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17.2. MOLECULAR GRAPHICS AND ANIMATION
ﬁlm writer (Max, 1983) and Olson had used an early colour vector
display from Evans and Sutherland to produce an eight-minute
animation depicting the structure of tomato bushy stunt virus
(Olson, 1981). By the early 1980s, animation projects became more
ambitious. Olson produced large-screen OmniMax DNA and virus
animation segments for Disney’s EPCOT center in 1983. Max
produced a red–blue stereo OmniMax ﬁlm for Fujitsu entitled We
Are Born of Stars, which included a continuous scene depicting the
hierarchical packaging of DNA from atoms to chromosomes, based
on the best current model of the time.
Computer-graphics animation has presented both great potential
and signiﬁcant challenges to the molecular scientist wishing to
communicate the results of structural research. Animation can not
only enhance the depiction of three-dimensional structure through
motion stereopsis, it can show relationships through time, and
demonstrate mechanism and change. The use of pans, zooms, cuts
and other ﬁlm techniques can effectively lead the viewer through a
complex scene and focus attention on speciﬁc structures or
processes. The vocabulary of ﬁlm, video and animation is familiar
to all, but can be a difﬁcult language to master. While short
animations showing simple rotations or transitions between
molecular states, or dynamics trajectories, are now routinely
made for video or web viewing, extended animations showing
molecular structure and function in depth are still relatively rare.

The time, tools and expertise that are required are not generally
available to structural researchers.
17.2.4.3. The return of physical models
While the use of physical models of molecules has largely been
replaced by computer graphics, new computer-driven rapidprototyping technologies which originated in the manufacturing
sector have begun to be utilized in the display of molecular
structure. A number of ‘three-dimensional printing’ methods have
been developed to build up a physical model directly from a
computational surface representation of an object (Burns, 1954).
One of the earliest methods, stereolithography, uses a resin which is
polymerized when exposed to laser light of a given wavelength. The
laser is passed through a vat of the liquid resin and is lowered, layerby-layer as it plots out the shape of the object (Fig. 17.2.4.2). Other
approaches build up layers of paper or plastic through lamination or
deposition. These methods have been used by a number of scientists
to produce various representations of molecular structure (Bailey et
al., 1998). The ability to hold an accurate representation of a
molecular surface in one’s hand and feel its shape can give great
insight, not only to people with visual impairments, but to anyone.
Moreover, when one is dealing with processes such as docking and
assembly, these physical models can add a haptic and manipulative
appreciation of the nature of the problem.
While at this point colour has not been
implemented in these technologies, there
remains the promise that such automated
production of molecular models will enhance the communication and appreciation
of molecular structure.

17.2.5. Looking ahead

Fig. 17.2.5.1. This image represents a volume of blood plasma 750 Å on a side. Within the threedimensional model, antibodies (Y- and T-shaped molecules in light blue and pink) are binding to a
virus (the large green spherical assembly on the right), labelling it for destruction. It shows all
macromolecules present in the blood plasma at a magniﬁcation of about 10 000 000 times. This
model is composed of over 450 individual protein domains, ranging in size from the 60 protomers
making up the poliovirus to a single tiny insulin molecule (in magenta). The model was constructed
using atomic level descriptions for each molecule, for a total of roughly 1.5 million atoms. Detailed
surfaces were computed for each type of protein using MSMS by Michel Sanner and then smoothed
to a lower resolution using the HARMONY spherical-harmonic surfaces developed by Bruce
Duncan. The model geometry contains over 1.5 million triangles.
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Moore’s law has already delivered on the
promise of three-dimensional graphics
capability for the desktop and laptop. The
internet and World Wide Web have made
molecular structure data and display software available to the masses. Have
molecular graphics reached a stage of
maturity beyond which only small incremental changes will be made?
The Human Genome Initiative and highthroughput structure determination are
beginning to change the scope of the
questions asked of molecular modelling.
Prediction of function, interactions, and
large-scale assembly and mechanism will
become the dominant domain of molecular
graphics and modelling. These tasks will
challenge the capabilities of the hardware,
software and, particularly, the user interface. New modes of interacting with data
and models are coming from the computergraphics community. Molecular docking
and protein manipulation using force-feedback devices have been demonstrated at
the University of North Carolina (Brooks
et al., 1990). The same team has developed
a ‘nanomanipulator’ which couples a
scanning atomic force microscope with
stereoscopic display and force-feedback
manipulation to control and sense the
positioning and interactions of the probe

17. MODEL BUILDING AND COMPUTER GRAPHICS
within the molecular landscape (Taylor et al., 1993). The challenge
of bridging across the scales of size and complexity of the molecular
world may lead us into the realm of virtual reality. Data from X-ray
crystallography are being combined with data from large molecular
complexes, characterized by electron microscopy. These data, in
turn, can be integrated with those from optical confocal microscopy
and other imaging techniques. With structures of molecules,

assemblies and distributions, as well as data on molecular
inventories, we can start to piece together integrated pictures of
cellular environments, but with full atomic modelling at the base
(Fig. 17.2.5.1). Thus, while climbing around inside a protein
molecule might not add much in the way of perceptual advantage,
navigating through the molecular environment of a cell may prove
to be instructive as well as inspirational.

References
17.1
Allen, F. H. & Johnson, O. (1991). Automated conformational
analysis from crystallographic data. 4. Statistical descriptors for a
distribution of torsion angles. Acta Cryst. B47, 62–67.
Bairoch, A. & Apweiler, R. (1997). The SWISS-PROT protein
sequence data bank and its supplement TrEMBL. Nucleic Acids
Res. 25, 31–36.
Bairoch, A. & Bucher, P. (1994). PROSITE: recent developments.
Nucleic Acids Res. 22, 3583–3589.
Bernstein, F. C., Koetzle, T. F., Williams, G. J. B., Meyer, E. F. Jr,
Brice, M. D., Rodgers, J. R., Kennard, O., Shimanouchi, T. &
Tasumi, M. (1977). The Protein Data Bank: a computer-based
archival file for macromolecular structures. J. Mol. Biol. 112,
535–542.
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