Name:_____________________________________________

MCB100A/CHEM130A Practice Exam- I 11-30-05 (Aathavan)

1. Simulate your own levels of stringency – no cheat sheets/ cheat sheets/ open book

2. DON’T PANIC if it appears difficult. Nothing in here is beyond the domain of what you already know. Just clear your heads and think

3. Remember that this may not be representative of what’ll be on the exam. 
4. Have fun!

I. Catalytic Triad: (Inspired by a problem in JK’s Fall 2003 exam) (10)
A. Many enzymes (proteases and lipases) use the following three amino acids in their catalytic site. Identify the three residues – A, B, C. The C-α atoms are indicated by black dots.
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A- Glu
B- His

C- Ser

B. The activity of this enzyme is dependent on the formation of the pattern of hydrogen bonds shown here. The activity of the enzyme stays fairly constant as the pH of the solution is decreased from pH 9.0 to pH 6.0. When the pH of the solution is further decreased below pH 6, the activity of the enzyme drops rapidly with decreasing pH. The activity is fully regained if the pH is adjusted back up above 6.0

i) Which of these three residues is likely responsible for this behavior?

His.  This is the only residue that titrates in this regime
ii) Write down the chemical structures of the protonated and deprotonated forms of the titrating residue indicating charges
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C. How will the pKa of A and B change if A and B are moved farther apart.

Let’s look at Glutamate equilibrium.
GluH  <-----> Glu-   +   H+
If you have a positive charge next to the Glu- ,Glu- is stabilized and the reaction shifts to the right, i.e Ka (the dissociation constant for the acid) becomes higher… or the pKa = -log10Ka will become smaller.  Hence moving the positive charge away will increase pKa. 

Similarly for His

HisH+
<------> His +H+

A negative charge will stabilize HisH+ and will shift the equilibrium to the left. The Ka becomes smaller or pKa increases. So moving the –ve charge away will decrease pKa
II. Designing a Coiled Coil: (10)
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An (exaggerated )picture of a coiled coil

A. Alpha-helical segments of proteins that have a heptad repeat of leucine residues are known to form left handed super helical coils. Explain (using a wheel diagram if necessary) the driving force for the formation of this coiled-coil.  

It is important to first realize that a coiled-coil refers a single polypeptide strand that forms a helix whose axis itself coils up like a helix – like in the picture above.  In a heptad repeat you would have a Leucine at 0 deg and 700 deg (2 x 360 – 20). The hydrophobic effect drives the supercoiling of the helix. This way all the leucines would line up along the –super-helical axis and thus minimize the exposed hydrophobic surface.
Two such coiled coils are then very likely to dimerize to further reduce the hydrophobic area exposed

B. Let us say that you are designing your own coiled-coil and wanted it to have a right-handed twist instead of a left handed twist. What should be the spacing between the leucine residues to achieve your design?

A spacing of 11 would give you hydrophobic residues at 0 deg and 1100 deg (3 x 360 + 20). This would give you an opposite handedness to that of the heptad repeat.
III. True/False. If False Explain (10)
1. The principal contribution to the stability of stacked bases in DNA is the hydrophobic effect. False. Electrostatic interaction between bases.
2. The hydrophobic effect in protein folding arises because hydrophobic residues have more favorable interaction energy with themselves than with water. False. Because water-water interactions are more favorable.
3. The wobble effect in t-RNA – mRNA binding allows organisms to be resistant to mutations. True
4. RNA forms more versatile structures than DNA because RNA is much more flexible than DNA? False. RNA is just more capable of stabilizing ‘funny structures’ with additional interactions as for example provided by the 3’ OH
5. Proteins are more likely to bind the minor groove of RNA because it is wider than the major groove in RNA. False, because the minor groove  is not as recessed as the major.
6. Many DNAzymes and Ribozymes perform catalysis with the help of metal ion bound to the aromatic bases. True
7. If a strech of amino acids in a protein has alternating hydrophobic and hydrophilic residues it is very likely an amphipathic helix. False, beta strand.
8. If two sequences have less than 15% sequence similarity they will not have the same fold. False, they may… though with low likelihood.
9. The hydrophobic core of proteins can accommodate mutations easily because hydrophobic residues are inherently more flexible. False. They are more greasy…
10. BLOSUM62 matrices are formed using sequences whose identity levels are 62% or higher.  False, 62% or lower
11. The stacking of alpha-helices through packing of ridges and grooves on the helix leads to the formation of long amyloid fibres. False. Though this does seem intuitively possible, all known cases involve long b-sheets.
IV. Heat Capacities in protein unfolding: (10)
A. Consider the following experimental curve of Cp during a thermal denaturation of a protein. Why is the Cp of the unfolded state higher than that of the folded state? (3)
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The unfolded state has greater # degrees of freedom
B. How would you calculate from this curve the difference in entropy between the unfolded and folded states (7) (Hint: Think about the definitions heat capacities, enthalpy changes and entropy)  
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Rearrange terms and integrate
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Note that Cp is not a constant here.
V. Of Ideal Gases…. (10)
A. Consider 1 mole of an ideal gas in a piston held in contact with a heat bath at 300K and 2 bar pressure.  What will be the final volume if gas expanded isothermally to a final pressure of 1 bar.

V = nRT/P 
B. How much heat flowed into the system in A? What will be the work done? And what will be the change in entropy?
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q=-W=RTln2
C. Consider now that the gas in A is now in an insulated piston. You now perform 25kJ worth of adiabatic compressive work on the gas. What will be the final temperature? 
Ufinal
 = Uinitial + W


=3RT/2 +25kJ



= 3RTfinal/2
Tfinal = 2300K
VI. …. and rubber bands (20)
A. Rubber bands are polymers. Consider a polymer with 100 non-interacting monomer units each of length ‘L’. We will assume also that the junction between the monomers allow independent movement of the monomers. 

In a simple (one-dimensional) model, you can think of each monomer unit to exist in two states – pointing left and pointing right. The two states of the monomer have the same energy. What will be the entropy associated with the rubber band?

This is basically a one dimensional random walk problem.
S 
= -NkB (p1lnp1 + p2lnp2)

= - 100kB (0.5 ln 0.5 + 0.5 ln 0.5)


= 100kB ln 2
B. Show that the equilibrium length (end to end distance) of this rubber band is zero?

From principle of maximum multiplicity one can say that the equilibrium state is one of where the left pointing or the right pointing states are equally likely. This would mean that 50 units point to the right ( 50x l) and 50 to the left (50 x –l) leading to a total end to end distance of 0.
C. What is the entropy associated with the rubber band when it is stretched (end to end) to a length of 10L
To have a length 10l we need 55pointing to one direction and 45 in the other.
S 
= -NkB (p1lnp1 + p2lnp2)

= - 100kB (0.55 ln 0.55 + 0.45 ln 0.45)

D. Consider a rubber band that has been stretched out to maximum extension using force. You now let go of the rubber-band. Will it remain stretched? Why?

No… it will collapse … seeking the state of maximum multiplicity. The fully stretched state will have 0 entropy. 
E. How much work do you need to do to completely strech out this rubber band at 300K?  (Hint: Think about the meaning of ‘Free’ Energies)

Work = ΔG = ΔH – TΔS



 = 0 – T [ Sstreched-S relaxed]



= 0 – T [0-100kB ln 2]

VII. Counter-ion condensation on DNA – a lattice model approach: (25)
DNA is negatively charged. Positively charged ions in solution will be attracted to DNA, thereby reducing the ‘net charge on the DNA’. Let us analyze this using a simple lattice model (see figure below). A DNA strand two nucleotides long (two negative charges) is on the left edge of the lattice. If a counter-ion is in a box next to the DNA we consider it bound to the DNA with an energy -ε. If it is in any other box it is considered to be free in bulk solution.
You may consider this lattice to be surrounded by a heat bath at temperature T.







(bound)
(bulk)
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DNA
A. Consider the above lattice model with two Na+ ions. Let the energy of interaction between a Na+ and DNA nucleotide be -ε =-2kT. Calculate the net charge on the DNA. (Hint: Think of the various states of the system – with 0,1 and 2 ions bound. Caculate the Helmholtz free energy, A=U-TS for each state. Remember to consider positional and energy multiplicities). The probability of occurrence of each state will be given by 
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. The latter you may recognize as simply another form of the Boltzmann distribution. The average number of Na+ bound (and hence the net charge) can be calculated from these probabilities)
	
	# Na bound
	DNA charge
	W
	S/kB
	U
	A
	p=
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Net Charge 
= -2(0.033) -1(0.66)



= -0.726 (neutralization)

B. Consider the same lattice model now with just one Mg2+ ion. The energy of interaction of Mg2+ with DNA is -ε =-4kT (twice that of Na+). Calculate the net charge on the DNA. (Use the same hints as in A)

 (Note: Magnesium is the same size as Sodium and hence we will consider it to occupy only one box at a time. However, since Magnesium ion has two positive charges occurrence of the ion in any of the two boxes next to the DNA will be considered to have completely neutralized the DNA. )
	
	# Mg bound
	DNA charge
	W
	S/kB
	U
	A
	p=
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	0
	-2
	1.4
	1.39
	0
	-1.39kT
	0.035
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	1
	0
	2.1
	.693
	-4kT
	-4.69kT
	.965


Net Charge 
= -2 (0.035)



=-0.07



= (93% neutralization)

C. The total charge in the two cases above (A, B) is the same. What is the origin of the difference in the neutralization of DNA? 
Note how despite having only half the concentration of Na, we have far greater binding with Mg. This is because the entropy change associated with complete binding of Mg is less unfavorable than the entropy change associated with complete Na binding.
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