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Molecular Dynamics?

“everything that living things do
can be understood in terms of the
jiggling and wiggling of atoms.”

Richard Feynman, 1963
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What is Molecular Dynamics?

e In the context of this talk:

* The simulation of the dynamical properties of condensed
phase biological systems.
 Enzymes / Proteins
« Drug Molecules
 Biological Catalysts

e Classical Energy Function

 Force Fields

« Parameterized (Bonds, Angles,
Dihedrals, VDW, Charges...)

 Integration of Newton’s equations
of motion.

« Atoms modeled as points, electrons included implicitly within the
parameterization.
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Why Molecular Dynamics?

e Atoms move!

— We may be interested in studying time dependent
phenomena, such as molecular vibrations, phonons,
diffusion, etc.

— We may be interested in studying temperature dependant
phenomena, such as free energies, anharmonic effects,

— etc.
 Ergodic Hypothesis

— Time average over trajectory is equivalent to an ensemble
average.

— Allows the use of MD for statistical mechanics studies.
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What is AMBER?

An MD simulation A set of MD forcefields
package

fixed charge, biomolecular forcefields:
10 Versions as of 2008 194, 99, T99SB, 1103
_ : _ experimental polarizable forcefields e.g.
distributed in two parts: FO2EP
parameters for general organic
molecules, solvents, carbohydrates
(Glycam), etc.

- AmberTools, preparatory and analysis
programs, free under GPL

- Amber the main simulation programs,

- ; in the public domain
under academic licensing

independent from the accompanying
forcefields
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AMBER Usage

 Approximately 650 site licenses across most

major countries.

Amber 10
Users' Manual
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The AMBER Force Field Equation

V(r”) = Z K (F—F’;q)z + Z K, (9—9{@ )2

bonds angles

7
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+ 0y l+cos(ng—y) |+ ) | —%——+—
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Note: 1-2 and 1-3 non-bond interactions are parameterized
Into the bond and angle terms. Dihedral term also includes
some of the non-bond interaction.

1-4 EEL scaled by 1.2
1-4 VDW scaled by 2.0
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What can we do with Molecular
Dynamics?
e Can simulate time dependent properties.
e Protein domain motions.

« Small Protein Folds.
e Spectroscopic Properties.

« Can simulate ensemble properties.

* Binding free energies.
e Drug Design
 Biocatalyst Design

* Reaction Pathways

* Free Energy Surfaces.
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Two Specific Examples

 Design of New Antiviral Flu Drugs

 Improved Bioethanol Production
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Neuraminidase Simulations

e HI1IN1 Swine Flu.

o Tamiflu antiviral drug optimization

Collaborative project between:
* Ross Walker (SDSC)
« Adrian Roitberg (UFL)
« Rommie Amaro (UC Irvine)
 Andy McCammon (UCSD)

/ Systems
ca. 125K atoms each.

100ns per system run in 2 weeks on NICS Athena.
(Previously this would have been impossible)
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Impllcatlons for Ant|V|raI Drug Design
o ‘ 430-loop and 150-loop
_ very flexible

Structural reorganization
reveals new 150-, 430-
cavities

These new structural
insightsmay help in
developing new antivirals
that are:

(a) more specific for N1

(b) less amenable to
resistance

SDS‘ SAN DIEGO SUPERCOMPUTER CENTER




mproved Bioethanol Production

Enzyme Digestion
cellulose to glucose

g e

Biomass
1B Ton annual potential:
stover, bagasse, Miscanthus
switch grass, poplar trees

Fermentation

Barriers to biofuel production

Pretreatment

1. Dedicated plant crops to _ _ glucose to ethanol &
produce cellulose biomass biomass to ﬁc?esssmle other biofuels
2. Efficient enzymes for cetitiose
digesting C:L:g“;f:e down to Process goal —conversion of biomass to
3 Engineered microbes that biofuel faster and cheaper making

ferment all sugars to ethanol alternative fuels economically feasible
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Catalytic Domain

Linker Domain

Binding
Domain

Cellulose Substrate (Plant Material)
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Molecular modelling suggests induced fit
of Family I carbohydrate-binding modules
with a broken-chain cellulose surface
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GPU Support
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AMBER
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GPU Support

Collaboration with NVIDIA to
produce CUDA version of
AMBER.

« PMEMD Engine
« Implicit Solvent GB (V1.0 complete)” Sig
* Explicit Solvent PME (in progress)

Focus on accuracy.

e It MUST pass the AMBER regression
tests.

 Energy conservation MUST be
comparable to double precision CPU
code.
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Approach

e Utilize current code as ‘Driver Engine’

#ifdef CUDA
call gpu_upload_crd(crd)
#endif
call gb_force(atm_cnt, crd, frc, gb_pot_ene,
Irespa)
#ifdef CUDA
call gpu_download frc(frc)

#endif
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Support

e Currently provided

as a patch to AMBER 10.

e WIill be standard for
AMBER 11.

 Designed to be

completely transparent
to the user. Simply use
pmemd.cuda in place

of pmemd.

http://ambermd.org/gpus/
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AMBER GPU ACCELERATION SUPPORT
(NVIDIA CUDA)

Background

This page provides updates for the AMBER 10 software to
enable acceleration on NVIDIA GPUs.

Support is currenty EXPERIMENTAL and PROVISIONAL. CUDA Zone
You use this software at your own risk. These patches are
designed for EXPERTS ONLY, if you are NOT an expertin
using AMBER, comfortable with extensively validating
AMBER executables and ensuring that the results generated
are correct then you should NOT use these patches. il il
Additionally it is expected that you are familiar with AMBER CupDA ZONE
compilation and the use of NVIDIA GPUs including CUDA

support within a Linux environment.

One-stop resource for
compute developers.

It is assumed that you already have the NVIDIA CUDA
drivers, CLIDA Taolset and CLUDA SDK installed and
correctly configured. For more info refer to

hitp:/www nvidia.com/cuda/.

Authorship & Support
Patch Author: Ross C. Walker (SDSC)
NVIDIA CUDA Implementation:

Scott Le Grand (NVIDIA)

Duncan Poole (NVIDIA)
Mark Williamson (SDSC)



GPU Device Info

. GPU DEVICE INFO —-——————mmmmmmmmm o

CUDA Device Core Freq: 1.24 GHz

I

| CUDA Capable Devices Detected: 4

| CUDA Device ID 1In use: 3

| CUDA Device Name: GeForce GTX 295
| CUDA Device Global Mem Size: 895 MB

| CUDA Device Num Multiprocessors: 30

I

I

Currently Supported Devices:
C1060, S1070, GTX295, GTX285, GTX275, FX5400
FX4500 + Newer models as available.
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GPU Accuracy

 Use of double precision in all places severely
limits performance.
 Make careful use of double precision where needed.
Calculate in single precision.
Accumulate in double precision.
Avoid large dynamic ranges in arithmetic expressions.

Switch over to double precision automatically if the
dynamic range is too high.
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Provisional Performance
e 1 x Tesla C1060

 Implicit Solvent Generalized Born Calculations.
e Multi-GPU support is work in progress.

Timings

System wall Time (s) NS/day

TRPCage (GPU) 62.48 276 .57

TRPCage (8xCPU) 150.84 114 .56

Myoglobin(GPU) 62.22 27.72

Myoglobin(8xCPU) 392.34 4.04

Nucleosome (GPU) 332.03 0.520
Nucleosome (8xCPU) 2877 .60 0.060
Cray XT5 (1024xCPU) 175.49 0.985
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Performance Example (TRP Cage)
CPU E5462 GPU C1060
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Future Work

e Further optimization.

* Explicit Solvent Particle Mesh Ewald.

e Currently equivalent to 16 x E5462 cores.

« Expect 3x performance improvement over the next month.
 Implicit Solvent Generalized Born.

e Speedups ca. 23x.

« Expect another 2x performance improvement over the next few
months.

o Support for Multiple GPUs.
e C1070’s (4 x tesla)
* Fermi Optimizations.
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