
BCH 3125

Mid-Term Examination II
Date: 	Saturday, March 31, 2012			Name_______________________________
Time:	10:00-11:30 AM				Student # ___________________________
Total of 40 Marks
	
Part I: 10 marks Circle the appropriate answer, 1 mark each

1) When does a Scatchard plot give a linear slope:
a) positive cooperative binding
b) negative cooperative binding
c) independent binding with multiple identical sites
d) independent binding with multiple non-identical sites
e) always linear 

2)  The Hill coefficient defines (list all possibilities):
a) the degree of cooperativity
b) the nature of cooperativity (positive vs negative)
c) if there is cooperativity or not 
d) the number of binding sites
e) all of the above

3) Heme:
	a) is present in Hb, but absent in Mb
	b) is present in Mb, but absent in Hb 
	c) binds O2 with a a higher affinity than CO
	d) binds CO with a higher affinity than O2
	e) none of the above

4) For the reaction 2A + B            C + 2D, the reaction order is:
a) 3
b) 5
c) 6
d) 2
e) 1

5) For the reaction in question 4, KEQ=:
a)  			d) 
b)  			e) 
c)  

6) A 34.2 kJmol-1 drop in the activation energy corresponds to 
a) a 1010-fold increase in rate 
b) a 106-fold increase in rate 
c) a 108-fold increase in rate 
d) a 106-fold decrease in rate
e) a 104-fold increase in rate 

7) A graph of o vs pH gives:
a) a linear slope
b) a sigmoidal curve
c) a clock
d) an indication of the pKas of important residues
e) an indication of enzyme affinity

8) Methylation of His57 in a serine protease:
a) irreversibly destroys the 3D structure of the protein 
b) totally inhibits enzymatic activity
c) decreases enzymatic activity 
d) “b” and “c”
e) “a” and “b”

9) The “respiration” of Hb (i.e. the structural changes upon O2 binding) occur at the interface between:
a) 11 and 22
b) 12 and 12
c) 12 and 21
d) none of the above
e) all of the above

10) Which of the following technique(s) can be used to obtain protein structural information:
a) UV/Vis spectroscopy
b) Tryptophan Fluorescence
c) Circular Dichroism
d) “a” and “b” are correct
e) “a” and “c” are correct
f) “c” and “b” are correct
g) “a”, “b” and “c” are correct
h) None are correct



PART II: 30 marks 
[image: 13-4]
1) On the graph to the right for the binding reaction:
 (
ON
OFF
)
               P+L	          PL 

place the elements, P+L, PL, PL, kon, koff, KEQ, KD, Grxn, Gforward, and Greverse on the graph and/or relate them to arrows highlighting energy differences (2 marks).





2) What is the function of BPG?  What is the impact of BPG on p50?  What is the structural basis for the effects of BPG?  (3 marks) 






3) Add the four missing terms to the following table: (1 mark)
	Enzyme
	Substrate
	Affinity (M)
	Specificity Constant (M-1s-1)
	Catalytic constant  (         )

	Chymotrypsin
	N-acetylglycine ester
	4.4 x 10-1
	1.2x10-1
	

	Fumarase
	Fumarate
	5x10-6
	1.6x108
	

	Urease
	Urea
	2.5x10-2
	4x105
	



a) Rank the enzymes in terms of their pure catalytic ability (0.5 marks)



b) For each, if [S] is 2.5x10-2 M, what proportion of the enzyme will be found in ES? (1.0 marks)



c) Rank the enzymes in terms of their ∆GB (0.5 marks)







4) What is DIPF and how was it used to gain insight into catalytic activity (2 marks)?











5) Draw a schematic diagram of the specificity pockets for chymotrypsin and trypsin.  Define the effects of the specificity pockets on the binding properties of these enzymes?  (2 marks)















6) Draw diagrams of the catalytic triad in ES and EST to help explain the role of the triad in catalysis (3 marks)




7) A protein engineering study of tyrosyl-tRNA synthetase at 25oC showed that mutation of Cys35 to a serine residue changed kcat from 7.6 s-1 to 2.4 s-1, and KM from 0.9 mM to 2.4 mM.  Calculate the GB and GT values (2 marks).  Draw the reaction coordinate diagram for the WT and mutant showing the above G values (1 mark).  What does this tell you about the strengths of the interaction energies between Cys35 and ATP in the Michaelis complex and transition state (1 mark).  Using solvation/desolvation equations, speculate why mutation of an S-H bond to an O-H bond gives rise to the noted changes in KM and kcat (2 marks).  Note that oxygen is more electronegative than sulfur, but a C-S bond is 0.5Å longer than a C-O bond.  



8)  What are the roles of T40 and H45 in catalysis by tyrosine-tRNA synthetase?  How were these roles determined?  In your answer, include a discussion of how much energy each residue alone and in combination contributes to catalysis and what the impacts alone and in combination are to the catalytic rate?  (4 marks)























9) Name three amino acids that have characteristic absorption at 280nm (1 mark)




10) As a new undergraduate student, you have been given a project on a new protein named Baenzigase. Previous biochemical studies have shown that this enzyme has the ability to metabolize succinate and that one of the residues forming the succinate-binding site is a tryptophan. Explain which experiments you would perform to monitor the binding of succinate (2 marks).  Show the expected results (with supporting graph) (2 marks). 


Equations and Constants

R=8.314 JK-1mol-1

GB  RTlnKM

G  -RTlnkcat

 (
T
)G  -RTln(kcat/KM)

G=G(wt) - G(mut) 

G=G(catalyzed) - G(uncatalyzed)
 
Gcat =-RTln(rate enhancement) 
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