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Figure S1. EPR spectra of single variaBtHNL-H96A. Trace a is 0.1 mM Mnglin 80 mM
sodium oxalate/MES buffer, pH 5.5; trace b is cikf@amg/mL, i.e. 1.5 mM monomer, variant
enzyme in 20 mM Tris-HCI buffer, pH 7.5, and 200 nNCI; trace ¢ the enzyme of trace b

with 1 volume % benzaldehyde, 78 mM final concdrdra EPR conditions were as in Fig. 2.
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Figure S2. Dual-mode EPR spectra of wild-ty@HNL in the absence and presence of
benzaldehyde. The enzyme was circa 5 mg/ml, i38 WM monomer, in 20 mM Tris-HCI

buffer, pH 7.5 and 200 mM NaCl. The lower tracesiarthe presence of 1 volume %
benzaldehyde, 78 mM final concentration. In thépaiel the microwave is perpendicular to the
magnetic field; in the right panel the microwave@#sallel to the magnetic field. EPR conditions:
microwave frequency, 9.61 (normal) and 9.25 (pabebHz; microwave power, 80 mW;

modulation frequency, 100 kHz; modulation amplitu@gauss; temperature, 14 K.
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Figure S3. EPR spectra of triple varia@tHNL-A40H/V42T/Q110H. Trace a is circa 5 mg/ml,
i.e. 0.33 mM monomer, variant enzyme in 20 mM HiS}, pH 7.5, and 200 mM NacCl; trace b
is with 1 volume % benzaldehyde, 78 mM final concation; trace c is after 1:1 dilution and 5
minutes incubation with 36 mM mandelonitrile in 160/ Na-oxalate/MES buffer, pH 5.5. EPR

conditions were as in Fig 2.
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1. Production of GtHNL-WT and variants ther eof

GtHNL-WT and the variant&tHNL-H96A and GtHNL-A40H/V42T/Q110H were expressed
and purified, and their HNL activity was measuradhiplate reader assay as described béfore.
The standard protocol for metal removal and exchangs established by Hajnal et®and
metal analysis using ICP-OES was performed as ibestcin the same paper. Metal analysis
using a chemiluminescent and colorimetric assaylyagp luminol and PAR (4-(2-

pyridylazo)resorcinol) in a plate reader was penied according to Hoblorh.

2. Optimization of apo protein production

In the standard protocol for metal removalGHNL-WT purified protein was first dialyzed
against 2 L of 10 mM 2,6-pyridinedicarboxylic acitbnohydrate (PDCA) in 100 mM sodium
acetate and 150 mM NaCl, pH 5.5, for 26 h with bo#fer change and subsequently dialyzed

against 4 L of 20 mM Tris/HCI, pH 7.5, for 20 h ibne buffer change.

For the removal of metal ions froBtHNL-A40H/V42T/Q110H, the protocol had to be
adapted due to incomplete metal removal with thedard protocol. PDCA concentration was
increased to 20 mM and the time of dialysis wasmxéd to 50 h with one buffer change.

Results are given in Figure 4.

3. Enzymesand chemicalsused for EPR sample preparation
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Four enzyme solutions prepared as described alapee5tHNL, i.e. purified aposStHNL i.e.
without Mré* (=5 mg/mL in 20 mM Tris/HCI buffer pH 7.5 with 20@M NaCl); purified
GtHNL with Mn?* (~4.9 mg/mL with 60 % M loading in 20 mM Tris/HCI buffer pH 7.5 with
200 mM NaCl); purifiedGtHNL-H96A with Mn?*(~ 22 mg/mL with 46 % Mf loading in 20
mM Tris/HCI buffer pH 7.5 with 200 mM NacCl) and piigd GtHNL-A40H/V42T/Q110H with
Mn®* (~5.05 mg/mL with 57 % Mt loading in 20 mM Tris/HCI buffer pH 7.5 with 200N

NacCl).

A 1.5-2 M solution of HCN in MTBE was prepared asscribed earliet.Benzaldehyde was

freshly distilled and stored under nitrogen.

RacMandelonitrile was freshly synthesized via spoetars chemical reaction of HCN (1.7 M
in MTBE, 2 mL) and benzaldehyde (distilled, 150 jriL.potassium phosphate buffer (5 mM, pH
6.5, 1.5 mL) by stirring overnight at room temparat Extraction with MTBE, drying over
MgSQO, and evaporation of the solvent yielded prae-mandelonitrile that can be used up to 3
days after synthesis, when stored at -20 °C. Adterely commercial mandelonitrile (Acros or
Aldrich) was purified by column chromatographilliQ water was used for preparation of

solutions or dilutions. Buffers were prepared ascdeed earliet:**

Reconstitution and desalting of a@aHNL: 7 puL of a 100 mM MnGl solution (7.1¢ mmol
or five times excess) was added to 500 pL of @6NL (~5 mg/mL, 1.4.1d mmol) and
shaken at room temperature (300 rpm, 4h). Absosbazic 280 nm (Shimadzu UV-Vis
spectrometer, 50 pL quartz cuvette, path lengthni) evas used to determine protein
concentration before and after desalting. A PD trapi G-25 column (GE Healthcare) was used

for desalting against Tris-HCI buffer 20 mM pH Adth 200 mM NaCl according to the
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manufacturer’s gravity protocol. From eluate frant of 100 pL, the five with the highest
enzyme concentrations were combined (~ 500 pLj inacentration 4.8 mg/mL) and used for

EPR measurements.

Sodium dithionite treatment was performed with an®@ stock solution in 100mM Tris/HCI
buffer pH 8. This was added to 0.33 n®B#HNL (monomer) solution (20 mM Tris/HCI pH 7.5,
with 200 mM NacCl) under strictly anaerobic conditsowith Ar5.0 to a final concentration of 0.8

mM, i.e. 1.6 mM concentration reducing equivaleiitss was incubated for > 5 min.

4. EPR spectroscopy

EPR spectra at 9.6 GHz were recorded on a Bruk&1B& EPR spectrometer and recorded
from 100 to 6100 & 6400 Gauss in 336 s with thes toonstant set to 328 ms. Further EPR
conditions: microwave power 80 mW, modulation fregqey 100 kHz, modulation amplitude 8
gauss. Sample composition see table S1. Samples iwgrinciple carefully frozen in liquid
nitrogen directly after preparation, unless statéterwise. During analysis, the samples were

cooled within the spectrometer to 13.5 - 14.5 Knvligquid Helium.

Table S1. EPR sample composition

Spectrum Composition

Fig. 2a apoGtHNL + Mn**, desalted, ~4.8 mg/mL, i.e. 0.32 mM monomer, ereym
20 mM Tris/HCI buffer pH 7.5 with 200 mM NacCl; satewolume 0.2 mL

Fig. 2b GtHNL ~4.9 mg/mL with 60 % M#’ loading in 20 mM Tris/HCI buffer pH 7.5
with 200 mM NaCl; sample volume 0.25 mL

Fig. 2c As Fig. 2b but with 1 pl 1.7 M HCN in methyért-butyl ether to a fina
concentration of 8.5 mM; sample volume 0.20 mL

Fig. 2d As Fig. 2b but with 2 pl benzaldehyde to a finahcentration of 78 mM; sample
volume 0.25 mL

S7



Fig. 2e As Fig. 2b but with 0.5 pl mandelonitrile @ final concentration of 20 mM;
sample volume 0.20 mL

Fig. Sla 0.10 mM MnC} in Na-oxalate/MES buffer 80 mM pH 5.5; sample vo&i200
ML

Fig. S1b GtHNL-H96A ~ 22 mg/mL, i.e. 1.5 mM monomer, with 46 Rin°* loading in
20 mM Tris/HCI buffer pH 7.5 with 200 mM NacCl; satevolume 0.2 mL

Fig. Slc As Fig. S1b but with 2 pL benzaldehyde to a finaha@entration of 78 mM;
sample volume 0.2 mL

Fig. S2 upper As Fig. 2b
traces

Fig. S2 lower| As Fig. 2d
traces

Fig. S3a GtHNL-A40H/V42T/Q110H with MiA* ~5.05 mg/mL with 57 % Mt loading
in 20 mM Tris/HCI buffer pH 7.5 with 200 mM NaClasiple volume 0.25 mL

Fig. S3b As Fig. S3a but with 2 pl benzaldehydeysa volume 0.25 mL

Fig. S3c As Fig. S3a but diluted 1:1 with mandelonitrile iwgan of 36 mM in sodium
oxalate/MES buffer 160 mM pH 5.5, incubate 5 mamgle volume 0.2 mL
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