Physics 4S03 – Molecular Biophysics. Midterm exam. November 2010.

Question 1. (10 marks)

This question is about the growth of a fibre by assembly of protein monomers (such as actin or microtubules). Suppose that the fibre grows from a seed and that there is just one kind of monomer. The rate of addition of a monomer is k1C, where C is the monomer concentration. The addition rate is independent of the number of monomers already in the fibre. However, the first monomer interacts with the seed; therefore we suppose that the rate of removal of the first monomer is different from the other monomers. This last feature is slightly different from the model in the lectures. The rate of removal of a monomer is k-1 when there are at least 2  monomers in the fibre, and the rate of removal of the first monomer is k​0 (see diagram below).                           
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Let Pn be the probability that there are n monomers on the seed. Write down differential equations for 
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(for n ≥ 2). 

Show that there is an equilibrium state in which all the probabilities are not changing in time, provided that C is less than some critical concentration C*. What is C*, and what are the equilibrium probabilities?
In the special case where k0 = 2k-1, calculate P0 and plot a graph of P0 as a function of C/C*. 
Question 2. (6 marks)

Explain the forces that cause a small latex bead to be held in an optical trap. 

Describe how observations of the fluctuations of the bead in the trap can be used to measure the stiffness of the trap.

Question 3 (6 marks)

What are the different contributions to the free energy of RNA secondary structure formation? What do they depend on? How do we measure them? How can these free energy measurements be used in a computer program for RNA secondary structure prediction?

--------- The end --------

Total marks 22
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