Free Energy & Kinetics from Molecular Dynamics

14.6.10

Objective: To give a presentation of about 60 minutes at the end of the week covering the key aspects of how to get kinetic
parameters from molecular dynamics experiements.
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Simulating biological systems is a field on the rise and driven by two major factors: the increased ability to simulate
biological systems and availability of highthroughput OMICS-data. In simulating biological systems it is important to make
reductions data groups a large assembly of things into on entity with its own dynamics as this can give rise to huge savings in
computational needs. An example is to represent a large number of molecules by it their concentrations instead of tracing their
individual actions.

Molecular Dynamics (MD) has recently allowed the description of the behaviour of individual macromolecules in great
detail. One interesting application of is the possibility of determining macroscopic parameters by simulations. One of the most
important examples would be free energy and rate constants. The above illustration is the standard description of free energy
and rates of going between two states A and B, but is also treacherous in being in 1 dimension, while the real molecules might
need in excess of 10* dimension to be described. The free energy will related to how much time is spent in a state, while rates
can be evaluated by considering all paths from a state to another. Both computationally very hard questions. This would
allow simulations of individual molecules to be translated into whole cell simulations. What needs to be simulated would be
the full atomic trajectory of for instance A + B - C, sufficiently many times and under conditions enabling the evaluation of
the rate of this reaction. A + B > C will often involve bond brreaking, which needs a quantum mechamical description in
contrast to motion of the molecules which can be deon by classsical descriptions. A serious problem here is that A+ B > C
can occur on time scales (milliseconds) that are 6 orders of magnitude larger than fine grained MD typically deals with
(nanoseconds and less). le accellerations that bridges this gap are key to the success in this endeavour. There are many
approaches to this, but clearly a combined description, where motions are described by classical potentials, while bond
breaking by QM. Coarse grained descriptions are approximations to full atomic descriptions that all further necessary
accellerations.

The Big Questions Are
. How big an accelleration is this?
. What is lost in a major reduction like this?
. What are the main problems in application of this simple idea?

Possible Contents of Presentation

History of MD and its applications

History of Enzyme Kinetics and its application
Key principles of MD

How is MD used to determine kinetic parameters?
Key examples of applications of this

The Possibility of large scale applications of this
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“Big Questions”, “Contents” and “Recommended Literature” are only suggestions from which the student is
welcome to depart from or completely ignore.



