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Supplementary Figure 1 

 

 

 

 

Supplementary Figure 1: Ribosome display selection strategy 

To increase the binders specificity for a single caspase family member, additional pre-panning 

steps in round no°1 and no°3 with the closest homologues of the targeted caspase was 

introduced. In addition, round n°2 and n°4 was extended with koff maturation steps with a final 

washing step containing an excess of targeted caspase. 
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Supplementary Figure 2 

 
 
Supplementary Figure 2: Caspase-targeted DARPin sequences 

The DARPin consensus sequence is shown on top in black with randomized residues in red (X = All 

amino acids except Cys, Gly and Pro; Z = N, H or Y). Unintended framework mutations are depicted 

in green. Interacting residues were determined by the EPPIC server (1) (http://www.eppicweb.org) and 

are marked bold and underlined. 
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Supplementary Table 1 
 
 

 
 

Supplementary Table 1: Biophysical parameters of selected DARPins 

Molecular weight, extinction coefficient and theoretical isoelectric point were calculated using the 

ProtParam Tool provided on expasy.ch (http://web.expasy.org/protparam/). Eight of eleven binders are 

N3C DARPins and five DARPins have reported inhibitory effects on the targeted caspase (2-4). All 

other selected DARPins did not show an inhibitory effect using peptide substrates. However, 

procaspase binding and interference with caspase activation as reported for caspase-7 DARPins (4) 

was not tested and thus can not be excluded. 

 

  

DARPin Target Type No# of 
AA 

Molecular 
weight 

Extinction 
coefficient 

Theoretical 
isoelectric 

point 
Comments Ref. 

D1.73 Casp-1 N3C 169 18358 9970 5.34 No inhibition of small substrates  

AR_F8 Casp-2 N3C 169 18417 18450 5.28 Allosteric inhibitor (2) 

D3.4S76R Casp-3 N2C 136 14786 6690 5.56 Competitive Inhibitor (3) 

D3.8 Casp-3 N3C 168 17964 8480 5.51 Competitive Inhibitor (3) 

D5.15 Casp-5 N3C 169 18324 19480 4.99 No inhibition of small substrates  

D6.11 Casp-6 N3C 169 18300 9970 5.46 No inhibition of small substrates  

D7.18 Casp-7 N3C 169 18273 15470 4.74 Zymogen activation inhibitor (4) 

D7.43 Casp-7 N2C 136 14812 6990 5.68 Zymogen activation inhibitor (4) 

D8.1 Casp-8 N3C 169 18157 5500 5.28 No inhibition of small substrates  

D8.4 Casp-8 N3C 169 18190 5500 5.30 No inhibition of small substrates  

D9.2 Casp-9 N3C 169 18112 12490 5.01 No inhibition of small substrates  
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Supplementary Figure 3 
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Supplementary Figure 3: Caspase-DARPin complex formation in solution 

The reported DARPins form stable protein complexes with the targeted caspase in solution and 

can be separated on size exclusion chromatography. Without a present DARPin, Caspases-1, -5 

and -9 run as monomers (dotted line, peak marked with dotted arrow and (m) for monomer), 

whereas caspases-2, -3, -6 and -7 run as dimers (peak marked with dotted arrow and (d) for 

dimer). Caspase-8 shows a monomer-dimer equilibrium (marked with (m) and (d) respectively). 

In presence of a selected DARPin, all caspases elute at earlier retention volumes (solid lines, 

complex peak marked with (C), for complex and (Dp) for DARPin excess). Caspase-5 and -6 

were used directly after NiNTA purification (5) displaying an elution peak at 2.6 ml originating 

from imidazole. Calibration curve (right ordinate) was made using aldolase (158 kDa), 

conalbumin (75 kDa), ovalbumin (43 kDa), carbonic anhydrase (29 kDa), ribonuclease A 

(13.7 kDa) and aprotinin (6.5 kDa).   
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Supplementary Table 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 2: Data collection and refinement statistics 

  

Data	
  collection	
   	
  
Space	
  group	
   P212121	
  

Cell	
  dimensions	
   	
  
a,	
  b,	
  c	
  (Å)	
   61.0,	
  81.60,	
  163.20	
  

α,	
  β,	
  γ	
  (°)	
   90.0,	
  90.0,	
  90.0	
  

Resolution	
  (Å)	
   48.86	
  –	
  1.8	
  

Wavelength	
  (Å)	
   1.0	
  

Rsym	
  (%)	
   9.8	
  (51.5)	
  

Completeness	
  (%)	
   99.4	
  (98.9)	
  

I/σ(I)	
   13.29	
  (3.76)	
  

Refinement	
   	
  
Resolution	
  [Å]	
   1.8	
  

Rwork/Rfree	
   18.0	
  /	
  21.8	
  

No.	
  atoms	
   	
  
Protein	
   6246	
  

Water	
   685	
  

Ligands	
   3	
  ⋅ SO42-­‐,	
  5	
  ⋅	
  C2H6O2	
  

B-­‐factors	
   	
  
Protein	
   22.9	
  

Water	
   33.9	
  

rmsd	
   	
  
Bond	
  length	
  [Å]	
   0.009	
  

Bond	
  angle	
  [°]	
   1.2	
  

Ramachandran	
   	
  
Preferred	
  [%]	
   97.0	
  

Allowed	
  [%]	
   3.0	
  

Outliers	
  [%]	
   0	
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Supplementary Figure 4 
a) 

 
 
b) 
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Supplementary Figure 4 
c) 
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Supplementary Figure 4 
d) 

 
 
Supplementary Figure 4: Caspase specificity of selected DARPins  

Caspase specificity of (a) D1.73, (b) D5.15, (c) D6.11 and (d) D8.1 was measured by surface plasmon 

resonance on a Proteon XPR36 (Bio-Rad Laboratories, Inc) machine using a NLC sensor chip. Six 

ligand channels were coated with biotinylated caspases-1, -4, -5, -6, -7 and -8 and binding of the 

DARPins was simultaneously observed at six different concentrations (0 nM to 128 nM). Caspase 

specificity of AR_F8 for caspase-2, D3.4S76R for caspase-3 and D7.18 as well as D7.43 for caspase-7 

is reported elsewhere (2-4). D9.2 was not tested against other caspase family members. 
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Supplementary Figure 5 
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Supplementary Figure 5: DARPin D8.4/Caspase-8 interacting residues 

(a) DARPin sequence D8.1 and D8.4 are aligned with the DARPin consensus sequence displaying two 

unintended framework mutations: H85R and V139A in D8.1; Q26R and H85R in D8.4 (marked in 

green). Interacting residues determined by the EPPIC server (1) (http://www.eppicweb.org) are 

marked in bold/underlined. In total, 18 framework and 13 randomized residues are involved in a 

binding interface of overall 938 Å2. Notably, the D8.1 sequence is almost identical and besides Arg-26, 

all interacting residues of D8.4 are present in D8.1 suggesting the same interaction. 

(b) Comparison of caspase-8 residues involved in D8.4 binding by sequence alignment (ClustalW2, 

http://www.ebi.ac.uk/Tools/msa/clustalw2/) with other human caspases. Amino acids are classified 

and colored in five groups. Caspase sequence accession numbers are indicated in supplementary 

figure 6. 
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Supplementary Figure 6 



	
   14	
  

 



	
   15	
  

 

Supplementary Figure 5: Caspase sequence alignment and interacting residues 

(a) Caspase topology map with active site residues (His-237 and Cys-285) indicated with green dots. 

Active-site forming loops are marked with loop-1 to loop-4. They are also known as 179-loop 

(=loop-1), 240-loop (=loop-2), 341-loop (=loop-3) and 381-loop (=loop-4) (6). 

(b) Sequence alignment (ClustalW2, http://www.ebi.ac.uk/Tools/msa/clustalw2) of all human caspase 

family members with sequence accession numbers as indicated in the figure. DARPin interacting 

residues were determined using the EPPIC server (1)  (http://www.eppicweb.org) and are marked in 

red. Primary structure elements are indicated below the sequence and labeled according the caspase 

topology map depicted in panel (a). Consensus symbols are depicted below the sequence with (*) 

indicating fully conserved residues and conservation of strongly (:) and weakly (.) similar properties. 
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