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� What next? Structure-based drug
discovery
The high-resolution structure to 1.6 Å of the TSCP
enzyme has allowed the arrangement of the active 
site to be investigated at a level of detail that would not
be possible with a modelled structure. This precision
makes knowledge-based drug design a powerful tool
(Fig. 2). Small molecules likely to bind to the protein 
can be tested in an experimental or a virtual way.
Computer-based in silico screening involves large
chemical libraries and a variety of docking or scoring
tools being applied to find favourable interacting
partners with the protein target. The virtual approach
has, of course, to be verified experimentally, by co-
crystallization of candidate compound and protein, 
and eventually by testing the inhibitory effect in living
cells. A list of drug targets with inhibitors designed
using structure-based drug discovery methods, and a lot
more information about high-throughput structural
biology can be found on the website of the Stevens
Laboratory, Scripps Research Institute (stevens.scripps.
edu/webpage/htsb/).

� More speed, less waste
Just as the techniques for sequencing DNA have evolved
to meet the need of large-scale projects, developments
fuelled by structural genomics will serve the biological
community as a whole in the headlong rush for more
structures at a scale and speed undreamed of just a few
years ago. The Protein Data Bank (PDB, www.pdb.org),
a public repository for structural data held only seven
structures in 1971. After 25 years, it grew to just over
5,000 entries, which is approximately how many were
deposited during 2003 alone!

In February 2003, a previously unknown virus was
isolated in patients suffering from severe acute respira-
tory syndrome (SARS). By May, the complete viral
genome and all its RNA transcripts had been mapped
and sequenced, revealing a coronavirus (SARS-CoV)
encoding 28 mature proteins. Whilst the imperative was

to detect and contain the virus, protein structure centres
around the world quickly took up the challenge to
produce structures of SARS-CoV proteins, to identify
possible drug targets and directly combat the infection.
The first homology model of a SARS-CoV protein 
was published in Science in June, suggesting that the
currently available inhibitor of rhinovirus (common
cold), 3C protease, could be modified to be useful against
the SARS-CoV homologue. Members of the Structural
Proteomics in Europe (SPINE) consortium were also on
the hunt for experimental structures. A paper demon-
strating the first crystallization of a SARS-CoV protein
(replicase nsp9) was submitted in July 2003 and the 
final structure was presented in February 2004. So, 
in less than a year (with the earliest useful results
available within a few weeks), an unprecedented
international effort managed to identify a previously
unknown infectious disease, sequence its genome and
elucidate structures of its proteins to give potential 
drug targets.

� How can we make the most of it?
Since many laboratories work on similar approaches to
examine pathogen enzymes, it is essential that an
information flow supports the work in a co-operative
manner. Most of the structural genomics projects
provide open access to their strategies, target lists and the
state of progress. The PDB has created a centralized
target registration database for structure projects world-
wide (TargetDB) to show the current status and tracking
information for new protein structures. In this way, the
increasing amount of data can be used not only by
structure laboratories, but also by other groups in an
interdisciplinary way. This may be the enduring legacy
of structural genomics efforts. Taking the lead from
DNA sequencing labs that championed the immediate
release of data, freely available structure information
will, hopefully, speed up the process of finding effective
ways to control diseases that threaten the lives of many.
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LEFT:
Fig. 2. (a) Solid surface
representation of the TSCP active
site pocket, showing the ligand (in
red liquorice) and area for potential
drug design. (b) 3-D structure of
TSCP from Thermotoga maritima
showing the α-helix and β-sheet
secondary structures.
SEE WWW-SSRL.SLAC.STANFORD.
EDU/RESEARCH/HIGHLIGHTS_
ARCHIVE/TSCP.HTML
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Structural genomics uses the information
gleaned from genome sequencing to deter-
mine structures of the gene products. A

‘structural genome’ implies a complete 3-D description
of every protein in an organism. Experimentally, this 
will prove difficult, as each protein is unique – unlike
DNA, which is tractable for sequence analysis regardless
of its source. However, proteins can be described by a
finite number of representative structural ‘folds’ and
useful 3-D models can be built if the protein shares a 
fold of known structure. This promises a structural 
metagenome, where all protein structures can be
modelled. The huge task of generating the fold library
requires a multidisciplinary effort, which has led to 
a number of consortia that collaborate to churn out
structures by nuclear magnetic resonance, X-ray crystal-
lographic and computer modelling techniques. The
structural genomics community has dedicated a lot of
effort to the development of high-throughput, auto-
mated techniques for the workflow (Fig. 1), and some
groups focus on the analysis of pathogenic organisms
(Table 1).

� Cherry-picking targets for new
antimicrobials
As well as identifying proteins implicated in patho-
genesis, the analysis of genome sequences can suggest
specific metabolic pathways and enzymes representing
weak points in the pathogen’s defence and survival
strategies. Proteins essential for the viability of the
pathogen, which are absent or significantly different 
to their human counterparts, are likely to be good
candidates for antimicrobials. As an example, the
causative agents of malaria (Plasmodium falciparum,
www.plasmoDB.org) and tuberculosis (Mycobacterium

tuberculosis), together responsible for an estimated 5
million deaths per year, share a fatty acid biosynthetic
pathway that is not found in humans. Screening has
identified compounds that are active against a key
enzyme, enoyl reductase, in this metabolic pathway. The
X-ray structure of the Mycobacterium enzyme with one of
these compounds elucidates the binding characteristics
that can be further exploited for drug optimization and
so provide a powerful tool in fighting both malaria and
tuberculosis.

Structural genomics is also providing structures of
proteins that identify new targets for drug intervention.
These include essential proteins of currently unknown
function, and proteins whose biological functions have
been illuminated by the structure. For example, the 
Joint Centre for Structural Genomics in California 
has uncovered thymidylate synthase complementing
protein (TSCP) as a potential drug target. Blocking
TSCP prevents bacteria from synthesizing new 
DNA, leaving the human thymidylate synthase enzyme
unaffected.

Structural pathogenomics
Ian Boucher, Jim Brannigan, Mark Fogg and
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Table 1.Selected structural genomics projects

For a full list, see relevant links at the International Structural Genomics Organization 
(www.isgo.org/list/list.html) and the PDB (www.rcsb.org/pdb/strucgen.html).

Structural Genomics of Pathogenic Protozoa Consortium depts.washington.edu/sgpp
Tuberculosis Structural Genomics Consortium www.doe-mbi.ucla.edu/TB
Berkeley Structural Genomics Center www.strgen.org
Midwest Center for Structural Genomics www.mcsg.anl.gov
Keck Center for Microbial Pathogens depts.washington.edu/keckcmp
Structural Proteomics in Europe (SPINE) www.spineurope.org
Northwest Structural Genomics Centre www.nwsgc.ac.uk
Joint Center for Structural Genomics www.jcsg.org
New York Structural Genomics Consortium www.nysgrc.org
Structure 2 Function Project s2f.carb.nist.gov
RIKEN Genomic Sciences Center www.gsc.riken.go.jp
BIGS igs-server.cnrs-mrs.fr/Str_gen/
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RIGHT:
Fig. 1. The structure
determination process is being
speeded up by optimizing and
automating each step, such as
bioinformatics, protein production
and purification, for high-
throughput. Techniques such as
crystallization on a nano-scale,
automation of crystal handling and
data collection at synchrotron
beamlines, as well as novel
methods for solving structures are
being developed by the structural
genomics community. 
The structure shown is an Fe-
dependent superoxide dismutase
from P. falciparum – an important
enzyme for the malaria parasite’s
response to oxidative stress –
which has been solved in York.


