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determination scheme in the QM/MM calculations

(Jung)

Development of improved reaction-path

1. Background and purpose of use project,

relationship of the project with other projects
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To understand enzyme reaction with protein
environment, two methods are necessary. One is an
accurate QM/MM calculation and the other is
efficient reaction path determination scheme. In
particular, we need an efficient way to find reaction
path with QM/MM scheme which reduces the QM
calculation as small as possible. Even though there
are several ways for this method, many of them do
not use proper target function and efficient
parallelization is difficult. In this project therefore,
we aimed to develop a new method that is more

suitable to find the reaction path with QM/MM

scheme.

2. Specific development of calculation method

For enzyme reactions of QM/MM, we introduce
three modifications into the locally updated planes
scheme (CO-LUP) to overcome these problems : (1)
An improved tangent estimation of the reaction path,
which is used in the NEB method, (2) Redistribution
of images using an energy-weighted interpolation
before updating local tangents, and (3) Reduction of
the number of

constraints, 1in particular

translation/rotation constraints, for improved
convergence. This method shows the same accuracy
but improved speed over the existed NEB/string

method.

3. Result

First, we test the method on the isomerization of
alanine dipeptide without QM/MM calculation,
showing that the method is more efficient than the
existed string method both in accuracy and efficiency
(Figure 1). We also apply the method for defining the
reaction paths of the rearrangement reaction
catalyzed by chorismate mutase (CM), and of the
phosphoryl  transfer reaction catalyzed by
cAMP-dependent (PKA)

generalized hybrid orbital QM/MM calculations. The

protein kinase using
reaction energy barrier of CM is in high agreement
with the experimental value. The path of PKA

reveals that the enzyme reaction is associative and

there 1s a late transfer of the substrate proton to Asp
166, which is in agreement with the recently

published result using the NEB method (Figure 2) .
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4. Conclusion
We have developed a method for calculating
reaction paths. The new method features the
advantage of a well-defined target function and

enabling efficient optimization for QM/MM systems.

5. Schedule and prospect for the future

The project has focused on reaction paths at zero
temperature. However, accurate energetics of
enzyme reactions requires the free energy path at a
finite temperature. We plan to investigate this using

molecular dynamics simulation.
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