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Supplementary Figure 1: ESI-MS data of purified Fd1 and Fd2 from T. elongatus. 

A) ESI-MS spectrum of Fd1 in the denaturing mode 
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B) ESI-MS spectrum of Fd2 in the denaturating mode 
 

 
 

      

C) ESI-MS spectrum of Fd1 in the native mode 
 

 

The main peak (m/z = 10889.12 Da) corresponds to the experimental mass for native Fd1. 

Indeed, the theoretical mass of the protein with the [2Fe-2S] cluster (calculated mass of 176 

Da) and without four Cys thiol protons is 10887.8 Da. A circa +23 Da Na-adduct was 

observed at 10910.92 and a +38 Da K-adduct was observed at 10927.18 Da. The peak at 

10822.81 Da probably corresponds to the protein with two Fe attached to it, but without the 
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bridging sulfurs. The detection of such a peak suggests that a fraction of the proteins has lost 

the two bridging sulfurs of the [2Fe-2S] cluster in the conditions used to record the ESI-MS 

spectra. 

D) ESI-MS spectrum of Fd1’ in the native mode 

 
 
The main peak at 10921,28 Da corresponds to the mass of native Fd1 with the [2Fe-2S] 

cluster bound (i.e. m/z = 10889.12 Da) and with a mass adduct of circa + 32 Da. We also 

observe the peak at m/z = 10888,21 Da which corresponds to a fraction of native Fd1. 

 

E) ESI-MS spectrum obtained with Fd1’ in denaturating mode, after exchange in acetate 

buffer 
 

 

The larger peak at m/z = 10714,48 Da corresponds to the theoretical mass of Fd1. Another 

large peak is observed at m/z = 10745,62 Da, which corresponds to an adduct of circa 32 Da. 

Another adduct is observed at m/z = 10776,49 Da (circa + 62 Da). 
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Supplementary Figure 2: Redox midpoint potentials of Fd1, Fd2, Fd1’ and FdN  

 

The determination of the midpoint potentials of Fd1, Fd1’, Fd2 and FdN was done by spectro-

electrochemical titrations in the UV-Vis range. 

  

A- Superposition of the titrations in the oxidative mode for Fd1 (orange), Fd1’ (black), Fd2 

(green) and FdN (blue) at pH 7.5. The experimental data were fitted by a Nernst equation with 

n=1. Em values given in Table 2 are an average of data obtained in oxidation and reduction 

mode. 

 

 

 

B – Superposition of the titrations in the reductive mode for Fd1 (orange), Fd1’ (black), Fd2 

(green) and FdN (blue) at pH 7.5. 
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C - Superposition of titrations in the reductive (red) and in the oxidative (blue) mode for FdN, 

Fd1, Fd1’ and Fd2 at pH 7.5.  
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D - Effect of pH on the midpoint potential of Fd1: Electrochemical titration of Fd1, pH 7,5 

(blue) and pH 10 (green). 

 

 

 

E) - Summary of the midpoint potentials and R2 values resulting from the fit of experimental 

data using a Nernst curve with n fixed to 1. 

  Fd2 Fd1 FdN Fd1’ 

Oxidation 
Em -427 -375 -375 -343 
R2 0.9976 0.9996 0.9958 0.9997 

Reduction 
Em -453 -369 -392 -344 
R2 0.9996 0.9993 0.9986 0.9983 
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Supplementary Figure 3: Crystals of Fd2 from T. elongatus. 

 

A plate-shaped crystal with a brown color was grown from urchin-like crystal by the sitting 

drop vapor diffusion method. The bar represents 50 µm. 
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Supplementary Figure 4: FoFc map near residues Val65, Asp66, Ser68, Asp69 and His70, 

Val83, Cys94 and Ser97. 

 

Green: positive, red: negative. 
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Supplementary Figure 5: Comparison of RMSDs between the Cα of Fd1, Fd2 and FdN. 

 

The distance differences between the Cα atoms of three Fds were calculated based on 

secondary structure matching, using  lsqkab [1]. Distance differences between (A)  Fd1 (PDB 

ID: 5AUI, [2]) and Fd2 (present study), (B) Fd1 and FdN (PDB ID: 1fxa, [3], A monomer), (C) 

Fd2 and FdN. The overall RMSDs are given at the bottom of each figure and are represented 

as a horizontal orange line in each figure panel. 

 

A)  

 

 

 

 

 

B)  

 

 

 

 

 

 

C) 
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Supplementary Figure 6: Comparison of the Loop 1 structure in Fd1 and Fd2. 

 

The structures of loop 1 of Fd2 (A) and Fd1 (PDBID: 5aui [2]) (B) are shown. The dashed 

lines indicate hydrogen bonds between the residues. The bond lengths are as follows: (A) 

A16-R19, 2.91 Å; N16-G20, 2.94 Å; N16-L21, 2.97 Å; N16-T98, 2.98 Å; (B) R10-S14, 2.84 

Å; R10-T91, 2.76 Å; R10-N92, 2.90 Å; P11-G13, 2.84 Å; D12-S14, 3.06 Å. C) 

Superimposition of the loop 1 structures of Fd1 and Fd2. 

A      B 

 

C 
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Supplementary Figure 7: Comparison of the Loop 2 structure in Fd1 and Fd2. 

 

The structures of loop 2 in Fd2 (A) and Fd1 (PDBID: 5aui [2]) (B) are shown. The dashed 

lines indicate hydrogen bonds between the residues. The bond lengths are as follows: (A) T64-

C94, 3.04 Å; D66-R4, 2.77Å; Q67-L84, 2.81 Å; S68-H70, 2.70 Å and 2.84 Å; S68-S71, 3.02 

Å; S68-A87, 2.83 Å; F72-G51, 2.74 Å; K74-K77, 2.76 Å (peptide N-side chain O) and 2.86 Å 

(side chain N- side chain O), K76-A108, 2.68 Å; (B) E57-CSO87, 2.79 Å (peptide N-side chain 

O) and 2.94 Å (peptide O-side chain O); Q60-Q63, 2.87 Å; Q60-L77, 2.95Å; D62-Y25, 3.05 

Å; Q63-F65, 2.96 Å; Q63-L66, 2.75 Å; S64-G44, 2.79 Å; D67-Q70, 2.88 Å (side chain O-

peptide N) and 2.98 Å (peptide N-side chain O). (C) Superimposition of loop 2. 

A                        B 

 

C 
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Supplementary Figure 8: Effect of 1H2O/2H2O exchange on the reduced-minus-oxidized FTIR 

difference spectra recorded with Fd1 and Fd2.  

A) Effect of 1H2O/2H2O exchange in the mid infrared for Fd1 (top) and Fd2 (bottom) 

Spectra in H2O are in orange for Fd1 and in green for Fd2. The corresponding spectra recorded 

in 2H2O are in dark grey. The inset presents the absorption region of ν(S-2H) modes in the 

reduced-minus-oxidized FTIR difference spectrum recorded with Fd1 in 2H2O. 
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Down shifts by less than 10 cm-1 are expected upon 1H2O/2H2O exchange for amide ν(C=O) 

modes, i.e. up to 10 cm-1 for α-helix and less than 5 cm-1 for β-sheet secondary structures [4, 

5]. The band frequencies at 1694 and 1639 cm-1 are not sensitive to H2O/2H2O exchange while 

the bands at 1668 and 1652 cm-1 are downshifted by -4 and -3 cm-1, respectively. This supports 

the assignment to peptide carbonyl groups from random coil and/or α helix at 1668 and 1653 
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cm-1, to carbonyl groups involved in β-sheet structures at 1640 cm-1, or to carbonyl groups free 

of hydrogen bonding interactions above 1680 cm-1. For Fd1, an additional band observed at 

1680 cm-1 in 2H2O for oxidized Fd1 shows that at least two different groups contribute to the 

broad band at circa 1700-1694 cm-1 in H2O. The behavior upon 1H2O/2H2O exchange in the 

1800-1620 cm-1 region is similar for Fd2. This suggests a dominating contribution of Amide I 

bands. They appear almost at the same frequencies for Fd2 and Fd1, with a slightly higher 

frequency of the ν(C=O) mode at 1642 cm-1 (1641 cm-1 in 2H2O), and at 1672 cm-1 (vs 1668 

cm-1 in Fd1) and with different relative band intensities. 

Amide II modes are expected to largely downshift in 2H2O. They are identified in 1H2O at 1503 

cm-1 and at 1551 and 1522 cm-1 for Fd1ox and Fd1red, respectively, by their large downshift to 

1413 cm-1 (-88) and 1476 (-75) and 1452 cm-1 (-70) in 2H2O. For Fd2ox, in contrast to Fd1, two 

bands are identified at 1433 and 1406 cm-1 in 2H2O, which should result from the downshift of 

the Amide II mode at 1503 cm-1. They suggest different properties of the Amide II modes 

sensitive to the [2Fe-2S] cluster reduction as compared to Fd1.   

In the spectrum recorded in 2H2O, bands at 1561 and 1511 cm-1 for Fd1ox and at 1576, 1516 and 

1504 cm-1 for Fd2ox cannot result from Amide II modes with deuterated N2H.  These bands 

result either from Amide II modes where the NH has not been exchanged in N2H or from 

contributions of amino acid side chains. Bands at 1516-1504 cm-1 are typical for a tyrosine 

ν19(CC) side chain mode [6, 7]. This mode is expected to shift by a maximum of -3 cm-1 upon 
1H/2H exchange. These modes could be superimposed to contributions from Amide II modes in 

H2O. The FTIR data thus suggest that a tyrosine side-chain contributes to the redox-induced 

structural changes in both Fd1 and Fd2. The bands at 1561 and 1576 cm-1 are in the range where 

carboxylate νas(COO-) modes of aspartate or glutamate contribute [6]. These modes are 

expected either at the same frequency or upshifted by a few wavenumbers in 2H2O. For Fd1red 

and Fd2red, bands at 1544 and 1539 cm-1 could correspond to these modes, and the low 

frequency would indicate a strong interaction with a positively charged group. The positive 

band at 1396 cm-1 in the spectra recorded with all Fds is tentatively assigned to the 

corresponding νs(COO-) mode of a glutamate or aspartate residue. The latter mode is less 

sensitive to changes in hydrogen bonding interactions. Finally, the band at 1622 cm-1 for Fd1ox, 

which disappears or is largely downshifted in 2H2O could correspond to a lysine or arginine 

side-chain mode. This band seems downshifted to 1608 cm-1 in Fd2ox.  

Finally the bands at 1866/1853 cm-1 in the figure inset recorded with Fd1 and not with Fd2 or 

FdN are typical for a cysteine  ν(S-2H) mode [8]. It corresponds to the ν(S-H) mode observed 



14 

 

at 2567/2548 cm-1 of Fd1 in H2O, assigned to a cysteine side chain, which is sensitive to the 

change in redox state of the [2Fe-2S] cluster. 

 

B) Effect of 1H2O/2H2O exchange on the 1400-1000 cm-1 region.  

Reduced-minus-oxidized FTIR difference spectra recorded with FdN (blue line), Fd1 (orange 

line), Fd1’ (black line) and Fd2 (green line) in the region between 1400 and 1000 cm-1 in H2O. 

For Fd1 and Fd2, spectra recorded in 2H2O are shown with grey lines. 

 

 

 

Two IR modes from threonine and serine side chains are expected in the 1300-900 cm-1 region: 

the δ(COH) bending mode, which is largely downshifted upon deuteration, and the ν(CO) 

mode, only slightly shifted in 2H2O ([9] and references therein). In the region where δ(COH) 

modes are expected to contribute, bands observed at 1295(+) cm-1, 1279(-) cm-1, and 1247(-) 
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cm-1 in the spectra recorded with Fd1, FdN and Fd1’ seem absent or largely shifted in 2H2O. 

The bands at 1295/1279 cm-1 are also absent in the spectrum recorded with Fd2, while the band 

at 1247 cm-1 is conserved in Fd2. Bands at 1072(-) cm-1, 1063(+) cm-1 and 1049(+) cm-1 

observed in the spectra recorded with Fd1, FdN and Fd1’ are still present and only slightly 

modified in the spectrum recorded in 2H2O. The bands at 1073/1063 cm-1 are absent in the 

spectrum recorded with Fd2.  

We thus assign the bands at 1295(+)/1279(-) cm-1 to the δ(COH) bending mode of either 

threonine or serine and propose that they are shifted to 999(+)/977(-) cm-1 in 2H2O, in the 

spectrum recorded with Fd1, in agreement with literature data. The bands at 1072(-)/1063(+) 

cm-1 are tentatively assigned to corresponding ν(CO) mode. Since the difference bands at 

1295(+)/1279(-) cm-1 and 1072(-)/1063(+) cm-1 are absent in the reduced-minus-oxidised 

spectrum of Fd2, (as well as the difference band at 999(+)/977(-) cm-1 in the spectrum recorded 

in 2H2O), they are tentatively assigned to the CysSerThrCys motif, present in Fd1 and FdN and 

replaced by the CysValAsnCys motif in Fd2. The structural change at the level of the Ser47 

described for FdN reduction could explain the changes in the IR mode frequencies of Ser 47 or 

Thr48 side chains upon Fd reduction.  
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Supplementary Figure 9: Hydrogen bonding interactions of the fifth CysSγ in Fd1 and Fd2 

structures.  

 

The environment around the fifth Cys is compared for Fd2 (green), Fd1 (in orange transparent 

for PDB ID: 5aui [2], and in pink for the new Fd1 structure), and FdN (in blue PDB ID: 1fxa 

[3]). The hydrogen bonds are shown in dashed lines in black for Fd2 and red for Fd1 (new 

structure). Both Cys-Sγ can form hydrogen bonding interactions: Cys87Sγ  in Fd1 (new Fd1 

structure) with the peptide carbonyl oxygen of Glu57 at 3.14 Å, and for Cys94Sγ in Fd2 with 

the peptide carbonyl oxygen of Thr64 at 3.05 Å. 
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Supplementary Figure 10: Orientation of the arginine and serine residues. Consequences on 

Cys46 environment 

The environment around Arg42 (A) and Cys46, Ser40 and Thr48 (Fd1 numbering) (B) is 

compared for Fd2 (transparent green) and Fd1 (orange for PDB ID: 5aui [2] and pink for the 

new Fd1 structure) as well as for FdN (in blue, PDB ID: 1fxa , [3]). The hydrogen bonds are 

shown with dashed lines in black for Fd2, magenta for Fd1 PDB ID: 5aui, red for the new Fd1 

structure and in blue for FdN. 

 

A 

 



18 

 

B 
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Supplementary Figure 11: Crystal structure of a major ferredoxin, Fd1 coded by tlr1009 in 
T. elongatus. 

(A) Ribbon model of the whole structure. The crystal structure contains residues 2-98 (the 

full length of the protein is 98 residues), a [2Fe-2S] type iron-sulfur cluster (shown in ball), and 

a tentatively assigned sulfate ion and two benzamidines (shown in sticks). The color of the Fd1 

structure is in cyan, iron atoms are in brown, sulfur and oxygen atoms of the sulfate iron are 

shown in yellow and red, and the benzamidines are shown in gray.  

(B) Superposition of the Fd1 structure determined in the present study with that reported 

previously (PDB ID: 5aui [2], protein body, orange ; benzamidine, blue). The structures of the 

two Fd1 were superposed by the SSM protocol in Coot [10]. Residues having remarkable 

difference structures are shown in sticks. In the new structure (PDB ID :6jo2), Ser40 has two 

conformations, one with its side chain facing the iron cluster with 0.33 occupancy, and the other 

one facing Asp36 from the adjacent molecule with 0.67 occupancy. The main-chains of Leu35 

and Asp36 were flipped, which  may be caused by crystal packing because Ser40 was close to 

the Leu35 and the Asp36 residues, as well as Glu31 of the adjacent molecule in the crystal. 

Arg42 has also two conformations in the new structure, and no remarkable environmental 

differences were found near Arg42. The 87th residue in the new structure is cysteine, in 

agreement with the amino acid sequence but not S-hydroxycysteine that was reported in the 

previous  structure (PDB ID : 5aui). 

A        B 
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Supplementary Figure 12: Kinetics of Fd2 reduction by PSI. 

 

 

 

Flash-induced absorption measurements were performed at 580 nm with increasing Fd2 

concentrations (0, 1.00, 2.02, 4.01, 7.93 µM from a to e) and with [PSI] decreasing from 0.218 

to 0.206 µM along with Fd2 addition (or buffer in the reference cuvette). Best-fits were 

performed with real PSI concentrations but data in the figure were normalized to 0.218 µM PSI 

for easier comparison. Part A displays raw kinetics. Both P700 oxidation and (FA FB) reduction 

give rise to an initial fast bleaching (negative absorption signal) whereas Fd reduction by (FA 

FB)1red gives rise to a further bleaching with kinetics depending upon the Fd concentration 

(traces b to e). In trace a (no Fd), the slow signal decay is due to a recombination reaction 

between P700+ and (FA FB)1red. In the presence of Fd, the fastest component of the decay kinetics 

(up to c. 0.5 ms after the flash) is first-order with its rate being constant (not [Fd]-dependent) 

and its amplitude increasing with [Fd]. It is attributed to intracomplex ET from (FA FB)1red to 

Fd within PSI:Fd complexes which are preformed before flash excitation. It is followed by a 

second-order component with its rate being [Fd]-dependent and its amplitude decreasing with 

[Fd]. This component is clearly observed in traces b and c whereas its amplitude is much smaller 
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in traces d and e. It is attributed to Fd reduction by the part of PSI which does not bind Fd before 

flash excitation and where diffusion-limited binding of Fd to PSI-(FA FB)1red precedes Fd 

reduction itself and limits the rate of this reduction. After completion of Fd reduction (i.e. after 

≈ 30 ms for b, 15 ms for c and less than 10 ms for d and e), the slow decay is attributed to P700+ 

reduction by the exogenous electron donor DCPIPH2 (DCPIP reduced by ascorbate). Traces b 

and c were fitted between 1 and 60 ms with a biexponential function to take into account both 

the second-order process of Fd reduction and the slow P700+ decay (black traces with fits 

extrapolated to time 0). The best-fit rates of the fastest component (due to Fd reduction) are kobs 

= 75 and 151 s-1 for b and c, respectively. Assuming pseudo-first order conditions with kobs = 

kon × [Fd]free (kon = second-order rate of Fd reduction; [Fd]free = [Fd not bound to PSI] = 0.93 

and 1.91 µM from the Kd fit (see Supp. Figure 13), one obtains kon = 8.0 and 7.9 × 107 M-1s-1 

from the independent fits of b and c. On short time scales (t < 20 µs, see orange ellipse), fast-

decaying signals due to β-carotene triplet states are present which obscure the signals due to 

ET. These triplet signals are Fd-independent and are eliminated by subtracting the signal 

without Fd from those with Fd, as shown in Part B. Moreover, the subtraction procedure allows 

the signals due to PSI charge separation (P700+ (FA FB)1red) to be eliminated so that only Fd 

reduction by (FA FB)1red is observed. The difference kinetics are essentially first-order with only 

a minor contribution due to second-order Fd reduction (see black traces at short times in Part 

A). The signal increase with [Fd] reflects the binding equilibrium between PSI and Fd with the 

first-order signal amplitude being proportional to the amount of PSI:Fd complex formed before 

flash excitation.  
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Supplementary Figure 13: Titration of Fd binding to PSI. 

 

 

 

The amplitude of the first-order components of Fd reduction (see Supp. Figure 12 for Fd2, see 

also single difference kinetics in Figure 7) were plotted as a function of [Fd]. Amplitudes were 

quantified as the average signal sizes between 0 and 100 µs for Fd1 (orange squares and 

triangles for 2 different titrations) and Fd1’ (black crosses) and between 0 and 400 µs for Fd2 

(green circles). The continuous curves were obtained by fitting the data with a simple-binding 

equilibrium model where the amount of PSI:Fd is solution of a quadratic equation involving 

the dissociation constant Kd and the concentrations of PSI and Fd. For each Fd, Kd and the 

asymptotic signal amplitude (100% of PSI binding Fd) were adjustable parameters and the data 

are plotted as a fraction of the 100% amplitude. Kd values of 0.50, 1.32 and 1.84 µM were 

determined for Fd1, Fd1’ and Fd2, respectively. 
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Supplementary Figure 14: Kinetics of FNR reduction by Fd1red. 

 

 

Flash-induced absorption measurements were performed at 580 nm with decreasing [PSI] from 

0.209 to 0.197 µM along with Fd1 and FNR additions (or buffer in the reference cuvette). Best-
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fits were performed with real PSI concentrations but data in the figure were normalized to 0.2 

µM PSI for easier comparison. Concentrations of Fd1 and FNR are indicated for each trace. 

Part A displays raw kinetics. After measurement without addition (black), Fd1 was added first 

at a concentration of ≈ 4 µM (red), then FNR was added at concentrations increasing from ≈ 2 

to 15 µM (green, blue, cyan and magenta) and another Fd1 addition was eventually made 

(giving ≈ 7.5 µM, orange). Fd reduction leads to a signal decrease which is followed from 0.2 

to 3 ms by a small signal increase (red trace). This signal has been investigated in detail [11] 

and was shown to be due to a non-redox absorption change attributed to an increase in the Fdox 

absorption upon binding to PSI. Fdox binding to PSI occurs after Fdred dissociation, as a 

diffusion-limited process. Moreover, it occurs similarly whether FNR is present or not and is 

eliminated when the signal from the reference cuvette (Fd alone) is subtracted from the sample 

cuvette (Fd + FNR). Addition of FNR induces the appearance of a large positive signal increase 

following the initial Fd-reduction signal and concomitant with the Fd-binding induced signal. 

This signal is attributed to the formation of singly-reduced FNRsq in its protonated form 

(FADH●).  

Part B displays the differences between the sample and reference cuvettes. The final signal 

level increases with [FNR] and decreases with the final addition of Fd1. This shows that FNR 

reduction by Fdred is only partial and the redox equilibrium: Fdred + FNRox ↔ Fdox + FNRsq 

must be considered. The amplitudes of the final signal levels (between 10 and 15 ms) were 

fitted using this equilibrium reaction and neglecting the presence Fd:FNR complexes in 

different redox states. Two adjustable parameters were used, the equilibrium constant Keq = 

[Fdox]×[FNRsq]/([Fdred]×[FNRox]), and the signal amplitude corresponding to full FNR 

reduction. With [Fdred] + [FNRsq] = [PSI], the equation giving the ET extent, that is 

[FNRsq]/[PSI], is a simple quadratic equation. The best-fit parameters are Keq = 1.26, ∆A for 

100% ET = 6.72 × 10-4 and the resulting best-fit signal levels are shown as horizontal lines. 

Data can also be read as ET extent using the right vertical scale.  

Part C displays kinetics of part A with emphasis on the short time scale. The kinetics between 

0 and 0.5 ms were globally fitted using the following kinetic model: Fdred + FNRox → 

Fdox:FNRsq → Fdox + FNRsq. The rates kon and klimit of the two consecutive reactions were taken 

as adjustable parameters whereas the 100% ET signal was used as a fixed value. From the best 

fit values (kon = 4.1 × 108 M-1s-1 and klimit = 640 s-1), the kinetics were calculated up to 

completion of the reactions (black traces). The cyan trace ([FNR] = 7.82 µM) and the 

corresponding calculated kinetics are also shown in Figure 8.  
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Supplementary Figure 15: Kinetics of NiR reduction by Fd1 and Fd2. 

 

 

 

Flash-induced absorption measurements were performed at 520 nm with decreasing [PSI] from 

0.243 to 0.231 µM along with Fd1/2 and NiR additions (or buffer in the reference cuvette). All 

data in the figure were normalized to 0.243 µM µM PSI for easier comparison. Part A displays 
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raw kinetics. In the absence of Fd (trace no Fd), charge separation leads to a positive signal 

resulting from a major positive contribution due to P700 oxidation and a minor negative 

contribution due to (FA FB) reduction. Addition of either Fd1 (4.79 µM) or Fd2 (4.77 µM) leads 

to a signal decrease (traces Fd1 and F2). In the case of Fd1, this initial decrease is followed by 

a smaller increase at t < 2 ms, which results from Fdox binding to PSI (see Supp. Figure 14A 

for a similar signal at 580 nm). No such signal is observable with Fd2, although preliminary 

experiments (not shown) suggest that it may be present at higher [Fd2]. NiR at increasing 

concentrations was added with both Fds: 3.11 µM for a and b, 6.32 µM for c and d and 12.74 

µM for e and f. Traces a, c, e and b, d, f were recorded with Fd1 and Fd2, respectively. Parts 

B and C display the signal differences between the sample cuvettes (Fd + NiR) and the 

reference cuvettes (Fd) for Fd1 and Fd2, respectively. With each Fd, the final levels are identical 

for every [NiR], which indicates complete single reduction of NiR, in contrast to what is 

observed with FNR. These levels are different for Fd1 and Fd2, which also suggests that their 

respective contributions are different. For each Fd, the kinetics were globally fitted using the 

following simple kinetic model: Fdred → free Fdred + NiRox → Fdox + NiR1red with rate constants 

koff and kon for the 2 consecutive reactions. Starting from [Fdred] = [PSI] at t = 0 and within the 

first-order approximation ([NiRox] >> [Fdred]), one gets: [NiR1red](t) = [PSI]×[-k2 e-koff t + koff e-

k2 t + k2 - koff]/(k2-koff) with k2 = kon × [NiRox]. For each Fd, the adjustable parameters were the 

following: kon, koff, the final signal amplitude, and an offset to take into account the fact that all 

signals do no start from 0 (very small in all cases except for trace e). The following best-fit 

parameters were obtained: for Fd1, kon = 1.43 × 108 M-1s-1 and koff = 5231 s-1; for Fd2, kon = 

0.47 × 108 M-1s-1 and koff = 1410 s-1. These values are similar to those obtained by single fits of 

the kinetics in Figure 9. However these global fits are rather poor, especially for the highest 

[NiR] (traces e and f). In the case of Fd1, this may arise, at least partially, from the fact that 

some Fd1:NiR complex is formed in darkness, as indicated by the significant initial offset in 

trace e. Fd1:NiR complex formation should result in a lower amount of PSI:Fd1 through 

binding competition. In turn, subtraction of the reference cuvette is not perfect as there is more 

PSI:Fd complex in this cuvette and then, a larger amount of fast Fd reduction than in the sample 

cuvette, and this is expected to result in the observed offset. In the case of Fd2, there is no 

significant offset in f, which indicates that the dark amount of Fd2:NiR can be neglected. One 

(partial) explanation for the bad fit of trace f could be that Fd2 reduction should be explicitly 

taken into account in the kinetic model, as it is not that fast compared to the following processes 

of Fdred dissociation and NiR reduction. It was not checked further by numerical simulations of 

the kinetics that the above explanations for the poor global fits are correct, as the main 
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conclusion of this study, which is that NiR reduction by Fd1 is about 3-times faster than by Fd2, 

is approximately valid for the 3 tested [NiR]. 
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Supplementary Figure 16: Phylogenetic analysis of photosynthetic-type Fds from 

cyanobacteria. 

Part A: Phylogenetic unrooted tree of all photosynthetic-type [2Fe-2S] Fds from 83 different 

cyanobacterial strains and from maize, Arabidopsis thaliana and Chlamydomonas reinhardtii. 

Sequence alignment was performed with MUSCLE and tree construction was done with the 

neighbor-joining method, both methods being provided in the SeaView integrated software. 

Bootstrap values (from 0 to 100) were obtained from 1000 repetitions. The branches and leaves 

are colored according to the value of the X:Y doublet: blue for Val:Phe, Phe:Phe, Ile:Phe, Ile:Ile 

and Thr:Phe; red for Ser:Phe; green and dashed light green for Thr:Gly. Values of X:Y are 

indicated at the end of the labels. Labels of eucaryotic Fds are colored green. The dashed light 

green branch correspond to Fds with a large C-terminal extension. It includes Fed2 from 

Synechocystis 6803, Fd3 from T. elongatus, FdC2 from Arabidopsis thaliana and Fdx6 from 

Chlamydomonas reinhardtii. 
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Part B: Sequence alignment which was used for building the phylogenetic tree of Figure 10. The sequences are grouped by cyanobacterial strain.  

All strains have at least one “red” Fd, have one “light green” Fd (with a C-terminal extension) and all except one (Synechococcus sp. PCC 7002) 

have one “green” Fd . The cluster-liganding Cys are shown on a yellow background whereas the residues X and Y are on a cyan background. 
>637313626_Thermosynechococcus_elongatus_BP_1_XY=SF  ----------MATY-KVTLVR--------------------PDGSETTID VPEDEYILDVA-EEQGLD-LPFSCRAGACSTCAGKLLE-GEVDQSDQ--SFLDDDQIEKGFVLTCVAYPRSDCKILT--NQ--EEELY-------------- ---------- 
>637313857_Thermosynechococcus_elongatus_BP_1_XY=VF  ----MTKRDHNKVY-NVTLVN-------------E------ERGLNKTIR VHADEYILDAA-EAQGIP-LPYSCRAGACVNCAGRIIK-GTVDQSDH--SFLKPKELDAGFVLLCAAYPTSDCVIST--HE--EDNLLNLA----------- ---------- 
>637313101_Thermosynechococcus_elongatus_BP_1_XY=TG  ---------MTQTF-RVEILH-------------Q--------GQTYTFE ASADKPLLRSA-TAAGID-LPSSCNAGVCTTCAAQIQE-GTVDHGDA--MGLSPELREKGYVLLCVARPCSDLKLIS--EK--EEEVYNFQFGQFQKA-------------- 
>637314283_Thermosynechococcus_elongatus_BP_1_XY=TG  -------MSTPQTY-TVTIHV-------------RPLKSEDPPPRTYTIT VPSDRYILQHA-ESQGLE-LPFSCRNGACTTCAVRILS-GHVYQPEA--MGLSPALQAQGYALLCVSYARSDLEVET--QD--EDEVYELQFGRYFGKGRVQLGLP--LDED 
 
>2598118050_Thermosynechococcus_sp_NK55a_XY=SF ---- ------MATY-KVTLVR--------------------PDGSETTIDVPEDE YILDVA-EEQGLD-LPFSCRAGACSTCAGKLLE-GEVDQSDQ--SFLDDDQIEKGFVLTCVAYPRSDCKILT--NQ--EEELY------------------- ----- 
>2598118883_Thermosynechococcus_sp_NK55a_XY=VF ---- MTKRDHNKVY-NVTLVN-------------E------ARGLNKTIRVHADE YILDAA-EAQGIS-LPYSCRAGACVNCAGRIIK-GTVDQSDH--SFLKPKELDAGFVLLCAAYPTSDCIIST--HE--EDNLLNLT---------------- ----- 
>2598119820_Thermosynechococcus_sp_NK55a_XY=TG ---- -----MTQAF-RVEILH-------------Q--------GQTYTFEASADK PILQSA-TAAGID-LPSSCNAGVCTTCAAQIQE-GTVDHGDA--MGLSPELREKGYVLLCVARPCSDLKLIS--EK--EEEVYHFQFGQFQKA--------- ----- 
>2598119066_Thermosynechococcus_sp_NK55a_XY=TG ---- ---MSTPQTY-TVTIHV-------------RPLKSGDPPTRTYTITVPGDR YILQHA-ESQGLE-LPFSCRNGACTTCAVRILS-GHVYQPEA--MGLSPALQARGYALLCVSYARSDLEVET--QD--EDEVYELQFGRYFGKGRVQLGLP--LDED 
 
>2515004633_Synechocystis_sp_PCC_6803_XY=SF ------- ---MASY-TVKLIT-------------P--------DGESSIECSDDTYIL DAA-EEAGLD-LPYSCRAGACSTCAGKITA-GSVDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDCTIET--HK--EEDLY---------------------- -- 
>2515004363_Synechocystis_sp_PCC_6803_XY=VF ------- --MGAIY-SVNLVN-------------P------ATGSDVTIEVAEDELIL EAA-ENQGLD-LPYSCRAASCVACAGRLLE-GTVEHTDKGSDFLKPEELAAGCVLLCAAYATSDCKILT--HQ--EEALFG--------------------- -- 
>2515003158_Synechocystis_sp_PCC_6803_XY=TG ------- --MVNTY-TAEIQH-------------Q--------GQTYTISVPEDKTVL QAA-DDEGIQ-LPTSCGAGVCTTCAALITE-GTAEQADG--MGVSAELQAEGYALLCVAYPRSDLKIIT--EK--EDEVYQRQFGGQG-------------- -- 
>2515004036_Synechocystis_sp_PCC_6803_XY=TG ------- --MSRSH-RVLIHD-------------R------QNEKDYSVIVSDDRYIL HQA-EDQGFE-LPFSCRNGACTACAVRVIS-GQIHQPEA--MGLSPDLQRQGYALLCVSYAQSDLEVET--QD--EDEVYELQFGRYFGAGRVRLGLP--LDED 
 
>2810310233_Synechocystis_sp_PCC_6714_XY=SF ------- ---MASY-TVKLIT-------------P--------DGENSIECSDDTYIL DAA-EEAGLD-LPYSCRAGACSTCAGKITA-GSVDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDCTIET--HK--EEDLY---------------------- -- 
>2810311673_Synechocystis_sp_PCC_6714_XY=VF ------- --MGAIY-SVNLVN-------------P------ATGSNVTIEVAEDELIL EAA-ENQGID-LPYSCRAASCVACAGLLLE-GTIEHTDKGSDFLKPEELAAGCVLLCAAYATSNCKILT--HQ--EEALFG--------------------- -- 
>2810311846_Synechocystis_sp_PCC_6714_XY=TG ------- --MANTY-TAEIQH-------------Q--------GQTYTITVPEDKTVL EGA-DDAGLQ-LPTSCGAGVCTTCAALIVE-GTVDQADG--MGVSAELQAEGYALLCVAYPRSDLKIVT--EK--EDEVYQRQFGGQG-------------- -- 
>2810310322_Synechocystis_sp_PCC_6714_XY=TG ------- --MSRSH-RVLIHD-------------R------QNRKDYNVIVSDDRYIL HQA-EDQGYE-LPFSCRNGACTACAVRVIS-GQIHQPEA--MGLSPELQRQGYALLCVSYAQSDLEVET--QD--EDEVYELQFGRYFDGGRVRLGLP--LDDD 
 
>641254512_Acaryochloris_marina_MBIC11017_XY=SF --- -------MATY-NVRLIN-------------E------AEGIDATIAVEDD QYIFDAA-EENDLD-LPVSCRSGACSSCAGKAIS-GEVDQSDQ--SFLDDDQMAAGFVLTCVAYPASDCTIQT--HQ--EDALL------------------ ------ 
>641254584_Acaryochloris_marina_MBIC11017_XY=SF --- -------MATY-KVTLKS-------------A------SEGLDTTIECPDD EYILDVA-EEQGID-LPFSCRAGACSTCAGKITA-GTVDQSDQ--SFLDDDQIEAGFVLTCVAYATSDCTIET--HK--EEDLY------------------ ------ 
>641253039_Acaryochloris_marina_MBIC11017_XY=SF --- -------MTTYFKVTLVN-------------Q------EKGLEETIEVPDD EYILDVA-EDNDLD-LPFSCRAGACSSCAGKVIK-GNIDQADQ--SFLDDDQIGEGYALLCVTYALSDCIIAT--DQ--EEGLY------------------ ------ 
>641254216_Acaryochloris_marina_MBIC11017_XY=SF --- -------MTTY-QVRFIN-------------P------DLGLDQTITIPED EYILDIA-EENDLP-LPAACRQGDCSTCVARLVS-GTVDQAEQ--KFLNATEMGQGYTVTCVAYPRSDCVLET--HQ--EQTLYQGSLYQKSEDMKTT---------- 
>641256388_Acaryochloris_marina_MBIC11017_XY=II --- --------MGY-DVTLVN-------------E------ATGEENTIFVSED EFIYDAA-ELEGIE-LPASCRSGSCITCVSKVVN-GDVEH-DH--SILSDAEEDAGFMLTCCAYARSNCTILV--NQ--EDELLDFSTVA------------ ------ 
>641250751_Acaryochloris_marina_MBIC11017_XY=II --- --------MIY-DVTFRD-------------E------TTGEENTICVPAD EYIYDAA-ELEGLE-LPASCRSGSCITCVGKVVD-GEVEH-DR--SILSDAEEEAGFMLTCCAYARSNCTILV--RQ--EDELLDFAAV------------- ------ 
>641251779_Acaryochloris_marina_MBIC11017_XY=TG --- ------MSQTY-SVEIHH-------------Q--------DAVHTVSVPED TTILQAA-QDAGVD-LPSSCCAGVCTTCASLILE-GEVEQEDA--MGLGPDLLDQGYALLCVAYPRSDIKLES--DK--EELVYKLQFGQSQ---------- ------ 
>641253070_Acaryochloris_marina_MBIC11017_XY=TG --- -------MEKF-TIHIRD-------------R------HSGNDYKVLVPAD HYILESV-EQQGRR-LPFACRNGACTTCAVRVLS-GDLHQPEA--MGLSLELQKQGYALLCVSYPKSDLVVET--QD--EDEVYELQFGRYFGKGKVRTGLP--LDEE 
 
>2503365403_Cyanobacterium_stanieri_PCC_7202_XY=SF ----------MATY-NVTLVT-------------E--------DGEQTIEV PDDEYILDVA-EEQGID-LPYSCRAGACSTCAGKLVS-GTIDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDCKIET--HK--EEDLY--------------- --------- 
>2503365836_Cyanobacterium_stanieri_PCC_7202_XY=VF ---------MSNTY-KVHLVN-------------S------DLGIDAVIDV MADEYILDAA-ERQGFN-LPYSCRAGVCVSCTGKLSK-GSVDHDYD---FLKQNEIDAGFFLTCKAYATSDCTVET--HQ--EDALLDL------------- --------- 
>2503367054_Cyanobacterium_stanieri_PCC_7202_XY=TG ---------MSNIY-NVEVSN-------------E--------GQTYTFQV AENETILAVA-ERENIT-LPSSCNAGVCTTCAAKITS-GEVEQGDG--MGVSPELQAEGYALLCVAYPRSDLKIVA--GK--EDEVYDRQFGMSQK--------------- 
>2503367346_Cyanobacterium_stanieri_PCC_7202_XY=TG ----------MRNY-KVTIHN-------------R------QKNTTQTVVV PEDQYILRTA-ENQDAD-APFSCRNGACTTCAVRVLE-GDIYQPEA--MGLSPDLQKQGYALLCVSYPRSDLVVET--QD--EDEVYELQFGRYFGRGKVRFGFP--IEDD 
 
>2503746716_Cyanobacterium_sp_PCC_10605_XY=SF ----- -----MATY-NVTLIT-------------P--------DGEQTIEVPDDEY ILDVA-EEQGID-LPYSCRAGACSTCAGKLVE-GTVDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDCKIET--HK--EEDLY-------------------- ---- 
>2503744606_Cyanobacterium_sp_PCC_10605_XY=VF ----- ----MANSY-KIKLIN-------------E------EKGIDNVIEVNADEY ILDAA-ERQGFN-LPYSCRAGVCVSCTAKIVE-GTVNHDYD---FLKDKEIEAGFFLTCKAYATSDGVIKT--HQ--EDALLDL------------------ ---- 
>2503745149_Cyanobacterium_sp_PCC_10605_XY=TG ----- ----MSNTY-TVKIHN-------------A--------GQSYTIQVSEDQK ILDVA-QQQNIE-LPSSCNAGVCTTCAAKIIT-GKVEQGEG--MGLSPELQGEGYALLCVSYPRSDLELET--GK--EDEVYDRQFGQG------------- ---- 
>2503744961_Cyanobacterium_sp_PCC_10605_XY=TG ----- ----MTKTY-KVTIHH-------------R------QENRIQTIEVPEDQY ILATA-EKQAVE-PPFSCRNGACTTCAVRVLE-GKLYQPEA--MGLSPELQRKGYALLCVSYPRSDLVVET--QD--EDEVYELQFGRYFGRGKVRFGIP--IEDD 
 
>2503792835_Gloeocapsa_sp_PCC_7428_XY=SF ---------- MATY-KVTLIN-------------D------SEGLNQTIEVDDDTYILDAA -EEAGLD-LPYSCRAGACSTCAGKLVS-GSIDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDCTIET--HK--EEDLY------------------------ 
>2503794358_Gloeocapsa_sp_PCC_7428_XY=SF ---------- MTTY-QVHLIN-------------K------KRSLDVTIPVDEKTTILDAA -ENEGLD-LPFSCHSGSCSSCVGKVVE-GEIDQSDQ--VFLDEDQVAKGFVLLCVAYPRSDCTIRT--HQ--EAYLV------------------------ 
>2503795939_Gloeocapsa_sp_PCC_7428_XY=SF ---------- -MVY-QVRLVN-------------P------DMALDRTILVPEEQYILDIA -EEAGIR-LPAGCHQGNCSACVAKIIS-GEVDQSEQ--RFLQPAEIAAGYTLTCVAYPLSDCTLQT--HQ--EKVLYHSSLYYSTEQSG------------ 
>2503793157_Gloeocapsa_sp_PCC_7428_XY=VF ----MLNRNS DKIY-KVTLVS-------------E------AHKLNSTIEVCGDEYILDAA -EVQNIE-LPYACRAGACVVCIGKVLE-GSVDQSDH--SFLNEKELKAGFVLTCRAYPQSDCIIKT--HQ--EEELFELY--------------------- 
>2503796502_Gloeocapsa_sp_PCC_7428_XY=IA ---------- MKTY-RIELVN-------------R---------NHFVVEVAENQYILDAV -EAAGLR-LPVGCRYGACITCAAHLVA-GKVNQSQG--VALKASHEGMGYVLLCVAYPQSDCKLEVGLES--QEQLYVNPFKGC----------------- 
>2503792624_Gloeocapsa_sp_PCC_7428_XY=TG ---------M PQTY-TVQIQH-------------Q--------GQTHTIEVPEDKIILRAA -SAAGLD-LPSSCNAGVCTTCAALLLE-GTVEQSDG--MGLSPELQQKGYALLCVSYPRSNLKIET--EK--EDEVYDLQFGQFQRS-------------- 
>2503794822_Gloeocapsa_sp_PCC_7428_XY=TG ---------M TRYY-KIQIRD-------------R------ARDQNYTLEVPEDGYILQNA -EKQGVE-LPFSCRNGACTTCAVRVLS-GEIYQPEA--MGLSPELRAKGYALLCVSYPLSDLEVET--QD--EDEVYELQFGRYFGKGKVRAGLP--LDED 
 
>648185082_Cyanothece_sp_PCC_7822_XY=SF ----------M TTY-KVTLKL--------------------DTGEEKIIDVADDEYILDAA- EEAGLE-LPYSCRAGACSTCAGKIES-GSVDQSDQ--SFLDDDQIQAGYVLTCVAYPTADSVILT--HQ--EEALY------------------------ 
>648188603_Cyanothece_sp_PCC_7822_XY=SF ----------M ATY-QVRLIK---------GSKKK------PPEMDVTITVDEDTTIFDAA- IEEGID-LPSSCKAGACSSCAGRIEA-GEIDQSEQ--SFLDEEQVGKGFVLLCSAYPRSDCTIRT--HQ--EAYLV------------------------ 
>648185081_Cyanothece_sp_PCC_7822_XY=SF ----------M ATY-KVTLRT-------------P--------DGDKVIEVPDDEYILDVAV DDEGID-IPFSCRAGSCSTCTGKLVS-GTVDQSDQ--NFLDNDQIDAGYVLTCVAYPTSDCVIET--HK--EEDVV------------------------ 
>648185320_Cyanothece_sp_PCC_7822_XY=FF ---MSSITKSE ETF-TVTLIN-------------D------KKEINKKILVREDEFILDVA- EQKEIK-LPYSCRAGACFDCLGKVIS-GKVEQTEKALEFLKPDELKAGYILLCAASPRSDCVIQT--HQ--VEELFGED--------------------- 
>648186096_Cyanothece_sp_PCC_7822_XY=VF ----------- MNY-KVKLVN-------------E------AQKLNTTISVSDKEYILDAA- ERQGIE-LPVACRAGACVTCTARVVQ-GKVEQDHH---FLKPHEMNAGFILTCRAFPRSDCVILT--GQ--EDALLDL---------------------- 
>648186237_Cyanothece_sp_PCC_7822_XY=TG ---------MS KTH-TVEIIH-------------Q--------GTTHTIKVAEDQTILNAA- LDAGID-LPKSCTAGVCTTCAGLLLE-GTVEQSDG--MGLSPNLQQEGYALLCVAYPRSDVKVET--EK--EDSVYERQFGQS----------------- 
>648186019_Cyanothece_sp_PCC_7822_XY=TG ---------MS QFY-KIRIDN-------------R------QTGEEITVSVPDDEYILHSL- EARGYN-LPFSCRNGACTTCAVRILS-GEIEQPEA--MGLSPELKKRGYALLCVSYARSDLELET--QD--EDEVYELQFGRYFARGKVRFGLP--LEED 
 
>643583891_Cyanothece_sp_PCC_7425_XY=SF ----------M ATY-KVRLIN-------------E------DQGLDTTIEVPDDEYILDVA- EEQGLD-LPFSCRAGACSTCAGKIVE-GTVDQSDQ--SFLDDDQIEAGFVLTCVAYPTSDCTIKT--HQ--EEELY------------------------ 
>643587771_Cyanothece_sp_PCC_7425_XY=SF ----------M TTF-NVRLLS-------------K------KYNLDITLPVDEETTILDAA- EAADLD-LPFSCRSGACSSCVGKLVD-GQIDQSEQ--SFLDDEQMAKGFVLLCVTYPRSDCTIRT--HQ--EAYLV------------------------ 
>643584071_Cyanothece_sp_PCC_7425_XY=IF ---------MS KTY-KVTLFN-------------P------DKDWKVTIPVKRDEYILDAA- EAQGIE-LPAACRAGACISCTGRIIS-GSLDQSDH--SFLKEKELKAGFALLCAAYPTSDCVIQT--HQ--EDALLEL---------------------- 
>643587430_Cyanothece_sp_PCC_7425_XY=TG ---------MT RTY-TVEIRH-------------Q--------GQTYTIEVPEDKQILRAA- YAAGID-LPSSCNAGVCTTCAAQLVE-GEVVQSDA--MGLGPHLQEKGYALLCVAYPRSNLKIVT--EK--EDEVYQLQFGQFQQ--------------- 
>643586875_Cyanothece_sp_PCC_7425_XY=TG ----------M STY-SVEIYD-------------R------QQGVKHTVRVSGDRYILQSA- EREGVE-LPFSCRNGACTTCAVRIIS-GEIYQPEA--MGLSAKLQQQGYALLCVSYARSDLVVET--QD--EDEVYELQFGRYFGKGKVRMGLP--LDED 
 
>2509428395_Synechococcus_sp_PCC_6312_XY=SF ------- ---MATY-KVTLIN-------------E------AQGLNTTIDVPDDEYIL DVA-EEQGLD-LPFSCRAGACSTCAGKIVE-GEVDQSDQ--SFLDDDQIEKGYVLTCVAYPKSDCKILT--HQ--EEELY---------------------- -- 
>2509429422_Synechococcus_sp_PCC_6312_XY=VF -----MK RDHSRVY-SVTLVN-------------E------ARGLRKTIKVPADEYIL DAA-EIQGVD-LPYSCRAGACVTCAARIVS-GTLDQSDH--TFLKAQELKAGFALLCAAYPTSDSVITT--HQ--EDAILNLGY------------------ -- 
>2509429821_Synechococcus_sp_PCC_6312_XY=TG ------- --MSQSY-TVEIEH-------------Q--------GQTYTLSVSEDKQIL RAA-YAAGMDTLPSACNSGVCTTCSALVVA-GEVDHGDA--MGLSPELREKGYVLLCVAKPKSDLKIIS--EK--EDEVYDLQFGQFQQTS----------- -- 
>2509429932_Synechococcus_sp_PCC_6312_XY=TG ------- --MTTTY-SVTIHD-------------R------QRQQTYQVRVPADRYIL HSA-EATGTE-LPFACRNGACTTCAVQVKS-GSLRQPEA--MGLSPKLQAQGYALLCVSYAESDLVVET--QD--EDEVYELQFGQYFGKGKVQIGLP--LDED 
 
>641676090_Cyanothece_sp_ATCC_51142_XY=SF --------- -MATY-KVTLKS-------------E------AEGINTTIEVPDDEYILDV A-EEQGLE-LPYSCRAGACSTCAGKLVS-GSVDQSDQ--SFLDDDQIEAGFVLTCVAYPTSDCTIET--HQ--EEALY------------------------  
>641676089_Cyanothece_sp_ATCC_51142_XY=SF --------- -MASY-KVTLKT-------------P--------EGENTIEVPEDEYILDV A-EEEGLD-LPYSCRAGACSTCAGKLVS-GTIDQSDQ--SFLDDDQIEAGFVLTCVAYPTSDCTIET--HQ--EENLY------------------------  
>641675038_Cyanothece_sp_ATCC_51142_XY=SF --------- MTATY-QVRLMKTFKQKNKETGKKEE------IAEIDVTLEVPEDVYIFDAA-EEEGLD-LPSSCRSGACSSCVGRIVE-GEVDQEDQ--SFLDDEQVEKGWVLLCVAYPRSNCTIKT--HQ--EAYLA------------------------  
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>641677669_Cyanothece_sp_ATCC_51142_XY=TF ------MNS RQEEF-SVTLIN-------------P------KTQAQRTIQVASDQVILDI A-KQQGID-LPACCCAAACTVCAGKVIE-GTVEQTAQAVQFLGYALVDAGYVLTCAASPTSNCVILT--DQ--EEEIF------------------------  
>641676595_Cyanothece_sp_ATCC_51142_XY=FF ------MSQ NHSSF-QVTLVN-------------P------KHKLNKTIKVASDEYILDI A-ESQGIK-HPCSCRAASCFDCLGKVIS-GKVEQTEKAESFLKPDELDQGYVLLCACSPTSDCTILT--HQ--EEEYLV-----------------------  
>641675121_Cyanothece_sp_ATCC_51142_XY=TG --------- MSNTY-TVEINH-------------Q--------GTTQTIEVPEDKTVLAA A-KEAGIE-LPLSCEAGVCTTCAGKLLE-GEVEQGDG--MGLSPELQAEGYALLCVSYPRSNLKVET--EK--EEEVYSRQFPQP-----------------  
>641676148_Cyanothece_sp_ATCC_51142_XY=TG --------- MSRYH-TIRIYH-------------R------QVNQEYTLKVPEDRYILHS A-EDQGYE-LPFSCRNGACTTCAVRILS-GEVDQPEA--VGLSPELRKKGYALLCVSYAKSDLEVET--QD--EDEVYELQFGRYFGKGKVKLGFP--LDDD 
 
>2503800947_Stanieria_cyanosphaera_PCC_7437_XY=SF - ---------MATY-NVTLKT-------------P--------DGEHTIEVP DDEYILDVA-EEQGLD-LPYSCRAGACSTCAGKIES-GSVDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDCTILT--HQ--EEELY---------------- -------- 
>2503801719_Stanieria_cyanosphaera_PCC_7437_XY=FF - -----MNTITKTY-NVTLIN-------------E------GKGINQTIQVN SEEYILDIA-EVEGLT-LPYSCRNGCCFDCLGKVLQ-GQVEQTAKALEFLSPDELKAGYILTCAACPRSDCTIVT--DQ--AEELFS--------------- -------- 
>2503799763_Stanieria_cyanosphaera_PCC_7437_XY=TG - --------MSQSY-QVTINH-------------Q--------GKTQTIEVQ SEQTILQAA-LDAGIE-LPYSCSAGVCTTCAAKLSE-GEVEQTDG--MGLSPELQAEGYALLCVSYPRSDIQLVS--EQ--EEIVYQRQFGQPS-------- -------- 
>2503799513_Stanieria_cyanosphaera_PCC_7437_XY=TG - ---------MKSH-KITVHY-------------R------QQGKIYTVEVP EDEYILQTA-EKQGVE-LPFSCRNGACTSCAVRISS-GEIEQPEA--MGLSPKLKKQGYALLCVSYPRSDLVVET--QD--EDEVYELQFGRYFGKGKVRVGLP--LDED 
 
>2509576475_Pleurocapsa_sp_PCC_7327_XY=SF --------- -MATY-KVTLKT-------------P--------DGEHTIDVPDDEYILDA A-EEQGLD-LPYSCRAGACSTCAGKLES-GSVDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDCTIIT--HQ--EEALY------------------------  
>2509575425_Pleurocapsa_sp_PCC_7327_XY=SF --------- MTTTY-KVRLIK---------GKKKK------PPEVDVTIDVAEDTYIFDA A-EENGID-LPSSCRSGSCSSCVGRIEE-GEVNQDDQ--VFLDDDQLAKKFVLLCVAYPRSDCTIRT--HQ--EAYLV------------------------  
>2509572739_Pleurocapsa_sp_PCC_7327_XY=FF --------M NDKTF-SVTLVN-------------E------AKGTQEAIQVPSDQFILDA A-QEREIE-LPYSCRAGSCFDCLGKVVE-GKVEQTGQASSFLKSDEIKAGFVLLCSCSPASDCTILT--HQ--AEKYLS-----------------------  
>2509574243_Pleurocapsa_sp_PCC_7327_XY=TG --------- MSKTH-TVEIRH-------------Q--------GNTHIIQVSEEQTILEA A-YAAGID-LPSSCHAGVCTTCAAQILQ-GEVDRGDA--MGISPELQSEGYVLLCVARPLCDLKIES--EK--EEAVYQRQFGQP-----------------  
>2509576177_Pleurocapsa_sp_PCC_7327_XY=TG --------- MTRYY-QIRIHN-------------R------QAGTEHTLKVPEDKYILRS A-ELQSCE-LPFSCRNGACTTCAVRVLS-GEIYQPEA--MGLSPELKQKGYALLCVSYPRSDLEVET--QD--EDEVYELQFGRYFAKGKVRFGWP--LDED 
 
>643474290_Cyanothece_sp_PCC_8801_XY=SF ----------M ATY-KVTLIN-------------E------QEGINATIDVPEDEYILDAA- EEQGID-LPSSCRAGACSTCAGKLVT-GTVDQSDQ--SFLDDDQVAAGFVLTCVAYPKSDCTIET--HQ--EEALY------------------------ 
>643474864_Cyanothece_sp_PCC_8801_XY=SF ---------MT TTY-KVRLIK---------GKKNQ------PPEMDVTLEVPEDEYILSVA- EDEGLD-LPSSCKSGACSSCVGRIVE-GTVNQEDQ--SFLDDELIEKGWVLLCVAYPTSDCTIKT--HQ--EAYLP------------------------ 
>643474151_Cyanothece_sp_PCC_8801_XY=FF ------MNNDN RAF-SVTLVN-------------E------KKELEKTIEVNSDQYILDIA- ESQGVN-HPSSCRAGCCFDCLGKVLE-GTVEQTAKALEFLRPDELKAGYVLLCAASPTSNCKIIT--HQ--AEEYLD----------------------- 
>643475817_Cyanothece_sp_PCC_8801_XY=TG ---------MT QIY-TVEIHH-------------Q--------GTTHTIEVAEDQKILEVA- DKAGLE-LPSSCNAGVCTTCAAQLLE-GTVDQSDG--MGISPELQTKGYALLCVSYPRSNLIIET--EK--EEEVYTQQFPQP----------------- 
>643473641_Cyanothece_sp_PCC_8801_XY=TG ---------MT QYY-QIRINH-------------R------QEGKHYTLEVPDDHYILHSA- EDQGYE-LPFSCRNGACTACAVRIVS-GEVYQPEA--VGLSPELKERGYALLCVSYARSDLEVET--QD--EDEVYELQFGRYFGRGKKRLGIF--MDDD 
 
>644979811_Cyanothece_sp_PCC_8802_XY=SF ---------MT TTY-KVRLIK---------GKKNQ------PPEMDVTLEVPEDEYILSVA- EDEGLD-LPSSCKSGACSSCVGRIVE-GTVNQEDQ--SFLDDELIEKGWVLLCVAYPTSDCTIKT--HQ--EAYLP------------------------ 
>644979243_Cyanothece_sp_PCC_8802_XY=SF ----------M ATY-KVTLIN-------------E------QEGINTTIDVPEDEYILDAA- EEQGID-LPSSCRAGACSTCAGKLVT-GTVDQSDQ--SFLDDDQVAAGFVLTCVAYPKSDCTIET--HQ--EEALY------------------------ 
>644979103_Cyanothece_sp_PCC_8802_XY=FF ------MNNDN RAF-SVTLVN-------------E------KKGLEKTIEVNSDQYILDIA- ESQGVN-HPSSCRAGCCFDCLGKVLE-GTVEQTAKALEFLRPNELKAGYVLLCAASPTSNCKIIT--HQ--AEEYLD----------------------- 
>644981264_Cyanothece_sp_PCC_8802_XY=TG ---------MT QIY-TVEIHH-------------Q--------GTTHTIEVAEDQKILEVA- DKAGLE-LPSSCNAGVCTTCAAQLLE-GTVDQSDG--MGISPELQTKGYALLCVSYPRSNLIIET--EK--EEEVYTQQFPQP----------------- 
>644978581_Cyanothece_sp_PCC_8802_XY=TG ---------MT QYY-QIRINH-------------R------QEGKHYTLEVPDDHYILHSA- EDQGYE-LPFSCRNGACTACAVRIVS-GEVYQPEA--VGLSPELKERGYALLCVSYARSDLEVET--QD--EDEVYELQFGRYFGRGKKRLGIF--MDDD 
 
>643480033_Cyanothece_sp_PCC_7424_XY=SF ----------M ATY-KVTLIN-------------E------EQGINTTLEVPDDEYILDVA- EEQGLE-LPYSCRAGACSTCAGKIQS-GTVDQSDQ--SFLDDDQIGAGYVLTCVAYPTSDCTILT--HQ--EEELY------------------------ 
>643480365_Cyanothece_sp_PCC_7424_XY=SF ---------MT ATY-QVRLIK---------GSKKK------PPEMDVTITVPEDTYIFDAA- EDEGID-LPSSCRSGACSSCVGRIES-GEIDQSDQ--SFLDDEQIAKGYVLLCVAYPRSDCTIRT--HQ--EAYLV------------------------ 
>643479357_Cyanothece_sp_PCC_7424_XY=IF ---MSRTPKID ETF-SVTLIN-------------E------KRDLDKTILVSEREIILDIA- EQEQLK-LPYSCRAGACIDCLGKVVK-GQVDQSEKALEFLKPDELKAGYVLLCACSPRSDCVIET--HQ--AEELFGED--------------------- 
>643482024_Cyanothece_sp_PCC_7424_XY=TG ---------MP KTY-SVEIIH-------------Q--------GTTHTIEVSEDQTILKAA- LDAGIE-LPNSCNAGVCTTCAAQLLE-GTVEQSDG--MGLSPELQKEGYALLCVAFPRSNLKLES--EK--EDMVYHRQFGQS----------------- 
>643478783_Cyanothece_sp_PCC_7424_XY=TG ---------MS QFH-TIRVNN-------------R------QTGEHLTVSVPDDQYILHSI- EAQGYN-LPFSCRNGACTTCAVRIRS-GELYQPEA--VGLSPELKQKGYALLCVSYARSDLEVET--QD--EDEVYELQFGRFFARGRVRFGLP--LDED 
 
>637799932_Synechococcus_elongatus_PCC_7942_XY=SF - ---------MATY-KVTLVN-------------A------AEGLNTTIDVA DDTYILDAA-EEQGID-LPYSCRAGACSTCAGKVVS-GTVDQSDQ--SFLDDDQIAAGFVLTCVAYPTSDVTIET--HK--EEDLY---------------- -------- 
>637798744_Synechococcus_elongatus_PCC_7942_XY=TG - ---------MATY-QVEVIY-------------Q--------GQSQTFTAD SDQSVLDSA-QAAGVD-LPASCLTGVCTTCAARILS-GEVDQPDA--MGVGPEPAKQGYTLLCVAYPRSDLKIET--HK--EDELYALQFGQPG-------- -------- 
>637801034_Synechococcus_elongatus_PCC_7942_XY=TG - --------MSDTY-TVRIRD-------------R------RTDEEFTVQVP PDRYILQTA-EEQGYE-LPFSCRNGACTACAVRVLG-GAIEQTEA--MGLSAPLRQRGYALLCVSYPRSDVIVET--QD--EDEVYMLQFGRYFGQGKVSFGLP--LDEE 
 
>650384231_Arthrospira_platensis_NIES_39_XY=SF ---- ------MATY-KVTLIS-------------E------AEGINETIDCDDDT YILDAA-EEAGLD-LPYSCRAGACSTCAGKITS-GSIDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDCTIQT--HQ--EEGLY------------------- ----- 
>650389583_Arthrospira_platensis_NIES_39_XY=TG ---- -----MSNTY-RVEIHH-------------E--------GQIHQIDVPSDK YILQVA-EEAGFS-LPNSCNAGVCTTCAAKILE-GEVDQSEG--MGLSPDLQAQGYVLLCIAHPRSDLKVET--GK--EEEVYQRQFGASS----------- ----- 
>650385870_Arthrospira_platensis_NIES_39_XY=TG ---- ------MSAYHTIRIND-------------R------QRDKSYCVQVPEDR YILPCA-ENQGSD-LPYSCRNGACTTCAVRVIS-GELYQPEA--MGLSPELQEEGYALLCVSYPRSDLEVET--QD--EDEVYELQFGRYFGKGKVRSGLP--LDED 
 
>637234546_Nostoc_sp_PCC_7120_XY=SF ----------MATF- KVTLIN-------------E------AEGTKHEIEVPDDEYILDAA-EEQG YD-LPFSCRAGACSTCAGKLVS-GTVDQSDQ--SFLDDDQIEAGYVLTCVAYPTSDVVIQT--HK--EEDLY------------------------ 
>637231797_Nostoc_sp_PCC_7120_XY=SF ----------MASY- QVRLIN-------------K------KQDIDTTIEIDEETTILDGA-EENG IE-LPFSCHSGSCSSCVGKVVE-GEVDQSDQ--IFLDDEQMGKGFALLCVTYPRSNCTIKT--HQ--EPYLA------------------------ 
>637231146_Nostoc_sp_PCC_7120_XY=TG ---------MSKTY- TVEILH-------------Q--------GKTHTLQVPEDKTILSVA-DEQG LD-LPSSCHAGVCTTCAGQIIT-GTVDQSDG--MGVSPELQQQGYALLCVAYPRSDLKIET--EK--EDTVYQMQFGK------------------ 
>637233304_Nostoc_sp_PCC_7120_XY=TG ---------MSETH- TVKVRD-------------R------ATGKQYTLKVPEDRYILHTA-EQQG VE-LPFSCRNGACTTCAVRVVS-GDIYQPEA--VGLSLELRRQGYALLCVSYARSDLEVET--QD--EDEVYELQFGRYFAKGRVKAGLP--LDEE 
 
>2509808525_Nostoc_sp_PCC_7524_XY=SF ----------MATY -KVTLID--------------------LEGASTTIDVPDDEYILDAA-EEQ GLD-LPFSCRAGACSTCAGKLVS-GTVDQSDQ--SFLDDDQIQAGYVLTCVAYPTSDVTIET--HK--EEELY------------------------ 
>2509808761_Nostoc_sp_PCC_7524_XY=SF ----------MATY -QVRLIN-------------K------KDNLDTTIEIDEDTTILDGA-EEN GIE-LPFSCHSGSCSSCVGKVVE-GEINQDDQ--IFLDDEQMGKGFALLCVTYPRSNCTIKT--HQ--EPYLV------------------------ 
>2509812412_Nostoc_sp_PCC_7524_XY=TG ---------MSKTY -TVEILH-------------Q--------GKTYTLQVPEDKTILSVA-DEQ GLD-LPSSCHAGVCTTCAGQIIS-GTVDQTDG--MGVSPELQKEGYVLLCVAYPRSDVKVET--EK--EEVVYQKQFGK------------------ 
>2509807922_Nostoc_sp_PCC_7524_XY=TG ---------MSDTY -TIKVRD-------------R------ATGEEYTLQVPDDRYILHSA-EQQ GVE-LPFSCRNGACTTCAVRVVS-GEIYQPEA--VGLSLELRRQGYALLCVSYARSDLEVET--QD--EDEVYELQFGRYFAKGRVKAGLP--LDED 
 
>2504093847_Calothrix_sp_PCC_6303_XY=SF ----------M ATY-KVTLIH-------------E------AEGLNTTIDCEEDTYILDAA- EEAGIE-LPYSCRAGACSTCAGKITA-GTVDQSDQ--SFLDDEQIENNYVLTCVAYPTSDCTIQT--HK--EEELY------------------------ 
>2504093187_Calothrix_sp_PCC_6303_XY=SF ----------M ATY-QVRLIN-------------K------KEDLDTVIEVDEETTILDGA- EEAGIE-LPFSCHSGSCSSCVGKIVE-GEVDQSDQ--IFLDDDQMGKGFALLCVTYPRSNCTIKT--HQ--EPYLV------------------------ 
>2504098049_Calothrix_sp_PCC_6303_XY=TG ---------MT QTY-TIELTH-------------Q--------GQNLTIQVPETETILSVA- EQAGLE-LPASCHAGVCTTCAAKITNGGTVDQSEG--MGVSPDLQKDGYVLLCIAYPRSDLKIIT--DQ--EEVVYQKQFGK------------------ 
>2504097085_Calothrix_sp_PCC_6303_XY=TG ---------MP LTH-TITVRD-------------R------ATGTTHILEVPENRYILHSA- EHQGSE-LPFSCRNGACTTCAVRVIS-GEIHQPEA--IGLSPELRKQGYALLCVSYARSDLEVET--QD--EDEVYELQFGRFFAKGRVRAGFP--LDED 
 
>637797986_Prochlorococcus_marinus_str_MIT_9312_XY= SF ----------MASY-KVTLIS-------------E------GEGLNST IEVPDDQYILDAA-EEQGID-LPYSCRAGACSTCAGKVTS-GSVDQSDQ--SFLDDDQLEAGFVLTCVAYPTSDVTITT--HA--EEELY------------ ------------ 
>637798079_Prochlorococcus_marinus_str_MIT_9312_XY= TG ----------MSEY-NIKVKF-------------G--------GKTFM FSCPEDQDIISAA-NMNGID-LPNSCCTGVCTSCASRILE-GIVEQEDA--MGLNDDLREKGFALLCVAYPKSDLHVVI--GDQVEDDLYNDQFGKY---------------QK 
>637797424_Prochlorococcus_marinus_str_MIT_9312_XY= TG ---------MNKTF-TVTIKN-------------K------ETGKLYK EQVNCDEYILKEF-EKKGFR-LPFSCRNGCCTSCAVKIIS-GTLQQPEA--MGVSQALKDKGYALLCVAKATTDLELET--TY--EDEVYDLQFGQYFGRGNTRVAPPWEFEED 
 
>2509438340_Microcoleus_sp_PCC_7113_XY=SF --------- -MATY-KVRLVN-------------E------AEGIDTTIEVPDDEYILDA A-EEQGLD-LPYSCRAGSCSSCTGKITA-GEIDQSDQ--NFLDDDQIKAGFVLTCVAYPLSDCTIIT--HQ--EEAIL------------------------  
>2509434797_Microcoleus_sp_PCC_7113_XY=SF --------- -MASF-KVRLIN-------------E------AEGLDTTIEVPDDEYILDA A-EEQGLD-LPYSCRAGACSTCAGKLTD-GTVDQSDQ--SFLDDEQIEAGYILTCVAYATSDCTIQT--HQ--EEALY------------------------  
>2509433114_Microcoleus_sp_PCC_7113_XY=SF --------- -MATY-KVRLIN-------------K------KRAIDTTIEVGDDTYILEA A-EEQGLD-LPFSCHSGACSSCVGKVVE-GEIDQSDQ--TFLDDEQVGKGFVLLCVAYPRSDCTIRT--HQ--EAYLI------------------------  
>2509433371_Microcoleus_sp_PCC_7113_XY=SF --------- -MAVY-QVRLVN-------------P------TLNLECTISVPDDQYILDM A-EEAGIR-LPAGCREGTCSSCIAKLVS-GEVDQSEQ--KFLQPSELAAGYTVTCVAYPVSDCTLET--HQ--EQVLYKSSLYLNTNPVQAN----------  
>2509435084_Microcoleus_sp_PCC_7113_XY=TG --------- MPKTY-TVAIHH-------------Q--------GTTHTLEVPEDKQILLA A-SAAGID-LPSSCNAGVCTTCAAQLLE-GTVEQSDG--MGLSPELQAEGYVLLCVAYPRSNLKVET--GK--EDEVYDRQFGQPQ----------------  
>2509434121_Microcoleus_sp_PCC_7113_XY=TG --------- MTKSY-KIQIHH-------------R------QAGTHHTVQVPDDRYILQS A-ENQGVK-LPFSCRNGACTACAVRVIR-GEVYQPEA--MGLSPNLRDQGYALLCVSYPRSDLEVET--QD--EDEVYELQFGRYFAKGKVQFGLP--LDED 
 
>641612336_Synechococcus_sp_PCC_7002_XY=SF -------- --MATY-KVTLIT-------------P--------DGEVSYDAPDDEYILD SA-GDAGYD-LPASCRAGACSTCAGKIVS-GTVDQSEQ--SFLDDDQIEAGYVLTCIAYPQSDVTIET--NK--EEELY----------------------- - 
>641612335_Synechococcus_sp_PCC_7002_XY=SF -------- --MASY-EVTLKT-------------P--------EGEYTVSVPDDMYILD EA-ENQGID-IPYSCRAGACSSCAGKLIS-GTVDQSDQ--NFLSPEQVAAGYVLTCIAYPTSNCVIET--HK--EEDLY----------------------- - 
>641610634_Synechococcus_sp_PCC_7002_XY=TG -------- -MAKTH-KITINY-------------R------QINETQTFTVPEDEFILR SI-EKQGFQ-IPFSCRNGACTTCAVRVLS-GDLEQKYA--MGLSPDLQRQGYALMCVSHAKSDLVVET--QD--EDEVYELQFGRNFGKGKIRFGLP—LDED 
 
>2504682534_Crinalium_epipsammum_PCC_9333_XY=SF --- -------MATY-KVTLIN-------------E------TEKLNTTIEVDDD TYILDAA-EEQGID-LPYSCRAGACSTCAGKITD-GKIDQSDQ--SFLDDDQIEAGYVLTCVAYPASDCTITT--HQ--EEELY------------------ ------ 
>2504683757_Crinalium_epipsammum_PCC_9333_XY=SF --- --------MEY-QVRLVN-------------S------AIALDRTISVPDD QYIMDMA-EIAGIR-LPNGCKQGECSACVAKLVS-GKVDQSEQ--KFLRPKEIEAGYIVTCVAYPLSDCTIYT--HQ--EQVLYQSALYFKAETAEDE---- ------ 
>2504684382_Crinalium_epipsammum_PCC_9333_XY=TG MDT YAIALSMPKMY-TVQIEH-------------Q--------GNTHTLQVPED QIIIRAA-SAAGLD-LPSSCNAGVCTTCAGRIIE-GKVDQAEG--MGVSPELQEKGYVLLCVAYPRSDLKIES--EK--EDELYELQFGQFQKR-------- ------ 
>2504686495_Crinalium_epipsammum_PCC_9333_XY=TG --- ------MPHYY-KVKIHN-------------R------QTGTYHTLTVPDD RYILHSA-ENQGTE-LPFSCRNGACTTCAVRVKS-GIIHQPEA--LGLSPHLREQGYALLCVSYARSDLEVET--QD--EDEVYELQFGRYFAKGKVRFGLP—LDED 
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Part C: Cyanobacteria having one (or two) Fds from the blue group are marked in blue in the 

phylogenetic tree of cyanobacteria published by Shih et al. [12]. 
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 Supplementary Figure 17A:  Superimposition of Fd2 to the structure of the PSI:Fd1 complex 

Fd2 was aligned to Fd1 in the PSI:Fd co-crystal structure (PDB: 5ZF0) by using the α-carbons. 

The PSI subunits in proximity to Fd2 are shown in cartoon mode: PsaA, C, D, E are colored 

grey, light pink, cyan (transparent) and yellow, respectively. Fd2 is shown in green. The Fd2 

cluster, FB and FA are visible from left to right. 

After alignment, PSI atoms within a distance of 2 Å from Fd are identified as belonging to 

Arg36 and Arg40 from PsaA and Lys34 from PsaC. These residues, colored by element, are 

displayed as sticks together with the Fd2 residues involved in steric hindrance (as well as 

Phe72). The pairs of residues involved in steric hindrance are labeled a (Arg40PsaA, Asp69Fd2), 

b (Arg36PsaA, Asp79Fd2) and c (Lys34PsaC, Tyr46Fd2). Whereas a very strong steric clash is 

involved in a, only a limited steric hindrance is involved in b and c. 
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Supp. Figure 17B: Discussion related to intracomplex reduction of Fds by PSI  

It was initially proposed that the presence of several phases in the kinetics of 

intracomplex Fd reduction was due to different conformations of the PSI:Fd complex [13], 

leading to different ET electronic couplings (conformational model). More recently, an 

alternative explanation was proposed where only the fastest sub-µs phase corresponds to real 

ET [11], in the sense of a non-adiabatic tunneling reaction [14, 15]. In this interpretation, 

intracomplex Fd reduction is incomplete during the initial sub-µs phase due to a small 

equilibrium constant KET of the reaction: PSIred:Fdox → PSIox:Fdred. Then, further Fd reduction 

proceeds due to energetic relaxation of the PSIox:Fdred and/or fast dissociation of Fdred from PSI 

(relaxation model). In this context, it must be recalled that there is some uncertainty about the 

midpoint potential of (FA FB) with published values which span between -440 and -550 mV 

[16-18]. Moreover, it has been recently found that the driving force for Fd reduction within the 

complex is lower than what can be calculated from the midpoint potentials of the separated 

partners [11], a situation which may favor a fast turnover of Fd reduction and release. 

Within this model, the difference in the intracomplex kinetics of Fd reduction should 

mostly depend upon the driving force of Fd reduction (assuming similar distances and ET 

couplings with the different Fds). Indeed the higher midpoint potential of Fd1’ (vs Fd1) would 

correspond to a higher value of KET and consequently a larger contribution of the sub-µs phase. 

The slow Fd2 kinetics would also be attributed to the fact that the Fd2 intracomplex reduction 

is endergonic with a very low value of KET and consequently no significant sub-µs phase.  
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Supp. Table 1. Data collection and structural refinement statistics of Fd crystals. 

Data collection  Fd2 (Native) Fd1(Native) 

Beamline BL38XU (SPring-8) BL41XU (SPring-8) 

Wavelength (Å) 1.000 1.000 

Average dose (MGy) 0.22 0.67 

Space group P21 C2 

Unit cell a = 27.95 Å 
b = 51.12 Å  
c = 31.57 Å 

a = 56.17 Å 
b = 53.22 Å 
c = 32.29 Å 

 α = γ = 90.00°, β = 116.15° α = γ = 90.00°, β = 92.67° 
Resolution (Å) 28.34-1.38 (1.47-1.38) b 38.61-1.55 (1.64-1.55) b 

Unique reflections 16,325 (2,593) 13,408 (1,983) 

Redundancy 3.68 (3.62) 3.30 (2.95) 

Completeness 99.3 (98.9) 96.5 (90.1) 

Rmerge 
c 5.6 (58.5) 6.4 (38.3) 

I/σ (I) 12.82 (2.00) 12.04 (2.90) 

R-means d (%) 6.6 (68.8) 7.6 (46.8) 

CC(1/2) e 99.9 (71.8) 99.7 (86.6) 

Structural refinement    

Rfactor 0.1124 0.1327 

Rfree 0.1570 0.1759 

Number of atoms   

 Proteins 887 842 

 Ligands 9 27 

 Water 109 96 

Number of residues 107 97 

R.m.s.d. (bond) 0.0213 0.0111 

R.m.s.d. (angle) 2.0860 1.4082 

Mean B-factor 18.168 14.938 

Ramachandran plot f   

Favored (%) 96.19 96.84 

Allowed (%) 3.81 3.16 

Outliers (%) 0.00 0.00 
a Average diffraction weighted dose calculated by RADDOSE-3D [19]. 

b Statistics for the highest resolution shell are shown in parentheses. 
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c ������ = ∑ ∑ |	
�ℎ�� − 〈	�ℎ��〉|/
��� ∑ ∑ 	

 �ℎ�����  

where 	
�ℎ�� is the intensity of the reflection and 〈	�ℎ��〉 is the mean intensity of a group 

of equivalent reflection. 
d R-factor independent of the redundancy. 
e Percentage of correlation between intensities from two random half-datasets. 
f Calculated with the MolProbity [20]. 
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Supp. Table 2. Dipole moments characteristics of Fd2, Fd1 and orthologues of Fd1 in six 

other cyanobacteria, including FdN, and of the heterocyst Fd from Nostoc PCC7120.  

 

 

Cyanobacterial strain µFdox 

(Debyes) 

µFdred 

(Debyes) 

Angle  

(µFdox, µFdred) 

(degrees) 

Total charge 

(Fdox) 

T. elongatus         Fd2 (tlr1236) 378 422 4.4 -6 

T. elongatus         Fd1 (tsl1009) 186 234 6.5 -17 

Nostoc. 7119       FdN (all4148) 285 334 3.3 -18 

Syn. 6803 (ssl0020) 247 291 5.9 -18 

Leptolyngbya boryana 239 292 0.6 -18 

Mastigocladus laminosus 370 408 5.1 -15 

Aphanothece sacrum 328 379 1.1 -15 

Arthrospira platensis 234 279 5.4 -19 

All strains Fd1            270 ± 62 316 ± 61 4 ± 2.4 -17.1 ± 1.6 

Nostoc. 7120 heterocyst Fd (all1430) 453 481 5.6 -13 

 

 

The following structures were used for the calculations: PDB 5AUI for T. elongatus Fd1 [2], 

PDB 1OFF for Syn. 6803 [21], PDB 1QT9 for Nostoc 7119 FdN [22], PDB 3B2G for 

Leptolyngbya boryana [23], PDB 4FXC for Arthrospira platensis [24], PDB 3AV8 for 

Aphanothece sacrum [25], PDB 1RFK for Mastigocladus laminosus [26], PDB 1FRD for 

Nostoc 7120 heterocyst Fd [27]. 
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