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Abstract. Designing new and better chemotherapeutic compounds re-
quires an understanding of the mechanism by which the drugs exert their
biological effects. This involves consideration of the geometry of the ac-
tive site, determination of the geometry of the drug, and analysis of the
fit between them. This problem of drug-substrate fit, often called the
docking problem, can be greatly influenced by uncertainty in the posi-
tion of drug side chains. Traditional molecular graphics techniques fail
to capture the distribution of likely atom positions. This paper describes
a range of techniques for showing atom positions as probability distri-
butions that more completely describe parameters which determine fit.

1 Introduction

The field of data visualization offers graphical solutions to interpreting large
amount of data. Molecular graphics is one such area where a few good im-
ages can greatly enhance insight into the problem. Designing new and better
chemotherapeutic compounds (drugs) requires an understanding of the mecha-
nisms by which the drugs exert their biological effects. The structure of the drug
molecule and that of the substrate molecule influence the binding property and
the effectiveness of the drug docking process.

The docking problem involves determining the position and orientation of the
drug molecule with respect to the substrate such that the energy of interaction
of the two is minimized. The interactions are very specific in nature. Even a
slight change in the side chain of a drug molecule can inhibit or enhance the
interaction. Unfortunately, side chain position is not always well determined.
The exact locations of atoms in a side chain can be subject to a substantial
amount of uncertainty. The ability to visualize not only the best estimate of
atom locations but also the range of likely atom locations would be a valuable
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Fig. 1. Line drawing representation of eight family members.

tool in the study of structure and interactions between drug and substrate in
the docking problem.

1.1 Drug Design

The drug docking problem is crucial in enzyme catalysis, antigen-antibody in-
teractions, drug design, and advanced materials development. The particular
driving focus addressed here is the mechanism by which anti-tumor drugs exert
their biological effects [11]. Synthetic olegonucleotides are used as model DNA
systems to study the drug binding phenomenon. High field NMR is used to
examine each solution (drug and substrate mixture) at the molecular level. Ini-
tial geometries of molecules are constructed and these geometries are optimized
using energy minimization calculations.

The drug molecule under study has a side chain which orients differently for
each complex. Knowledge of the physical extent of the uncertainty of side chain
position can be of great help in modifying, re-designing, and understanding the
interaction of this drug with the substrate. Different versions of the drug molecule
with identical atoms and connectivity but potentially different atom positions
form a family of molecules. Each family member shares much of the molecule
structure, differing mainly in side chain position and orientation. Previously
a family of molecules was shown in wire-frame form in one image, with each
bond shown by a line. Figure 1 shows an example of this technique. In sections
where the members of the family have identical structure, multiple lines lie in
the same place forming a heavy line. In sections where family members differ, a
fan of options shows for the side chain. This representation is fairly successful
at showing which sections have positional certainty and which do not, but is
less successful at showing structural details. In sections with high positional
uncertainty the display gets too cluttered to convey structure clearly. Even in
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the more stable sections the 3D structure can be difficult to see due to the lack
of depth cues.

2 Related Work

Common discrete and static techniques used to display molecular structure in-
clude wire frame depictions of molecule bonds, ball and stick representations
showing both atoms and bonds, ribbons to trace out the backbones of complex
molecules, and space-filling models showing each atom’s van der Waals radius [4].
Molecular dynamics are commonly displayed using animations. In situations of
limited dynamics, such as in crystal structures, line drawings showing atoms as
thermal-motion probability ellipsoids have been used [2]. A few researchers have
created more continuous representations of molecules using volume techniques
to represent electron density [3]. One focus of the research described was to
combine discrete and continuous techniques into a single unified view.

The representation of data with uncertainty is an active area of research in
the field of Geographic Information Systems (GIS), using such approaches as
the use of color, transparency, line width, blur, haze, interactive probing, and
animation [[1], [5], [10], [12]]. Within the field of visualization, researchers have
also recognized the importance of uncertainty data to accurate visualization and
have been active in developing new representation techniques. Their techniques
have included iterated function system fractal interpolation, fat surfaces, and
sonification of uncertainty [14], [6], [7]].

3  Techniques for Showing Positional Uncertainty

Both drug and substrate are sufficiently complex that judging the quality of the
fit is difficult. In order to more clearly illustrate the potential fit between a drug
molecule and the target site, a visualization should show the range of possible
drug configurations.

3.1 Discrete Representations

A common molecular graphics technique which addresses the problem of insuf-
ficient shape cues in the wire frame form is the ball and stick representation. In
this representation, atoms are represented as spheres of appropriate color and
size, while bonds are represented as shaded rods or tubes. Normally the ball
size is a function of the van der Waals radius for the atom and color is chosen
to conform to the standard molecular graphics conventions. Since solid objects
are used to represent the atoms and bonds, one gets better depth cues from the
rendered image. The solid objects and the accompanying shading of the atoms
and bonds create an object boundary for the atoms. These occlusion boundaries
convey a strong relative depth information about the superimposed surfaces.
Unfortunately, simply putting ball and stick representations of all family
members in the same image produces a very cluttered image. See Figure 2a.
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Fig. 2. Eight family members shown, a) each with full opacity, b) each with an opacity
of 0.125. Carbon atoms are grey, nitrogen red, oxygen blue, and hydrogen white.

Worse yet, the least certain parts of the molecule produce the most solidly packed
areas of the images. A slight modification of the ball and stick technique would
assign to each family member a fraction of available energy corresponding to its
likelihood. See Figure 2b.

In addition to making the image less crowded, this technique is effective in
separating the image into two regions. The opaque part represents the more
static portion of the drug molecule, whereas the more transparent part shows
portion of the molecule that is dynamic. This gives sections of the molecule a
visual weight corresponding to the likelihood that the section is actually at the
displayed location. It also gives a sense of motion blur to this part of the image.

3.2 Likelihood Volume Representation

In the previous techniques each member of the molecule family is displayed as a
separate and discrete possibility. Such representations could imply that these are
the only configurations possible. It would be more accurate to consider molecule
family members as samples of a presumably continuous possibility space. In such
a space, the position of each atom is a probability distribution. In order to create
this sort of continuous visualization, the first step is to create the likelihood
volume that describes the probability of an atom being at each location. The
original data set is discrete and unstructured; the likelihood volume is continuous
and structured.

This transformation from an unstructured data set to a structured one can
be accomplished using a variation of splatting. Westover introduced splatting
as an object-order method for directly rendering structured volumes [13]. Using
this method, 2D footprints of voxels of a 3D volume are composited onto a 2D
image. Vtk includes a generalization of Westover’s splatting technique which
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Fig. 3. Gaussian splatting and isosurface extraction. a) isolevel value of 0.9, b) isolevel
value of 0.95.

can be used to sample unstructured points into a structured point set. Vtk’s
GaussianSplatter composites 3D footprints into a 3D volume by accumulating
the maximum splat value at each voxel. The splatting function used here is the
uniform Gaussian distribution. The function can be cast into the form

SF(z,y,z) = se=1(r/R)’ (1)

where s is a scale factor, f is the exponent factor controlling decay rate, r is the
distance between the point and the Gaussian center point, and R is the radius
of influence of the Gaussian.

Using this technique, an overall function that predicts the position of the
drug molecule can be constructed. Each atom from each of the molecule family
members is splatted into a 3D structured points object to produce aggregate
information. This resultant aggregate is the value of the function that indicates
the likelihood of an atom occupying that location.

An isosurface can be extracted from this volume, using the marching cubes
algorithm [8]. This isosurface contains the volume in which atoms are most ex-
pected to be located. See Figure 3a. The blobby portion in the top center part
of the image is the area having high uncertainty (the dynamic side chain of the
molecule). The choice of isolevel employed to extract the isosurface has a great
influence on the characteristics of the final image. A good isolevel is one that can
extract the structure and geometry of the static part of the molecule, keeping the
blobby representation of the dynamic part of the molecule unchanged. Alterna-
tively, the isolevel can be chosen to give atoms isosurfaces which approximately
match the van der Waals radius of the atom. Atoms in stable sections appear
to be spheres. Atoms in more dynamic sections become less regular isosurfaces
which reflect the likely range of positions. Figure 3b shows this representation.
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Fig.4. Volume rendering of likelihood volume. a) emphasizing areas of greatest likeli-
hood, b) greater contribution from less likely areas.

A different approach is to render the likelihood volume using direct volume
rendering. This approach can show the whole distribution of the volume, rather
than just those portions exceeding a threshold likelihood. Techniques to volume
render molecular properties expressed as a structured point dataset have been
previously used by Goodsell [3]. By volume rendering, we can see the interior of
the volume associated with the object. This can give a better insight as to the
distribution of the position and orientation of the molecule along with the uncer-
tain region in which the side chain may exist. The choice of transfer function to
convert voxel values to resultant color and opacity values can greatly change the
characteristics of the image produced. Figure 4 shows volume renderings of the
likelihood volume using different transfer functions. Figure 4a emphasizes the ar-
eas where atom occupation is probable. Figure 4b includes a greater contribution
of areas where atom occupation is much less likely.

4 Implementation

The techniques described here are implemented using the Visualization Toolkit
(vtk) [9]. Vtk is a freely available 3D graphics and data visualization toolkit
which can be used for a wide variety of computer graphics and data visualiza-
tion problems. This software employs an object-oriented approach using C++
with an optional Tcl/Tk interface. The package can be extended with the con-
struction of additional classes. To facilitate the exchange of information between
Tcl and C++ methods, automatically generated wrapper code written in C is
used. Applications using this toolkit are easy to implement and portable across
UNIX and PC platforms.
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5 Summary and Conclusions

The field of data visualization offers graphical solutions to interpreting large
amounts of data. Molecular graphics is one such area where a few good images
can greatly enhance insight into the problem. The goal of this project was to
create these few good images. The wire frame and the ball and stick model
give a good starting point for visualizing the complex. By putting all the copies
of the drug molecule into one image and controlling the opacity, the resulting
image can be divided into stable and dynamic regions. Splatting provides an
straightforward and useful way of converting the unstructured point dataset of
atom positions into a structured point set describing a likelihood volume. The
choice of isolevel for the isosurface from the splatted data can be altered to create
visualizations with slightly different goals. Alternatively, the likelihood volume
can be directly volume rendered, creating a more holistic representation of the
entire likelihood distribution.
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