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Substrate Stickiness.  Solvent viscosity was varied using glycerol. The relative viscosity ηrel was 

calculated from measured values (1).  The kcat
o
 and (kcat/Km)o are the values in the absence of 

viscogen.  The kcat
o/kcat and (kcat/Km)o/(kcat/Km) were plotted against ηrel and produced slopes near 

1.0 (2).   

1/(kcat/Km) = ηrel/k1 + (k2/k3)/k1  

Sr was calculated by fitting the viscosity data to the above equation (3).  Sr = k3/k2 and is the 

stickiness ratio.  From our data we calculated a value for Sr = 4.3. The relationship between Km 

and Kd for a sticky substrate is in Werner, et al. (4) and Gadda, et al (5).  The correction to the 

apparent pKa values can be calculated from Sr (Cook and Cleland, page 338 (6)).  
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Suppl. Scheme S1.  Energetic calculations suggest that the syn and anti conformers of a 

carboxylate –OH (relative to the C=O) will differ in their basicity; the Ka’ is estimated to be ~104-

fold larger than the Ka.   Thus, a carboxylate is a weak base when constrained to accept a proton 

in the anti direction, and protonation is less favorable in the anti direction than in the syn.  The 

most stable conformation for a carboxyl is syn. 
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Scheme S2.  Proposed mechanism at neutral pH and pH > 5.8 
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Scheme S3.  Proposed mechanism at pH < 5.8 

 

 

 

 

 

 

 

 

 

 

 

 



S6 

 

Figure S1.  Similarity of human CatA (slate blue, PDB 1IVY) to S. cerevisiae Kex1DP (dark blue, 

PDB 1AC5), T. californica AChE (cyan, PDB 2ACE), S. cerevisiae SFGH (white, PDB 3C6B), 

human EsD (pink, PDB 3FCX), and B. subtilis RsbQ (purple, PDB 1WOM).  The catalytic triad 

residues (lime green) have been superposed and all of the structures are shown from the same 

angle.  SFGH, hEsD, and RsbQ also belong to the alpha-beta hydrolase superfamily.  SFGH, hEsD, 

and RsbQ contain a pair of His residues. Whereas CatA and Kex1P contain a pair of Glu residues.  
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Figure S2.  Cathepsin A Expression Construct used in this study.  The natural signal peptide 

sequence is shown in red, the signal peptide is cut and the protein is secreted;  the cleavage site of 

the signal peptide was previously confirmed by N-terminal sequencing (1).  The blocking peptide 

(residues 272–277, yellow) and the excision peptide (residues 285–293, green) are highlighted.  

The protein is 54 kDa after glycosylation (homodimeric).  The 1.6 kDa excision peptide was 

predicted by Bonten (green) its removal is thought to produce the 30 and 19 kDa subunits (2). 

After cleavage a conformational change is thought to occur in the blocking peptide.  Larger 

fragments may be removed by trypsin-like enzymes (residues 266-292 and 263-292, (3)).  Ser150-

His429-Asp372 forms the catalytic triad (residues underlined in red). The N-terminal sequences, 

APDQDEVQRL and LDPPCTNTTA (underlined), were reported for the related bovine spleen 

cathepsin A (4).  

 

             "MTSSPRAPPGEQGRGGAEMIRAAPPPLFLLLLLLLLLVSWASRG                      

EAAPDQDEIQRLPGLAKQPSFRQYSGYLKGSGSKHLHYWFVESQKDPENSPVVLWLNG 

GPGCSSLDGLLTEHGPFLVQPDGVTLEYNPYSWNLIANVLYLESPAGVGFSYSDDKFY                    

ATNDTEVAQSNFEALQDFFRLFPEYKNNKLFLTGESYAGIYIPTLAVLVMQDPSMNLQ                    

GLAVGNGLSSYEQNDNSLVYFAYYHGLLGNRLWSSLQTHCCSQNKCNFYDNKDLECVT                    

NLQEVARIVGNSGLNIYNLYAPCAGGVPSHFRYEKDTVVVQDLGNIFTRLPLKRMWHQ                    

ALLRSGDKVRMDPPCTNTTAASTYLNNPYVRKALNIPEQLPQWDMCNFLVNLQYRRLY                    

RSMNSQYLKLLSSQKYQILLYNGDVDMACNFMGDEWFVDSLNQKMEVQRRPWLVKYGD 

SGEQIAGFVKEFSHIAFLTIKGAGHMVPTDKPLAAFTMFSRFLNKQPYHHHHHH-" 
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Figure S3.  Quaternary structure determination using gel-filtration.  (A) The G200 Superdex 

column was calibrated using protein standards (66 kDa bovine serum albumin, 29 kDa bovine 

carbonic anhydrase, and 12.3 kDa horse heart cytochrome c) from Sigma-Aldrich.  The albumin 

dimer elutes first (12.05 mL), followed by the monomer (13.9 mL), carbonic anhydrase (16.05 

mL) and cytochrome c (17.4 mL).  (B) The specific activity was measured for the WT & E69Q 

variant for the corresponding fractions.  (C) Summary of the gel-filtration sizing experiment. (D) 

Kinetic data of column fractions. 
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Enzyme pH Vmax (U/mg) Km (μM) kcat (1/sec) 

WT CatL-Activated 4.5 0.20 ± 0.02 7 ± 2 0.17 ± 0.02 

WT CatL-Activated Dimer 4.5 0.13 ± 0.02 5 ± 1 0.11 ± 0.02 

WT-Trypsin-Activated Dimer 4.5 0.18 ± 0.03 4 ± 2 0.16 ± 0.03 

E69Q CatL-Activated 4.5 0.034 ± 0.002 2.5 ± 0.6 0.03 ± 0.002 

E69Q CatL-Activated Dimer 4.5 0.017 ± 0.001 6 ± 1 0.015 ± 0.001 

E69Q Trypsin-Activated Dimer 4.5 0.0042 ± 0.0003 6 ± 1 0.0037 ± 0.0003 
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Figure S4.  In silico mutagenesis and the calculated pKa values.  (A) Using the structures of 

CatA the pKa were calculated by PROPKA (http://propka.org).  Individual residues were mutated 

in each structure using Coot and pKa’s were calculated from the models. (B) pH Dependencies of 

–log(Km). 
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 Calculated pKa 

Cathepsin A 

  
D64 

  
E69 

  
E149 

  

D372 H429 

Triad 

WT (PDB 4MWS) 7.27 5.84 13.11 4.64 6.74 

WT (PDB 4CI9) 6.77 5.84* 13.46* 4.40 6.74 

D64N (PDB 4MWS) Mutated 5.80 12.54 4.64 6.74 

E69Q (PDB 4MWS) 6.15 Mutated 9.26 4.64 6.48 

E149Q (PDB 4MWS) 6.23 8.5 Mutated 4.63 6.57 

E69Q/E149Q (PDB 4MWS) 6.14 Mutated Mutated 4.63 6.57 

      

WT- 8a  Inhibitor Bound (PDB 4AZ0) 8.71* 5.26* 14.08* 4.74 6.02 

WT-15a Inhibitor Bound (PDB 4AZ3) 9.61* 5.70* 14.39* 3.49 4.51 

WT- 1   Inhibitor Bound (PDB 4CIA) 8.01* 5.65* 13.97* 2.94 4.03 

WT- 2   Inhibitor Bound (PDB 4CIB) 9.16* 5.65* 14.46* 3.02 6.17 

      

D64N Inhibitor Bound (PDB 4CIA) Mutated 5.71 13.14 2.94 4.03 

E69Q Inhibitor Bound (PDB 4CIA) 6.28 Mutated 9.68 2.94 4.03 

E149Q  Inhibitor Bound (PDB 4CIA) 6.17 9.01 Mutated 2.94 4.00 

E69Q/E149Q Inhibitor Bound (PDB 4CIA) 6.27 Mutated Mutated 2.94 4.00 

D64N/E69Q/E149Q Inhibitor Bound (PDB 4CIA) Mutated Mutated Mutated 2.94 4.00 
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Figure S5.  Mechanisms proposed for CPY that involve at least one of the conserved glutamate 

residues (Glu-145/Glu-65). (A) Mechanism proposed by Bullock et al.  (B) Mechanism proposed 

by Stennicke et al. (C) Calculated pKa from crystallized WT and E65A/E145A CPY. 
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                    Calculated pKa 

CPY 

    
E65 

  

E145 

  

D338 H397 

Triad 

      

WT (PDB 1YSC)  6.15 11.76 5.89 6.39 

E65A/E145A (PDB 1CPY)  Mutated Mutated 5.62 6.44 

      


