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Supplemental Figure 1: Sequence alignment of the NuoD segment of E. coli NDH-1 with its
homologues from other organisms. The alignment was done using ClustalwW (61). The shading of the
residues from the D segment was done by the default Box-shade program based on their similarity. Amino
acids mutated in this study are marked by arrows. Sequence sources and their Swiss-Prot accession
numbers are: NuoCDEco, E. coli K-12 NuoCD subunit [P33599]; NuoCDRsp, R. spheroides NuoCD
subunit [B9KJI1]; NuoDRca, R. capsulatus NuoD subunit [O07310]; Nqgo4Pde, P. denitrificans Nqo4
subunit [A1B495]; Nqgo4Tth, T. thermophilus HB-8 Ngo4 [Q56220]; NuoDMtu, Mycobacterium
tuberculosis NuoD subunit [A5U7G4]; 49KYli, Yarrowia lipolytica NUCM subunit [Q9UUUL1]; 49KNcr,
Neurospora crassa 49K subunit [P22142]; 49KXla, X. laevis 49K subunit [Q32NR8]; 49KBta, Bos taurus
49K subunit [P17694]; 49KHsa, Homo sapiens 49K subunit [O75306]; HyfGEco, E. coli HyfG subunit
[P77329]; HycEEco, E. coli HycE subunit [P16431]; FpoDMma, Methanosarcina mazei F420H2
dehydrogenase FpoD subunit [Q9P9GO].
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Supplemental Figure 2. Generation of a pH gradient coupled to dNADH oxidation
in E. coli NuoD mutants. Proton translocation was measured by the quenching of the
fluorescence of ACMA at room temperature with an excitation wavelength of 410 nm
and an emission wavelength of 480 nm. At the time indicated by arrows, 0.2 mM
dNADH or 10 uM FCCP respectively, was added to the assay mixture containing 50 mM
MOPS (pH7.3), 10 mM MgCl,, 50 mM KCI, 2 uM ACMA, and E. coli membrane
samples (50 pg of protein/ml). Representative traces from different group of mutants: 1,
WT, KO-rev, H224R, G251A, R298K; 2, R228A, G235A, H315A, R228K, R298A,
E308D; 3, D325A, G225A, R311K; 4, R556A, D325E, R270K; 5, H315R, Y273A,
E236D ; 6, R270A, R311A; 7, E288Q, E288D, H355A ; 8, NuoD-KO, E308Q and
G225V.
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Supplemental Figure 3. Detection of the membrane potential generated by dNADH
oxidation in E. coli NuoD mutants. The membrane potential assay mixture contained 50
mM MOPS (pH 7.3), 10 mM MgCl,, 50 mM KCI, 2 uM oxonol VI, and E. coli
membrane samples (330 g of protein/ml). The absorbance changes of oxonol VI were
observed at 630-603 nm at 37 °C. The first arrow shows addition of 0.2 mM dNADH and
the second arrow indicates addition of 2 uM FCCP to the assay mixture. Representative
traces from different group of mutants: 1, WT, G251A and R298K; 2, NuoD-KO,
G225V, E288Q, E288D, E308Q and H355A,; 3, KO-rev; 4, E288D, H315R; 5, G225A,
R311K, D325E; 6, R298A, R228K; 7, D325A, ; 8, H315A, E308D; 9, R270K.



