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structure/model simulation analysis
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Potential Energy Functions for MD

Classical energy functions (no
QM, i.e. “ball & springs” model)

bonding interactions via
simplified (harmonic) functions

atoms treated as van der Waals
spheres with single point
charges

Large systems — upto 106 atoms

several packages - CHARMM,
GROMACS, GROMOS,
AMBER, NAMD

*

E = Egonpep + Enon-BoNDED

Esonoep = Egonps * EancLes T Etorsions

ENON-BONDED = EVAN DER WAALS v

EELECTROSTATICS
Each term — simple function (e.g. quadratic)

But ... large number of pairwise interactions













Parallelisation of Simulations

GRID Cluster HPC BlueGene
internet ethernet shared memory custom architecture

—

Inter-CPU communication speed
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¢ Parallelization of codes — efficient partition of system onto CPUs

¢ Problem of long range interactions (FFT parallelization)






Trpcage Folding: A 20-mer Peptide
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All-Atom Structure Prediction and Folding Simulations of a Stable Protein
Simmerling et al. (2002) JACS 124:11258






MD vs. X-Ray: A Reality Check

N

.
30

h>\1
A

X-ray (2.0 A) MD simulations
MacKinnon et al. (2001) Shrivastava & Sansom (2000)
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run simulation
(0.5 ns segments)

check: energy,
temperature &
RMSD ‘on the fly’

\ 4

e-mail user re;

Using the GRID

integrate with
biosimGRID for
storage and
analyses

iterate until
simulation is
complete

A

stop job if simulation
unstable, or

»

simulation
status

' If ok, resubmit for a
further 0.5 ns

SHIDY- Shigella
dysenteriae

SALTY- Salmonella
typhimurium

ENTAE- Enterobacter
aerogenes

SERMA- Serratia
marcescens

HAEIN- Haemophilus
influenzae

¢ Evaluation using the NGS (www.ngs.ac.uk)
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Database Design: Simplified

table atom:

one entry for

each atom in each residue in
each trajectory

table residue:
one entry for
each residue in each trajectory

table coordinate: {x, y, z}
one entry for

each atom in each residue in
each frame in each trajectory

table frame:
one entry for
each frame in each trajectory

table trajectory:
one entry for
each trajectory

metadata tables .
dictionary tables




BioSImGrid Workflow

Data Generation — Data Deposition — Retrieval — Analysis

User BioSimGrid Core Application

Hybrid Data Storage Analysis Toolkits
Configuration file RMSD RMSF
. Surface Walume
Simulation Average intaralomic
] Slrueiure Digtances
Tools :
i Relaticnal Destance Canter of
database Flat files Matris Masg
& i
Lisor Input
on R 3. Cuery Data-on-demand 4. Analysis
L
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Future Directions: Multiscale Biomolecular Simulations

QM Bristol

|

drug binding Southampton

|

protein motions | Oxford

|

drug diffusion London

Membrane bound enzymes — major drug targets (cf. ibruprofen, anti-depressants,
endocannabinoids); gated access to active site coupled to membrane fluctuations

Complex multi-scale problem: QM/MM; ligand binding; membrane/protein
fluctuations; diffusive motion of substrates/drugs in multiple phases

Need for integrated simulations on GRID-enabled HPC resources



Computational Challenges

BioSImMGRID database
www.biosimgrid.org




molecular

Towards Systems Biology

cellular

AP
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Noble (2002) Nature Rev.
Mol. Cell.Biol. 3:460

organism




From Structure Towards Function

HT modelling & simulation
Channel & transporter model databases

A 4

Coarse-grained simulations

\ 4

Physiological behaviour
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