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1. FTIR raw data
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Figure S1.Raw data of the baseline-corrected data shown iar&ig. Normalized FTIR absorption spectra of theliedb
protein in natural abundance (top panel) and ofisb®pe label (bottom panel). The CN absorptiondsajef CN bound to
the heme and that of cyanylated cysteine) are Bupesed on a water baseline,(Hin the top panel and,D in the lower
panel).



2. Raw data of the ultrafast experiments
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Figure S2.Reproduction of Figure 4A-B in a single plot to shthe raw (not normalized) data of the maximum (etbs
circles, represented by a + in the legend) andmim (open circles; - in the legend) absorption. [Bgend denotes which
solvent is used for MeSCN. The HB2G™N protein is measured in 100mM phosphate buffeteNloat the protein signal is
multiplied by a factor 40. The continuous lines fitederived from global analysis.



3. Spectral diffusion for additional pump wavelenghs

0.02

0.00

-0.02

Aabs. / mOD

0.02

0.00

-0.02 2072 cm™
| | e 2074cm” ! } ! ' ! + 9, 7 | ' !
0.02 2076 cm”

Aabs. / mOD

0.00

Aabs. / mOD

-0.02

2040 2050 2060 2070 2080 2090
probe wavenumber / cm’”

Figure S3.Spectral diffusion of the 8C!N label. Reproduction of Figure 7, but with differgpump wavenumbers used
(closer to the main bleach).

4. Sample characterization and determination of the xinction coefficient of SCN in bovine hemoglobin

Extensive care has been taken to characterize radgiza the samples. We have subjected the sanpldy+

Vis spectroscopy, FTIR spectroscopy, analyticalagkntrifugation, dialysis, and mass spectromatiy:Vis
spectroscopy (Jasco V-670) allows the determinaifdhe heme concentration via the extinction dogedit for
metcyanohemoglobin (B8 at 540 nm (11 mM cmi* per heme grodd>9. Under the same conditions a control
experiment with sperm whale myoglobin (Sigma Aldjibas been done, revealing that all hemoglobimsitt
were occupied with a heme group (the absorpticdi@tnm was measured to be 3.8 times higher for grbim

at equal concentration). Because the heme grougs &igh affinity for CN’ and we used a 100 fold excess
concentration of KCN (see Materials and method®y tare considered to be fully saturated with CNalstical
ultracentrifugation (Beckman Optima-XLA) has rewshlthat our samples are predominantly (>70%) in
tetrameric form, 16% dimers of tetramers and 9% edim(data not shown). We are confident that our
spectroscopy samples were free of free heme griggsuse our samples have been subjected to two
consecutive dialysis steps (having a cut-off dfakDa, with the heme having a mass of roughly Bap

The labeling efficiency of our protocol has beested by maldi-mass spectrometry (Applied Biosystems
Voyager-DE PRO). We determined the mass of a fraadf the isotope-labeled protein that has beed tme
our laser experiments, and repeated this procdduie freshly prepared pure unlabeled methemoglobirol
sample (see Figure S4). We could not detect afgignt fraction of unlabeled protein in our labekeaimples,
nor substantial loss of our label over time.

It has been observed that cyanylation of cysteineslved in disulphide bridges can lead to cleavaf¢he
protein backbon&® We cannot exclude that a fraction of the protsicleaved, however, potential fragments



of 10.0 kDa and 6.0 kDa would have been removedibalysis (cut-off at 14 kDa) and are not visibhethe
mass spectra (see arrows in the inset of FigureT®jeduce potential cleavage the buffer cond#tioould be
adjusted to lower pH. Our measurements are caotieavith the sample after two fold dialysis andeastigation
by mass spectrometry and therefore cleavage ddesfhence the calculation of the extinction ciaéint as
well as all the other spectroscopic data.
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Figure S4.Maldi-mass spectra of Hb and**S"*N —Hb. The samples contain a 100-fold dilution fesponding to 5-1QM)

of our freshly prepared labeled sample and of fyephepared unlabeled protein solutions. The tirfierecyanylation is
depicted in each panel. Both panels share the sagend. As matrix a 1:10 ratio of 2,5-dihydroxybenzacid and 5-
methoxysalicylic acid is usedhe labels correspond to hemoglobin's sub-unitsly @e labeled samples have a higher mass
for the 3-subunits, corresponding to the mass differencetdwyanylation. Theheoretical mass difference is 27 mass units
for the isotope label, while we measure a diffeeeimcmass units of 27 and 29 in the top and bopamels, respectively.
The inset in the upper panel shows a zoom of theesgraph in an extended mass range. In the lowss mange only
higher-charged protein subunits are seen for bdttaitd Hb $C™N, but no significant peaks for cleaved protein due
cyanylation (expected at 10.0 kDa and 6.0 kDaciaigid by the arrows) are observed for tHESN samples.

In order to calculate the cyanylated cysteine cotvagion in our Hb samples for the determinationitsfIR
extinction coefficient, an accurate determinatidrthe pathlength in the IR was performed using shectral
fringes produced by an empty measurement cell. paiklength and the heme concentration (calculated

the absorption at 540 nm) where used to calculaelR extinction coefficient for one HbSCN and fero
HbS®C™N samples (The sample characterization reportesteahiows the calculation of the concentration of
SCN and &C'N from the heme concentration). The extinction fioet for CN and™*C'*N bound to the
heme (30 Mcm?) could be determined from the same samples anth feo concentration series for
metcyanohemoglobin. The extinction coefficient ehfe bound CN was then used to determine the cgstein
concentration for two additional samples for whiéhspectra had been measured. Assuming equal S@GN an
S™C™N extinction coeffcients, the 5 samples resultedriraveraged value for the SCN extinction coefficisf

41 + 5M'cm’* (see Table 1).



5. Extended Onsager plot with overview of protein &lues reported in literature
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Figure S5. Central wavenumber of the nitrile group of MeSCNdifferent solvents (left) and cyanylated cysteine i
different proteins (right). LeftCentral wavenumber of MeSCN'’s thiocyanate group wtipr(open symbols) and aprotic
(solid symbols) as function of the solvent fimsager. A linear fit (black line;R? = 0.76) of the central wavenumber as
function of the solvent fieldi(= ¥y + |4/| X Fonsager) is shown, resulting ifi, = 2165(2)cm™" and a Stark tuning rate of
Al = 7(2)-107° cm~1/(V/m) for the aprotic solvents reported here togethen wibse reported in previous publications.
The measured central wavenumber of SCN in Hb isctieghiby a green line. The data points symbolizeditgtes are
measured in this work, the data in squares is télen ref.® with the exception of DMF, which has been takerff?
Right: Central wavenumber of thiocyanate incorporatéal proteins (data points 1, 2, 5, 11, 12, 39 4B cre taken frorff,
3,4, 6,7, 8 and 33 to 38 froth 9 and 10 front®, 13 and 14 fron®®, 15 to 18 front, 19 and 20 frond®, 21 to 32 fronT’, and

41 from?2 Note that our value of 2156 €nis among the lowest reported so far.



6. Kamlet-Taft's solvatochromic relationship for MeSCN in different solvents
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Figure S6. The measured wavenumber shifts for MeSCN in diffesefvents are plotted against the shifts preditythe
Kamlet-Taft solvatochromic relationship equatiom fdeSCN (error in brackets); = 2163(2) + 7.6(0.8) - « — 8(2) -
B —4(3) " (R? = 0.94), wherea is the hydrogen bond donor aciditf/, the hydrogen bond acceptor basicitiy ariche
solvent dipolarity/polarizability®*” The black line represents the diagonal.
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