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Supplementary Methods

Expression in HEK293S-cells

For protein expression the coding sequence of human pro-Furin, covering the amino acids
23-574, was inserted into the plasmid pHLsec *. Using the restriction sites Xhol and Agel, the
insert was placed upstream to a secretion signal sequence encoded by the expression
vector. The native protein sequence was modified with a Factor-Xa cleavage site and a His-
tag, resulting in the artificial C-terminus SGSLVPRGSHHHHHH that is expressed after

Ala574.

Homogenously glycosylated protein was produced by transient transfection of a HEK293 Gnt’
cell line 2, using PEI as transfection reagent. Transfection and expression was performed
according to the procedure described by Aricescu and coworkers *. The ratio (w/w) of
transfection reagent to plasmid-DNA was 2:1 and 0.5 pg DNA were used per cm? of cultured
cells. Addition of 10 mM CacCl, increased the expression yield and transfection was carried
out at approx. 75% confluence of the culture. Multi-layer flasks (Triple-Flask, Nunc) were
used for large scale protein production. The medium was harvested 72 h and 120 h post
transfection. 120 ml and 60 ml medium were used during the first and second culture period,
respectively. Typically 2-4 mg of recombinant human furin were obtained per liter conditioned

medium.

Purification

For storage the conditioned medium was centrifuged (20 min, 4500 g, 20°C) and frozen in
liquid nitrogen. Prior to purification the medium was thawed in a water bath at 25°C and

filtrated, using a PVDF membrane (0.45 um pore size, Merck-Millipore). Next, dialysis was

S1



performed for 16 h at 20°C against a 20-fold excess of 25 mM Tris, pH 8.0, 250 mM NacCl,

5 mM CacCl, with NADIR (cutoff 10-20 kDa, Carl Roth GmbH) dialysis membrane. Human
furin was purified in a three-step chromatography scheme, using an Aekta Explorer FPLC
system (Amersham Pharmacia Biotech). Before application to a 1 ml HisTrap FF Crude (GE-
Healthcare) affinity column Imidazol was added to the medium, achieving an end
concentration of 10 mM. The column was washed with 10 column volumes of buffer A

(100 mM Tris, pH 8.0, 500 mM NacCl, 5 mM CacCl,) supplemented with 10 mM imidazole and
10 column volumes of buffer A supplemented with 20 mM imidazole. The protein was eluted
with 500 mM imidazol in buffer A. The eluate was diluted 10-fold in buffer B (10 mM Hepes,
pH 7.5, 100 mM NacCl, 2 mM CacCl,) and further purified by inhibitor based affinity
chromatography. The inhibitor affinity column was prepared by immobilization of a
biotinylated inhibitor on a HiTrap Strepavidin HP column as described previously °. The
inhibitor column was washed with 10 column volumes of buffer B and the protein was eluted
with buffer B supplemented with 500 mM NaCl. The eluate was concentrated to 2 mg ml™,
using an Amicon ultrafiltration membrane with 30 kDa cutoff (Merck-Millipore). The sample
was applied to a S 200 10-300 GL gel permeation chromatography column (GPC, GE-
Healthcare) and separated at 0.5 ml min™ in buffer B. The enrichment of the protein was
monitored after each purification step by determination of the specific activity and by SDS-
PAGE analysis (Supplementary Figure 1). Typically 50% of the starting material used was

recovered as purified sample by the described preparation scheme.

Enzyme kinetics

Furin activity assays were performed in 96-well plates at 37°C in a fluorometer (POLARSstar
Galaxy, BMG Labtech) using 380 nm as the excitation and 460 nm as the emission

wavelength as described previously *. The assay buffer contained 100 mM Hepes, pH 7.0,
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5 mM CacCl,, 0.5% (v/v) TritonX-100 at 37°C and 200 uM of the substrate pGlu-Arg-Thr-Lys-

Arg-AMC (Bachem).

The inhibition constant of Phac-RVR-Amba was determined at room temperature according
to the method of Dixon °, using the fluorescence plate reader Safire2 (Tecan) at 380 nm and
460 nm as excitation and emission wavelengths, respectively. Pyr-Arg-Thr-Lys-Arg-AMC was
used as substrate in 100 mM HEPES buffer, pH 7.0, containing 0.2% (v/v) Triton X-100,

2 mM CacCl2, 0.02% sodium azide and 1 mg ml™ BSA, as described previously °. The lowest
inhibitor concentration used was at least 10 times higher than the enzyme concentration in

the assay to avoid tight binding conditions.

The steady rates calculated from the linear progress curves obtained in presence of various
concentrations (10 nM-0.59 nM in the assay) of the tight binding inhibitors ortho-, meta- or
para-Phac-RVR-Amba and of a constant substrate concentration (Pyr-Arg-Thr-Lys-Arg-AMC,
12.5 uM in the assay) were fitted to equation 1 ’, where v, is the constant velocity in absence
of inhibitor, | and E are the inhibitor and enzyme concentrations, and Ki* is an apparent

inhibition constant at the substrate concentration used.

1
| (% +1-E)*+4K E|*~(K+I—E)

(1) D= UO F

The true Ki values were calculated from these apparent inhibition constants using equation 2.

) K, =—s=

All kinetic measurements were performed in triplicates.

S3



Crystallization and Structure Determination

Furin was concentrated to 140-150 pM (7.5 mg mI™*) and 11 ® was added to a final
concentration of 290 uM prior to crystallization. 15 initial conditions were identified in the
Hampton crystal screens I+II (Hampton Research). The most promising crystals grew in 4 M
sodium formate and were optimized in several fine- and additive screens. Final crystals were
grown within two weeks up to a size of 40x80x1000 pum at 30°C in 50 mM Tris, pH 8.5, 2.8 M
sodium formate and 0.015 mM Cymal-7 as additive. For the structural investigation of the
complex of Furin with 12 ® 11-containing crystals were washed 5x in 0.5 pl crystallization
solution supplemented with 3 mM of the inhibitor 12 and finally incubated for 5 days. Before
data collection the rod shaped crystals were fragmented into approx. 250 um sized parts and
mounted in 50x500 pum elliptical loops (Molecular Dimensions) for diffraction data collection
at 100 K at the BESSY-Il beamline 14.1 of the Helmholtz-Zentrum Berlin (HZB) °. Flash
cooling was performed in crystallization solution, supplemented with 15% (v/v) ethylenglycol.
For correct identification of additional metal ions observed in the structure a second dataset
was collected from another section of the same I1-crystal at low energy. XDS (v.03/2013 *°)
was used for integration and data reduction and the data were analyzed with programs of the
CCP4-suite (CCP4 v.6.3.0, CCP4 interface v.2.2.0, ). The Ry sets of reflections were
defined in thin shells, using DATAMAN 2. The structure was solved by molecular
replacement, using the structure of mouse Furin (PDB-ID 1P8J, *°) as search model in
PHASER . The crystals belong to the spacegroup P2,2,2, with 6 furin molecules in the
asymmetric unit, each with one inhibitor molecule bound to the active site cleft. Model
building was carried out in COOT (v.0.6.2, °). CNS (v.1.3, '°) was used for refinement,
applying tight NCS-restraints to the main chain atoms of the protein. Refinement parameters
of the meta-guanidinomethyl-Phac-, Phac- and Amba-moieties of the inhibitors, including

bond length, bond angels, dihedrals and force constants, were derived from small molecule
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structures of the Cambridge structural database . B-factor analysis was performed with

MOLEMAN *8. PYMOL (http://www.pymol.org) was used for molecular graphics.
Thermal denaturation assays

Thermal denaturation analysis (also called thermoflour assay, *°) was performed in 40 mM
sodium borate, pH 7.5, 100 mM NaCl, 2 mM NacCl, 2 mM CacCl, and 15x Sypro-Orange (Life
Technologies), adding 1.5 uM of each, the protease and the inhibitor. The borate buffer was
chosen because of its pH-stability in the desired temperature interval and because
phosphate buffer would precipitate CaCl,, affecting the substrate binding properties and the
heat stability of Furin. Melting curves were determined with an IQ5 realtime PCR cycler
(Biorad), measuring the increase of the fluorescence at excitation and emission wavelengths
of 490 nm and 575 nm, respectively. Heating was performed in 0.2°C steps with a
subsequent dwell time of 10 s. The first order derivatives of the data were determined in
SPECTRA ANALYSIS (v.1.53.04, Jasco Corporation) using the Savitzky-Golay method. The
melting temperatures (T,,) were derived from the peak temperatures of the first order

derivatives of the melting curves.
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Supplementary Figures
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Supplementary Figure 1 Purification of human furin. (a) SDS page analysis of samples

obtained during purification of conditioned medium collected from HEK293S cells (Medium),

flow-through (FT) and eluate of immobilized metal ion affinity chromatography (IMAC), eluate

after inhibitor based affinity purification (Affi) and eluate after gel permeation chromatography

(GPC). (b) Specific activity of human furin in the conditioned medium, after IMAC, Affi and

GPC.
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Supplementary Figure 2 Single amino acid substitutions between human and mouse furin.
Human (cyan) and mouse (magenta) furin were aligned and are shown as stick model. The
F.-F. difference electron density omit map is contoured at 3.5 o for the amino acids

lle451-1le454 (human furin sequence).
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Supplementary Figure 3 Detailed view on the calcium binding sites observed in the human

furin structure. The stereo panels show the Ca-carbon trace of the protease as cartoon

S8



representation (yellow). The inhibitor and important residues of furin are shown in dark grey
(ball and stick model) and in cyan (stick model), respectively. Using data measured at a
wavelength of 2.07 A (Supplementary Table 2) and phases from the refined model (Ca**-ions
were omitted), an anomalous difference map was calculated (green mesh, contoured at 5 ),
indicating the location of potential calcium ions. Selected water molecules are shown as red
spheres. (a) Calcium binding site 1 (Ca** ). (b) Calcium binding site 2 (Ca** I1). (c) Calcium

binding site 3 (Ca** Il).
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Supplementary Figure 4 Detailed view on the sodium binding site observed in the human
furin structure. The stereo panel shows the Ca-carbon trace of the protease as cartoon
representation (yellow). The F,-F. difference electron density omit map of the sodium ion,
Na" (1), is shown as purple mesh and is contoured at 10 . Selected water molecules are

shown as red spheres.
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Supplementary Figure 5 Comparison of the inhibitor bound active site clefts of human and
mouse furin. Human and mouse furin are colored cyan and magenta, respectively. The
protein backbone of the aligned structures is shown in ribbon representation. The side chains
of the catalytic residues are given as stick model. Inhibitor I1 (human furin) and the
covalently attached dec-Arg-Val-Lys-Arg-chloromethylketone peptide (mouse furin) are

shown as ball and stick model. CaZ2 is shown as sphere.
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Supplementary Tables

Supplementary Table 1 Inhibitor constants.

Inhibitor Ki (pM)
CHO-expressed HEK293S-expressed
furin with complex | furin with homogenous
glycosylation 2 glycosylation (this study)
Phac-RVR-Amba (12) 810 977 + 196
ortho-guanidinomethyl- Phac-RVR-Amba 2901 196 + 15.2
meta-guanidinomethyl- Phac-RVR-Amba (I11) | 8 16.7+ 0.6
para-guanidinomethyl- Phac-RVR-Amba 16 9.7+15

& Values taken from: refs 6 and 8

Supplementary Table S2 Data collection statistics of anomalous data.

Inhibitor 11

Wavelength (A) / energy (keV) of data collection | 2.07 /6

Unit cell parameters P2,2:2,

a(A),bA), c(A) | 141.97, 152.78, 167.90

Resolution range * (A) 50.0-2.5 (2.65-2.50)
Rpim # ° (%) 7.1 (38.8)

Rmeas ? (%) 9.7 (54.2)

I/sigl @ 9.6 (1.9)
Anomalous completeness ? (%) 93.9 (89.0)
Anomalous observations: total / unique 442,572/ 227,804

@Highest resolution shell is given in parentheses.

® Calculated in SCALAZ in the resolution ranges (given in A): 50-2.51(2.64-2.51).
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