
Thirty years of structural biology and
bioinformatics

Simon E.V. Phillips

Research Complex at Harwell, Rutherford Appleton Laboratory
Harwell Oxford, Didcot, Oxon

Biological organisms are the manifestation of the bewildering complexity of their underlying
molecular processes. While biological molecules must obeythe same laws of physics and
chemistry as simpler molecules, this complexity means thatour ultimate goal of understanding
how organisms and cells work in molecular detail calls for a prodigious volume of experimental
data, coupled with its analysis by advanced statistics, mathematics and computation. In fact,
a feature of biological macromolecules is their information content, manifested not only in
DNA sequence, but also in the three-dimensional structure of proteins, the major workhorses
of the cell, and folded RNA molecules. Biology is therefore afertile area for the application of
mathematics and statistics.

Pioneering protein crystallographers in the second half ofthe twentieth century began the
creation of a database of protein structures, mainly by X-ray crystallography with some more
recent contributions from NMR spectroscopy, borrowing methods from physics and chemistry,
with rapid developments in computation and computer graphics. In 1981, the year of the first
LASR meeting, the Protein Data Bank (PDB) contained only 86 structures, but this has now
risen to over 72,386 today (13 June 2011), driven by revolutions in molecular biology and ge-
netic engineering, as well as advanced technologies such assynchrotron radiation sources. Over
a similar period, the use of purely computational methods tostudy the dynamics of biological
molecules has grown from the seeds planted by a few visionaries, who felt it must be possi-
ble to simulate their behaviour given the rules of physics and chemistry, to the powerful field
bioinformatics is today. In addition to the intellectual beauty of this understanding, these de-
velopments are beginning to reap practical rewards in the design of new drugs and therapies,
as well as provide novel engineered reagents for industrialprocesses. Recent examples are the
drug treatments for HIV and pandemic influenza.

LASR meetings have tracked the progress of the field, and alsosecond explosion in bio-
logical computation triggered by high-throughput methodsin experimental biology to decipher
whole genome sequences and chip array methods to follow the behaviour of gene expression
and metabolism in cells. The next thirty years promise to be even more exciting, with biologists,
chemists, physicists and mathematicians working even moreclosely to seek a complete under-
standing of how a cell works. Will we have a complete model of acell, and the ability to predict
its behaviour in molecular detail in time for the sixtieth anniversary of LASR? Perhaps, but
what is certain is that we will continue to be astounded at thepower of linking across traditional
disciplines to understand biology, and the spin-offs in medicine and therapeutic intervention
will be spectacular.
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