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1. Enzyme characteristics 
 
1.1 Molecular form: Recombinant human procathepsin K of amino acids Glu19 - Met215 is expressed in E. coli with 

an additional M-residue at the N-terminus. The proenzyme is dissolved in 500 mM NaCl, 25 mM Tris-HCl, pH 8.0. 
 
1.2 Purity: Recombinant procathepsin K appears as a major protein band of about 35 kDa in SDS-PAGE (> 95 % of 

total protein) and Western Blotting. Active cathepsin obtained after removal of the propeptide has a 

molecular weight of about 24 kDa. 

 

1.3 Specific activity: The specific activity of activated cathepsin K is > 1 U/mg. One U is the activity that hydrolyses 1 

µmole substrate BOC-Phe-Arg-7-amido-4-methylcoumarin per min at 37oC in 

2.5 mM EDTA, 5 mM DTT, 50 mM MES, pH 5.5. 

 

1.4 Inhibitors: Cathepsin K is inhibited by leupeptin (IC50: 70 nM), E-64 (IC50: 5 nM), 

and cystatin.  

 

1.5  Stability and storage: Procathepsin K is stable until the expiry date given on 

the label if stored at -80°C. Repeated freezing and thawing must be avoided. 

After activation the enzyme is rather unstable. If the activated enzyme is not 

used immediately, it is recommended to add MMTS (1 mM final 

concentration). For activity measurements L-cysteine must then be added to 

restore the active conformation of the enzyme. 

 

2.  Applications 
 

�  Characterization of cathepsin K structure and function 

� Screening of inhibitors for cathepsin K 

� Drug target for diseases characterized by excessive bone 

reabsorption, such as osteoporosis 

 
 

3.  Introduction to structure and function of Procathepsin K 
 

Cathepsin K is a member of the papain cysteine proteinase family and has been identified as the predominant 

proteinase responsible for the reabsorption of the bone matrix. The enzyme cleaves proteins such as collagen 

type I, collagen type II and osteonectin and therefore plays a role in bone remodelling and reabsorption in 

diseases such as osteoporosis, osteolytic bone metastasis and rheumatoid arthritis (Bromme and Okamoto, 1995; 

Drake, F. et al. 1996; Bossard et al., 1996). 

Cathepsin K is active in sufferers of Gauchers disease. Inhibition of cathepsin K may be a viable approach for 

treatment of diseases characterised by excessive bone reabsorption, such as osteoporosis.  

Hence, cathepsin K has become the subject of intense research aimed at inhibiting its activity. Cathepsin K is 

synthesized as an inactive proenzyme (35.068 Da) and is converted to its mature active form (23.651 Da) by 

proteolytic cleavage of the 99-amino-acid propeptide domain. The in vitro processing of procathepsin K to 

mature cathepsin K is autocatalytic (Bossard et al, 1996, McQueney et al., 1997). It is presumed that the 

activation of procathepsin K in vivo is also autocatalytic and occurs in the low pH environment of either an 

endosomal compartment or in the reabsorption pit. Thus, there are two enzymatic activities which could be 

targets for inhibition of cathepsin K in vivo: the activity of the mature enzyme and the auto activation.  
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Activation: Procathepsin K can be activated by adjusting the procathepsin K solution to pH 4.0 with  

an equal volume of 100 mM NaAc pH 3.9, 10 mM DTT, 5 mM EDTA followed by an incubation for app. 40 min at 

room temperature. Activated mature cathepsin is highly autoproteolytic at pH 4, and much care must be taken 

to avoid complete self destruction. If the activated enzyme is not used immediately, we recommend to add 

methyl methanthiosulfonate (1 mM final concentration; MMTS) and to quick-freeze the sample in liquid nitrogen 

or dry ice. The hydrophobic thiol-reactive compound MMTS modifies cysteines by attaching its relatively small, 

uncharged thiomethyl blocking group to reactive sulfhydryl groups (Nishimura et al., 1975).This reversible 

reaction arrests the autoproteolytic process. The activity of the enzyme can be restored to near unmodified 

levels by adding L-cysteine (app. 3 molar excess over MMTS) to the enzyme solution. 

 

4. Activity 
 

Cathepsin K activity can be measured in assay buffer consisting of 50 mM MES pH 5.5, 2,5 mM EDTA, 5 mM DTT. If 

the activated enzyme was irreversible inhibited by MMTS the enzyme solution should first be adjusted to 3 mM L-

cysteine and kept on ice until use. The assay is initiated by addition of substrate (benzyloxycarbonyl-

phenylalanine–arginine-7-amido-4 methylcoumarin) to a final concentration of 100 µM (stock solution 10 mM in 

DMSO). Activity is monitored by the increase in fluorescence accompanying release of the product 7-amino-4-

methylcoumarin (AMC) (McQueney et al., 1997). Excitation and emission are at 360/460 nm, respectively 7-

amino-4 methylcoumarin (AMC) (10 mM) is used as standard. One unit is defined as the amount of enzyme that 

hydrolyses 1 µmole of substrate per min at 37°C and pH 5.5. 
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