSIG----------DRFMHWLEPITGHSHGD---------------------- 525 
ND5Neurospora        SIFFGFITKDIFIGLGSNFFIDNSLFIHPIHEIMIDTEF--------------------- 539 
ND5Yarrowia          AMFAGWILKDIYLGVGTDFVGT---HILPNNFSYFDTEF--------------------- 504 
ND5Bovine            SLFAGYIISN---------------NIPPTTIPQMTM----------------------- 482 
ND5Human             SLFAGFLITN---------------NISPASPFQTT------------------------ 481 
 
 
NuoLEcoli            ------------SML---------------------TLEITSGVVAVVGILLAAWLWLGK 515 
Nqo12Thermus         ----------EAHHLSLGA---------------------EWGLIALSAAVALLGLWAG- 508 
Nqo12Paracoccus      AEG---EAAAEAEHAEIAAPVGGAIYMHPDNHIMDEAHHAPAWVKVSPFVAMVLGLITAW 594 
NuoLRhodobacter      MAGTMAMAEPAAEHAVAKAPQG-AIFMAETNHVIHDAHGVPDWVKLSPFGAMVTGFFFAW 602 
NuoLPseudomonas      ------------AKHS---------------------LELASGAIAIAGILLAALLFLGQ 518 
NuoLStreptomyces     ------------S---------------------PISAGAVTGATVACMVIGVAVAWAQY 552 
ND5Neurospora        ------------AV--------------------PTLFKLLPFIFTISFSLIALVLSEKY 567 
ND5Yarrowia          ------------SITQFYKLLP--------------------LISAILVSILIVVLNEFF 532 
ND5Bovine            ------------------------------------PYYLKTTALIVTILGFILALEISN 506 
ND5Human             -----------------------------------IPLYLKLTALAVTFLGLLTALDLNY 506 
 
 
NuoLEcoli            RTLVTSIANSAPGRLLGTWWY----NAWGFDWLYDKVFVKPFLGIAWLLKRDPLNSMMN- 570 
Nqo12Thermus         FVFFQRKVFPAWYLAFEAASR----EAFYVDRAYNALIVNPLKALAEALFYGDRGLLSG- 563 
Nqo12Paracoccus      TFYIANPSLPRRLAAHEPALYRFLLNKWYFDEIYEFIFVRPAKWLGRVLWKGGDGAVIDG 654 
NuoLRhodobacter      LYYIGDKPLPGRTARALPGLYRFLLNKWYFDELFDLLFVNPAKSLGRKLWKGGDGAVIDG 662 
NuoLPseudomonas      RRFVSALAKSAPGRFFGTWWY----HAWGFDWLYDKLFVKPYLLLCQLLGRDPIDRTLG- 573 
NuoLStreptomyces     GRRPVPAVAPR-GSLLTRAAR----RDLLQDDFNHVVLVRGGEHLTRSLVYVDHTVV-DG 606 
ND5Neurospora        PNLVVHFKLSRLGYNLFGFFNQRFLVELFYNKYITNLVLDLGGQITKILDKGSIELLGPF 627 
ND5Yarrowia          A--IVFNLNNKYINTVYSIFNQKLVSDQILNHFIIFKGLVTSGNIAHHVDKGSLYRLGPV 590 
ND5Bovine            MTKNLKYHYPSNAFKFSTLLG-------YFPTIMHRLAPYMNLSMSQKSASSLLDLIWLE 559 
ND5Human             LTNKLKMKSPLCTFYFSNMLG-------FYPSITHRTIPYLGLLTSQNLPLLLLDLTWLE 559 
 



 
 
NuoLEcoli            -IPAV--LSRFAGKG-LLLSENGYLRWYVASMSIGAVVVLALLMVLR------------- 613 
Nqo12Thermus         -YFGLGGAARSLGQG-LARLQTGYLRVYALLFVLGALLLLGVMRW--------------- 606 
Nqo12Paracoccus      TINGVAMGLIPRLTRAAVRVQSGYLFHYAFAMVLGIVGLLIWVMMRGAH----------- 703 
NuoLRhodobacter      AINGLALGWIPFFTRVAGRIQSGYLFHYAFAMVLGIVALMFWVVRTGGMN---------- 712 
NuoLPseudomonas      -VVPF--SVRGGHNL-LSLTENGRLRWYAASLVGGAAILLGALLLA-------------- 615 
NuoLStreptomyces     -VVNGTAASVGGLSGRMRRLQNGFARSYAVSMFGGAALLVAATLLMRAV----------- 654 
ND5Neurospora        GLEKVLIKWSKDIASLSTSIVTNYALFILVGFILYVFTFISLLEGGLDLNLSLFILLLSL 687 
ND5Yarrowia          GINRLLNKASYNVINLSSNTRSS----LSMNSMLILITIVSLLLLVLVMNVNFIIVIPVL 646 
ND5Bovine            AILPKTISLAQMKASTLVTNQKGLIKLYFLSFLITILISMILFNFHE------------- 606 
ND5Human             KLLPKTISQHQISTSIITSTQKGMIKLYFLSFFFPLILTLLLIT---------------- 603 
 
 
NuoLEcoli            ----------------------------
Nqo12Thermus         ----------------------------
Nqo12Paracoccus      ----------------------------
NuoLRhodobacter      ----------------------------
NuoLPseudomonas      ----------------------------
NuoLStreptomyces     ----------------------------
ND5Neurospora        TSSTSSSDSKEGKMIKKAVVSTKNKNIR 715 
ND5Yarrowia          IS------------ILYILFS------- 655 
ND5Bovine            ----------------------------
ND5Human             ----------------------------
                                                  
 
Supplemental Figure 1.  Comparison of the amino acid sequence of E. coli NuoL subunit with its homologs.  The totally conserved residues 
are shown in red letters, while blue letters indicate residues conserved in almost 60% of the cases.  Amino acids that are conserved in almost 50% 
of the cases or the residues having similar characteristics in about 80% of the cases are shown in green letters.  Yellow shadows indicate the 
predicted transmembrane helices.  Potential transmembrane helices are underlined.  Red arrows indicate residues mutated for a STOP codon.  
Green arrows point at the location where the HL helix was truncated in the ∆V519-K581 mutant.  Sequence sources and their accession numbers 
are: NuoLEcoli: Escherichia coli K-12 [P33607], Nqo12Thermus: Thermus thermophilus [Q56227], Nqo12Paracoccus: Paracoccus denitrificans 
[P29924], NuoLRhodobacter: Rhodobacter capsulatus [P50939] NuoLPseudomonas: Pseudomonas aeruginosa [15597843], NuoLStreptomyces: 
Streptomyces coelicolor A3 [21222956], ND5Neurospora: Neurospora crassa [1171827], ND5Yarrowia: Yarrowia lipolytica [Q9B6D3], 
ND5Bovine: Bovis taurus [28381381], ND5Human: Homo sapiens [P03915]. 
 


