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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 6,412
atoms.
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Algorithm 1: Voxel map construction
function VoxelMap (M, B")
Begin
For each B/eM, 0<i<n, do in parallel/*GPU code */
For each V' pox that satisfies B/NV* box=@ do
Attach Bf to V**.palls;

End.
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Algorithm 2: Sampling the offset surface

function SamplingOffsetSurface

Begin
FP = &, /#* Initialize the set of surface atoms */
For each B/, 0<i<n do in parallel /* GPU code */
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Generate P/ = {Sampling points on Sc; r7+n};
For each q€P/, 0<i<n do in parallel /* GPU code */
begin

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

if qNB/#= 3, where i#/, then
Remove q from P/;

if P/= & then add B; to FP,
end
return FP;

End.
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CE 1) 2t Ho| Zo|7t 2A¢l S4= FYE 54 Ue 0|2
A

A4 | ¥4 CPU 7]4H GPU 7]4F
Pab id 97491 | A3 | £HN7 | Frame |#BA7| Frame Sgefd
A% | A% | (ms) |rate®PS)| (ms) | rate(®ps) | P

1VQI| 811 | 473 | 1649 60.64 856 11682 | 193
1IR% | 1468 | 806 | 30.38 32.92 9.14 10941 | 332
ITNR| 2,208 | 1,168 | 4508 22.18 11.37 879 | 396
1B9T | 3,040 | 1,226 | 6247 16.01 1559 6414 | 401
1B44 | 4186 | 1,747 | 8719 1147 22.60 4425 | 386
1ACC| 5282 | 2447 | 11048 9.05 26.06 3837 | 424
1AYM| 6412 | 2,747 | 137.33 728 3868 2585 | 399

*Speedup = (CPU7|¥E =@ A17h) / (GPU7IHE =3 A7)

CE 2y 2+ Ho| Zo|7t 1A SME TME 54 Mg 0|85t
FH AX; AL Zat
Ax | 59 CPU 7]%t GPU 7]4F
Pdb id 9742} | 9749) | 5947 | Frame |##4%  Frame Slﬁ’l‘jid
M | AF | (ms)  |rate(FPS)| (ms) | rate (FPS)

1VQI| 811 | 473 20.92 47.80 9.21 10858 2.21

1R9 | 1,468 | 805 3853 25.% 9.81 101.94 393

1TNR| 2,208 | 1,168 | 5865 17.05 12.81 78.06 458
1B9T | 3,040 | 1,226 | 8257 12.11 18.36 5447 450
1B44 | 4,186 | 1,747 | 114.49 873 25.85 38.68 443

1ACC| 5282 | 2447 | 14375 6.96 35.05 2853 410
1AYM| 6412 | 2,747 | 171.81 5.82 42.87 23.33 401
#Speedup = (CPUZIHE =8 A17Y) / (GPU7IRE =8 A3
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