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the molecular basis of disease. The odds of finding new
drugs by this method are much improved: about one in 300.

So if structure-based design is so much better, why don'’t
we use this method all the time? The reason is that this
method requires a lot of background information. We need
to know a lot about the biology of the disease, including the
identification of the rogue protein that is causing the disease.
Once the culprit is identified, we also need to know what it
looks like; that is, its three-dimensional structure. Armed with
this very detailed information it is possible to identify the
weak spot in the disease-causing protein, and then to design
a specific chemical to attack the weak spot.

The bad news is that currently this technique is limited to
a very few diseases because we only
have 3-D structures for a small num-
ber of disease-causing proteins.

However, in a decade or so this will
no longer be a problem. Genomic
information will help us to identify pro-
teins that cause disease, and their 3-D
structures will subsequently be deter-
mined.

Although only a few diseases can
be targeted by this technique at pres-
ent, some drugs are already appearing
on the pharmacists’ shelves that owe
their origins to structure-based drug
design.

Relenza: The First
Anti-Influenza Drug

Relenza is an Australian-designed drug that combats the
influenza virus. In July 1999 it was approved for use in the
treatment of influenza-infected humans. Prior to this, the
only treatment was palliative or preventative vaccination.

The research that led to the development of Relenza was
a collaboration between the groups of Peter Colman
(CSIRO, Melboumne), Mark von itzstein (Victorian College of
Phamacy, Monash University) and Graeme Laver (Aus-
tralian National University). A key enzyme in the influenza
virus lifecycle, neuraminidase, was identified and charac-
terised, its three-dimensional structure solved and an
inhibitor designed to match a critical site on the enzyme
structure (Fig. 1).

If Relenza is taken within the first 2 days of influenza
symptoms, the duration of the iliness is decreased on aver-
age by 1.5 days and the severity of the symptoms is
decreased for the remainder of the iliness.

Improving Arthritis Treatment

Celebrex is a new treatment for arthritis. lts discovery was
based on improved knowledge of the biology of arthritis and

Structure of Relenza, the first
anti-influenza drug.

inflammation.

It was found that the anti-inflammatory effects of aspirin
and other non-steroidal anti-inflammatories are due to the
inhibition of an enzyme called cyclooxygenase (or COX).
However, these older drugs have a number of side-effects
because they do not discriminate between two related pro-
teins, COX-1 and COX-2.

COX-1 is a housekeeping enzyme, while COX-2 is
inducible and causes the inflammation of arthritis. It is
COX-2 that is the real target for anti-inflammatory drugs.

The three-dimensional structures of both COX-1 and
COX-2 have been solved, and inhibitors selective for
COX-2 were designed on the basis of these structures.
These drugs are expected to have
reduced side-effects compared with
aspirin and the older non-steroidal
anti-inflammatories.

The first of these COX-2 selective
inhibitors, Celebrex, was approved for
use in 1999 and was the most pre-
scribed drug treatment for arthritis in
that year. Another COX-2-selective
inhibitor due for release this year is
Vioxx.

Conclusion

There are tremendous opportunities
for drug discovery research over the
next decade. First, the biotechnology
revolution, particularly the decoding of
the human genome, will have an immense impact on our
ability to understand disease biology and to identify biolog-
ical molecules to be targeted for therapeutic intervention.

Second, high-throughput structural biology techniques,
using mega-research facilities called synchrotrons, will
allow us to build up dossiers of three-dimensional struc-
tures of disease-causing proteins so that we can visualise
the culprits.

Third, modern structure-based drug design methods
provide us with the tools to design better drugs and to
combat diseases that are currently untreatable.

Together, these technologies of genomics, structural
biology and medicinal chemistry herald a new era in drug
discovery: the designer medicine era of smarter, safer and
better medicines. There is no doubt that these develop-
ments will have an enormous impact on the health and
economy of nations that invest in basic biomedical
research and that support venture capital investment in
the outcomes of this research.

The question is, will this include Australia?

Jennifer Martin is Senior Research Fellow at the University of
Queensland’s Institute for Molecular Bioscience

Australasian Science, August 2000 37




