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Figure 69: Examples of raw thermograms and integrated heat values for one of three displace-
ment ITC measurements of the inhibitors 3.1 − 3.4 and 3.6 − 3.7. For the thermogram on the 
top the y-axis shows the differential power in µJ/s and the x-axis the measuring time in s. The 
y-axis of the evaluated data below shows the heats of injections in kJ/mol and the x-axis the 
molar ratio. 
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Figure 70: Fragments and inhibitors used in the enzyme kinetic assay on thrombin wildtype 
and thrombin variants.  
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Table 10: X-ray data collection and refinement statistics of inhibitors 2.3 − 2.5 in complex with 
ALR-2 wildtype. 

 2.3 (6TUF) 2.4 (6TUC) 2.5 (not deposited) 

(A) Data collection and processing    

Beamline Bessy 14.2 Bessy 14.2 Bessy 14.1 
Wavelength [Å] 0.9184 0.9184 0.9184 
Space group P1211 P1211 P1211 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
47.2, 66.4, 49.2 
90.0, 92.4, 90.0 

 
47.2, 66.5, 49.2 
90.0, 92.1, 90.0 

 
47.3, 66.7, 49.4 
90.0, 92.8, 90.0 

Matthews coef. [Å³·Da–1] 2.2 2.1 2.2 
Solvent content [%] 43 43 43 
    

(B) Diffraction Data[a]    

Resolution range [Å] 47.13 − 1.15 (1.22 − 1.15) 49.19 − 1.06 (1.12 − 1.06) 39.68 − 0.93 (099 − 0.93) 
Unique reflections  105125 (16246) 132582 (20046) 198129 (28823) 
R(I)sym [%][b] 4.0 (50.7) 7.6 (37.1) 4.2 (30.6) 
Completeness [%] 97.3 (93.3) 96.3 (90.3) 96.5 (87.0) 
Redundancy 3.7 (3.5) 3.6 (3.4) 3.4 (2.9) 
I/σ (I) 19.2 (2.3) 14.8 (3.6) 15.0 (2.8) 
    

(C) Refinement    

Resolution range [Å] 34.83 − 1.15 49.24 − 1.06 38.61 − 0.93 
Reflections used in refinement  
  work 
  free 

 
99878 
5257 

 
125952 
6630 

 
188222 
9907 

Final R values 
  work [%][c] 

  free [%][d]  

 
12.9 
15.2 

 
12.6 
14.3 

 
10.4 
11.7 

Number of protein residues 316 313 316 
NADP+ atoms 48 48 48 
Inhibitor atoms 40 30 17 
Water molecules 375 463 454 
Other inhibitor atoms 13 13 13 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.006 
0.99 

 
0.006 
1.00 

 
0.006 
1.04 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
91.0 
9.0 
0.0 

 
89.5 
10.5 
0.0 

 
91.4 
8.6 
0.0 

Mean B-factor [Å²][f]    
  Protein 13.4 8.8 10.1 
  Inhibitor 18.1 15.0 23.3 
  Water molecules  25.9 21.7 24.0 
  NADP+ 8.8 4.7 6.5 
  Other inhibitors 14.8 8.2 10.7 
 
 
[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|

∑|𝐼𝐼|
∙ 100 for which I = observed intensity and 

<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as 
for Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which 

FO = observed structure factor amplitudes and FC = calculated structure factor amplitudes. 
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Table 11: X-ray data collection and refinement statistics of inhibitor 2.6 in complex with ALR-
2 wildtype 

 2.6 (6SYW) 

(A) Data collection and processing  

Beamline Bessy 14.1 
Wavelength [Å] 0.91841 
Space group P1211 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
47.3, 66.9, 49.3 
90.0, 92.0, 90.0 

Matthews coef. [Å³·Da–1] 2.2 
Solvent content [%] 43 
  

(B) Diffraction Data[a]  

Resolution range [Å] 47.29 − 0.93 (0.99 − 0.93) 
Unique reflections  181142 (19356) 
R(I)sym [%][b] 5.0 (45.8) 
Completeness [%] 88.1 (58.3) 
Redundancy 4.5 (3.8) 
I/σ (I) 15.7 (2.5) 
  

(C) Refinement  

Resolution range [Å] 39.69 − 0.93 
Reflections used in refinement  
  work 
  free 

 
172084 
9058 

Final R values 
  work [%][c] 

  free [%][d]  

 
10.9 
12.3 

Number of protein residues 316 
NADP+ atoms 48 
Inhibitor atoms 38 
Water molecules 463 
Other inhibitor atoms 13 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.010 
1.22 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
89.9 
10.1 
0.0 

Mean B-factor [Å²][f]  
  Protein 9.9 
  Inhibitor 18.4 
  Water molecules  23.8 
  NADP+ 6.8 
  Other inhibitors 10.4 
 
 
[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|

∑|𝐼𝐼|
∙ 100 for which I = observed intensity and 

<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as 
for Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which 

FO = observed structure factor amplitudes and FC = calculated structure factor amplitudes. 
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Table 12: X-ray data collection and refinement statistics of inhibitors 3.1 − 3.3 in complex with 
thrombin wildtype. 

 3.1 (5JZY) 3.2 (5LCE) 3.3 (5LPD) 

(A) Data collection and processing    

Beamline Bessy 14.1 Elettra 5.2R ESRF ID29 
Wavelength [Å] 0.91841 1.00000 0.979 
Space group C121 C121 C121 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
69.9, 71.5, 72.3 
90.0, 100.5, 90.0 

 
69.9, 71.2, 72.6 
90.0, 100.4, 90.0 

 
70.1, 71.0, 72.8 
90.0, 100.5, 90.0 

Matthews coef. [Å³·Da–1] 2.5 2.5 2.5 
Solvent content [%] 50 50 50 
    

(B) Diffraction Data[a]    

Resolution range [Å] 49.60 − 1.27 (1.35 − 1.27) 43.39 − 1.39 (1.47 − 1.39) 49.46 − 1.50 (1.59 − 1.50) 
Unique reflections  91827 (14757) 69244 (10871) 55657 (8805) 
R(I)sym [%][b] 3.3 (48.0) 4.0 (47.9) 5.1 (48.5) 
Completeness [%] 99.6 (99.2) 98.5 (96.0) 98.8 (97.2) 
Redundancy 3.3 (3.2) 2.8 (2.7) 3.8 (3.6) 
I/σ (I) 20.2 (2.4) 14.3 (2.1) 15.4 (2.7) 
    

(C) Refinement    

Resolution range [Å] 49.56 − 1.27 43.39 − 1.39 49.46 − 1.50 
Reflections used in refinement  
  work 
  free 

 
87235 
4592 

 
65781 
3463 

 
52874 
2783 

Final R values for all Reflections 
  work [%][c] 

  free [%][d]  

 
12.0 
14.2 

 
14.0 
16.8 

 
14.9 
17.0 

Number of protein residues 
  L-chain 
  H-chain 
  hirudin 

 
29 
250 
12 

 
28 
250 
11 

 
31 
251 
11 

Sodium ions 2 2 2 
Inhibitor atoms 29 29 29 
Water molecules 332 279 255 
Other inhibitor atoms 47 46 31 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.012 
1.20 

 
0.005 
0.84 

 
0.010 
1.03 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
87.4 
12.6 
0.0 

 
87.3 
12.7 
0.0 

 
85.5 
14.1 
0.4 

Mean B-factor [Å²][f]    
  Protein 17.8 20.7 21.4 
  Inhibitor 14.3 17.4 16.9 
  Water molecules  32.7 34.9 31.3 
  Other inhibitors 31.8 33.8 40.2 
 
 
[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|

∑|𝐼𝐼|
∙ 100 for which I = observed intensity and 

<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as 
for Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which 

FO = observed structure factor amplitudes and FC = calculated structure factor amplitudes. 
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Table 13: X-ray data collection and refinement statistics of inhibitors 3.4, 3.6 and 3.7 in com-
plex with thrombin wildtype. 

 3.4 (6ROT) 3.6 (6GBW) 3.7 (5JFD) 

(A) Data collection and processing    

Beamline Bessy 14.1 Bessy 14.2 Bessy 14.1 
Wavelength [Å] 0.91841 0.91841 0.91841 
Space group C121 C121 C121 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

69.9, 71.2, 73.0 
90.0, 100.7, 90.0 

 
69.8, 71.1, 72.9 
90.0, 100.6, 900.0 

 
69.4, 71.5, 72.1 
90.0, 99.8, 90.0 

Matthews coef. [Å³·Da–1] 2.5 2.5 2.5 
Solvent content [%] 50 50 51 
    

(B) Diffraction Data [a]    

Resolution range [Å] 43.52 − 1.34 (1.73 − 1.34) 43.43 − 1.45 (1.54 − 1.45) 43.13 − 1.46 (1.55 − 1.46) 
Unique reflections  77800 (12438) 61523 (9827) 58841 (9294) 
R(I)sym [%][b] 4.4 (58.8) 4.5 (50.4) 3.9 (47.0) 
Completeness [%] 98.5 (97.7) 99.0 (97.9) 97.3 (95.3) 
Redundancy 3.4 (3.4) 3.4 (3.5) 2.8 (2.8) 
I/σ (I) 16.6 (2.3) 15.4 (2.3) 15.9 (2.2) 
    

(C) Refinement    

Resolution range [Å] 43.52 − 1.34 43.43 − 1.45 43.13 − 1.46 
Reflections used in refinement  
  work 
  free 

 
73910 
3890 

 
58446 
3077 

 
55899 
2942 

Final R values for all Reflections 
  work [%][c] 

  free [%][d] 

 
13.6 
15.7 

 
13.2 
16.5 

 
13.0 
16.3 

Number of protein residues 
  L-chain 
  H-chain 
  hirudin 

 
28 
250 
11 

 
28 
250 
11 

 
31 
252 
11 

Sodium ions 2 2 2 
Inhibitor atoms 32 39 39 
Water molecules 247 245 266 
Other inhibitor atoms  28 32 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.008 
1.04 

 
0.008 
1.00 

 
0.012 
1.22 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
86.5 
13.5 
0.0 

 
85.7 
13.9 
0.4 

 
86.3 
13.3 
0.4 

Mean B-factor [Å²][f]    
  Protein 22.3 22.4 22.5 
  Inhibitor 24.2 24.2 19.5 
  Water molecules  35.7 34.3 35.8 
  Other inhibitors 34.8 38.3 41.5 
 
 

[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|
∑|𝐼𝐼|

∙ 100 for which I = observed intensity and 
<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as for 
Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which FO = ob-

served structure factor amplitudes and FC = calculated structure factor amplitudes. 
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Table 14: X-ray data collection and refinement statistics of inhibitor 4.5L in complex with 
thrombin variant E192Q. 

 4.5L (not deposited) 

(A) Data collection and processing  

Beamline Elettra XRD2 
Wavelength [Å] 0.97900 
Space group C121 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
70.0, 71.3, 72.7 
90.0, 100.7, 90.0 

Matthews coef. [Å³·Da–1] 2.5 
Solvent content [%] 50 
  

(B) Diffraction Data [a]  

Resolution range [Å] 35.72 − 2.05 (2.17 − 2.05) 
Unique reflections  21507 (3520) 
R(I)sym [%][b] 12.2 (50.3) 
Completeness [%] 97.0 (97.8) 
Redundancy 2.5 (2.5) 
I/σ (I) 6.5 (2.0) 
  

(C) Refinement  

Resolution range [Å] 35.72 − 2.05 
Reflections used in refinement  
  work 
  free 

 
20431 
1076 

Final R values for all Reflections 
  work [%][c] 

  free [%][d] 

 
20.6 
23.5 

Number of protein residues 
  L-chain 
  H-chain 
  hirudin 

 
29 
251 
11 

Sodium ions 2 
Inhibitor atoms 35 
Water molecules 151 
Other inhibitor atoms 37 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.007 
0.91 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
87.4 
12.1 
0 

Mean B-factor [Å²][f]  
  Protein 26.5 
  Inhibitor 23.0 
  Water molecules  27.4 
  Other inhibitors 37.1 
 
 
[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|

∑|𝐼𝐼|
∙ 100 for which I = observed intensity and 

<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as for 
Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which FO = ob-

served structure factor amplitudes and FC = calculated structure factor amplitudes. 
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Table 15: X-ray data collection and statistics for inhibitor 4.1L in complex with trypsin wildtype. 

 4.1L (6ZQ2) 

(A) Data collection and processing  

Beamline Bessy 14.2 
Wavelength [Å] 0.91841 
Space group P3121 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
54.8, 54.8, 108.5 
90.0, 90.0, 120.0 

Matthews coef. [Å³·Da–1] 2.4 
Solvent content [%] 48 
  

(B) Diffraction Data[a]  

Resolution range [Å] 47.46 − 1.29 (1.37 − 1.29) 
Unique reflections  48302 (7699) 
R(I)sym [%][b] 4.6 (54.3) 
Completeness [%] 99.9 (99.7) 
Redundancy 9.7 (9.4) 
I/σ (I) 26.1 (3.7) 
  

(C) Refinement  

Resolution range [Å] 47.49 − 1.29 
Reflections used in refinement  
  work 
  free 

 
45886 
2416 

Final R values for all Reflections 
  work [%][c] 

  free [%][d]  

 
12.7 
14.5 

Number of protein residues 223 
Calcium ions 1 
Inhibitor atoms 29 
Water molecules 221 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.005 
0.90 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
87.8 
12.2 
0.0 

Mean B-factor [Å²][f]  
  Protein 14.8 
  Inhibitor 14.5 
  Water molecules  24.9 
 
 
[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|

∑|𝐼𝐼|
∙ 100 for which I = observed intensity and 

<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as 
for Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which 

FO = observed structure factor amplitudes and FC = calculated structure factor amplitudes. 
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Table 16: X-ray data collection and statistics for inhibitors 4.1L − 4.4L in complex with throm-
bin variant A190S 

 4.1L (5MM6) 4.4L (5MLS) 

(A) Data collection and processing   

Beamline ESRF ID29 ESRF ID23 
Wavelength [Å] 0.978997 0.872899 
Space group C121 C121 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
70.3, 71.7, 72.5 
90.0, 100.5, 90.0 

 
70.4, 71.6, 73.7 
90.0, 100.6, 90.0 

Matthews coef. [Å³·Da–1] 2.5 2.5 
Solvent content [%] 51 51 
   

(B) Diffraction Data[a]   

Resolution range [Å] 43.58 − 1.29 (1.37 − 1.29) 43.70 − 1.62 (1.71 − 1.62) 
Unique reflections  85703 (13335) 44585 (6991) 
R(I)sym [%][b] 3.6 (53.2) 6.8 (50.8) 
Completeness [%] 96.3 (93.1) 97.7 (95.9) 
Redundancy 3.4 (3.4) 3.8 (3.7) 
I/σ (I) 16.3 (2.4) 14.3 (2.8) 
   

(C) Refinement   

Resolution range [Å] 43.60 − 1.29 43.71 − 1.62 
Reflections used in refinement  
  work 
  free 

 
81394 
4285 

 
42350 
2229 

Final R values for all Reflections 
  work [%][c] 

  free [%][d]  

 
12.3 
14.2 

 
15.9 
17.9 

Number of protein residues 
  L-chain 
  H-chain 
  hirudin 

 
28 
251 
11 

 
28 
250 
11 

Sodium ions 2 2 
Inhibitor atoms 29 26 
Water molecules 224 189 
Other inhibitor atoms 45 46 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.007 
1.1 

 
0.009 
1.1 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
85.8 
13.8 
0.4 

 
85.7 
13.9 
0.4 

Mean B-factor [Å²][f]   
  Protein 20.8 22.2 
  Inhibitor 17.1 16.9 
  Water molecules  32.8 26.4 
  Other inhibitor atoms 29.8 29.6 
 
 
[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|

∑|𝐼𝐼|
∙ 100 for which I = observed intensity and 

<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as 
for Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which 

FO = observed structure factor amplitudes and FC = calculated structure factor amplitudes. 
  



Appendix 

 xiii 

Table 17: X-ray data collection and statistics for inhibitors 5.1 − 5.2, 5.4 in complex with 
thrombin wildtype 

 5.1 (not deposited) 5.2 (6YHJ) 5.4 (6Y02) 

(A) Data collection and processing    

Beamline Bessy 14.1 Bessy 14.1 ESRF ID29 
Wavelength [Å] 0.91841 0.91841 0.979078 
Space group C121 C121 C121 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
70.5, 71.2, 72,9 
90.0, 100.8, 90.0 

 
70.3, 71.4, 72.6 
90.0, 100.6, 90.0 

 
70.1, 71.4, 72.9 
90.0, 100.5, 90.0 

Matthews coef. [Å³·Da–1] 2.5 2.5 2.5 
Solvent content [%] 51 51 51 
    

(B) Diffraction Data [a]    

Resolution range [Å] 43.6 − 1.70 (1.81 − 1.70) 43.53 − 1.44 (1.53 − 1.44) 43.55 − 1.48 (1.57 − 1.48) 
Unique reflections  386551 (6199) 63397 (10134) 58061 (9148) 
R(I)sym [%][b] 5.7 (48.4) 6.6 (37.7) 5.1 (50.4) 
Completeness [%] 99.7(99.3) 99.2 (98.3) 98.0 (95.8) 
Redundancy 3.8 (3.8) 3.4 (3.3) 3.0 (3.0) 
I/σ (I) 13.41 (2.66) 10.7 (3.3) 11.7 (2.2) 
    

(C) Refinement    

Resolution range [Å] 43.6 − 1.70 43.55 − 1.44 43.57 − 1.48 
Reflections used in refinement  
  work 
  free 

 
36718 
1933 

 
60227 
3170 

 
55158 
2903 

Final R values for all Reflections 
  work [%][c] 

  free [%][d] 

 
19.6 
23.3 

 
12.7 
15.4 

 
13.9 
16.4 

Number of protein residues 
  L-chain 
  H-chain 
  hirudin 

 
28 
258 
11 

 
33 
253 
11 

 
28 
250 
11 

Sodium ions 0 2 2 
Inhibitor atoms 25 52 26 
Water molecules 188 292 205 
Other inhibitor atoms 34 28 40 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.008 
1.03 

 
0.009 
1.15 

 
0.008 
1.00 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
84.8 
14.8 
0.4 

 
86.8 
12.8 
0.4 

 
85.3 
14.7 
0.0 

Mean B-factor [Å²][f]    
  Protein 29.4 20.9 23.9 
  Inhibitor 26.4 23.6 22.1 
  Water molecules  34.5 33.2 32.3 
  Other inhibitors 54.2 38.5 39.2 
 
 

[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|
∑|𝐼𝐼|

∙ 100 for which I = observed intensity and 
<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as for 
Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which FO = ob-

served structure factor amplitudes and FC = calculated structure factor amplitudes. 
  



Appendix 

xiv 

Table 18: X-ray data collection and statistics for inhibitors 5.5 − 5.7 in complex with thrombin 
wildtype 

 5.5 (6ZGO) 5.6 (not deposited) 5.7 (6YHG) 

(A) Data collection and processing    

Beamline Bessy 14.2 Bessy 14.1 Bessy 14.2 
Wavelength [Å] 0.9184 0.9184 0.9184 
Space group C121 C121 C121 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
70.1, 71.9, 72.6 
90.0, 100.6, 90.0 

 
70.2, 71.6, 72.2 
90.0, 100.2, 90.0 

 
70.3, 71.3, 72.7 
90.0, 100.6, 90.0 

Matthews coef. [Å³·Da–1] 2.5 2.5 2.5 
Solvent content [%] 50 51 51 
    

(B) Diffraction Data [a]    

Resolution range [Å] 49.41 − 1.79 (1.90 − 1.79) 43.44 − 1.50 (1.59 − 1.50) 43.53 − 1.33 (1.39 − 1.33) 
Unique reflections  32977 (5253) 53775 (8345) 152846 (23613) 
R(I)sym [%][b] 6.9 (49.1) 7.2 (50.2) 4.1 (45.0) 
Completeness [%] 99.5 (98.6) 95.5 (91.9) 91.5 (87.1) 
Redundancy 3.8 (3.9) 2.8 (2.9) 2.1 (2.1) 
I/σ (I) 11.7 (2.4) 9.3 (2.3) 13.8 (2.2) 
    

(C) Refinement    

Resolution range [Å] 33.54 − 1.79 43..44 − 1.50 35.63 − 1.33 
Reflections used in refinement  
  work 
  free 

 
31328 
1649 

 
51086 
2689 

 
76676 
4036 

Final R values for all Reflections 
  work [%][c] 

  free [%][d] 

 
18.5 
22.5 

 
14.8 
18.4 

 
12.3 
14.5 

Number of protein residues 
  L-chain 
  H-chain 
  hirudin 

 
28 
259 
12 

 
27 
257 
11 

 
31 
252 
11 

Sodium ions 2 2 2 
Inhibitor atoms 26 21 28 
Water molecules 159 262 297 
Other inhibitor atoms 27 32 46 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.012 
1.17 

 
0.014 
1.28 

 
0.007 
1.06 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
85.4 
14.2 
0.4 

 
85.7 
13.9 
0.4 

 
85.9 
14.1 
0.0 

Mean B-factor [Å²][f]    
  Protein 34.7 21.2 15.7 
  Inhibitor 35.2 30.1 12.1 
  Water molecules  35.3 32.4 28.7 
  Other inhibitors 52.0 35.5 32.0 
 
 

[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|
∑|𝐼𝐼|

∙ 100 for which I = observed intensity and 
<I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same definition as for 
Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for which FO = ob-

served structure factor amplitudes and FC = calculated structure factor amplitudes. 
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Table 19: X-ray data collection and statistics for inhibitors 5.8 and 5.9 in complex with throm-
bin wildtype 

 5.8 (6YH9) 5.9 (6YB6) 

(A) Data collection and processing   

Beamline Bessy 14.1 Elettra 5.2R 
Wavelength [Å] 0.91841 1.00000 
Space group C121 C121 
Unit Cell parameters: 
  a, b, c [Å] 
  α, β, γ [°] 

 
70.3, 71.3, 72.5 
90.0, 100.5, 90.0 

 
70.4, 71.2, 72.3 
90.0, 100.2, 90.0 

Matthews coef. [Å³·Da–1] 2.5 2.5 
Solvent content [%] 51 50 
   

(B) Diffraction Data [a]   

Resolution range [Å] 49.64 − 1.48 (1.57 − 1.48) 35.59 − 1.33 (1.41 − 1.33) 
Unique reflections  57330 (9094) 79740 (12752) 
R(I)sym [%][b] 7.0 (46.8) 5.9 (58.5) 
Completeness [%] 97.5 (95.9) 99.0 (98.3) 
Redundancy 3.1 (3.0) 3.4 (3.1) 
I/σ (I) 10.5 (2.3) 11.4 (2.1) 
   

(C) Refinement   

Resolution range [Å] 49.67 − 1.48 35.60 − 1.33 
Reflections used in refinement  
  work 
  free 

 
54463 
2867 

 
75753 
3984 

Final R values for all Reflections 
  work [%][c] 

  free [%][d] 

 
13.8 
17.0 

 
13.1 
15.3 

Number of protein residues 
  L-chain 
  H-chain 
  hirudin 

 
28 
250 
11 

 
28 
250 
11 

Sodium ions 2 2 
Inhibitor atoms 60 29 
Water molecules 262 249 
Other inhibitor atoms 30 45 
RMSD bonds 
  Bond length [Å] 
  Bond angles [°] 

 
0.008 
1.00 

 
0.010 
1.17 

Ramachandran plot[e] 

  favored regions [%] 
  additional allowed reg. [%] 
  generously allowed reg. [%] 

 
86.1 
13.5 
0.4 

 
86.5 
13.5 
0.0 

Mean B-factor [Å²][f]   
  Protein 19.9 20.5 
  Inhibitor 26.6 24.0 
  Water molecules  32.3 32.9 
  Other inhibitors 34.6 37.8 

 
 

[a] values in parenthesis are statistics for the highest resolution shell. [b] 𝑅𝑅(𝐼𝐼)𝑠𝑠𝑠𝑠𝑠𝑠 = ∑|𝐼𝐼−<𝐼𝐼>|
∑|𝐼𝐼|

∙ 100 for which I = observed intensity 
and <I> = statistically weighted average intensity of multiple observations. [c] Calculated by MOLEMAN.183 [d] 𝑅𝑅𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = same defi-
nition as for Rwork for a cross validation set of ≈ 5% of the reflections. [e] Calculated by PROCHECK.184 [f] 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∑|𝐹𝐹𝑂𝑂−𝐹𝐹𝐶𝐶|

∑|𝐹𝐹𝑂𝑂|
∙ 100 for 

which FO = observed structure factor amplitudes and FC = calculated structure factor amplitudes. 
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