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The cysteine protease human Cathepsin L (hCatL) are expressed in different types of cancer, then 
the inhibition of this enzyme may be important to discovery of novel therapeutics. In this study five 
nitrile-based inhibitors analogs of the prototypical Neq0570 were studied. All of them are 
halogenated reversible covalent inhibitor of hCatL. To describe the halogen bonding interaction in 
active site of hCatL, we applied an extra point (EP) of charge in the halogen atom to represent the 
σ-hole. We used molecular dynamics calculation to verify the distance between the halogen atom 
and the oxygen atom from Gly61. To evaluate the overall relative binding free energy of these 
inhibitors, we used alchemical free energy calculations of two-state binding model: noncovalent and 
covalent state. The results show that EP improve the average of halogen bond and the use of free 
energy perturbation (FEP) can predict the hCatL binding affinities of the compounds with a close 
agreement with experimental results, as shown in Table 1. 

Table 1: Relative binding free energy of hCatL inhibitors, all values in kcal/mol. Note that ∆∆Gbind 

corresponds to the sum of the relative binding free energy of covalent and noncovalent states. 
Transformatio

n 
Mutation ∆∆Gbind 

(FEP) 
∆∆Gbind 

(exp) |∆xa| 

Neq0570 → 
0802 

H → F 
-0.49 0.22 

0.71 

Neq0570 → 
0710 

H → Cl 
-1.59 -0.82 

0.77 

Neq0570 → 
0803 

H → Br 
-1.51 -1.54 

0.03 

Neq0570 → 
0804 

H → I 
-1.80 -1.99 

0.19 

aAbsolute error between the calculated and experimental values 
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