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———MNMLALT I I LPL IGFVLLAFSRGRWSENVSAIVGVGSVGLAALVTAFIGVDFFANGE
-—-MALLG-TILLPLLGFALLGLFGKRMREPLPGVLASGLVLASFLLGAGLLLSGG----
————— MEKFVLFAPLIASL IAGLGWRAIGEKAAQYLTTGVLFLSCL ISWYLFLSFDGVP-
————— MTTHIILLAPLLGAL IGGFGWRLITEKGALVVTTGLLFLSCILSWVVFLTLPAET-
———MNLLPLTFLFPLVGFLLLSFSRGRWSENLSALVGVGSVGLSALSAAWAIFSFHSSPP
—-MENLITALLVAAPLLGAVVL-LCGGRRLDRVGHWIGTLLAAVSFVLGVVLFADLLGSGA
—=MY-—=-LSI 1 ILPLLGSIVAGFFGRKVGVSGAQLITCLSVIITTGLAILAFFEVGENNI
-—MYNAISLITILPCISWLFPLFFGRQLGYVFVTRMTSTLINITTLITYYYFYQLLGNNN
MNMFSSLSLVTLLLLTMP IMMMSENTYKPSNYPLYVKT-AISYAFITSMIPTMMFIHSGQ
MTMHTTMTTLTLTSLIPPILTTLVNPNKKNSYPHYVKS-1VASTFI ISLFPTTMFMCLDQ

Q--TYSQPLWTWMSVGDFNIGFNLVLDGLSLTMLSVVTGVGFL IHMYASWYMRGEEG—---
————— ARFQAEWLPG----1PFSLLLDNLSGFMLLIVTGVGFLIHVYAIGYMGGDPG---
-———RHIPVLDWVVTGDFHAEWAIRLDRLTAIMLIVVTTVSALVHMYSLGYMAHDDNWTH
————QHIHLLDWIRSGALDTSWG IRLDRLTAIMLIVVTTVSALVHLYSWGYMAHDENWTH
EGGAYSLVLWQWMAAGDFSTNFTLYLDGLSVTMLGVVTGVGFLIHLFASWYMRGETG--~-
EDRTLTQHLFSWIPVEGFQADVAFRLDQLSMTFVLLITGVGSLIHLYSVAYMEHDERR--
P---VTINLFRWIDSEWYNILWGFQFDSLTVAMLIPVLIISSLVHIYSISYMSHDPHN--
P-——INLELFNYLNIDYLDINYNFEIDALTITMLLAITTISSMVHIYSIGYMETDPH-—-
E-——LTISNWHWLTIQTLKLSLSFKMDYFSMMF IPVALFVTWS IMEFSMWYMYSDPN IN-
E-—-VIISNWHWATTQTTQLSLSFKLDYFSMMF IPVALFVTWS IMEFSLWYMNSDPN IN-

-——-YSRFFAYTNLFIASMVVLVLADNLLLMYLGWEGVGLCSYLLIGFYYTDPKNGAAAM
————-YSRFFAYENLFIAMMLTLVLADSYPVMF IGWEGVGLASFLLIGFWYKNPQYADSAR
DEHYKARFFAYLSFFTFAMLMLVTADNLLQMFFGWEGVGVASYLL 1GFYYKKASANAAAM
HEAYKARFFAYLSFFTFAMLMLVTSDNLVQMFFGWEGVGVASYLLIGFYYKKPSANAAAI
-——-YSRFFAYTNLFIASMLFLVLGDNLLFLYFGWEGVGLCSYLLIGFYYSNRNNGNAAL
————— RREFGYLNLFLAAML ILVLADNYLLLYVGWEGVGLASYLL IGFWQHKPSAATAAK
————— QRFFSYLSLFTFMMI ILVTANNYLLMFVGWEGVGVCSYLLVSFWFTRIAANQSSM
—-——-QVRFFSLLSMFTFWMI ILVTGSNYFVLFVGWEF IGVTSYLLISFWVTRLQAMKSAL
—————— KFFKYLLLFLITMLILVTANNLFQLF IGWEGVGIMSFLL IGWWYGRADANTAAL
—————— QFFKYLLIFLITMLILVTANNLFQLFIGWEGVGIMSFLLISWWYARADANTAAI

KAFVVTRVGDVFLAFALFILYNELGTLNFREMV-ELAPAHFADGN-—-—-— NMLMWATLM
KAFIVNRIGDLGFMLGMATLWALYGTLSISELK-EAMEGPLKNPD-—=——-- LLALAGLL
KAF1VNRVGDFGFLLGIFGIYWLTGSVQFDE I FRQVPQLAQTE IDFLWRDWNAANLLGFL
KAFVVNRVGDFGFALG IMGLFFLTDS IDMDV I FASAPELAKTELHFLAWEFNAANLLAVL
KAFIVTRVGDVFMAFGLFILFQQFGTLNIQELL-VLAPQKFPEGN-——-——- LWLTLATLA
KAFLVNRVGDMGLS IGIMLMFLWFGTFAFGPVLGGHGEAGLAAGADEG----KLTAIALM
SAFLTNRVGDCFLTIGMFVVLWTLGNLDYATVFS—==—==———- LAPYINSDIATIIGIC
SAVLMNRFGDAFFVLGLCVIAYVFGTLNYSTIFATAYLIN-—-—==————- TDLLVLIMLA
QAILYNRIGDIGFILAMAWFLTNLNTWDLQQIFMLNPSDS-——-—————————— NMPLIG
QATLYNRIGDIGFILALAWFILHSNSWDPQQMALLNANPS—=——=————————— LTPLLG
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LLGGAVGKSAQLPLQTWLADAMAGPTPVSAL IHAATMVTAGVYLIARTHGLFLMTPEVLH
LFLGAVGKSAQ I PLMVWLPDAMAGPTPVSAL IHAATMVTAGVYL IARSSFLYSVLPDVSY
LFVGAMGKSAQLLLHTWLPDAMEGPTPVSAL IHAATMVTAGVFLVCRMSPLYEFAPDAKN
LFIGAMGKSAQLFLHTWLPDAMEGPTPVSAL IHAATMVTAGVFLVCRMSPLFEYAPEAKM
LLGGAVGKSAQLPLQTWLADAMAGPTPVSAL IHAATMVTAGVYL IARCHGLFTLAPDILE
LLLAACGKSAQVPLQSWLGDAMEGPTPVSAL IHAATMVTAGVYL IVRSGAIFNGAPDAQL
LL IGAMAKSSQVGLHVWLPMAMEGPTPVSAL IHAATMVTAGVYLLMRSSPLIEYSSTVLL
LFIAAMAKSAQFGLHNWLTLAMEGPTPVSSLLHAATLVTAGIYLLLRSANILEYTPTVLF
LALAATGKSAQFGLHPWLPSAMEGPTPVSALLHSSTMVVAGIFLLIRFYPLTENNKY IQS
LLLAAAGKSAQLGLHPWLPSAMEGPTPVSALLHSSTMVVAG I FLL IRFHPLAENSPLIQT

LVGIVGAVTLLLAGFAALVQTDIKRVLAYSTMSQIGYMFLALGVQ--AWDAAIFHLMTHA
ATAVVGLLTAAYGALSAFGQTDIKKIVAYSTISQLGYMFLAAGVG--AYWVALFHVFTHA
FIVIIGATTAFFAATVGLVQND IKRVIAYSTCSQLGYMFVAAGVG--VYSAAMFHLLTHA
MVVYVGAVTAFFAATVGLVOND IKRVIAYSTCSQLGYMFVAAGSG--VYSVAMFHLLTHA
LVGIVGAVTLVLAGFAALVQTDIKRILAYSTMSQIGYMFLALGVG--AWDAAIFHLMTHA
VVTIVGAVTLLFGAIVGCAKDD IKKALAGSTMSQ IGYMVLAAGLGPIGYVFAIMHLVTHG
LCLWLGAITTVFESSLIGLFQQDIKKVIAYSTMSQLGMMV IAIGLS--SYNVALFHL INHA
IILWIGALTTLSAGLIAICSNDLKRITALSTMSQLGMMT IAIGLS--AYNLALFHLLGHA
ITLCLGAITTLFTAMCALTQNDIKKI TAFSTSSQLGLMMVT IGIN--QPYLAFLHICTHA
LTLCLGAITTLFAAVCALTQOND IKKIVAFSTSSQLGLMMVTIGIN--QPHLAFLHICTHA

FFKALLFLASGSVILACHH-EQNIFKMGGLRKSIPLVYLCFLVGGAALS--ALPLVTA-G
FFKALLFLASGSVIHALGG-EQDVRKMGGLWKHLPQTRWHAL IGALALG--GLPLLS--G
FFKAMLFLGAGSV IHAMHH-EQDMRNYGGLRKKIPLTFWAMMIGTFAITGVGIPL-THLG
FFKAMLFLGAGSV IHAMHH-EQDMRNYGGLRKKIPFTFAIMMIGTLAITGVGIPFFSIGG
FEKALLFLASGAV IVACHH-EQN I FKMGGLWKKLPLAYASFVVGGAALA--ALPFLTA-G
FFEKAGLFLGAGSVMHGMND-EVDMRRYGGLRKYMPVTFVTFGLGYLAI 1 --GFPGLS--G
FYKALLFLGAGSVIHAVAD-NQDFRKFGGLKNYLPLTYSVMLIASLSLV--AFPYMT--G
FFKALLFMSAGS I IHSILNESQDIRTYGGLLSYLPYTYICITIASLSLM--AMPGLT--G
FFKAMLFMCSGS I IHSLND-EQD IRKMGGLFKAMPFTTTAL IVGSLALT--GMPFLT--G
FFKAMLEMCSGS I IHNLNN-EQD IRKMGGLLKTMPLTSTSLT IGSLALA--GMPFLT--G

——————— FFESKDE I LAGAMAN--GHINLMVAG--LVGAFMTSLYTFRMIF IVFHGKEQI -
——————— FWSKDAILAATLTYPFGGVGFYVGA--LLVAVLTAMYAMRWFVLVFLGEERG-
--——-FAGFLSKDAI IESAYA-GSGYAFWLL----VIAACFTSFYSWRLIFLTFYGKPRG-
VPVGFAGYLSKDAI IESAFASGNGFAFYVL -—--VAAAGMTSFYSWRLIFLTFYGEARG-
——————— FYSKDEILWEAFAS—-GHRELL IAG--LVGAFLTSIYTFRLIFVAFHGEPKT-
——————— FFSKDK T IEAAFAKG-GTEGWILGACALLGAAITAYYMTRVMLMTFFGEERWR
——————— FYSKDF ILESAYG-QFSFSGVAVY I IATIGAIFTTLYSVKVLYLTFLANPNGY
——————— YYTKDITIESTYG-SYSISNYVVYWIAYLSAVLTCVYSMKILYLTFYSNPN--
——————— FYSKDL I IEAANTSYTNAWALLMT---LIATSFTAIYSTRI1FFALLGQPRFP
——————— FYSKDHI IETANMSYTNAWALSIT---LIATSLTSAYSTRMILLTLTGQPRFP
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——————————————————————————————————————— HAHAVKGVTHSL-PLIVLLIL
--------------------------------------- HHHPHEAPPVMLWPNHLLALG
----------------------------------- DHHAHDHAHESPPVMTIPLGVLAIG
——————————————————————————————————— DHHKHDHAHESPAVMLAPLALLAVG
——————————————————————————————————————— EAHAGHG I SHWL-PLSVL IVL
———————————————— NAPTPSPAKPDVEPAAETRGTYEPPHPHESPGLMT IPMIVLAVG
IHFYRHF ILYERLYVYVSYTGKEEFYLPKHMSKE INNLPRSVSGEGGFFLSLPLVILALF
---------------------------------- NNTITYYNAHESNIYITLPMFILAIF
—————————————————————————————————————— TLVNINENNPLLINSIKRLLIG
—————————————————————————————————————— TLTNINENNPTLLNP IKRLAAG

v
STFVGAL IVPPLQG-——————————— VLPQTTELAHG-—————————m e
SVLAGYLALPHPL-—————————~- PNVLEPFLKPALAEY - === === — e
AVFAGMVWYGPFFGDHHKVT--EYFH 1 AGAHHEAAEGEE--AEHATAEAPVEHAVADTAT

SVLAGMVWYHSFFGD--KVA--SFFNLPAAAHGEAHGTEHATEGHVPEAAMTAEAAHEAA
STFVGALITP-——————————— PLAGVLPESVGHAGGE ~———————— ===
SVGAGAFFSIG--——————- DRFMHWLEP I TGHSHGD - === === ===

SIFFGFITKDIFIGLGSNFFIDNSLFIHP IHE IMIDTEF————————— oo

AMFAGWILKDIYLGVGTDFVGT---HILPNNFSYFDTEF——=————— oo
SLFAGYIISN-—————————————— NIPPTTIPQMTM—— = m oo
SLFAGFLITN--———————mmmeem NI SPASPFQTT———————mm oo
------------ SML———————————————————__TLEITSGVVAVVG I LLAAWLWLGK
---------- EAHHLSLGA--———————————————————EWGL I ALSAAVALLGLWAG-

AEG---EAAAEAEHAE 1AAPVGGA 1 YMHPDNH IMDEAHHAPAWVKVSPFVAMVLGL I TAW

MAGTMAMAEPAAEHAVAKAPQG-A I FMAETNHV IHDAHGVPDWVKL SPFGAMVTGFFFAW
———————————— AKHS == ——— ==~ __LELASGAIAIAGILLAALLFLGQ
———————————— S—————————————————————PISAGAVTGATVACMV | GVAVAWAQY
———————————— AV mm e _PTLFKLLPFIFT ISFSLIALVLSEKY
------------ SITQFYKLLP----—-——————————————LISAILVSIL IVVLNEFF

------------------------------------ PYYLKTTALIVTILGFILALEISN
----------------------------------- IPLYLKLTALAVTFLGLLTALDLNY

RTLVTSIANSAPGRLLGTWWY ——--NAWGFDWLYDKVFVKPFLG I AWLLKRDPLNSMMN-
FVFFQRKVFPAWYLAFEAASR----EAFYVDRAYNAL IVNPLKALAEALFYGDRGLLSG-
TFYTANPSLPRRLAAHEPALYRFLLNKWYFDEIYEF I FVRPAKWLGRVLWKGGDGAV IDG
LYY IGDKPLPGRTARALPGLYRFLLNKWYFDELFDLLFVNPAKSLGRKLWKGGDGAV 1DG
RRFVSALAKSAPGRFFGTWWY ——--HAWGFDWLYDKLFVKPYLLLCQLLGRDPIDRTLG-
GRRPVPAVAPR-GSLLTRAAR----RDLLQDDFNHVVLVRGGEHLTRSLVYVDHTVV-DG
PNLVVHFKLSRLGYNLFGFFNQRFLVELFYNKY ITNLVLDLGGQITKILDKGSIELLGPF
A-—1VENLNNKY INTVYSIFNQKLVSDQILNHF I IFKGLVTSGN IAHHVDKGSLYRLGPV
MTKNLKYHYPSNAFKFSTLLG——-———- YFPTIMHRLAPYMNLSMSQKSASSLLDLIWLE
LTNKLKMKSPLCTFYFSNMLG-=—=—-- FYPSITHRTIPYLGLLTSQNLPLLLLDLTWLE
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NuoLEcoli - 1PAV--LSRFAGKG-LLLSENGYLRWYVASMSIGAVVVLALLMVLR--=-==——=————— 613
Ngol2Thermus -YFGLGGAARSLGQG-LARLQTGYLRVYALLFVLGALLLLGYVMRW--—-==—————————— 606
Ngol2Paracoccus TINGVAMGL IPRLTRAAVRVQSGYLFHYAFAMVLGIVGLL IWMMRGAH-—————————- 703
NuoLRhodobacter AINGLALGWIPFFTRVAGRIQSGYLFHYAFAMVLG I VALMFWVVRTGGMN-————————- 712
NuoLPseudomonas -VVPF--SVRGGHNL-LSLTENGRLRWYAASLVGGAAILLGALLLA-————————————— 615
NuoLStreptomyces -VVNGTAASVGGLSGRMRRLQONGFARSYAVSMFGGAALLVAATLLMRAV - —————————— 654
ND5Neurospora GLEKVLIKWSKDIASLSTSIVTNYALFILVGFILYVFTFISLLEGGLDLNLSLFILLLSL 687
ND5Yarrowia GINRLLNKASYNVINLSSNTRSS----LSMNSMLILITIVSLLLLVLVMNVNFIIVIPVL 646
ND5Bovine ATLPKTISLAQVMKASTLVTNQKGLIKLYFLSFLITILISMILFNFHE-=====——————- 606
ND5Human KLLPKTISQHQISTSIITSTQKGMIKLYFLSFFFPLILTLLLIT-——=====———————— 603
NuoLEcolk =

Ngol2Thermus  -—-———————————————

Ngol2Paracoccus = -———=—————————————

NuoLRhodobacter =~  -———-——--——-———

NuoLPseudomonas -—-—————--——--————————

NuoLStreptomyces ——————————————

ND5Neurospora TSSTSSSDSKEGKMIKKAVVSTKNKNIR 715

ND5Yarrowia - ILYILFS————-—-—- 655

ND5Bovine = = ——mmmm e

ND5Human = ———— e

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 AV519-K581 mutant. Sequence sources and their accession numbers
are: NuoLEcoli: Escherichia coli K-12 [P33607], Ngo12Thermus: Thermus thermophilus [Q56227], Ngol2Paracoccus: Paracoccus denitrificans
[P29924], NuoLRhodobacter: Rhodobacter capsulatus [P50939] NuoLPseudomonas: Pseudomonas aeruginosa [15597843], NuoL Streptomyces:
Streptomyces coelicolor A3 [21222956], ND5Neurospora: Neurospora crassa [1171827], ND5Yarrowia: Yarrowia lipolytica [Q9B6D3],
ND5Bovine: Bovis taurus [28381381], ND5Human: Homo sapiens [P03915].



