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Supplementary Methods 49 

Expression and purification of proprotein convertases. 50 

The expression plasmids for furin (Asp23-Ala574, UNP P09958 1-3), furinT562R (Asp23-Ala574 51 
with Thr562Arg-mutation, UNP P09958 4), PC5/6 (Arg33-Gly634, UNP Q92824, 1) and PC7 52 
(Pro44-Thr667, UNP Q16549, 1) were synthesized and cloned by GeneArt (Thermo Fisher 53 
Scientific). In all cases, the DNA was codon-optimized for Homo sapiens. The constructs were 54 
modified at the 5’-end 55 
(TGATCAGCCACCATGGGGATTCTTCCCAGCCCTGGGATGCCTGCGCTGCTCTCCCTCG56 
TGAGCCTTCTCTCCGTGCTGCTGATGGGTTGCGTAGCTGAAACCGGT) including the 57 
secretion signal sequence and a Bcl-I restriction site. At the 3’-end the sequences of furin (wild-58 
type) and of PC5/6 as well as PC7 were extended by 59 
AGCGGTAGCCTGGTGCCGCGCGGCAGCCACCACCATCACCACCACTGATGACTCGAG 60 
and GGATCCCACCACCATCACCACCACTGATAATCACTCGAG, respectively. The DNA 61 
sequences of furin (wild-type), PC7 and PC5/6 were inserted into the pCDNA3.1(+) expression 62 
vector (Invitrogen, Thermo Fisher Scientific) using BclI and XhoI for the insert-DNA fragment 63 
as well as BamHI and XhoI for the vector-DNA fragment. The 5’- and 3’-ends of the furinT562R 64 
coding sequence were modified with ACCGGT and 65 
AGCGGTAGCCTGGTGCCGCGCGGCAGCCACCACCATCACCACCACTGA TGACTCGAG. 66 
The modified DNA sequence of furinT562R was inserted in the expression vector pHLsec 5 using 67 
the restriction enzymes AgeI and XhoI. The pCDNA3.1(+)-derived plasmids were linearized 68 
with ScaI (FastDigest, Thermo Fisher Scientific) and used for stable transfection of HEK293S 69 
(ATCC CRL3022) cells 1.  70 

Cells were grown in DMEM (4.5 g l–1 glucose, 2 mM L-glutamine, 110 mg L–1 sodium pyruvate, 71 
3.7 g L–1 NaHCO3, nonessential amino acids; PAN-Biotech GmbH) supplemented with 10% 72 
(v/v) FBS (Qualified Standard Origin Brazil, Gibco, Thermo Fisher Scientific). Polyclonal 73 
selection of stable cell lines was conducted in the presence of 500 μg mL–1 G418 (Geneticin, 74 
Carl Roth GmbH). Large-scale protein expression was performed in multilayer flasks 75 
(HyperFlask M, Corning) without G418. For protein expression the medium of confluently 76 
grown cells was exchanged with DMEM supplemented with 2 mM sodium butyrate as well as 77 
with FBS (2% (v/v), furin) or without FBS (PC5/6 and PC7). The medium exchange was 78 
repeated five (furin) or two (PC5/6 and PC7) times every 2-3 days. After harvest the 79 
conditioned medium was centrifuged (20 min, 5500 g, 4 °C) and stored at −80 °C until further 80 
use. FurinT562R was expressed by transient expression of HEK293S 2,3 in 175 cm2 cell culture 81 
flasks (CELLSTAR TC, Red filter screw cap, Greiner Bio-One) with 2% (v/v) FBS, and 5 mM 82 
CaCl2 according to the procedure described by Aricescu and coworkers 5. The ratio (w/w) of 83 
transfection reagent to plasmid-DNA was 2:1 and 0.5 μg DNA were used per cm2 of cultured 84 
cells. The medium was exchanged 24 h after transfection by DMEM without FBS but 85 
supplemented with 2 mM CaCl2. After 72 h the conditioned medium was harvested, 86 
centrifuged and stored as described above. 87 

Before purification, the medium was thawed in a water bath at 37°C and concentrated by 88 
ultrafiltration (Omega 10K ultrafiltration membrane, Pall) in a tangential flow concentrator 89 
(Centramate, Pall). During concentration the medium was cooled on ice. Purification steps 90 
were performed at ~22°C if not stated otherwise. Concentrated medium was diluted 1:5 in 91 
buffer A (100 mM Tris/HCl, pH 8.0, 500 mM NaCl), concentrated again and filtered using a 92 
0.22 µm membrane (GP Millipore Express PLUS, Millipore). Prior to immobilized metal affinity 93 
purification (IMAC) buffer B (buffer A supplemented with 500 mM imidazol) was added to the 94 
medium to reach a concentration of 10 mM imidazole. NiNTA-superflow resin (Qiagen) was 95 
equilibrated in buffer A + 10 mM imidazole, added to the medium and incubated for 30 min. 96 
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The suspension was loaded on a gravity flow column jacket, washed three times with 10 bed 97 
volumes (cv) of buffer A + 10 mM imidazole and eluted four times with 1 cv buffer B.  98 

Furin (wild-type and Thr562Arg) was further purified using immobilized inhibitor affinity 99 
purification 6. For this purpose, the IMAC elution fractions with the highest protein content were 100 
pooled, diluted 1:5 with 10 mM Hepes/NaOH, pH 7.4, 2 mM CaCl2 and loaded on the inhibitor 101 
affinity column. The protein was eluted with 10 mM Hepes/NaOH, pH 7.4, 500 mM NaCl and 102 
2 mM CaCl2, diluted 1:5 with 10 mM Hepes/NaOH, pH 7.4, 2 mM CaCl2 and concentrated by 103 
ultrafiltration (Amicon Ultra 15 Centrifugal Filter Ultracel 30K, Merck Millipore). 104 

PC7 was diluted in 50 mM Tris/HCl, at pH 7.5, 10 mM CaCl2, and 0.15 M NaCl to 50 μg mL–1 105 
and activated with thermolysin (2.0 μg mL–1) for 16 h at 37 °C. The reaction mixture was 106 
concentrated by ultrafiltration (Amicon Ultra 15 Centrifugal Filter Ultracel 30K, Merck Millipore) 107 
and subjected to gel permeation chromatography (GPC, both steps at 4 °C). 108 

IMAC fraction of PC5/6 were concentrated by ultrafiltration (Amicon Ultra 15 Centrifugal Filter 109 
Ultracel 30K, Merck Millipore) and subjected to GPC. For PC5/6 and PC7 GPC was performed 110 
on a Superdex 200 10/300 GL column (GE Healthcare) coupled to a coupled to a 111 
chromatography system (Aekta Purifier with Unicorn 5.31 software, GE Healthcare) using 112 
10 mM Hepes/NaOH, pH 7.4, 100 mM NaCl and 2 mM CaCl2. Fractions with high protein 113 
content were pooled and concentrated by ultrafiltration.  114 

Cloning of PC1/3-prodomain constructs. 115 

The expression vectors covering the amino acids 28-110 of human PC1/3 (PCSK1, UNIPROT-116 
ID P29120) were synthesized and cloned by GeneArt (Thermo Fisher Scientific, wild-type 117 
PC1/3-prodomain, M1-M5, His6-M5, M9 and M10). In all cases the coding sequences (CDS) 118 
were codon-optimized for E. Coli. The CDS of the wild-type PC1/3 prodomain, M2, M3, M9 119 
and M10 were modified at the 5’-end with the sequence 120 
CCATGGGCCATCATCATCATCATCACTCTGGTACCGAAAATCTGTATTTTCAGGGT 121 
adding a NcoI restriction site, the His-tag sequence and the TEV cleavage site. The 3’-end of 122 
the CDS was modified with the sequence TGATAGCTCGAG that contains a XhoI restriction 123 
site. The insert sequences for M1, M4-M8 and wild-type PC1/3-prodomain. For the wild-type 124 
protein a second construct type were generated (that essentially lead to the same protein after 125 
TEV-cleavage and is expressed and purified in the same way) containing from the 5’-end to 126 
the 3’-end the sequence CCATGGGCCATCATCATCATCATCACTCTGGCCAT (including a 127 
NcoI restriction site and the His-tag sequence), the DNA sequence covering the amino acids 128 
25-260 of the Uniprot entry A0A1S4NYF2 (mNeonGreen), the sequence 129 
TCTGGTACCGAAAATCTGTATTTTCAGGGTAA coding for the TEV-cleavage site, the 130 
sequence of the PC1/3 prodomain and the sequence TGATAGCTCGAG that contains a XhoI 131 
restriction site. The CDS of His6-M5 was modfied at the 5’- and 3’-end with the sequences 132 
CCATGGGCCATCATCA TCATCATCACTCTGGCCATATG (NcoI restriction site and His-tag) 133 
and TGATAGCTCGAG (XhoI restriction site), respectively. The DNA sequences of all PC1/3-134 
prodomain variants were inserted in the pET28a(+) expression vector (Novagen) between the 135 
NcoI and XhoI restriction sites. PC1/3 prodomain constructs M6, M7 and M8 (His72 mutants 136 
of the wild-type PC1/3-prodomain) were generated by site-directed mutagenesis using the 137 
primer pairs GTTCACTTGAAAATCACTACTTATTCAAAAATAAAAACCACCCCAGAAGGTC 138 
(forward) and 139 
GACCTTCTGGGGTGGTTTTTATTTTTGAATAAGTAGTGATTTTCAAGTGAAC (reverse), 140 
GTTCACTTGAAAATCACTACTTATTCAAAGATAAAAACCACCCCAGAAGGTC (forward) 141 
and GACCTTCTGGGGTGGTTTTTATCTTTGAATAAGTAGTGATTTTCAAGTGAAC 142 
(reverse) as well as 143 
GTTCACTTGAAAATCACTACTTATTCAAACTGAAAAACCACCCCAGAAGGTC (forward) 144 
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and GACCTTCTGGGGTGGTTTTTCAGTTTGAATAAGTAGTGATTTTCAAGTGAAC 145 
(reverse), respectively. 146 

Cloning of nanobody-PC1/3-prodomain fusion constructs. 147 

The expression vectors covering the amino acids 3-119 of the nanobody Nb14 (PDB-ID 5JMR, 148 
4) and the amino acids 29-110 of the PC1/3-prodomain mutants M5 and M9 were synthesized 149 
and cloned by GeneArt (Thermo Fisher Scientific). In all cases the coding sequences (CDS) 150 
were codon-optimized for E. Coli. The insert sequences contained from the 5’-end to the 3’-151 
end the sequence 152 
CATATGAAATACCTGCTGCCGACCGCTGCTGCTGGTCTGCTGCTCCTCGCTGCCCAGC153 
CGGCCATGGCCCAGGGTAGCCATCACCATCATCATCATAGCGGTGAAAATCTGTATTTT154 
CAGGGTAGT (NdeI restriction site, pelB leader sequence, His-tag and TEV-cleavage site), 155 
the CDS of Nb14, GGTCAGGTTACTAGTGCCGGTGCTAGCGGTCAG (a linker sequence) 156 
and the sequence TGATAACTCGAG (XhoI restriction site). The DNA sequences of all PC1/3-157 
prodomain variants were inserted in the pET28a(+) expression vector (Novagen) between the 158 
NdeI and XhoI restriction sites.  159 

Cloning of the nanobody Nb14 160 

The expression vector of the nanobody Nb14 covering the amino acids 29-106 of the PC1/3-161 
prodomain mutant M9 and the amino acids 3-119 of the nanobody Nb14 (PDB-ID 5JMR, 4) 162 
was synthesized and cloned by GeneArt (Thermo Fisher Scientific). The coding sequences 163 
(CDS) were codon-optimized for E. Coli. The insert sequences contained from the 5’-end to 164 
the 3’-end the sequence 165 
CATATGAAATACCTGCTGCCGACCGCTGCTGCTGGTCTGCTGCTCCTCGCTGCCCAGC166 
CGGCCATGGCCCAGGGTAGCCATCACCATCATCATCATAGCGGTGAAAATGCATTTTAT167 
AATGGTGGTCAG (NdeI restriction site, pelB leader sequence, His-tag, linker), the CDS of 168 
the PC1/3-prodomain mutant M9, the sequence AATCTGTATTTTCAGGGTAGT (linker and 169 
TEV-cleavage site), the CDS of Nb14 and the sequence TGATAACTCGAG.  170 

  171 
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Supplementary Figures 172 

 173 

 174 

Figure S1 Limited proteolysis assays of PC1/3-prodomain variants. SDS-PAGE analysis 175 
limited proteolysis assays of A) the wild-type PC1/3-prodomain as well as mutants B) M1, C) 176 
M2, D) M3, E) M4 and F) M5. Assays were either performed with (+Furin) or without furin 177 
(Control). The bands of furin and of the PC1/3-prodomain are highlighted by open and closed 178 
arrowheads, respectively.  179 

 180 

  181 
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 182 

 183 

Figure S2 Inhibition of furin by the PC1/3-prodomain mutants A) M1, B) M2, C) M3, D) M4 and 184 
E) M5 under tight binding conditions. The fit of the points with the Morrison equation is always 185 
shown as line. Error bars represent the standard deviations of three replicates (n=3). 186 

  187 



8 
 

 188 

Figure S3 First order derivatives of the melting curves of PC1/3-prodomain variants at A) pH 189 
6.0 and B) 7.4 as well as of furin:PC1/3-prodomain complexes at C) pH 6.0 and D) pH 7.4. (M 190 
= mutant, WT = wild-type) 191 

 192 

 193 

  194 
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 195 

Figure S4 Structure of the PC1/3-prodomain mutants A) M2 (pH 7.0) and B) M5 (pH 5.9) bound 196 
to furin. Furin (standard orientation) is colored in yellow (cartoon) and the active site residues 197 
are shown as stick model. The prodomain is shown as stick model (cyan). The composite 2Fo-198 
Fc omit electron density map is contoured at 1 σ (blue mesh). The canonical interacting C-199 
terminal residues 107-110 (P1-P4) are marked. A) The secondary cleavage site loop is marked 200 
in magenta. Note that this loop of M2 carries the sequence 77-ARSAA instead of the wild-type 201 
sequence 77-RRSRR. B) No electron density of the secondary cleavage site loop of M5 was 202 
observed at pH 5.9. The flanking residues His72 and Ala83 of this loop, which still revealed a 203 
defined electron density are marked in green. Thus, the secondary cleavage site loop residues 204 
could not be modeled, and the dashed, magenta-colored arrow indicates the chain break 205 
between His72 and Ala83.  206 

  207 
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 208 

Figure S5 Interactions of the PC1/3-prodomain with furin. The structure of M2:furin is shown 209 
as cartoon. The prodomain and Furin (in standard orientation) are colored in cyan and 210 
yellow, respectively. The secondary cleavage site loop is marked in magenta. Hydrogen 211 
bonds are marked by dashed lines. Important residues are given as stick model. S62 was 212 
modeled in alternative conformations (S62A and S62B). 213 

 214 

 215 

  216 
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 217 

Figure S6 Microcrystals of the M5:furin complex. A) Overview picture of a typical crystallization 218 
drop. B) Microcrystals at higher magnification with 50 µm scale indicated. C) SDS-PAGE 219 
analysis of dissolved microcrystals in comparison to the furin and M5-preparations used for 220 
preparation of the crystallization drop. The bands of furin and of the PC1/3-prodomain are 221 
highlighted by open and closed arrowheads, respectively.  222 

  223 
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 224 

Figure S7 Structure of the secondary cleavage site and flanking regions of A) isolated M2 (M 225 
= mutant) and B) M2 bound to furin. The prodomain is shown as stick model (cyan) and the 226 
composite 2Fo-Fc omit electron density map is contoured at 1 σ (blue mesh). Note that the 227 
secondary cleavage site loop of M2 carries the sequence 77-ARSAA instead of the wild-type 228 
sequence 77-RRSRR.  229 

  230 
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 231 

Figure S8 Completeness of the chemical shift assignments for 1H, 13C and 15N nuclei. The 232 
chemical shift assignments are rather complete except some residues in the C-terminus (1H, 233 
13C and 15N), some quaternary carbons, which are quite often not assigned and irrelevant for 234 
NOE assignments and some 15N chemical shifts, either due to the lack of amide protons (Pro) 235 
or non-observable signals in 1H-15N correlations (Ser63, Arg80, His85 and Ser108) and hard 236 
to assign side chain signals e.g. Nε of Arg. A) Number of assigned 1H chemical shifts per 237 
residue (blue) and maximal observable chemical shifts per residue (grey). B) Number of 238 
assigned 13C chemical shifts per residue (blue) and maximal observable chemical shifts per 239 
residue (grey). C) Number of assigned 15N chemical shifts per residue (blue)  and maximal 240 
observable chemical shifts per residue (grey). Chemical shifts of Nζ of arginines were not 241 
included, because their correlations are typically not observable at neutral conditions.  242 

  243 
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 244 

Figure S9 Secondary structure and flexibility analyses of the PC1/3-prodomain. A) Secondary 245 
structure predicted from the 13C chemical shifts (n=1) of Cα and Cβ in comparison to secondary 246 
structure found in the crystal structure. Light blue bars indicate β-sheets, red bars α-helices. 247 
Data were smoothed according to (0.25*∆δ(i-1)+ 0.5*∆δ(i)+ 0.25*∆δ(i+1))/4 with i as residue 248 
number. "rc” represents the diamagnetic random coil chemical shift. B) Steady state 15N{1H} 249 
nuclear Overhauser effect data (n=1) of 15N-labeled PC1 prodomain measured at 298 K. 250 
Prolines that lack a detectable signal are marked with a P. Residues with missing or 251 
unassigned signals are indicated by an asterisk. Bars with values larger than 0.6 indicative of 252 
rigidity are shown in blue. Bars of flexible residues are indicated in red. 253 

 254 

  255 
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 256 

Figure S10 NMR-spectra used for NOE determinations. Regions of a 2D 1H-1H NOESY 257 
spectrum illustrating key NOE cross-peaks. The spectrum was recorded with a 15N-labeled 258 
protein using a mixing time of 100 ms, 96 transients, 1024 × 700 complex points and 15N 259 
decoupling. 260 

  261 
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 262 

Figure S11 Tautomeric states of the histidine residues in the PC1/3-prodomain. A) 2D 15N-263 
HMBC spectrum of the PC1/3-prodomain at 298 K, pH 7.4 with assignment. B) The three 264 
possible tautomeric states of histidine side chains: the most common neutral Hε2 form (left), 265 
the less common neutral Hδ1 form (middle) and positively charged form (right) with their typical 266 
signal patterns in the 15N-HMBC spectrum. His72, His75 and His85 correspond to the typical 267 
pattern of the most common Nε2H neutral tautomer. The pattern of His67 indicates a mainly 268 
positively charged side chain in fast exchange with a minor population of the neutral and rare 269 
Hδ1 form.  270 

  271 
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 272 

 273 

Figure S12. Estimation of pKa values of histidines in the PC1 prodomain. A) 1H-15N HMBC 274 
spectra of 15N-PC1 prodomain at 278 K. Overlay of spectrum at pH 7.4 (blue with 275 
assignments), pH 6.8 (green), pH 6.6 (yellow), pH 6.3 (orange) and pH 6.0 (red). B) The 276 
chemical shift of His δNδ1 as a function of pH. Data points were fitted to estimate the pKa of 277 
each histidine under the assumption that at pH 2.0 all histidine residues are protonated and 278 
that the 15N chemical shift will be then 176 ppm. 279 

 280 

  281 
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 282 

Figure S13. Limited proteolysis assays of PC1/3-prodomain H72-mutants. SDS-PAGE 283 
analysis limited proteolysis assays of A) the wild-type PC1/3-prodomain as well as of the 284 
mutants B) M6, C) M7 and D) M8. Assays were either performed with (+Furin) or without furin 285 
(Control). The bands of furin and of the PC1/3-prodomain are highlighted by open and closed 286 
arrowheads, respectively. 287 

 288 

  289 
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 290 

Figure S14 Inhibition of furin by PC1/3-prodomain mutants under tight binding conditions at A) 291 
pH 6.0 B) pH 7.4. The fit of the points with the Morrison equation is always shown as line. Error 292 
bars represent the standard deviations of three replicates (n=3). (M = mutant) 293 

 294 

 295 

  296 
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 297 

Figure S15. Predicted structure of the fusion protein F1 in complex with furin. The confidence 298 
score (pLDDT) of the structure prediction by Alphafold 3 is shown as color gradient. Blue colors 299 
represent pLDDT values close to 100 that indicates modelling with high confidence. Red colors 300 
represent pLDDT values <50 that were modelled with low confidence. The ipTM value of the 301 
complex is 0.9. The PAE values of furin and of the fusion protein are 1.05 and 1.16, 302 
respectively. 303 

 304 

 305 

  306 
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 307 

 308 

Figure S16 Specific inhibition of furin by nanobody-PC1/3-prodomain fusion proteins. A) Linear 309 
relationship of IC50-values in dependence of substrate concentration/Km indicates a competitive 310 
inhibition of furin by F2 under tight binding conditions. The Ki value is given by the slope of the 311 
line (1.71 ± 0.66 pM). Inhibition of furin by B) F1 and C) F2 under tight binding conditions. The 312 
fit of the points with the Morrison equation is always shown as line. Inhibition of D) furinT562R, 313 
E) PC7 and F) PC5/6 by F1 and F2 fitted with an equation for competitive inhibition (line). Error 314 
bars represent the standard deviations of three replicates (n=3). 315 

 316 

  317 
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 318 

Figure S17 Detection of the fusion proteins F1 and F2 in cell culture supernatant of A549 cells 319 
after cultivation for 0-72 h. Anti-nanobody western blot using medium without the fusion 320 
proteins and the recombinant fusion proteins as positive and negative controls, respectively. 321 
The Western blot shown is representative of three experiments. 322 

 323 

  324 
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 325 

Figure S18 Alignment of the herein determined structure of isolated the PC1/3-prodomain 326 
mutant M2 (cyan) and of the NMR-structure of the mouse PC1/3-prodomain (gray, PDB-ID 327 
1KN6, 7). The Cα-atoms of the structures are shown as ribbon representation. The secondary 328 
cleavage site loop of M2 is highlighted in magenta. A) Two orientations of M2 rotated by 90° 329 
as indicated. One structure (first structure in PDB-file) of the ensemble of the PDB-ID 1KN6 330 
is shown. B) Stereo representation showing all 20 structures of the PDB-ID 1KN6. 331 

 332 

  333 
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Supplementary Tables 334 

Table S1. Data collection and refinement statistics. 335 

Data collection statistics    

PC1/3-prodomain mutant M5 M2 M2 
PDB ID 9FID 9FIE 9FIC 
pH-value of crystallization 5.9 7.0 8.3 

Number of crystals   79 5 1 

Beamline ESRF ID23-2 ESRF ID23-1 ESRF ID23-1 
Wavelength 0.8731 0.8856 0.8856 

Space group  P21 P1 P61 

Unit cell parameters: a(Å), b (Å), c (Å) 58.5, 197.0, 99.9   82.8, 83.7, 103.2 60.0, 60.0, 40.5 

α(°), β (°), ɣ (°) 90.0, 106.8, 90.0 98.5, 89.9, 95.9 90.0, 90.0, 120.0 
Resolution range a (Å) 49.2-2.4 (2.46-2.40) 46.6-2.0 (2.05-2.00) 30.0-1.3 (1.38-1.30) 

Rmeas a (%) 53.1 (247.7) 21.0 (126.1) 9.5 (99.1) 

I/sigI a 4.9 (1.3) 5.5 (1.2)  13.9 (2.0) 
CC1/2 (%) a 93.3 (23.9) 98.9 (57.8) 99.9 (77.8) 

Completeness (%) a 75.1 (78.3) 99.7 (99.6) 100.0 (100.0) 

No. of observations (total/unique) 1,291,211 / 63,282 716,591 / 183,598 207208 / 20558 
Redundancy 20.4 3.9 10.1 

Refinement statistics    

Protein molecules / asymmetric unit 6 8 1 
No. of non-hydrogen atoms 12452 18219 774 

Protein / water / other 12337 / 106 / 9 17315 / 871 / 33 675 / 96 / 3 

Rwork/Rfree 22.8 / 25.2 19.7 / 21.9 14.2 / 17.2 
B-factors (Å2)    

Overall/Wilson plot 35.8/37.8 31.1/31.3 18.1 / 19.4 

Protein / water / other 35.8 / 30.5 / 39.9 31.2 / 29.6 / 37.0 16.3 / 30.1 / 18.5 
RMSD bond length (Å) 0.003 0.003 0.007 

RMSD bonded B-factors (Å2) 3.3 1.9 2.3 
a Values of the highest resolution shell are given in parentheses 336 

 337 

  338 
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Table S2. Observed nuclear Overhauser effects (NOEs) in solution supporting the 339 
conformation in the crystal structure. 340 

Observed NOESY cross-peaks Observed cross-peak intensity Distance in crystal structure 
xx loop close protons  [Å] 

His72 Hδ2 Ile86 Hγ2 +++ a 2.9 

His72 Hδ2 Ile86 Hδ1 + a 3.3 

His72 Hε1 Asn74 HN + a 3.1 

His72 Hε1 Asn74 Hβ2 +++ a 2.6 

His72 Hε1 Asn74 Hβ3 ++ a 4.0 

His72 Hε1 His75 HN + a 3.3 

His75 Hδ2 Ile86 Hδ1 ++ a 3.3 

His75 Hε1 Ala83 Hβ +++ a 2.6 

Arg77 Hα Asn33 Hβ3 + a 3.1 
Ser79 HN Phe31 HN + b 3.2 

Ser79 Hβ2 Arg81 HN ++ b 3.1 

Ser79 Hβ3 Arg81 HN + b 3.9 

Arg80 Hα Phe31 HN + b 3.3 

Ser82 Hβ2 Phe31 Hε + a 2.5 

Ser82 Hβ2 Phe31 Hζ + a 3.6 

Ser82 Hβ3 Phe31 Hε + a 4.1 

Ser82 Hβ3 Phe31 Hζ + a 5.1 

 341 
a 2D 1H-1H NOESY 342 
b 3D 15N-edited NOESY 343 
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Table S3. Overview of enzyme kinetic measurements. 345 

Enzyme [Enzyme] 
in nM 

Inhibitora Substrateb [Substrate]  
in µM 

Conditionc Km ± SEM 
used for 
analysis in µM  

Analysis 
modeld 

Furin 0.5 M1 1 100 1 39.0 ± 2.1 1 
Furin 0.5 M2 1 100 1 39.0 ± 2.1 1 
Furin 0.5 M3 1 100 1 39.0 ± 2.1 1 
Furin 0.5 M4 1 100 1 39.0 ± 2.1 1 
Furin 0.5 M5 1 100 1 39.0 ± 2.1 1 
Furin 0.05 F1 1 150 1 43.2 ± 1.1 1 
Furin 0.05 F2 1 100 1 43.2 ± 1.1 1 
Furin 1.0 M1 2 10 2 4.94 ± 0.39 1 
Furin 1.0 M2 2 10 2 4.94 ± 0.39 1 
Furin 1.0 M5 2 10 2 4.94 ± 0.39 1 
Furin 1.0 M9 2 10 2 4.81 ± 0.32 1 
Furin 1.0 M10 2 10 2 4.55 ± 0.28 1 
Furin 0.5 M1 2 2.5 3 1.53 ± 0.05 1 
Furin 0.5 M2 2 2.5 3 1.53 ± 0.05 1 
Furin 0.5 M5 2 2.5 3 1.53 ± 0.05 1 
Furin 0.5 M9 2 2.5 3 1.45 ± 0.04 1 
Furin 0.5 M10 2 2.5 3 1.45 ± 0.07 1 
FurinT562R 0.05 F1 1 100 1 40.8 ± 1.0 2 
FurinT562R 0.05 F2 1 100 1 40.8 ± 1.0 2 
PC7 0.02 F1 3 50 1 27.6 ± 1.1 2 
PC7 0.02 F2 3 50 1 27.6 ± 1.1 2 
PC5/6 1 F1 1 20 1 5.82 ± 0.51 2 
PC5/6 1 F2 1 20 1 5.56 ± 0.23 2 
a M = mutant, F = fusion protein 346 
b Substrate 1: pERTKR-AMC, substrate 2: Ac-RR(Tle)KR-AMC (substrate 10, 8), substrate 3: 347 
H-RR(Tle)KR-AMC (substrate 11, 8) 348 
c Condition 1: 50 mM Hepes/NaOH, pH 7.4, 150 mM NaCl, 2 mM CaCl2, 0.2% (v/v) Triton X-349 
100, 37 °C; condition 2: 50 mM Mes/NaOH, pH 6.0, 300 mM NaCl, 2 mM CaCl2, 0.2% (v/v) 350 
Triton X-100, 25 °C; condition 3 50 mM Hepes/NaOH, pH 7.4, 300 mM NaCl, 2 mM CaCl2, 351 
0.2% (v/v) Triton X-100, 25 °C 352 
d Analysis model 1: tight binding conditions, Morrison equation; Analysis model 2: competitive 353 
inhibition: v=Vmax*[S]/([S]+Km(1+[I]/Ki)) v = reaction velocity, Vmax = maximum velocity, [S] = 354 
substrate concentration, Km = Michaelis-Menten constant, Ki = inhibition constant 355 

 356 

  357 
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Table S4. Experimental details of the applied NMR experiments. 358 

 359 

Experiment Origin a Spectral 
widths (ppm) 

Aquisition 
times (ms) 

Number of 
scans 

Reference  

2D 15N-HSQC ETHZ 13.88 (1H) 61.44 4 9 
34.54 (15N) 121.9 

2D 15N-HMBC ETHZ 13.95 (1H) 61.2 256 10 
102.8 (15N) 10.2 

2D 13Cali-HSQC ETHZ 13.95 (1H) 61.2 8 11 
70.5 (13C) 24.1 

2D 13Caro-HSQC ETHZ 13.95 (1H) 61.2 8 11 
44.17 (13C) 19.2 

2D 15N-1H NOE b ETHZ 13.89 (1H) 61.4 64 12, 13 
34.54 (15N) 47.6 

2D NOESY with 15N 
decoupling 

ETHZ 13.89 (1H) 61.4 96 c 
12.25 (1H) 47.6 

3D HNCA ETHZ 16.02 (1H) 53.2 8 14 
31.98 (13C) 7.4 
28.44 (15N) 17.3 

3D CBCA(CO)NH ETHZ 13.88 (1H) 61.4 16 15 
62.04 (13C) 6.51 
28.44 (15N) 19.7 

3D HNCO ETHZ 13.88 (1H) 61.4 8 16 
12.04 (13C) 19.3 
28.44 (15N) 19.7 

3D HN(CA)CO hncacogpwg3d 
from Bruker 
library 

13.88 (1H) 61.4 32 17 
28.44 (15N) 19.7 
12.06 (13C) 22.0 

3D HNCACB ETHZ 13.88 (1H) 122.9 24 14 
62.05 (13C) 53.4 
28.44 (15N) 19.7 

3D hCCH-TOCSY hcchdigp3d 
from Bruker 
library 

12.90 (1H) 68.3 8 18 
66.00 (13C) 53.2 
66.00 (13C) 53.2 

3D 13C-edited NOESY ETHZ 12.35 (1H) 69.1 8 d 
37.23 (13C) 8.9 
12.35 (1H) 27.0 

3D 15N-edited NOESY ETHZ 12.44 (1H) 68.6 8 19 
34.54 (15N) 14.8 
12.44 (1H) 26.8 

 360 
a ETHZ stands for ETH Zurich, library of the Bio-NMR facility 361 
b The relaxation delay was 2 sec 362 
c Implementing a 15N-decoupling in a common 2D NOESY experiment is a trivial modification 363 
d This version of this otherwise common experiment was not published. 364 

 365 
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