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Chapter 1.3. Macromolecular crystallography and medicine
W. G. J. Hol and C. L. M. J. Verlinde
1.3.1. Introduction

with the human genome expected to be completed to a
considerable degree by 2000, protein crystallographers
suddenly have an unprecedented choice of proteins to study,
giving rise to the new ﬁeld of structural genomics.
(f) Biochemistry and biophysics: providing a range of tools for
rapid protein and nucleic acid puriﬁcation by size, charge and
afﬁnity, and for characterization of samples by microsequencing, ﬂuorescence, mass spectrometry, circular
dichroism and dynamic light scattering procedures.
(g) Chemistry, in particular combinatorial chemistry: discovering
by more and more sophisticated procedures high afﬁnity
inhibitors or binders to drug target proteins which are of
great interest by themselves, while in addition such
compounds tend to improve co-crystallization results quite
signiﬁcantly.
(h) Crystallography itself: constantly developing new tools
including direct methods, multi-wavelength anomalousdispersion phasing techniques, maximum-likelihood procedures in phase calculation and coordinate reﬁnement, interactive graphics and automatic model-building programs,
density-modiﬁcation methods, and the extremely important
cryo-cooling techniques for protein and nucleic acid crystals,
to mention only some of the major achievements in the last
decade.

In the last hundred years, crystallography has contributed
immensely to the expansion of our understanding of the atomic
structure of matter as it extends into the three spatial dimensions
in which we describe the world around us. At the beginning of
this century, the ﬁrst atomic arrangements in salts, minerals and
low-molecular-weight organic and metallo-organic compounds
were unravelled. Then, initially one by one, but presently as an
avalanche, the molecules of life were revealed in full glory at the
atomic level with often astonishing accuracy, beginning in the
1950s when ﬁbre diffraction ﬁrst helped to resolve the structure
of DNA, later the structures of polysaccharides, ﬁbrous proteins,
muscle and ﬁlamentous viruses. Subsequently, single-crystal
methods became predominant and structures solved in the 1960s
included myoglobin, haemoglobin and lysozyme, all of which
were heroic achievements by teams of scientists, often building
their own X-ray instruments, pioneering computational methods,
and improving protein puriﬁcation and crystallization procedures. Quite soon thereafter, in 1978, the three-dimensional
structures of the ﬁrst viruses were determined at atomic resolution. Less than ten years later, the mechanisms and structures of
membrane proteins started to be unravelled. Presently, somewhere between ﬁve and ten structures of proteins are solved each
day, about 85% by crystallographic procedures and about 15% by
NMR methods. It is quite possible that within a decade the
Protein Data Bank (PDB; Bernstein et al., 1977) will receive a
new coordinate set for a protein, RNA or DNA crystal structure
every half hour. The resolution of protein crystal structures is
improving dramatically and the size of the structures tackled is
sometimes enormous: a virus with over a thousand subunits has
been solved at atomic resolution (Grimes et al., 1995) and the
structure of the ribosome is on its way (Ban et al., 1999; Cate et al.,
1999; Clemons et al., 1999).
Macromolecular crystallography, discussed here in terms of its
impact on medicine, is clearly making immense strides owing to a
synergism of progress in many scientiﬁc disciplines including:

Numerous aspects of these developments are treated in great
detail in this volume of International Tables.

1.3.2. Crystallography and medicine
Knowledge of accurate atomic structures of small molecules, such
as vitamin B12, steroids, folates and many others, has assisted
medicinal chemists in their endeavours to modify many of these
molecules for the combat of disease. The early protein crystallographers were well aware of the potential medical implication
of the proteins they studied. Examples are the studies of the
oxygen-carrying haemoglobin, the messenger insulin, the
defending antibodies and the bacterial-cell-wall-lysing lysozyme.
Yet, even by the mid-1980s, there were very few crystallographic
projects which had the explicit goal of arriving at pharmaceutically active compounds (Hol, 1986). Since then, however, we
have witnessed an incredible increase in the number of projects
in this area with essentially every major pharmaceutical company
having a protein crystallography unit, while in academia and
research institutions the potential usefulness of a protein structure is often combined with the novelty of the system under
investigation. In one case, the HIV protease, it might well be that,
worldwide, the structure has been solved over one thousand
times – in complex with hundreds of different inhibitory
compounds (Vondrasek et al., 1997).
Impressive as these achievements are, this seems to be only the
beginning of medicinal macromolecular crystallography. The
completion of the human genome project will provide an irresistible impetus for ‘human structural genomics’: the determination, as rapidly and systematically as possible, of as many human
protein structures as possible. The genome sequences of most

(a) Computer hardware and software: providing unprecedented
computer power as well as instant access to information
anywhere on the planet via the internet.
(b) Physics: making synchrotron radiation available with a wide
range of wavelengths, very narrow bandwidths and very high
intensities.
(c) Materials science and instrumentation: revolutionizing X-ray
intensity measurements, with currently available chargecoupled-device detectors allowing protein-data collection at
synchrotrons in tens of minutes, and with pixel array detectors on the horizon which are expected to collect a complete
data set from a typical protein within a few seconds.
(d) Molecular biology: allowing the cloning, overexpression and
modiﬁcation of genes, with almost miraculous ease in many
cases, resulting in a wide variety of protein variants, thereby
enabling crystallization of ‘impossible’ proteins.
(e) Genome sequencing: determining complete bacterial
genomes in a matter of months. With several eukaryote
genomes and the ﬁrst animal genome already completed, and
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