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###8 3 : Development of Metadynamics for

Accelerated Free Energy Calculations (Galvelis)

1.

Background and purpose of the project,
relationship of the project with other projects
The fundamental understanding of biological
systems by atomistic-level simulations requires
free energy calculation, which is inherently a
problem of conformation space sampling.
Metadynamics, an adaptive-biasing technique,
has proven its efficiency for accelerating
sampling. The method estimates the free
energy by iteratively updating a biasing
potential in a predefined collective variable

space.

Specific usage status of the system and
calculation method

The system was used to test and benchmark
the new implementation of metadynamics in

GENESIS. However, due to changes in the
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development schedule, the usage of the system

was not as intensive as expected.

Result

Several extensive simulations of short
peptides 1in solvent were performed to
demonstrate metadynamics better
computational efficiency versus RUES, a

well-established free-energy calculation

method.

Conclusion

A production-level metadynamcis has been
implemented in GENESIS and tested on
polypeptides. It will allow a  more
computationally efficient free energy

simulations of biologically systems.

Schedule and prospect for the future

The further development of metadynamics
with a specific interest to increase the
computation  efficiency of  multi-replica
metadynamics algorithms by incorporating

advance replica exchange schemes.
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&8 5: Development of Molecular Dynamics Program
and Its Application with QM/MM (Jung, Feig)

1

Background and purpose of use project,
relationship of the project with other projects
The major bottleneck in molecular dynamics
(MD) simulations of biomolecules exist in the
calculation of pairwise non-bonded interactions,
interaction in

in particular short-range

particle-Mesh Ewald (PME). However, the
evaluation of energy and gradient includes
roots and

time-consuming square

complementary error functions. Moreover,
parallelization of MD is not straightforward

due to communications in MD.

2

Specific development of calculation method

1) New lookup table approach for short-range
interactions: For faster evaluation of MD, we
introduce a new lookup table by defining
energy and gradient as a linear function of
inverse distance squared. With this approach,
fast non-bonded interactions are available
owing to efficient usage of cache memory.

2) Parallelization: Another approach of fast MD
is efficient parallelization. Nowadays, many
computers have multicore processors, including
RICC. For these machines, we introduce a
hybrid (MPI + OpenMP) parallelization with

domain decomposition scheme.

Result

The new lookup table approach developed by
us definitely increase the accuracy compared to
the existed one, which could be identified by
energy drift according to the number of table
points (Figure shown below). Moreover, it is

even faster due to efficient cache memory.
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Energy drift as a function of number of table points

Our parallelization method increases the
speed dramatically for large system MD
simulations. For a system including 20,000
atoms, it is well scalable up to 512 cores and

shows less than 4 ms/step.
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Conclusion
We have developed methods for fast
evaluation of non-boned interactions in MD:
lookup table approach and parallelization.

These are useful for many-core machines like

RICC.

Schedule and prospect for the future

Based on the present development, we plan
to investigate conformational changes of large
proteins and develop several important tools

for free energy calculations.
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