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Enzyme Kinetics & Serine Proteases including Chymotrypsin 
 
Proteases degrade other proteins by hydrolyzing peptide bonds at specific points on a protein.  
Each protease has a particular substrate specificity, exactly what sequence it recognizes to 
cut.  Furthermore, they are categorized by two linked concepts, the substrate affinity and 
catalytic rate.  Affinity is how well the protease likes to attach to the target, and catalytic rate 
measures how fast the cutting occurs, once the substrate has bound to the protease.  These 
concepts are quantitated using Michaelis-Menten Kinetics.  These kinetics apply generally to 
any enzymatically driven process or where one protein interacts by binding to another molecule 
(protein, molecule, etc).   
 

                     Km         kcat   E is the enzyme (a protease) 
  [E] + [S]    [ES]    [E]+[P]  S is the substrate 
       P is the product (cut substrate)  
       [X] is concentration of X 
 
(To really understand Michaelis-Menten kinetics, you must read Lehninger, do it now! p. 259-269) 
  
There are three rates here, the forward [ES] formation, the backward [ES] dissociation, and 
forward [E] + [P] formation.  To simplify things, we summarize the first two into a value called 
Km, the dissociation constant, and call the third the catalytic rate, kcat.  The rate of the overall 
process of P formation is called V0.   
 

 [ES]k  V cat0 =  
 
[ES] is determined by the ratio of free E to S and by how much the substrate likes to attach and 
detach from the enzyme (Km).  When we have a great excess of [S], nearly all the E will be 
bound in the [ES] state.  Thus the rate of product formation will be maximal and directly 
proportional to the rate of ES  E+P conversion and the total amount of enzyme in the system. 
 

 ][Ek  V
totalcatmax =  

 
When we have some degree less substrate, then more of the enzyme is in its free state and 
hence the rate V0 slows down.  The substrate concentration where the rate of product 
formation is ½ of Vmax is called the Km, or Michaelis constant.  To summarize all of this we 
can use the Michaelis-Menten equation. 
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There are 4 major families of proteases, classified by what type of functional group catalyzes 
peptide bond cleavage.  These groups are :Serine, Cystein, Aspartate, and Metallo. 
 
Let’s look at a serine protease, chymotrypsin, as an example of M-M enzyme kinetics. 
Proteases work by lowering the amount of energy required to change a substrate to a product.  
They provide covalent and non-covalent bonding possibilities that stabilize transition states, 
giving a path to the product which requires less energy to be transiently added to the system. 

 
 
Chemotrypsin is translated in an inactive precursor state.  It forms intra-molecular disulfide 
bridges and is proteolyzed in 2 spots turning it into an active, three polypeptide enzyme.  
There are 4 key element of the enzyme you need to know. 
 

 



Let’s define the peptide bond being hydrolyzed as the Scissile bond.  On the N-terminal side of 
the uncleaved peptide we have amino acid N-1 and on the C-terminal, amino acid N.   
The main chain substrate binding area non-specifically holds any polypeptide in place via 
hydrogen bonding to the peptide backbone.  The specificity pocket provides a space for the 
R group of amino acid N-1, which only fits particular side groups.  In chymotrypsin, it fits 
aromatic rings. 
 

   
 
The oxyanion hole provides two hydrogen bonding sites that coordinate extra electrons that 
are moved to the carbonyl oxygen of amino acid N during formation of the transition states.  
The catalytic triad is formed by Asp102, His57 and Ser195.  Ser195 is the site of tetrahedral 
transition state formation between the enzyme and the peptide being cleaved.  His57 shuttles 
the protons and Asp102 stabilizes the protonated His57 through hydrogen bonding.   Here is 
one of the reaction intermediates after the scissile bond has been cleaved but before the peptide 
has been fully hydrolyzed. 

   
You need to know the reaction mechanism on page 51 of the reader.  Particularly important is 
where the hydrogens come from and go.  One hydrogen comes from the hydroxyl of Ser195 
and goes to the Amino terminus of amino acid N, an OH from water gets attached to the 
Carboxy terminus of amino acid N-1, and the other hydrogen from water gets attached back to 
the Ser195. 
 
 
 



 
 
Proteases are regulated through competitive inhibition by Protease Inhibitors.  These bind to 
the same site as the peptide that is normally cleaved, but contain a larger tertiary structure that 
intereferes with the formation of cleavage intermediates.  
 

Questions: 

2. Explain how the specificity pocket of serine proteases affects the substrate-enzyme affinity, but 
not the kcat of the reaction. Begin your answer with the definition of the enzyme specificity and 
end with an argument in favor of renaming the specificity pocket the 'affinity' pocket.  

7. Myoglobin and Hemoglobin belong to the same protein family. What level of structural 
information is usually used to define the evolutionary relationship between proteins? What other 
protein families do you know? Why can the tertiary structure for such analyses be more important 
than simple sequence?  

16. What are the basic concentration conditions of enzyme and substrate to measure Vmax of 
enzymatic catalysis?  

17. Explain one possible way of lowering the activation energy for an enzymatic reaction.  

18. How does the tertiary structure of the chymotrypsin family of serine proteases affect the kcat of 
the proteolytic activity?  

19. You analyzed the specificity pocket of a new type of protease and found Lysine as part of it. 
What could you say about the sequence specificity of the protease?  

22. Thermal motion is important in enzymatic activity? Explain.  

 


