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Figure S1: Mo-XAS analysis of two synthetic model complexes. The complexes contained

Mo(IV) and carried either a sulfido (bottom) or an oxo (top) ligand. Spectra were obtained for

powder samples of the complexes. (A) FTs of EXAFS spectra in the upper inset (thin black

lines, experimental data; thick black lines, simulations with parameters in Table S1; coloured

lines show the contributions of Mo=0/S and Mo-S ligands to the EXAFS. Lower inset: Rg

contour plot for N(Mo=S) and R(Mo=S) variation in the EXAFS fitting for the sulfido

complex (red colours, highest fit qualities). (B) XANES spectra revealing similar pre-edge

amplitudes (at ~200012 eV) for Mo=S and Mo=0 binding.

(C) Crystal structures of the

complexes' in schematic representation with indicated bond lengths (in A).
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Figure S2: The Mo=S bond in xanthine dehydrogenase. (A) FT of EXAFS spectrum in the

inset for XDH protein at pH 9.5 (thin line, experimental data; thick line, simulation with

parameters in Table S1) and individual EXAFS contributions of the molybdenum ligands

(coloured lines). (B) XANES spectrum. (C) Schematic drawing of the Mo site structure in

XDH showing one pyranopterin ligand, one sulfido bond, and two oxygen ligands.’

Table S1: EXAFS fit results for reference samples.”

Mo=0,-0 | Mo=S Mo-S | MoX
sample N [per Mo] /R [A]/26° x10° [A%] Rg [%]
(O=)MoS; | 0.85/1.68/2 | 0.15/2.16/2 | 4.08/2.38/6 9.1
(S=)MoS; | 0.14/1.67/2 | 0.86/2.16/2 | 3.90/2.37/6 10.2
XDHpH9.5 | 2.32/1.72/11 1.59/2.47/1 42.0
209/1.73/8 | 1.33/2.18/8 | 2.28/2.48/6 18.2
2.13/172/8 | 1.36/2.19/8 | 2.20/2.48/6 | 0.57/2.88/6 | 10.2
092/1.69/2 | 097/2.18/2 | 2.02/2.48/5 | 0.51/2.88/5 | 8.7
1.08/1.77/2
095/1.69/2 | 1.03/2.18/2 | 1/244/2 |034/288/2| 78
1.05/1.77/2 1/2.52/2

“For fit restraints see the legend of Tables 3 and S3, for fit curves see Figs. S1 and S2. Data

for xanthine dehydrogenase (XDH) show the gradual refinement of the fit approach. Small N-

values of Mo=0 bonds for (S=)MoS4 or Mo=S bonds for (O=)MoS, are insignificant and

such ligands therefore were likely absent.
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Figure S3: Mo=S vs. Mo=0 coordination in RcFDH. Shown are changes in the EXAFS fit

results of ReFDHw 1™ for varying background removal in the XAS data processing. Data refer

to the spectrum in Fig.3 (middle). An increasing order of the polynomial used for background

removal in the EXAFS data processing procedure’ lead to the parallel decrease of Mo=0 and

Mo=S coordination numbers (N) derived from fit analysis of the resulting EXAFS spectra

(not shown) and to a low fit quality (high Rg value) (for inclusion of 4 Mo-S(MGD) bonds in

the fits). Overestimation of N(Mo=0) in the RcFDH samples therefore was unlikely.

Table S2: Estimation of cofactor species distribution in ReFDHw1™* samples.”

RcFDHwt™ | Mo-site population [%] N [per Mo]
MoS40 | M0S,05; | MoSg Mo=0/-O0"
pH calculated / experimental
7.0 70 15 15 1.15/1.20°
8.0 30 35 35 1.35/1.35°
9.0 0 50 50 1.50/1.60°

*See Fig. 3 for EXAFS spectra, ®data refer to fits with N = 6 in the Mo 1*-sphere (Table 3).
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Table S3: Additional EXAFS simulation parameters for ReFDH proteins.”

Mo=0,-0 | Mo=S Mo-S | Mo X
RCFDH | fit N [per Mol /R [A]/26° x10° [A?] Rr[%] | BVS
WT
(ox) pH 7 1 [ 061/167/2 | 0.14/2.16/3 | 4/237/28 | 1.79/285/28 | 64 |5.70
0.59/1.77/2 0.28/2.81/3
2° [ 084/1.68/2 | 021/215/3 | 4/236/27 | 1.79/285/27 | 102 | 639
0.74/1.78/2 0.21/2.81/3
(ox) pH 8 3 | 081/1.68/2 | 040/216/3 | 4/237/17 | 1.34/286/17 | 43 | 635
0.50/1.78/2 0.35/2.68/3
4 [7083/1.68/2 | 036/2.16/3 | 4/236/17 | 1.64/285/17 | 75 | 637
0.44/1.78/2 0.36/2.67/3
(0x) pH 9 5 | 121/1.70/2 | 058/217/3 | 4/237/13 | 1.26/284/13 | 56 | 7.27
0.47/1.81/2 0.72/2.63/3
6" | 083/1.70/2 | 041/2.17/3 | 4/238/14 | 1.59/286/14 | 124 | 6.14
0.35/1.80/2 0.41/2.64/3
(ed)pH9 | 7 | 0.89/1.72/2 | 049/223/3 | 4/241/12 | 123/284/12 | 53 |5.79
0.21/1.88/2 0.69/2.63/3
8 | 086/1.71/2 | 045/220/3 | 4/241/13 | 155/284/13 | 86 |56l
0.20/1.86/2 0.45/2.63/3
(formate) pH7 | 9 | 0.80/1.69/2 | 0.12/2.15/3 | 4/236/24 | 141/284/24 | 45 |6.22
0.71/1.79/2 0.39/2.65/3
10° | 0.76/1.68/2 | 021/215/1 | 4/237/21 | 1.79/284/21 | 92 | 630
0.82/1.79/2 0.21/2.67/3
(formate) pH9 | 11 | 1.13/1.73/2 | 053/2.19/3 | 4/237/16 | 0.77/301/16 | 50 |6.29
0.75/2.23/2 0.43/2.89/3
12° | 1.04/1.737/2 | 0.48/220/3 | 4/238/14 | 148/3.03/14 | 94 |573
0.48/2.23/2 0.52/2.88/3
AFdsC
(0)pH7 | 13 | 046/1.68/2 | 0.15/2.17/3 | 441/242/14 | 0.82/2.88/14 | 86 |5.17
0.51/1.76/2 0.36/2.73/3
14° 7056/ 1.68/2 i 47241715 7/281/15 | 124 |5.23
0.44/1.77/2 1/2.56/3
() pH9 | 15 | 058/1.69/2 | 0.12/2.17/3 | 467/243/12 | 0.79/280/12 | 6.6 | 5.4
0.36/1.79/2 031/273/3
16° | 0.69/1.70/2 i 47243717 177286/16 | 11.0 | 539
0.31/1.80/2 1/243/3
C386S
(o)pH7 | 17 | 0.63/1.68/2 | 031/2.14/3 | 4/233/23 1/2.82723 93 630
0.49/1.78/2
0.57/2.41/3
H387M
(o)pH7 | 18 | 0.86/1.69/2 | 038/2.16/3 | 4/238/16 | 121/287/17 | 75 |6.15
0.40/1.80/2 042/2.67/3
19° | 0.87/1.68/2 | 035/2.16/3 | 4/237/17 | 1.65/2.88/18 | 95 |6.14
0.41/1.80/2 0.35/2.68/3
(o)pHO9 | 20 | 1.07/1.74/2 | 0.07/217/3 | 4/237/22 | 153/283/22 | 73 |56l
0.64/221/2 0.32/2.65/3
21° [ 098/1.74/2 | 0.13/217/3 | 4/237/23 | 187/284/23 | 90 | 5.6
0.75/2.19/2 0.13/2.63/3

“Fit restraints: 20° values for Mo=0,-0O, Mo=S, and the second Mo-S bond were fixed. *The

summed N-value of distances <2.7 A was set to 6. For further details see Table 3.
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