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Thermodynamics of Protein Folding

I. Introduction

a. More definitive explanation of the protein folding problem.

b. Explain the mechanics of proteins and why they fold.

c. Explain the conditions under which they fold, or do not fold.  

i. Different conditions: temperature, pH, etc.

II. The native, fully folded state (N)

a. The hydrophobic core seems to be the most critical aspect for stability of the normal folded state.

b. Folded proteins demonstrate varying degrees of flexibility which is of direct relevance to protein folding, in that it reflects the free energy constraints on unfolding and refolding.

c. Flexibility is greatest at the protein’s surface.

III. The unfolded state (U)

a. The ideal unfolded protein is the random coil, in which the rotation angle about each bond of the backbone and side-chains is independent of that of bonds distant in the sequence and where all conformations have comarable free energies, except when atmos of the polypeptide chain come into too close proximity.

b. Steric repulsions are significant.

IV. Two-state kinetics

a. Effects of denaturant on unfolding and folding kinetics.

b. Plot of the logarithm of the rate constant for unfolding, ku, against the concentration of denaturant is found to be close to linear for many proteins at [denaturant]>[denaturant]50%.

i. Ln ku = ln kuH2O  +  mku [denaturant]

ii. Can be recast in terms of activation energies:

1. (G-N = (GH2O-N – m-N [denaturant]

2. (GH2O-N is equal to the free energy of activation for unfolding in water.  The subscript N refers to the native states and transition states respectively.

3. m-N is analogous to mD-N for equilibrium unfolding.

V.  General Properties of Protein Folding Transitions
a.  Stability of the folded state
i. The enthalpies and entropies of unfolding are very temperature-dependent because the heat capacity of the unfolded state is significantly greater than that of the folded state.
ii. The large heat capacity change upon protein unfolding causes there to be a temperature at which stability of the folded state is at a maximum.  
iii. Measured by free energy, the maximum occurs where the entropy is equal to zero, while that measured by the equilibrium constant occurs where the enthalpy is equal to zero.
b. Co-operativity of folding.

i. Inferred From one more more characteristics. [to be listed in talk]
ii. Two major reasons for the co-operativity of folding transitions.
1. Unfavorable interactions in the partially-folded states that are not present in either the fully folded or unfolded states.
2. Entropic co-operativity of the folded state which is necessary to account for its stabilization by intrinsically weak interactions.
VI. Kinetics of Protein Unfolding and Refolding

a. Kinetic analysis of complex reactions.
b. Kinetics of protein unfolding.
c. Kinetics of protein refolding.
i. Peptide bond isomerization.
ii. Refolding in the absence of slow peptide bond isomerization.
iii. The pre-folded state.
d. The transition state for folding.
VII. Elucidating Folding Pathways

a. Trapping folding intermediates with disulphide bonds.
b. Disulphide folding pathway of BPTI.
i. Bovine pancreatic trypsin inhibitor.
c. A current view of protein folding pathways.
