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Supplementary Figure 1: Characterization of Fe-I SCU and its Fe-S reconstituted form
(a, b) *H-15N SOFAST-HMQC NMR spectra of apo-ISCU (100 uM) in agdb) and apo-ISCU incubated with one

equivalent of iron in blackd). The insets show close-ups of the W7ANt signals assigned to structured (S) and disordered
(D) conformations. Spectra were acquired at 2931¢K&00 MHZz'H resonance frequency) (Mossbauer spectrum of ferrous
iron in buffer T. fl) M6ssbauer spectrum of ISCU WT incubated with @@éiealent of iron. éf) Mossbauer spectra of the
ISCU mutants H103Ad) and C104Sf} incubated with one equivalent of irog) (Titration of iron by the C104S mutant
monitored by CD. Increasing amounts of the C104S m {0, 200 and 30GM) were incubated with a fixed

concentration of iron (10QM). At 300 uM the protein starts to precipitate which preclutbesomplete the titrationh()

Applied field Méssbauer spectra of Fe-ISCU recountsi with a Fe-S cluster. The spectra were recoatidd= 4.2 K in an
external field B = 0.1 Th) and B =5 Ti). The red solid line represents the best fithefdata achieved using the

components displayed as black solid lines. (Semwlementary Table 1 for the respective parameters of each component).
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Supplementary Figure 2: Characterization of Fe-S cluster formation in the NIAUF
complex and iron and L -cysteinetitrations

(a) UV-visible and CD spectra of ISCU reconstitutettler catalytic (free ISCU) and stoichiometric (IS€U

the NIAUF complex) conditions. The spectra are ldigpd in molar absorption units based on the albisorp
coefficients of the [2Fe2S] in free ISCU and in MI&UF complex. b) Fe-S cluster reconstitution assays under
catalytic conditions at various concentrations afylsteine as indicated in molar equivalents witard to

ISCU and using 2 equivalents of iron) Fe-S cluster reconstitution assays under catatgtnditions at various
concentrations of iron as indicated in molar egleints as regards to ISCU and using 2 equivalenits of
cysteine. @) CD spectrum of Fe-S cluster reconstitution byy&€U performed under catalytic conditions in the

absence of FXN, with one equivalent of L-cysteine.
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Supplementary Figure 3: Formation of the NI AUF complex with apo-1SCU

H NMR spectra excerpts zoomed in the amidg) (eft and middle panel) and methyl (gHright panel)
regions of Zn-ISCU, apo-ISCU, the NIA complex anl\; and mixtures of NIA complex with Zn-ISCU or
apo-ISCU in a 1:1 molar ratio, FXN with NIA complard Zn-ISCU, or NIA complex and apo-ISCU, in a:1:1
ratio. Intensities in the methyl region were scaledn relative to the amide region. Spectra wetpiaed at a
temperature of 293 K and at 800 MH# resonance frequency. The assignments of theityals from W74-
He in apo-ISCU corresponding to the S and D confoionat states are indicated as well as those of ISCU

amide signals witld*H > 9.4 ppm.
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Supplementary Figure 4: Raw mass spectra of persulfidation states of | SCU
Raw mass spectra corresponding to the deconvabptectra of4) Fig. 3c, p) Fig. 3d andd) Fig. 3e. See

Table 3 for the theoretical and experimental masses.
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Supplementary Figure 5: Properties of the C96S | SCU mutant and effect of DTPA on

FDX2

(a) Kinetic of Fe-S cluster assembly under catalgtinditions with the C96S mutant of ISCWB) UV-visible
spectrum of Fe-S cluster reconstituted C96S ISChea®rmed in (a).d) UV-visible spectra of mixture
containing oxidized FDX2 and FDXR incubated witinpline) and without (dashed blue line) DTPA ambn
addition of NADPH in reactions missing (dashed klge) and containing (red line) DTPA. DTPA doeast n
alter the UV-visible spectrum of FDX2, indicatirfat it is not able to chelate the iron of the [26p@uster of
FDX2. Upon addition of NADPH, the spectrum of FD}2modified in the same way both in the absence and
presence of DTPA, which indicates that the [2Fe2@ter is reduced by FDXR and that DTPA does not

interfere with this reaction.



Supplementary Tables

Supplementary Table 1. Méssbauer parameters of samples from this study

Eq. Area o AE, r
Sample Fe T(K) B(T) component (%) (mmis)  (mmjs) (mmis)  (mmis)
1 85 0.89 3.51 0.32
WT ISCU 1 77 0
2 15 1.12 2.77 0.6
1 34 1.22 35 0.31
Fe - 77 0
2 66 1.22 3.03 0.43
WT ISCU 0.6 77 0 1 100 0.88 3.51 0.35
1 52 1.23 3.43 0.40
H103AISCU 1 77 0
2 48 1.23 2.84 0.45
1 63 0.87 3.51 0.35
cl04siscu 1 77 0
2 37 1.23 3.15 0.65
1 50 0.26 0.61 0.28
77 0
2 50 0.33 0.95 0.34
Fe-S
reconstituted WT 1 50 0.26 0.61 0.29 1(-0.3)
ISCU 4.2 0.1
2 50 0.33 0.95 0.31 0 (+0.3)
1 50 0.26 0.61 0.29 1(-0.3)
4.2 5
2 50 0.33 0.95 0.31 0 (+0.3)



Supplementary Table 2: Selected Mdssbauer parameters of ferrous irotecenproteins
with various combinations of O, N and S coording@ioms

Proteins Environment o AE, reference
(mm/s) (mm/s)

Mus musculus ISCU 0.89 3.51 this work
D. desulfuricans SOR center | 45 0.66 290 1
(Desulfoferrodoxin)
C. pasteurianum Rubredoxin 4S 0.70 -3.25 2

. . 2.95
C. pasteurianum Rubredoxin C42S 3S, 10 0.79 -3.97 3
Horse Alcohol Dehydrogenase 2S, 1IN, 1N/O 0.83 3.84 4
P. aeruginosa Azurin 1S, 2N, 10 0.92 3.19 5
D. desulfuricans SOR center Il 6
(Desulfoferrodoxin) 1S, 4N 1.04 2.81
Soybean Lipoxygenase 3N, 20 1.10 3.08 7
E. coli FUR site 2 3N, 20 1.19 3.47 8

H. sapiens Tyrosine Hydroxylase 1 6N/0 1.24 2.68 °



Supplementary Table 3: List of theoretical and experimental masses GUSersulfidation
states determined from spectra presentddgn3c-e andSupplementary Fig. 4.

Species Theoretical mass Experimental mass Error
(Da) (Da) (ppm)
I 1 1 1 1
ISCU-SH 14,618 14,617 1 68
ISCU-SSH 14,650 14,650 + 1 -

ISCU-S(S),H 14,682 14,681 +1 68



Supplementary Notes

Supplementary Note 1. MOssbauer analysis of WT, C104S and H103A ISCUginst

incubated with iron

Mossbauer spectroscopy provides direct informatiothe nature of the atoms
coordinating an iron ion. There is a linear cotielabetween the gain in isomer shift and the
number of electronegative ligands coordinatingitbe center: the more electronegative the
ligand, the higher the isomer shiftFe(ll) centers in proteins with 4 sulfur ligangpitally
exhibit an isomer shift in the range of 0.60 — 7iM.st. Adding more electronegative
ligands such as nitrogen and oxygen ligands leads increase of the isomer shift with
values higher than 1.2 mrt.éor Fe(ll) centers with six oxygen and nitrogem ao sulfur
coordination (seSupplementary Table 2 for selected Fe(ll) centers).

Based on these empiric correlations, the isomdisstii component 1 and 2 in the
sample of WT ISCU are both consistent with higmdge(ll) centers in mixed environments
but with one or two sulfur ligands and two or thi/®© ligands for component 1 and five or
six N/O atoms but no sulfur for component3iplementary Table 1 and 2). The
proportions of two components detected by Méssbappear correlated with those of the S

and D states.

The Mdssbauer spectrum of the HL03A mutant revbalpresence of two components
with parameters similar to those of free ir@ugplementary Fig. 1le andSupplementary
Table 1). This indicates that the HL03A mutation precludes binding in the cysteinyl site,
leaving iron free or promiscuously bound to ISChtefestingly the minor species identified
in WT ISCU (component 2) does not seem to be ptesdhl03A mutant, this suggests that
H103 may be a ligand in component 2.

The C104S mutant incubated with 1 equivalent af neveals the presence of two
components. A major species (65 %) with Mossbaagarpeters identical to those of iron in
the assembly site of the WT protein and a minorpament (45 %) with parameters similar to
those of free ironJupplementary Fig. 1f andSupplementary Table 1). The lower
proportion of iron in the assembly site comparetMb ISCU suggests that either a
proportion of the C104S mutant is compromised fon binding or that the C104S mutation
lowers the affinity of iron for the assembly siBy increasing the ratio of the C104S mutant
over iron, keeping the concentration of iron constave found that the CD signal increases
reaching similar intensity as the W3upplementary Fig. 1g). This indicates that the C104S



mutant has lower affinity for iron than WT. The ahse of the minor species detected in WT
ISCU (component 2) suggests that C104 is also redj@ior binding of iron to the D state of
apo-ISCU, although not ligating the iron.

Supplementary Note 2: Analysis of Méssbauer data of Fe-S reconstitut€zllS

The best fit of the Méssbauer data was obtaineld twid components in a 50:50 ratio.
The values of the isomer shifts are in the rang& 2% to 0.35 mm:5which is characteristic
of oxidized iron in a [2Fe2%] cluster Fig. 2c, Supplementary Fig. 1h, 1i and
Supplementary Table 1). The 50:50 ratio of components 1 and 2 furthgpsut the presence
of a dinuclear center. The presence of [4Fe4S}@lssan be excluded based on the isomer
shifts, since values in the range of 0.4 to 0.9 sitmte expected for a [4Fe4S] cluster.
Moreover, the best fits of the field dependent Nb@ser spectra were achieved by
considering that the Fe-S cluster is diamagnegcigg®! This indicates that the resulting spin
state of the [2Fe2S] cluster is S = 0 which is tsieat with two antiferromagnetically
coupled F& ions and thus confirms that the [2Fe2S] clustén its oxidized state with an
overall +2 charge. Moreover, the iron ions in tAE42S$* cluster are not equivalent, they
exhibit different set of parameters which pointittierent environments. The isomer shifts
suggest that the Feion in site 1 is coordinated by four sulfur atoamsl the iron in site 2 by

two or three sulfurs and one or two N/O ligand{sy.

Supplementary Note 3: Formation of complexes with apo-ISCU

The 1D'H NMR spectra of apo-ISCU and Zn-ISCU show a coteptiisappearance of
resonances upon mixing with one molar equivalenhefNIA complex (seSupplementary
Fig. 3). As the size of a protein increases, its rotaionotion in solution is slowed down and
the NMR signals widths increase. The signals ofldahge NIA complex are broad to such a
point that they become nearly undetectable. Tharamp disappearance of the signals of
ISCU in the presence of the NIA complex is attréazlito complete broadening of the signals

and thus provides evidence for complex formation.

Upon mixing FXN with the NIAU complex containingtleer apo-ISCU or Zn-ISCU, the
characteristic peaks of FXN are strongly diminisiduch points to association of FXN to
the NIAU complex. However, as the peaks do notliothsappear, some free FXN remains.
At a 1.1 molar ratio, ~ 10 % and 35 % of free FXbdhals are still observed for the

complexes formed with apo-ISCU and Zn-ISCU, regpelt. This points to affinities of



FXN in the micromolar range for both complexes artdgher affinity for the complex

containing apo-ISCU.
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