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An Algorithm for Finding Surface Atoms of a Protein Molecule Based on
Voxel Map Representation

Byungjoo Kim' - Ku-Jin Kim™ - Joon-Kyung Seong'™

ABSTRACT

In this paper, we propose an efficient method to extract surface atoms from a protein molecule. Surface atoms are defined as a set of
atoms who can contact given probe solvent P, where P does not collide with the molecule. The atoms contained in the molecule are
represented as a set of spheres with van der Waals radii. The probe solvent also is represented as a sphere. We propose a method to
extract the surface atoms by computing the offset surface of the molecule with respect to the radius of P. For efficient computation of the
offset surface of a molecule, a voxel map is constructed for the offset surfaces of the spheres. Based on GPU (graphic processor unit)

acceleration, a data parallel algorithm is used to extract the surface atoms in 42.87 milliseconds for the molecule containing up to 6412
atoms.

Keywords : Protein Molecule, Surface Atom, Molecule Docking, Voxel Map, Offset Surface, GPU
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Algorithm 1: Voxel map construction
function VoxelMap (M, B")
Begin
For each BfEM’, 0<i<n, do in parallel/*GPU code */
For each V**box that satisfies B/ NV*.box#@ do
Attach B/ to V**balls;
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Algorithm 2: Sampling the offset surface
function SamplingOffsetSurface
Begin
FP = &,
For each B/, 0<i<n, do in parallel

/* Initialize the set of surface atoms */
/% GPU code */
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Generate P/ = {Sampling points on S(c;, ri+r};
For each qEP/, 0<i<n, do in parallel /* GPU code */
begin

For each V** such that V**balls contains B/ do

if qNB/# @, where i#j, then
Remove q from P/,

if P/# @ then add B; to FP;
end
return FP;

End.
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