Physics 4S03 / 6S03  - Molecular Biophysics – Assignment 2
Question 1. 

The figure below is taken from Fygensen et al (on the web site). It shows an experimentally measured phase diagram for microtubules as a function of temperature and concentration of tubulin. Seeds acting as nucleation sites are present in the experiment. In region I, almost no growth occurs. Hardly any of seeds are observed to have microtubules on them. In region II, growth occurs from the seeds only. A substantial fraction of seeds have microtubules growing. In region III, spontaneous nucleation of microtubules occurs in addition to growth from the seeds. The dotted line marks a transition from a region of bounded growth (finite length microtubules) to unbounded growth (microtubules keep increasing in length if the tubulin concentration is maintained constant).
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The following simple model explains some of these observations. Let M be the total concentration of seeds. Let Mn be the concentration of seeds with n units growing (one unit is one tubulin dimer). Therefore we know that 
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Assume that the rate of addition of each new unit to the microtubule is konC, where C is the concentration of units in solution. Assume that C is kept fixed, so that we do not need to consider the depletion of tubulin from solution as the microtubules grow. The rate of loss of each unit from the end of the chain is koff. We can therefore write
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(a) Write down equations to describe the rates of change of M1 and Mn (where n is any number greater than 1). Calculate the equilibrium values of M0, M1 and Mn in the region where the growth is bounded. Draw a diagram illustrating the distribution of lengths of microtubules at equilibrium. What is the mean number of units per microtubule? (10 marks)

(b) Why does spontaneous nucleation of microtubules only occur at high C? Suggest what additional terms we might add to the rate equations if we wanted to include the possibility of spontaneous nucleation in the model. (5 marks)
(c) In the phase diagram, the line between regions I and II is drawn where only 1% of seeds is found to have a microtubule growing. If we take a cut across the diagram at a fixed temperature (say 25oC) we see that the concentration at the boundary of I/II is roughly half the concentration at which the transition from bounded to unbounded growth occurs.


According to the model, at what concentration does the bounded/unbounded transition occur? When growth is bounded, what fraction of seeds has at least one unit growing? At what concentration is this fraction equal to 1%?


You should see that the model is inconsistent with the phase diagram in this respect. Can you suggest why? What does this tell us about growth of microtubules from the seeds in the experiment? (5 marks)

(d) Explain more fully what the paper of Fygensen et al concludes about nucleation and growth of microtubules in the experiment. (5 marks)

2. Helix-Coil Transition
This question relates to a model for the helix-coil transition that we discussed in the lectures in which only one helix is permitted on the chain, but the helix is allowed to unwind at the ends.
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There are N monomers in total, and n monomers in the helix. The weight of the helix relative to the coil is((sn. The number of states with n helical monomers is N-n+1. Therefore
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The helix fraction is 
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Check that you understand where this comes from.

For the calculations in this exercise, take N = 10. Assume that for every monomer in the helical state there is an enthalpy reduction (H = 50 kJ mol-1 and an entropy reduction (S = 150 J mol-1 K-1. The gas constant R = 8.314 J mol-1 K-1 (Note that R = Boltzmann’s constant x Avogadro’s Number). Assume that the penalty associated with the helix ends is equal to the loss of stacking energy of one monomer, i.e. it is -(H.

Therefore 
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(a) Use an Excel spreadsheet (or a computer program if you prefer) to calculate Z and ( as a function of temperature in the range 10oC – 40oC. Plot a graph of ( against T. (10 marks)
(b) In the two-state approximation we only include the completely helical state (n = 10) and the completely coil state (n = 0). What is ( in the two-state approximation? Plot a graph of ( against T on the same graph as part (a). You should find that the approximation is quite close to the result in part (a).  (5 marks)
(c) Using the full partition function Z, calculate the probabilities p0 and p10 that that n = 0 and n = 10. From this we know that the probability that the molecule is in one of the intermediate states with n between 1 and 9 is 
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. Plot a graph of p0, p10,and p* as a function of T. Use this to comment on why the two-state approximation is fairly good at all temperatures. (5 marks)
Total 20 marks for this question.
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