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Experimental Section

Preparation of >"Fef*S-enriched [4Fe-4S] NsrR.Soluble [4Fe-4S]-NsrR (holo-NsrR) was over produaanf plasmid
pNsrR in aerobidE. coli cultures (BL2IADE3 Star, Novagen; 37 °C), purified, and converte@po-NsrR as previously
described! Isotopically enriched [4Fe-4S]-NsrR was preparedavstandard NifS catalysauvitro reconstitution (50 mM
Tris, 50 mM NaCl, 5% (v/v) glycerol, pH 8.0) in tipgesence of’FeCk, and3‘S-cysteine, as previously descrilitd?
Isotopically enriched NsrR was isolated and conegedr via a HiTrap heparin column and eluted in 30 fris 2 M NacCl,

5% (v/v) glycerol pH 8.0, as previously descriltétl. Holo-NsrR with a®’Fe enriched [4Fe-4S] cluster was obtained by
supplementing the growth medium witfFeCk (Goss Scientific Ltd}:?! The CD spectrum of the isotopically enriched
samples were identical to that of natural abundaaceples (not showtif! Where necessary, a centrifugal spin concentrator
(Amicon Ultra, 10K MWCO, regenerated cellulose) wasd to concentrate the sample.

Preparation of 5"Fef*S-enriched [4Fe-4S] WhiD.Soluble5’Fe enriched [4Fe-4S]-WhiD (holo-WhiD) was over proed
from plasmid plJ6631 as a (Higpgged protein in aerobit coli cultures (BL2IADE3 Star, Novagen; 37 °C), supplemented
with 5FeCk (Goss Scientific Ltd). Holo-WhiD was purified onHisTrap column, as previously descrid8dand buffer
exchanged into 25 mM HEPES, 2.5 mM Cadlo0 mM NaCl, 100 mM NaN§ pH 7.5 via a PD10 column (GE Life
Sciences). Incorporation o¥*B] sulfide (Goss Scientific Ltd) into the clustess\carried out via sulfide exchange, as described
by Kennedyet al.¥! Briefly, [3*S] sulfide (4.15 mM final conc.) and DTT (2.5 mMgxre added to holo-WhiD (28 uM [4Fe-
4S]) and incubated at ~46 °C for 3 hr. The sample ten rapidly cooled to ~25 °C, treated with aHertaliquot of DTT (to
give 4.9 mM final conc.), passed through a 0.2 jltarf and buffer exchanged into 50 mM Tris, 800 MdCl, 5% (v/v)
glycerol, pH 7.3. Where necessary, a centrifugal spncentrator (Amicon Ultra, 10 K MWCO, regenecatellulose) was
used to concentrate the sample. Corf#®Ff“S exchange experiments with WhiD containing natainaindancé®Fe confirmed
specific enrichment of the [4Fe-4S] cluster witk {HS] sulfide isotope. The CD spectra of the isotdpienriched samples
were identical to non-enriched samples (not shd#n).

Electrospray ionization mass spectroscopy underdemraturing conditiod$! was used to confirm specific isotope
enrichment of [4Fe-4S] WhiD. Briefly, holo-WhiD wa&xchanged into 250 mM ammonium acetate pH 7rig@siZeba spin
desalting column (Thermo scientific), diluted to8! cluster (6 pmol/ul), and infused directly (@8hr) into the ESI source
of a Bruker micrOTOF-QIIl mass spectrometer (Bruk&syentry, UK) operating in the positive ion modeullFhass spectra
(m/z 50 — 3500) were recorded for 5 min. Spectaeveombined, processed using the ESI Compass dxBridm Entropy
deconvolution routine in Bruker Compass Data anal/digBruker Daltonik GmbH). The mass spectrometzs ealibrated
with ESI-L low concentration tuning mix in the ptisg ion mode (Agilent Technologies). Masses betow given as the
isotope average of the neutral protein or protdilster complex. A peak corresponding to apo-Wh#swbserved at a mass
of 14025 Da. The predicted mass was 14159 Da itidgcthe loss of the N-terminal Met residue (1415831 = 14208 Da)
and the likely oxidation of Cys thiols to form awlftdde (14208 -2 = 14026 Da). Non-enriched holo-Wlsamples had an
observed mass of 14377 Da (protein +352 = 14377 &ajples containing eith®Fe, or**S, had an observed mass of 14381
Da (protein +356 = 14381 Da) and 14384 Da (prot&60 = 14385 Da), respectively. The doulfifFé and®**S) enriched
sample had an observed mass of 14389 Da (protéih 34389 Da). The observed mass shifts were #&ne +12 Da for
57Fe,34s, andP’FeP’S, respectively, consistent with full, or near-figbotope enrichment.

Preparation of nitrosylated [4Fe-4S] NsrR and WhiD.Nitric oxide has a solubility limit of ~2 mM (at 2TC), therefore
ProliNONOate, a fast:t~2 s, Caymen Chemicals) releasing nitric oxide domas chosen as a convenient method of rapidly
delivering excess NO to the sample. Briefly, a 5@ljguot of holo-protein (NsrR or WhiD), containiagninimum of ~1 mM
[4Fe-4S], was combined with varying amounts of ~808 ProliNONOate (dissolved in 50 mM NaOH) in a thPmicrotube.
The solubility properties of NO limited the ratibNO to cluster at any one time to < 2:1, but vétHficient NO released over
time to achieve the desired overall stoichiometvigich in most cases was an excess (theoreticalmuaxiof 70 NO per
cluster but this does not take into account losgasfto headspace) sufficient to drive the readtiocompletion. Samples
were allowed to react at ambient anaerobic box ¢ézatpre (~20 °C) for 5 min (approximately 100 haté$). Absorbance
measurements of a 40-fold diluted sample of niteded WhiD NRVS samples confirmed that it was ideadtito that
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previously obtained by titration at lower concetitial*! Samples were loaded into NRVS cuvettes and frazediguid
nitrogen. For samples containitiN-nitric oxide, 50 pl of holo-protein was placed&r0.5 ml microtube and the headspace
flushed with 1 ml of®*N-nitric oxide gas (CIL, CKGas) and the sample geatjitated at ambient temperature for 5 min. The
headspace of the sample was replaced a furthetinves before the sample was loaded into an NRVStwread frozen.
The solubility properties of NO limited the totaltio of NO to original cluster in solution to ~Mith excess NO remaining
in the headspace to ensure reaction went to coimpleSamples prepared in the absence of nitrideoionors or gas served
as a control.

NRVS Measurements.Samples of ~1 mM [4Fe-4S[Fe-enriched WhiD33S labeled), NsrR3¥34S labeled), WhiD +
4INO, NsrR +*1NO were loaded into 3 x 10 x 1 raginterior dimensions) Lucite sample cells encasitt Kapton tape
and frozen in liquid nitrogefi’Fe NRVS spectra were recorded using published puseédd at 03-1D at the Advanced Photon
Source and at BLO9XU at Spring®. Flux was on the order of ~ 1.4 x°lghotons/s in a ~ 0.8 meV bandwidth at 14.4125
keV in a 0.6 mm (vertical) x 1 mm (horizontal) spbelayed nuclear fluorescence and delayed Fe #tdkcence (from
internal conversion) were recorded with a singtenf-square avalanche photodiode (APD) (at APS) oraZRD array (at
Spring-8). Each scan took about 45 minutes andcalhs were normalized to the intensity of the imtdoeam and then
averaged according to their cts/s signal levelti&@aribrational densities of states (PVDOS) weadcualated from the raw
NRVS spectra using the PHOENIX software packégBuring data collection the sample was maintaatddw temperature

using a liquid He cryostat (head temperature <10A€Eurate sample temperatures were calculated fnematio of the anti-

Stokes to Stokes intensity by the expressiorE) = S(E)e_E/kT and were 50-80 Kl

Mossbauer MeasurementsMeasurements were performed using a MS4 spectromeégating in the constant acceleration
mode in transmission geometry, and at 10 K fosathples using a Janis SVT-400 cryostat. A 100 TG in Rh held at
room temperature was used as source. All centtofts S5, are given with respect to metallic-Fe at roomgerature. The
spectra were least square fitted using Recoil soétiflaThe parameters from these fittings are centrioiftiss(), quadrupole
splitting (AEg), Lorenztian linewidthI(), and intensityl). During the fitting procedure, all parametersevget to be free, for
which the two signals were each locked to 50% gitgnThis was done because each of these doubletdated to two
identical Fe atoms in the cluster. However, evermwthe intensities were not locked, the hyperfiakies were virtually
unchanged. The discrepancy in the intensity raifaie two doublets are likely due to recoil-freactions of different Fe
sites.

DFT Calculations. All calculations were performed using the Gaus&iirset of programs in the gas phase employing the
PW91 functionalt® Iron atoms were described using the LAN2LDZ bastsand effective core potential, with all othemas
being described with the all electron 6-311G** lsasit as used by Mitehal . All structures were optimized and confirmed
as minima during the frequency analysis. NRVS spegtre predicted from the DFT outputs using ther@pmation of
Einstein-like modes, where there is no momentunedégnce of vibrational frequency and polarizatieator, and under the
condition of random distribution of moleculés.’? Calculation of NRVS using harmonic DFT frequendgsa well
established approach demonstrating a relativelyrate reproduction of experimental spectral featuneluding isotopic
shifts[fe: 11 131 As has been demonstrated previoiddifthe effects of anharmonicity have much smallerdatpon the
difference between the experimental and calcullsfRd'S spectra compared to the error intrinsic tocth@sen DFT/basis set
combination.

The partial density of states, PVDOS, was calcdlateeording to the following equatidit. 122

1
DFe(V) = :_3 Zelge,a f (V - Va) (1)

2
where composition faCtOI,eFe,a , for the resonant akmm the normal mode is given by:
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k=1
In the latter expressionm\(k.)? is the mean square displacement of akoim modee. and summation in the denominator is
taken over all atomsx is the mass of thig" atom.N defines the total number of atoms d(dv.) is the line shape function
which is a convolution of Gaussian and Lorentziarmis. The extracted normal modes were used to aimtihe NRVS
spectra according to equation (1) using an in-hdusk computer prograf?l Calculated spectral lines were assigned a

Lorentzian line shape with the line width of 6-&fier PVDOS.



Supporting Figures and Tables

NsrR-NO

WhiD-NO

Intensity (Arb. Units)

(%]
Led
=N

-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1
Velocity (mm/s) Veloeity (mm/s)

Figure S1. Mdssbauer spectra of Fe-S cluster regulatory prote before and after reaction with NO. A) and
B) Zero field Méssbauer spectra for WhiD and Ngdpectively, as isolated and after addition olessdNO at
10 K. Due to a small asymmetry in the signals siectra of the two proteins were both fitted witlh doublets,
resulting in similar values i andAEq (see Table S2), indicated that two pairs of higin §£€&*/Fe** ions exist
in each [4Fe-43F cluster. Here, a delocalized electron oscillatesvben the ions giving rise to an average
oxidation state of F&* for each pair, where thevalue is the average of the t&walues for high-spin Féand
Fe**. These results are also similar to those receepigrted for [4Fe-4S] Nsr®! Following addition of excess
NO, the Mdssbauer spectra of WhiD (A) and NsrRyBJe still fitted with two similar doublets withandAEq
parameters similar to each other but very diffefemin those derived from the initial [4Fe-4SEpectra (see
Table S1). Previous DFT calculations indicated B7dIC species are best described by two resonstngetures
consisting of high spin Febound to two NOligands and high spin Febound to an overall quart&tNO);

ligand, with antiferromagnetic coupling such thabtl spin of S = % results)



Table S2. Summary of refined Mdssbauer parameters for Whi@ ldsrR before and after nitrosylation: Isomer

shift, 8; quadrupole splittingAEq, Lorenztian linewidthT(), and intensity (.

Components WhiD WhiD-NO NsrR NsrR-NO
01 (mm/s) 0.435 0.174 0.442 0.163
AEq (mm/s) 1.113 0.801 1.031 0.718
1 (mm/s) 0.26 0.27 0.33 0.35

I (%) 50 50 50 50

62 (mm/s) 0.441 0.173 0.481 0.181
AEg (mm/s) 1.317 1.029 1.309 0.887
2 (mm/s) 0.25 0.27 0.38 0.31

I (%) 50 50 50 50




Cluster Fe-S i
Fe-S Stretch N-Fe-N Mod!
Torsion Bending &5 Stietehing © odes

DI14CFd

>’Fe PVDOS

0 80 160 240 320 400 480 560 640
Energy (cm'1)

Figure S2. NRVS spectra of WhiD and NsrR>"Fe PVDOS of: (bottom) [4Fe-4S] WhiD; (middle) [4B&]
NsrR; (top) oxidized ferrodoxin (D14C Fd§!
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Figure S3. WhiD nitrosylation followed by absorbance spectrecopy.UV-visible absorbance spectra of as
isolated WhiD (grey) and following addition of ~ND per [4Fe-4S] cluster (black, previously repoftéd and
the nitrosylated WhiD NRVS sample following ~40ddalilution (red).
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Figure S4. NRVS analysis of WhiD as a function of NO concenttion. NRVS spectra for as isolated [4Fe-
4S] WhiD (black) and following addition of 5 NO peluster (grey) and excess NO (up to a maximunBqgber

cluster, red).
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Figure S5. Overlay of WhiD and NsrR iron nitrosyl NRVS spetra with those of RRE, RBS and DNIC
complexes. A) WhiD, and B) NsrR.
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Figure S6. Overview of NRVS spectra for nitrosylated WhiD. A) NRVS Spectra fof?SA*NO, 3*SA*NO and
32S/5NO labeled [4Fe-4S] WhiD following addition of exseNO, as indicated. B) and C) show the Fe-S and

Fe-N regions in more detail.
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Figure S7. Overview of NRVS spectra for nitrosylated NrsR A) NRVS Spectra fot?SA*NO, 3*SANO and
32SM5NO labeled [4Fe-4S] NsrR following addition of eseeNO, as indicated. B) and C) show the Fe-S and Fe

N regions in more detail.
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Figure S8. DFT calculated NRVS spectra of RRE.A) Structure of methyl thiolate form of RRE, [Ke-
SCH)2(NO)4] (C2n). Iron atoms are in light blue, sulfur in yellonitrogen in dark blue, oxygen in red, methyl
groups in gray. B) DFT calculated NRVS spectrRBE and°®NO-subsituted RRE, as indicated. The simulation
shows good agreement with the previously repotteéd PVDOS of [F€u-SPh)(NO)4.1*81 Agreement is less
good above 500 cty but the pattern and relative intensities of bamioserved are well reproduced. The broad
feature below 100 ctresults from a combination of S-Fe-S twists andisvaith slight N-Fe-N motion. The
first sharp feature at ca. 175 emesults from S-Fe-S twisting/scissoring with sd®®le motion as a result. The
band at ca. 201 ctris principally S-Fe-S scissor/stretching, whilegh at ca. 280 and 310 ¢rare both due to
S-Fe-S asymmetric stretches with some N-Fe-N rethié mid intensity feature at ca. 530"tnesults from N-
Fe-N wagging and the peaks at ca. 605 and 665 cm are from N-Fe-N symmetric and asymmetric stretghin
modes, respectively. Calculations were also pevéarwith'®N in place of*N. Consistent with our assignments,
bands in the 500-650 chregion are sensitive 6N substitution, as also found experimentally forilvland
NsrR.
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Table S2. DFT calculated vibrational modes and frequencies fomethyl thiolate form of RRE, [Fez(u-
SCH3)2(NO)4]. The highlight colors indicate vibrations that esgong in NRVS and Raman (green); strong in
NRVS and IR (red).

Mode DFT Frequency (cm™)
S-Fe-S Wag 80.99
O-N-Fe-N-O Rock / Fe-S-Fe Twist 90.49

S-Fe-S Twist / Me-S-Fe Bend
Fe-S-Fe Twist / Me-S-S-Me Twist
S-Fe-S Twist / Fe-S-Fe Scissor / S-S-Me Bend
S-Fe-S Scissor/Stretch
N-Fe-N Rock / O-N-Fe Bend / S-Fe-S/Fe-S-Fe Asymmetric Stretch
N-Fe-N Rock / O-N-Fe Bend / S-Fe-S Asymmetric Stretch
N-Fe-N Wags 529.68
N-Fe-N Symmetric Stretches / Fe-S-Fe Rock 606.60
N-Fe-N Symmetric Stretches / Fe-S-Fe Scissor
N-Fe-N Wag / Fe-S-Fe Symmetric Stretch
N-Fe-N Asymmetric Stretch / Fe-S-Fe Twist
N-Fe-N Asymmetric Stretch / Fe-S-Fe Wag 666.99
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Figure S9. DFT calculated NRVS spectra of RBSA) Structure of RBS anion, [E@is-S)(NO)7]" (Csv). Iron
atoms are in light blue, sulfur in yellow, nitrogendark blue, oxygen in red. B) DFT calculated\KRspectra
of RBS,*NO-subsituted RBS ardS-substituted RBS, as indicated. The simulatimwshgood agreement with
the previously reportetiFe PVDOS of (EN)[Fes(us-S)(NO),],[® particularly in terms of the pattern of bands
and their relative intensities right across thectpen. The broad feature up to 100 toonsists mainly of Fe-
N=0 bending modes with some S-Fe-S twisting. Aptieature at ca. 110 chresults from Fe-S-Fe scissoring.
The slightly asymmetric band at 180 tnis due to two vibrations, which are predominan8yFe-S
scissoring/rocking motions. The band at ca. 286 oesults from a combination of N-Fe-N twisting e®dFe-S
stretches, while those at ca. 350%cand 360 cm are due predominantly to S-Fe-S stretching andimgck
Agreement between the calculated and experimeatadsin the higher energy part of the spectrumv@ia®0
cntl) is less good, with the simulation approx. 50-&@'ctoo high, but the overall pattern remains verylwel
reproduced, with three clear bands. The first 5&&. cm' in the simulation) is due to N-Fe-N wagging with S
Fe stretching character. The second (ca. 626) ésndue to a combination of modes consisting oFeNN
symmetric stretches with various S-Fe-S vibratiofise third (ca. 660 c) is the N-Fe-N asymmetric equivalent
and includes motion of the single Fe-N=0 groughin¢enter. Calculations were also performed #ithn place

of 2N, and®*S in place of sulfidéS (with thiolate sulfur remaining &%S).
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Table S3. DFT calculated vibrational modes and frequencies foRBS anion, [Fe(us-S}(NO)7]. The
highlight colors indicate vibrations that are: sigan NRVS and Raman (green); strong in NRVS an¢r¢d);

strong in NRVS, Raman and IR (blue).

Mode DFT Frequency (cm™)
O-N-Fe-N-O Wag 77.04
O-N-Fe Bends/Twists/Rocks (DD) 79.13
N-Fe-N Wag / S-Fe-S Twists/Wag (DD) 103.65

Fe-S-Fe Scissor

S-Fe-S Scissor/Rock (DD)

182.55

N-Fe-N Rock / O-N-Fe Bend / Fe-S-Fe/S-Fe-S Scissor

N-Fe-N Rock / O-N-Fe Bend / Fe-Fe Stretch

216.47

N-Fe-N Rock / O-N-Fe Bend (DD)

219.40

N-Fe-N Twists / S-Fe-S Stretches (DD)

N-Fe-N Twist / O-N-Fe Bend / S-Fe-S Rock/Asymmetric Stretch 343.52
N-Fe-N Wag / O-N-Fe Bend / S-Fe-S Rock/Asymmetric Stretch (DD) 371.00
N-Fe-N Wag / O-N-Fe Bend / Fe-S-Fe Asymmetric Stretch 524.15

N-Fe-N Wags / O-N-Fe (Single) Bend / Fe-S-Fe Scissor/Stretch (DD)

N-Fe-N Symmetric Stretch / Fe-S-Fe Scissor/Wag

615.58

N-Fe-N Symmetric Stretch / Fe-S-Fe Scissor/Wag/Rock (DD)

616.30

N-Fe-N Asymmertric Stretches / N-Fe (Single) Stretch

N-Fe-N Asymmertric Stretches (DD)

N-Fe-N Asymmertric Stretches / N-Fe (Single) Stretch
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Figure S10. DFT calculated NRVS spectra of RBE with one thiate bridge. A) Structure of RBE with one
thiolate bridge, [F&€u-Sh(-SCH)(NO),] (Cs). Iron atoms are in light blue, sulfur in pal, nitrogen in dark
blue, oxygen in red, methyl groups in gray. B) Dédlculated NRVS spectra of RBE with one thiolatieldpe,
along with "NO-subsituted and‘S (sulfide)-substituted versions, as indicated.e Thono-thiol substituted
complex is of lower symmetry than RBS, resultingaitiifting of degeneracy of vibrational energiesthwa
consequent increase in the number of bands. Relatithe RBS simulation, the pattern of bands éNkFe-N
region of the spectrum is slightly modified, witlpeedicted splitting of the band due to N-Fe-N wiaggdat ca.
595 cmt in the RBS simulation).
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Table S4. DFT calculated vibrational modes and frequencies foRBE with one thiolate bridge, [Fex(u-
Sk(p-SCHs)(NO)7]. The highlight colors indicate vibrations that esgong in NRVS and Raman (green);
strong in NRVS and IR (red); strong in NRVS, Ramaad IR (blue).

Mode DFT Frequency (cm)
Fe-N=0 Bend / Fe-S-Fe Twists/ Rocks 80.05
S-Fe-S Rock / Fe-S-Me Scissor 94.86

Fe-S-Fe Scissor
S-Fe-S Wag / Fe-S-Me Bend
Fe-N=0 Bends / Fe-S-Fe Scissor/Rock

N-Fe-N Rock / Fe-N=0O Bend / Fe-S-Fe Scissor / Fe-S-Me Scissor

N-Fe-N Rock / Fe-N=0O Bend / Fe-S-Me Scissor
Fe-N=0 Bend / N-Fe-N Rock / S-Fe-S Twist/Stretch
N-Fe-N Twist/Rock / S-Fe-S Stretches / S-Fe-S Twist / Fe-N=0 Bend

N-Fe-N Rock / S-Fe-S Wag/Stretch / Fe-N=0O Bend

S(Cys)-Fe(Central) Stretch / S(Bridging)-Fe(Non-Central) Stretch / S- 332.56
Fe-S Wag
S-Fe-S Rock / S-Fe-S Asymmetric Stretch 335.57

N-Fe-N Twist / S-Fe-S Asymmetric Stretch
S-Fe-S Scissor/Stretch / Fe-N=0 Bend (Single)
Fe-N=0O Bend / N-Fe-N Twist / S-Fe-S Asymmetric Stretch/ Scissor
N-Fe-N Wag / S-Fe-S Rock / Fe-N=0 Bend (Single)

N-Fe-N Wag / Fe-N=0 (Single) Bend / S-Fe-S Scissor 465.91
N-Fe-N Wag / Fe-S-Fe Rock 528.72

Fe-N=0O Bend (All) / N-Fe-N Wag / Fe-S-Fe Symmetric Stretch 572.48
Fe-N=0O Bend (All) / N-Fe-N Wag / Fe-S-Fe Scissor 587.60

N-Fe-N Symmetric Stretch (Opposite S-Me)
N-Fe-N Symmetric Stretches (Adjacent to S-Me)

N-Fe-N Symmetric Stretches / Fe-S-Fe Rock (Adjacent to S-Me)
N-Fe-N Asymmetric Stretch / Fe-S-Fe Scissor / Fe-N Stretch (Single)
N-Fe-N Asymmetric Stretch / Fe-S-Fe Wag/Rock / Fe-N Stretch
(Single)

N-Fe-N Asymmetric Stretch / Fe-S-Fe Wag / Fe-N Stretch (Single)
N-Fe-N Asymmetric Stretch / Fe-S-Fe Twist
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Figure S11. DFT calculated NRVS spectra of RBE with two thitate bridges. A) Structure of RBE with two
thiolate bridges, [F£U-S)(L-SCH)2(NO)/]* (Cs). Iron atoms are in light blue, sulfur in w&ll, nitrogen in dark
blue, oxygen in red, methyl groups in gray. B) Déalculated NRVS spectra of RBE with two thiolatalges,
along with!>NO-subsituted an@'S (sulfide)-substituted versions, as indicatede @hthiol substituted complex
is of lower symmetry than RBS, resulting in a fiffiof degeneracy of vibrational energies, with aseguent
increase in the number of bands. Relative to th8 Riwlation, the pattern of bands in the N-Fe-¢ae of the
spectrum is modified, with a significant splittibgtween the N-Fe-N wagging and N-Fe-N symmetrigtaiting

bands.
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Table S5. DFT calculated vibrational modes and frequencies foRBE with two thiolate bridges, [Fes(u-
S)(U-SCHs)2(NO)7]*. The highlight colors indicate vibrations that asgong in NRVS and Raman (green);

strong in NRVS and IR (red); strong in NRVS, Ramaad IR (blue).

Mode DFT Frequency (cm)
O=N-Fe-N=0 Wag / S-Fe-S/Fe-S-Fe Rock 70.05
S-Fe-S Twist 76.65
Fe-S-Fe Rock 96.73
Fe-S-Fe Twist 111.16
Fe-Fe-S Rock 116.99
S-Fe-S Twist 138.78
Fe-Fe-S Scissor / Me Wagging 143.65
S-Fe-S/Fe-S-Fe Rock / Me Rocking 150.66

Fe-S-Fe Scissor /S-Fe-S Rock

Fe-S-Fe Scissor /S-Fe-S Rock

189.32

S-Fe-S Scissor

N-Fe-N Rock / S-Fe-S Wag

O=N-Fe Bend / N-Fe-N Rock / S-Fe-S Asymmetric Stretch 230.29
O=N-Fe Bend / N-Fe-N Rock / Fe-S-Fe Scissor 241.34
O=N-Fe Bend / N-Fe-N Rock / S-Fe-S Twist 246.46

N-Fe-N Rock / S-Fe-S Wag / Fe-N=0 Bend

S-Fe-S Symmetric Stretch

S-Fe-S Asymmetric Stretches / Rock

340.67

S-Fe-S Asymmetric Stretch/Rock / Fe-N=0 Bend (Single)

N-Fe-N Twist / S-Fe-S Stretches

Fe-N=0O Bend (All) / N-Fe-N Wag / Fe-S(Bridging) Stretch

390.69

Fe-N=0 Bend (Single) / Fe-S(Bridging) Stretch

453.03

Fe-N=0O Bend (Single)

Fe-N=0O Bend / Ne-Fe-N Wag

Fe-N=0O Bend / Ne-Fe-N Wag

Fe-N=0O Bend / Ne-Fe-N Wag

N-Fe-N Symmetric Stretches / Fe-S-Fe Rock

N-Fe-N Symmetric Stretch

N-Fe-N Symmetric Stretches / Fe-S-Fe Wag

N-Fe-N Asymmetric Stretches / Fe-S-Fe Rock

N-Fe-N Asymmetric Stretches / Fe-S-Fe Scissor

Fe-N Stretch (Single) / N-Fe-N Asymmetric Stretch

N-Fe-N Asymmetric Stretch / Fe-S-Fe Rock

Fe-N=0 Bend / N-Fe-N Scissor 699.04
Fe-N=0O Bend / N-Fe-N Scissor 699.47
Fe-N=0O Bend / N-Fe-N Scissor 704.17
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Figure S12. DFT calculated NRVS spectra of RBE with three tlolate bridges. A) Structure of RBE with
three thiolate bridges, [Hg-SCH)3(NO)7]?* (Cay). Iron atoms are in light blue, sulfur in yellomitrogen in dark
blue, oxygen in red, methyl groups in gray. B) Déalculated NRVS spectra of RBE with three thiolatielges
along with a!>NO-subsituted version, as indicated. Note thatatibns up to ~150 cthare predominantly Me
motions (more so than in other RBES), and the NRp&trum seems to be a result of “recoils” rathantfull
vibrations. Relative to the RBS simulation, thé&gra of bands in the N-Fe-N region of the spectisimodified,
with a significant splitting between the N-Fe-N wgarg and N-Fe-N symmetric stretching bands.
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Table S6. DFT calculated vibrational modes and frequencies foRBE with three thiolate bridges, [Fes(u-
SCHz)3(NO)7]?*. The highlight colors indicate vibrations that asrong in NRVS and Raman (green); strong in
NRVS and IR (red); strong in NRVS, Raman and IRi€pl

Mode DFT Frequency (cm™)

Me-S-Fe(Central) Scissor (Slight) / Me Motion 91.99
Fe-S-Fe Rock/Scissor (Slight) / Me Motion 93.57
Fe-S-Fe Rock/Scissor (Slight) / Me Motion 94.33
Fe-S-Fe Scissor (Slight) / Me Motion 120.41
Fe-S-Fe Scissor / S-Fe-S Wag (Slight) / Me Motion 121.47
S-Fe-S Twist (Slight) / Me Motion 127.15
S-Fe-S Rock/Scissor (Slight) / Me Motion 130.28

Fe-S-Fe Scissor (Slight) / Me Motion _
Fe-S-Fe Twist (Slight) / Me Motion 135.02
Fe-S-Fe Twist (Slight) / Me Motion 141.64
S-Fe-S Rock / Me Motion 154.99

Fe-S-Fe Scissor/Rock / Fe-N=0 Bends _
S-Fe-S Rock / Fe-S-Fe Scissor 181.42
S-Fe-S Rock / Fe-S-Fe Scissor 181.93

N-Fe-N Rock / S-Fe-S Wag _
N-Fe-N Rock / Fe-N=0O Bends / Fe-S-Fe Stretches 235.55
N-Fe-N Rock / Fe-N=0O Bends / Fe-S-Fe Stretches 237.25
Fe-N=0O Bend (Single) / S-Fe-S Scissors/Stretches/Rock (DD) 344.41
S-Fe-S Asymmetric Stretches / Rock 353.31
Fe-N=0O Bend (Single) 459.81
Fe-N=0O Bend (Single) 461.81
N-Fe-N Wag / Fe-S-Fe Asymmetric stretches 524.33

N-Fe-N Wags (DD)
N-Fe-N Symmetric Stretches (DD) / Fe-S-Fe Twist
N-Fe-N Symmetric Stretches (DD) / Fe-S-Fe Wag
N-Fe-N Asymmetric Stretches (DD) / Fe-S-Fe Wag
N-Fe-N Asymmetric Stretches / Fe-S-Fe Rock

N-Fe-N Asymmetric Stretches / Fe-S-Fe Scissor
Fe-N Stretch (Single)
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Figure S13. DFT calculated NRVS spectra of RBE with one petdfide thiolate bridge. A) Structure of

RBE with one persulfide thiolate bridge, jfe-Sy(1-SSCH)(NO);] (Cs). Iron atoms are in light blue, sulfur in
yellow, nitrogen in dark blue, oxygen in red, méthsoups in gray. B) DFT calculated NRVS spectr&BE
with one persulfide thiolate bridge, along withlO-subsituted an#'s (sulfide)-substituted versions, as

indicated.
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Table S7. DFT calculated vibrational modes and frequencies foRBE with one persulfide thiolate bridge,
[Fea(u-Sk(u-SSCHs)(NO)7]. The highlight colors indicate vibrations that astong in NRVS and Raman
(green); strong in NRVS and IR (red); strong in NR\Raman and IR (blue).

Mode DFT Frequency (cm™)
Fe-S-Fe Twist 76.78
N-Fe-N Rock / Fe-S-Fe Wag 82.66
Fe-S-S(Me) Wag /S-Fe-S Rock 97.77

S-Fe-S Twist / Fe-S-S(Me) Scissor
Fe-S-Fe Scissor
Fe-S-Fe Rock
S-Fe-S Twist/Wag / S-S-Me Scissor
S-Fe-S Scissor/Rock
Fe-N=0O Bend / N-Fe-N Rock / Fe-S-Fe Scissor /Wag / S-S-Me Scissor
Fe-N=0O Bend / N-Fe-N Rock / Fe-S-Fe Scissor / Fe-S-S(Me) Scissor
Fe-N=0O Bend / N-Fe-N Rock /S-Fe-S Scissor/Wag / S-S-Me Scissor
Fe-N=0 Bend / N-Fe-N Rock / Fe-S-Fe Twist
Fe-N=O Bend / N-Fe-N Rock / S-Fe-S Wag / S-S-Me Scissor
Fe-N=0O Bend / N-Fe-N Twist / S-Fe-S Stretches/Scissors
Fe-N=0O Bend / N-Fe-N Twists/Rock / S-Fe-S Symmetric
Stretch/Scissors
S-Fe-S Stretches/Scissors/Rocks / S-S-Me Scissor
S-Fe-S Stretches/Scissors/Rocks / S-S-Me Scissor
S-Fe-S Symmetric Stretches/Scissors / S-S-Me Scissor
N-Fe-N Twist / N-Fe-S(-S-Me) Twist
Fe-N=0 Bends / S-Fe-S Scissor/Stretches
N-Fe-N Twist / S-Fe-S Scissor/Stretches/Rocks
Fe-N=0O Bend (Single) / N-Fe-N Wag / S-Fe-S Rock
Fe-N=0O Bend (Single) / N-Fe-N Wag / Fe-S-S Asymmetric Stretch
Fe-N=0O Bends / N-Fe-N Wags / Fe-S-Fe Twist
Fe-N=0O Bends (All) / N-Fe-N Wags / Fe-S-Fe Stretches/Scissors
Fe-N=0O Bends (All) / N-Fe-N Wags / Fe-S-Fe Stretches/Scissors
N-Fe-N Symmetric Stretches

N-Fe-N Symmetric Stretches
N-Fe-N Symmetric Stretch
Fe-N Stretch (Single) / Fe-S-Fe Rock
Fe-N Stretch (All) / Fe-S-Fe Twist
N-Fe-N Asymmetric Stretch
Fe-N Stretch (All) / Fe-S-Fe Scissor
Fe-N=0 Bends / N-Fe-N Scissors
Fe-N=0 Bends / N-Fe-N Scissors
Fe-N=0 Bends / N-Fe-N Scissors
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Figure S14. DFT calculated NRVS spectra of RRE with one petdfide bridge. A) Structure of RRE with
one persulfide bridge, [Fg-SCH)(1-SSCH)(NO)4] (Cs). Iron atoms are in light blue, sulfur in kpav,
nitrogen in dark blue, oxygen in red, methyl groupgray. B) DFT calculated NRVS spectra of RREwazne

persulfide bridge, along withNO-subsituted an#'S (sulfide)-substituted versions, as indicated.
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Table S8. DFT calculated vibrational modes and frequencies foRRE with one persulfide bridge, [Fex(u-
SCHz)(H-SSCHs)(NO)4]. The highlight colors indicate vibrations that esstong in NRVS and Raman (green);
strong in NRVS and IR (red).

Mode DFT Frequency (cm™)
O=N-Fe-N=0 Scissor
O=N-Fe-N=0O Wag / Me-S-S Rock

O=N-Fe-N=0 Scissor 65.67

N-Fe-S Scissor (Slight) 77.29

S-S-S Wag / Fe-S-Fe Rock (Slight) 102.75

S-S-Me Wag / Fe-S-Fe Rock (Slight) 153.42
S-Fe-S Scissor _

S-S-Me Wag / Fe-S-Fe Rock (Slight) 183.31

Fe-S-Fe Wag (Slight) / S-S-Me Scissor 199.10

Fe-S-Fe Scissor / S-S-Me Scissor
Fe-N=0O Bend/ N-Fe-N Rock / Fe-S-Fe Twist
Fe-N=0O Bend / N-Fe-N Rock / S-Fe-S Wag
S-Fe-S Scissor/Stretch
N-Fe-N Wag / Fe-S-Fe Asymmetric Stretch
S-Fe-S Scissor/Stretch / S-S-Me Scissor
S-Fe-S Stretch/Rock / S-S-Me Scissor
Fe-N=0O Bend / N-Fe-N Wag / Fe-S-Fe Rock
N-Fe-N Asymmetric Stretch / Fe-S-Fe Rock
N-Fe-N Symmetric Stretch / Fe-S-Fe Scissor
Fe-N=0 Bend / N-Fe-N Wag / Fe-S-Fe Symmetric Stretch
N-Fe-N Asymmetric Stretch / Fe-S-Fe Twist
N-Fe-N Asymmetric Stretch / Fe-S-Fe Wag
Fe-N=0O Bend / N-Fe-N Scissor / Fe-S-Fe Rock
Fe-N=0 Bend / N-Fe-N Scissor / Fe-S-Fe Scissor 708.00
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Figure S15. DFT calculated NRVS spectra of RRE with two penglfide bridges. A) Structure of RRE with
two persulfide bridges, [E1-SSCH)2(NO)4] (Czr). Iron atoms are in light blue, sulfur in yellomitfrogen in
dark blue, oxygen in red, methyl groups in gray.DET calculated NRVS spectra of RRE with two p#ida

bridges, along witA®NO-subsituted an#'S (sulfide)-substituted versions, as indicated.
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Table S9. DFT calculated vibrational modes and frequencies foRRE with two persulfide bridges,
[Fex(u-SSCHs)2(NO)4]. The highlight colors indicate vibrations that esong in NRVS and Raman (green);
strong in NRVS and IR (red).

Mode DFT Frequency (cm™)
O=N-Fe-N=0 Rock / S-S-Me Rock 53.56
O=N-Fe-N=0O Wag / S-S-Me Rock 60.22
O=N-Fe-N=0 Scissor / Fe-S-Fe Rock / S(Cys)-S-S Wag 81.09
Fe-S-Fe Twist
S-Fe-S Rock
Fe-N=0O Bend / N-Fe-N Rock / S-Fe-S Wag / S-S-Me Rock 143.20
Fe-S-Fe Rock (Slight) 157.80
Fe-S-Fe Scissor 162.50
S-Fe-S Scissor/Stretch (Slight) / S-S-Me Scissor 204.07

S-Fe-S Scissor / S-S-Me Scissor
Fe-N=0 Bend / N-Fe-N Rock / S-Fe-S Asymmetric Stretch
Fe-N=0O Bend / N-Fe-N Rock/ S-Fe-S Rock
N-Fe-N Twist / S-Fe-S Scissor/Stretch
Fe-N=0O Bend / N-Fe-N Rock/Twist / S-Fe-S Asymmetric Stretch

N-Fe-N Wag / S-Fe-S Rock/Asymmetric Stretch

Fe-N=0O Bend / N-Fe-N Wag / Fe-S-Fe Rock
N-Fe-N Asymmetric Stretch
N-Fe-N Symmetric Stretch / Fe-S-Fe Scissor
Fe-N=0O Bend / N-Fe-N Wag / Fe-S-Fe Symmetric Stretch / S-Fe-S
Rock

N-Fe-N Asymmetric Stretch / Fe-S-Fe Twist
N-Fe-N Asymmetric Stretch / Fe-S-Fe Wag

Fe-N=0O Bend / N-Fe-N Scissor / Fe-S-Fe Rock

Fe-N=0O Bend / N-Fe-N Scissor / Fe-S-Fe Scissor
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