
Problem Set #7 –Chem 391 
Due in Class on November 1st  
 
1. The rate constant for an uncatalyzed reaction is 1.0 x 10-4 s-1.  An enzyme catalyzes the 
reaction with a kcat of 1.0 x 103 s-1. 
a. What is the ∆∆G‡ for that results from lowering of the activation barrier? 
b. The enzyme possesses a Km for the substrate of 100 µM.  What is the dissociation constant 
for the transition state (i.e. the proficiency constant)? 
c. What is the free energy of dissociation for the transition state from the enzyme?  (Remember 
that when you calculate absolute ∆G˚ values, equilibrium constants must be expressed in units of 
M.) 
 
2. Consider the following two step mechanism that is not at all related to enzyme catalysis. 
 
 A + B ⇔ C 
 C + D → E 
 
a. Derive a rate law for the mechanism, using the steady state assumption. 
b. What simplification can be made to the rate law if the concentration of D is high? 
c. What simplification can be made if the concentration of D is very low? 
 
3. The Haldane relationship links forward and reverse kinetic parameters to the overall 
equilibrium constant for a reaction.  Consider a simple, reversible enzymatic reaction, where both 
directions follow the Michaelis-Menten mechanism (only initial & final states are shown here.) 
 
 E + S ⇔ E + P 
 

At equilibrium, 
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reverse reactions. 
a. Derive an equation for the equilibrium constant for the reaction: S → P that invokes the kcat 
and Km values for the above enzyme catalyzed processes. 
b. Draw a reaction profile for the conversion of E + S to E + P via two intermediate states, 
E•S and E•P.  Show on that profile why the activation barriers associated with kcat/Km for the 
forward and reverse reactions can be used to calculate the ∆G˚ for the overall reaction (and 
therefore be used to get the equilibrium constant for the reaction). 
 
4. Non-competitive inhibition has the following mechanism.  Let’s assume that a non-
competitive inhibitor complexes with both the E•S complex and free enzyme with the same 
dissociation constant, Ki. 
 

 

E   +  S         E•S           E + P

+ I+ I

E•I E•S•I  



Derive the following rate law, given the above assumptions. 
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5. By inspection of this data (no graphing needed!) predict values for Vmax, Km, and kcat, 
assuming an enzyme concentration of 10 µM. 
 

[S] (µM) v (µM/s) 
2.5 28 
4.0 40 
10 70 
20 95 
40 112 
100 128 
2000 139 

 
6. Recently, work on a new cocaine-hydrolyzing antibody has been published, and structures of 
this antibody bound to both cocaine (the substrate) and a phosphonate analog (a transition state 
analog) have been solved.1  Using PyMOL, compare the binding pocket surrounding cocaine and the 
phosphonate analog.  Provide an enthalpic rationale for the capacity of this antibody to catalyze the 
hydrolysis of cocaine. 
 Note that coke.pse (see the problem set web page) is organized to give you the overall 
cartoons of the antibody bound to the transition state analog (yellow) or cocaine (cyan).  You can 
selectively show the analog (TSA) or cocaine (coke) and the binding pockets around them 
(TSA_pocket or coke_pocket, respectively).  In answering the question, make specific reference to 
the residues, by name and sequence number (label by residue and by chain under the “L” button) 
that contribute to catalysis. 
 If you’d like to illustrate your problem set, you can do so with a few helpful commands (I 
thought a few of you might like this tool for your theses some day…): 
a. Set background color to white (saves on ink).  Type “bg_color white” in the text bar near the 
top of the display window – it says “PyMOL >” next to it – and hit “enter”. 
b. Type “ray” in the text bar.  This will render a nice glossy image of the scene.  It might take a 
few seconds. 
c. Type “png filename.png”.  This will create a png file image (called filename.png) to your home 
folder. You can copy and paste from there. 
 

                                                
1 Zhu, X. et al. (2006) Complete Reaction Cycle of A Cocaine Catalytic Antibody at atomic resolution.  Structure 14, 205-
216. 


