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	Measurement
	FNR:Fd
nmol NADPH/min
	FNR:Fd:Anf3
nmol NADPH/min
	Apparent specific activities
nmol NADPH/min/mg Anf3

	
NADPH oxidation

	3.6 ± 0.5
	4.8 ± 0.3
	4.8 ± 0.4

	
Oxygen reduction

	2.4 ± 0.4
	14.0 ± 2.0
	9.2 ± 1.6



Table S1. The rates of NADPH oxidation and oxygen reduction by reduced ferredoxin and Anf3
The reduction of oxygen by Anf3 (FNR:Fd:Anf3) was measured by NADPH oxidation and Clark-type electrode using the coupled assay. The apparent specific activities are measured by the subtraction of FNR:Fd rates from FNR:Fd:Anf3 rates. 
	Measurement
	
FNR:Fd

	FNR:Fd:Anf3

	NBT reductionnmol /min

	2.8 ± 0.2
	1.7 ± 0.1

	AXR reduction
nmol H2O2/min

	0.57 ± 0.03
	0.32 ± 0.04



Table S2. The rates of ROS production by reduced ferredoxin (Fd) and Anf3. The production of ROS by Anf3 was measured by NBT reduction for superoxide formation and AXR reduction for hydrogen peroxide formation. The background rate of ROS production by reduced ferredoxin was measured similarly for both assays. 
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Figure S1. Diagram of the anf operon in the genomes of Azotobacter vinelandii (1), Rhodobacter capsulatus (2) , Rhodospirillum rubrum (3), Blastochloris viridis (4) and Rhodopseudomonas palustris (5) with the anf genes labelled. Ticks are 1 kb apart. anfHDKG are the iron-only nitrogenase structural genes; anfA is regulatory, anfOR are of unknown function, and are also called anf1 and anf2 in R. capsulatus, draT is associated with post-translational regulation of the AnfH protein (6).
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Figure S2. Alignment of the Anf3 sequence from A. vinelandii (Avin_49040) and the historical unpublished Azotobacter vinelandii cytochrome b’ N-terminal sequence produced by Edman degradation (J. Schumacher, 1993, A Novel Cytochrome b’ of Azotobacter Vinelandii and its Role in Nitrogen Fixation.” Diplomarbeit, University of Cologne), showing that these are the same protein. In the initial unpublished characterization of this protein the FAD was not identified in the spectrum and so the protein was classified as a cytochrome b’. The A. vinelandii anf3 is predicted to be cotranscribed with anfU (Avin_49030), and is adjacent to the other anf genes encoding iron-only nitrogenase structural proteins and regulatory and assembly factors. AnfU is transcribed 5.7-fold more when the FeFe is expressed (7) and is predicted to be involved with assembly of the FeFe cluster, by analogy with NifU and MoFe (8). 
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Figure S3. Alignment of the Anf3-like sequences from Fig S1, MSMEG_4975 and E. coli pyridoxine 5'-phosphate oxidase. The secondary structure of Anf3 of the A. vinelandii crystal structure is shown above the alignment. Residues mentioned in the text are also shown. The potential redox-active tyrosines 22 and 103 are not conserved among Anf3-like sequences. Alignment produced with ClustalX (9) and TeXshade (10).
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Figure S4. Structure of the Anf3 active site selected residues shown as sticks, with waters and hydrogen bonds shown with distances labelled in Ångström, as well as the heme iron to axial water. The view is from the outside of the protein.
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Figure S5. Absorption spectra of reduced Anf3 and its ferrous-carbon monoxide complex. (A) Absorption spectrum of reduced Anf3 (red) and reduced Anf3 carbon monoxide complex (blue). The Soret γ band shifts from 420 nm to 423 nm and the heme α (556 nm) and β (524 nm) bands disappear, which is indicative of a CO-bound b-type cytochrome. (B) Difference spectrum (CO-bound ‑ reduced) with troughs at 416 nm, 522 nm, and 556 nm and peaks at 427 nm, 538 nm and 571 nm. Dithionite-reduced Anf3 was sparged with CO gas for 5 minutes to generate the CO-bound complex.
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Figure S6. Fitting of heme and FAD reduction/oxidation data obtained using wavelengths where the spectroscopic interference of the other cofactor was minimised. Heme was followed at 420 nm with absorbance at 407 nm subtracted. At these wavelengths the extinction coefficient of the heme is 10 times higher than the FAD. The FAD was followed at 600 nm where only the FAD semiquinone (FADsq) absorb and where the heme has negligible absorption. The data clearly show the 1 electron reduction of FAD to form the semiquinone followed by its 1 electron reduction to form the fully reduced FAD hydroquinone (FADhq). The dashed lines represent the values of Em obtained from the fittings of the data at 556 nm and 465 nm and show excellent agreement with these data.
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Figure S7. Comparison of the fitting of the heme redox titration data using a Nernst equation with a cooperative parameter that takes into account the reciprocal interaction between the redox cofactors and a standard Nernst equation with n=1 electrons. At high potentials, where the cofactors are oxidised, it is easier to reduce the heme than expected from the ideal n=1 conditions — the data points sit below the n=1 curve, while at low potentials, where FADsq and some FADhq are present, it becomes harder to reduce the heme — the data points are now above the n=1 curve.
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Figure S8. The kinetics of NADPH oxidation, measured by changes in absorbance at 340 nm. The addition of Anf3 increased the rate of NADPH oxidation by 2.3 fold 
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