Molecule Alignment using Shapelets
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Introduction 'Surface Decomposition Alignment results

Complementarity of molecular surfaces Is crucial for molecular  Fitting of a hyperbolic paraboloids at every point of the surface We evaluated the performance of Shapelets on two datasets of X-ray
recognition. A method for representation of molecular shape Is  Calculation of RMSD of fitted hyperbolic paraboloid structures of Factor Xa and dehydrofolate reductase (DHFR). We
presented!t, We decompose the molecular surface into commensurate e Computation of local RMSD minima on the surface reached at least comparable performance to previously published
patches with defined shape by fitting hyperbolical paraboloids onto a  Filtering minima with a curvature cutoff surface-based alignment tools!®19],

triangulated isosurface of the Gaussian model of a molecule. As a  Cutting out surface patches with minimal RMSD

result of this decomposition we obtain a 3D graph representation of the
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molecular shape, which can be used for shape matching.

815 FXV 1.64
, PR2 0.52
'Surface Calculation
34 2.07
. . . -t FXV PR2 1.39
The first step In our shape matching Loy AR RPR 0.86
procedure is the calculation of the molecular M) = ’-}e " with 734 1.83
surface. We describe a molecule M with a - et coordinates PR2 RPR 1.30
. : . . X. I I 34 3.35

continuous spatial function. Specifically, we P (1)
- N : number of atoms RPR 234 1.52

folowed the established concept of [ |

representing a molecule as a sum of  Cn:centercoordinates mean 1.56
modified Gaussian functions (Eq. 1)2:] I, - VAW -redil sd 0.774

We used the Marching Cubes Algorithml4 to extract the isosurface and
reduced the number of surface points using a mesh decimation
technique known as “Welding Vertices®. We obtained a smooth

Query Target  RMSD [A]

_ _ FOL MTX 1.18

Isosurface representation of a molecule. T™MP 3.12

WRB 1.13

| . - - " Surface decomposition of a Factor Xa ligand FXV. Red shapes indicate planes and knobs of the molecular surface. MTX T™MP 2.14

Fitting hyperbolic paraboloids e e e
We adopted a technique wused by b .

Zachmannl® to approximate local surface PV =( V)Hgvg @ Matc h 11N g Proc ed ure o 10

curvature. We fitted a hyperbolical

. . . 0 .  Knobs and planes are vertices of a fully connected graph
. E(H) - n - p(ui’Vi’H) i ! i .
paraboloid (Eg. 2) into a surface patch with a a( F o » Edges are labled with spatial distance between the vertices

given radius using least mean squares (Eq. . . . . ) ‘
3). The obtained hyperbolic paraboloids can Sl(pr)=atan(2+|;2)With ;ggﬁt?ﬁ)?g gwagggg:&e&ﬁ ;:Bﬂ by clique detection (Bron-Kerbosch OUtI 00 k
. . . - K, (4) . . .
be classified according to the shape index .k : Eigerectorsof H . Transformation matrix calculated with Kabsch alignment® of We currently_ develop a virtual screening tpc_)l based on S_hapelets
(S (Eq. 4). molecular alignment. We obtained promising retrospective and

corresponding shapelets . .
P 9 P prospective results, to be published soon.
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Typical hyperbolical paraboloids. a. Bag (S)=-1). b. Cleft (SI=-0.5). c. Plane (SI=0). d. Ridge (SI=0.5). e. Knob (SI=1)




