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Outlook

In this thesis we have applied advanced simulation techniques to address the folding pro-

cess of small proteins. The application of these methods yields a tremendous amount of

information on protein folding processes, amongst others, mechanisms, kinetic rate con-

stant and intermediates. The use of these special rare event methods turns out to be much

more efficient than straightforward MD. In addition, this data can and should be compared

with experiments. At the same time simulation results are complementary to experiments,

and can be used to interpret experiments.

Naturally, the quality of the simulation results depend very much on the quality of the

force-fields. In our view, the current generation of force fields should only be trusted as

semi-quantitative, as the errors in free energy can easily be a couple of kT. However, we

should stress that the aim of the thesis is not the perfect reproduction or prediction of

quantitative folding properties, but to show that the methodology works, and can be used to

address atomistically detailed questions in complex protein conformational changes.

From the studies in this thesis it also becomes clear that there is no such thing as the ulti-

mate method that allows calculation of all interesting properties for complex protein confor-

mational changes. Instead, as already put forward at the end of chapter 2, several methods

should be employed in conjunction. First, one should study the landscape of (meta)-stable

states, for instance, with reaction coordinate free method such a REMD. The resulting free

energy landscape can be used to locate possible dynamical bottlenecks. These bottlenecks

are the target of the transition path sampling methodology. The path ensembles that are an

outcome of the TPS, can be analyzed for important reaction coordinates, using e.g. the LME

methodology. In a last step one can test these reaction coordinates with committor analysis,

and compute free energy barriers, using metadynamics or umbrella sampling. When multi-

ple transitions occur in a proteins systems, one can approach the problem by dividing into

several subprocess as we have done with PYP in chapter 7.

Several research groups are currently developing the so-called Markovian state models, or

coarse-grained master equation approaches, in order to deal with complex protein conforma-

tional rearrangements in which many intermediate states are being visited. The methods

described in this thesis can be incorporated in such approaches and may improve sampling

of the protein kinetics. Another possible future direction is to extend the TPS-methodology

to include multiple states. Using this type of approach to bridge the time scale problem that

plagues protein folding simulation, will hopefully in the near future lead to better insight

in the folding, misfolding and functioning of biologically important proteins.
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