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The impact of computer science on the drug
discovery pipe-line has been profound. It is
easy to forget that before the 1980s most data

was only available in print form in scientific journals
and that we had only a very basic approach to
establishing collections of related biological data. The
birth and growth of the World Wide Web has provided
a platform for the storage and circulation of biological
data and this has paved the way for the formation of
large organisations that curate and maintain biological
databases. Collectively the grouping of molecular
biological information onto accessible databases has
allowed investigations into how genetic information
correlates with biological processes; this area is
known as the field of bioinformatics (Figure 1).

Cancer genome projects:
In 1990 the Human Genome Project (HGP) began as
an international effort to sequence the entire human
genome. The aims were to identify all human genes
and generate a reference DNA sequence in order to
identify mutations and evaluate the variation in the
genome across our species. At the outset of the HGP
the number of human genes was estimated to be
approximately 35,000. However, the actual number
of genes is now estimated to be closer to 25,000; only
5,000 more genes than in the simple roundworm:
Caenorhabditis elegans! The genome projects have

justified much of the early cancer research which
was established using organisms such as yeast:
Saccharomyces cerevisiae; fruit flies: Drosophila
melanogaster and the African clawed frog: Xenopus
laevis. As cancer is characterised by a multitude of
genomic mutations, there have been large
international consortia established to catalogue the
cancer genome (http://cgap.nci.nih.gov/) and
(http://www.sanger.ac.uk/genetics/CGP/). The
extent of cancer-associated genomic abnormalities
means that there is a profound role for
bioinformatics in the cancer drug-discovery pipeline.

Databases arising from genome projects:
The data generated from genomic studies is deposited
in primary databases such as at the NCBI
(www.ncbi.nlm.nih.gov) and EMBL (www.ebi.ac.uk)
which were formed to store DNA sequences and
exchange sequence information. The grouping of
primary sequence data feeds into secondary databases
that interpret and analyse the data in terms of the gene
products, the proteins, and their molecular
interactions.  An example is Uni-Prot where the
proteins are described alongside their amino acid
sequences (http://expasy.org/sprot/). These
databases are annotated with information on protein
structure (such as the protein domains) and protein
binding partners (the ligands or inhibitor drugs).
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Bioinformatic databases in the 
drug-discovery workflow:
If a gene or protein has been identified in a
laboratory-based experiment, so, bioinformatic
databases may be searched to investigate if it
has previously been characterised. This saves
time spent in the laboratory investigating
gene/protein function.  The first step would be
to take the nucleotide or amino acid sequence
and to insert it into an alignment program
called the Basic Local Alignment Search Tool
(BLAST http://blast.ncbi.nlm.nih.gov/) for
DNA and protein searches respectively. The
BLAST program searches for sequences that
have the highest match (or alignment) to the
query sequence and the results are provided in
list form with the strongest match first [1]. If an
exact match is present, the user can investigate
the gene or protein further by exploring
secondary databases such as Uni-Prot or
Online Mendelian Inheritance in Man
(http://www.ncbi.nlm.nih.gov/omim/) for
functional information. Uni-Prot gives structural
information related to protein function and
contains information on all recorded isoforms
(variants) of a protein. Uni-Prot also links to
other specialised databases with information on
enzymatic activities where relevant (BRENDA:
http://www.brenda-enzymes.org) protein
domains (Prosite: http://expasy.org/prosite)
and so on.  This helps to define the function of
the protein under investigation. If the protein
has been structurally determined via X-ray
crystallography or NMR-based techniques, a 3D
profile will be given in a structure database such
as the Protein Data Bank (PDB: www.pdb.org
/pdb/home/home.do). Inhibitor drugs can
then be designed to inhibit the action of the
protein as a form of cancer therapy.

Bioinformatic tools for investigating 
cancer-associated proteins:
For protein sequences without an entry, or in
the case of genes that have novel mutations,
the structure and function may also be
inferred, by aligning their sequence with
similar sequences. Homologs are similar
sequences with an evolutionary link to one
another, evolutionarily conserved.  Sequence
alignment of a multitude of homologous
sequences can be performed using a program
called Clustal (www.clustal.org). Clustal
provides a graphical output which highlights
conserved motifs found across the proteins
queried [2]. Conserved areas usually relate to
functional protein domains such as the active
site (in the case of enzymatic activity) again,
allowing the function of an unknown protein
to be inferred.

If the sequence is not in the primary
database, its 3D structure will not have been
determined. In such a scenario the protein
structure may be predicted. Homology
modelling uses BLAST to identify the
homologous sequences with an already
determined 3D structure. This structure is

then used as a “template” to match to the
query sequence, this may be undertaken, for
example, using Swiss model
(http://swissmodel.expasy.org). Areas of the
sequence that do not match indicate a
difference in the structure. Structural
modelling is based on minimising any
unfavourable conformations of molecules
based on bond angles between atoms in the
molecule whilst statistical modelling employs
the statistical chance of amino acids in a
protein sequence being in a secondary
structure such as an alpha helix [3]. 

Using protein modelling to design 
anti-cancer drugs:
Once a protein target structure is known, and
its active site has been highlighted, inhibitor
molecules can be designed using an in silico
virtual approach. This is achieved by
screening a large database of ligand molecules
to investigate which ligands bind to the query
protein, in the case of an enzyme this would
be an inhibitor fitting into the active site.
Binding molecules are assessed
computationally for their relative affinity to
the query protein and this enables researchers
to narrow down the group of drug candidates.
From this candidate group, inhibiting ligands
(drugs) can be designed using computer aided
drug design programmes such as Spartan
(www.computational-chemistry.co.uk/
spartan.html). The benefit of this approach is
that it prevents wastage of reagents and helps
to direct in vivo experiments by assisting in
selection of an appropriate model organism in
which to study the function of the drug.  

Virtual screening and computer aided drug
design has been used in many applications,
for example, in the development of the S31-201
molecule, an inhibitor of STAT3, a
transcription factor that is activated by
cytokines and growth factors and which is
increased in cancer. S31-201 was designed and
shown to inhibit growth, and to promote

apoptosis in tumour cells [5]. Another
example of this approach to drug design has
been the protein tyrosine kinase inhibitors.
Tyrosine kinases are involved in signal
transduction, maintenance of oncogenic
growth, cellular replication, angiogenesis, and
metastasis. The design of inhibitors such as
the 2-phenylaminopyrimidine (Imatinib)
directed to Bcr-Abl tyrosine kinase has
provided a directed therapy [6]. In common
with many enzymes, the active domain of
tyrosine kinases is highly conserved between
the many differing proteins and therefore
designing an inhibitor to this class of enzymes
may have detrimental effects on other tyrosine
kinases. They do, however, differ in structural
areas that are distant from the active site and
future drug design will employ this difference
to design specific targeting compounds [7]. 

Overview:
Only a few of the recent approaches in which
bioinformatics techniques have been used in
the drug discovery workflow have been
highlighted in this article; mainly due to the
expanse of programmes and online tools that
can be employed during this process. As
computer engineering and software
development continues to be refined, so the
systems employed are faster and thus the
protein modelling techniques become
accessible to a wider range of researchers.
Drug design using bioinformatics helps to
direct the experimental approach and enables
the process of drug-discovery to be cheaper
and more rapid.  n
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Ribbon representations of two homologous pro-
teins, being pursued in a strategy aimed at target-
ing metastatic breast cancer. HPAI is shown in
orange whilst HPAII is shown in blue. When
overlaid, the  models show significant similarity.
(Markiv et al, 2011) [4].
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