


CUMULATIVE EXAMINATION IN BIOCHEMISTRY  
    Kinetics and Ligand Binding 

Feb. 2, 2008  
    5 questions, 20 pts each 
 
1.  You measure binding to a preparation of steroid hormone receptor using radioactive 

progesterone.  You determine a maximal specific binding of 20,000 cpm (counts per minute) 
in 100 ul of your protein sample.  Your sample is 2 mg/ml in protein and your progesterone 
has a specific radioactivity of 30,000 cpm per pmol. 

a. (10 pts) What is the specific activity of your sample?  (give in pmol/mg or similar 
units).  0.666 pmol/0.2 mg or 3.33 pmol/mg 
b. (10 pts) If your receptor has a molecular mass of 40,000, how pure is your 
sample (in % wt/wt)?   
1mol/40000g x 1g/1000mg x 1012 pmol/mol = 25,000 pmol/mg if pure protein 
3.33 pmol/mg / 25,000 pmol/mg x 100 =  0.0133% 

 
2. a. (10 pts) An enzyme that follows Michaelis-Menten kinetics has a Vmax of 250 
umol/min/mg and a Km of 0.2 mM.  What concentration of substrate would be required to ensure 
that the initial velocity is at least 80% of Vmax?  0.8 mM 
 
 b.  (10 pts) If a competitive inhibitor with a Ki of 50 uM is added at a concentration of 100 
uM, to the experiment described in part (a), what will be the observed rate of the reaction?  
Include units.  140 umol/min/mg 
 
 
 
3.   a.  (10 pts) If the KD of a ligand binding to a protein is 10 uM and the association rate is 
diffusion limited (108 M-1s-1), what is the dissociation rate constant k- ?  Include units. 
Kd = k-/k+      103 s-1 
 
 b.  (10 pts) The KD of biotin for streptavidin is 1 femtomolar (10-15 M).  You want to carry 
out an experiment that will accurately determine how fast biotin dissociates from streptavidin.  
What, do you anticipate, will be the half-life of the complex, ie how long should it take for 50% of 
the ligand to dissociate? Kd = k-/k+ ;  k- = 10-15 x 108  = 10-7 ; t1/2 = .693/k-   =  6.9 x 106 sec or 80 
days 
 
 
 
4.  An ion channel has four independent, identical sites for the ligand L, i.e. the ligand binds 
each site with the same KD.  The channel is only open when all four sites are occupied by ligand.  
Thus channel activity is proportional to the probability that all four sites are occupied 
simultaneously. 
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The probability that any one site will be occupied by ligand is given by the fractional 
saturation (f) in the binding isotherm: 
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Thus, the probability that all four sites will be occupied simultaneously is f4. 
 



a.  (7 pts) What will the Hill coefficient, n, be for measuring binding to this channel? 
n = 1. Binding is to identical, non-interacting sites.  All have same Kd, simple binding with 
Hill coefficient = 1. 
b. (7 pts) You measure channel activity as a function of the concentration of L and 
generate a Hill plot.  What will the Hill coefficient be at low concentrations of L (L<<KD)? 
A plot of channel opening as a function of [L] will display a sigmoid shape…(f4 = [L]4/([L] + 
Kd)4 ~ ([L]/Kd)4 when [L]<<Kd, so n ~ 4 at low [L].   
(n = 4) 
c. (6 pts) Is there cooperativity in ligand binding?   No 

 
5.  You have discovered a new compound, “mellowamine” [I], that appears to be a powerful 
sedative drug.  You also identified a receptor [R] that mellowamine binds to, and found that 
mellowamine inhibits the normal signalling pathway by decreasing the apparent affinity of the 
receptor for the stimulatory ligand “highwired ”  [L].   
 
You want to determine if mellowamine acts by binding to the same site as highwired (i.e. 
acting a competitive inhibitor of the action of highwired), or if it binds at a distinct site, 
allosterically modulating the activity.  The best way to distinguish these possibilities is to 
examine the effect of different concentrations of mellowamine on the observed binding 
constant for highwired (Kobs).   
 
Draw a graph of the anticipated relationship between Kobs and [I] for these two possible 
scenarios (9 pts each), explaining how the experiment distinguishes these two types of 
inhibition (2 pts).  (Note that you have already ruled out other types of inhibition, such as 
uncompetitive or noncompetitive, that might increase the apparent affinity, or leave it 
unchanged).  

Competitive:  Kobs = Km(1 + [I]/Ki), no saturation 
Allosteric: [I] mediates shift from high affinity to low affinity conformation, R <-> 
T.  Kobs reaches a max 
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