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The integration

ABYSS
The long-standing disconnect between target discovery/characterisation and
compound discovery is a major challenge facing the pharmaceutical industry in
its quest to develop innovative therapies from the wealth of information
flowing from the human genome.

T

here is enormous interest within the pharmaceutical and biotechnology industry to
better utilise their data to improve the productivity of the drug discovery and development
process. Notwithstanding the numerous discussions of chemistry-centric informatics (chemoinformatics1,2) and biological target-centric informatics (bioinformatics3), there remains an abyss
separating these two key components in a comprehensive discovery informatics platform. This
separation is a manifestation of the long-standing
divide between chemistry and biology within the
world’s commercial drug discovery industry. The
goal of this report is to examine the intersection
between target- and chemistry-centric informatics,
to explore how this intersection will evolve given
the technological trends that will shape the pharmaceutical industry, and to start a dialog aimed at
addressing the issues raised.
One of the reasons that target- and chemistrycentric informatics have yet to be actively discussed is that each of these disciplines is itself an
area active with new development. A solution to
the deployment challenge within chemoinformatics has recently been discussed within DDW4, and
the many facets of the rapidly developing informatics requirements for genomics, proteomics,
and expression analysis are constantly discussed
within conferences and through the literature5.
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Clearly, with all of the advances required by
each of these separate informatics activities, it is
easy to overlook their intersection. The consequence is that targets are selected without the benefit of previous knowledge amassed in the chemistry world, and the broad impact(s) of a chemical
alteration is not easily evaluated against the
wealth of knowledge amassed in the biological
world. This fundamental problem can be understood through consideration of an important
trend within the drug development process to
account for, and exploit, patient specific variations
in therapy response (pharmacogenomics6,7). The
confluence of pharmacogenomics concepts and
the drug discovery process highlights some useful
starting points to explore the merging of targetand chemistry-based informatics.
In the future if drug discovery is to be performed
such that variation of the protein target is
addressed, a key will be a mechanistic understanding of drug action that is ultimately and intimately
tied to the structure of the protein target, its co-factors, and the nature of interactions involving the
protein target. This mechanistic understanding is
essentially defined by the field of structural biology8, and is a scientific discipline that is experiencing significant investment in both the academic and
commercial laboratories. A major unsolved aspect
within structural biology is the solution of novel
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EST distribution in gbEST (10/98)
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Figure 1
EST length analysis of the
DNA sequence data in the
public domain. Percentiles
denoted by the green lines for
every 10%
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protein structures due to problems with obtaining
crystals, or due to the environment in which the
protein resides (eg, a transmembrane protein).
Albeit, these challenges must be overcome if the
drug discovery industry is to increase the number
of innovative therapies and thereby decrease the
relative number of ‘me-too’ drugs that are brought
to market.
A leading question is whether structural biology
can indeed provide a bridge between the target

and the chemical compound worlds, and if so,
what is the current state-of-the-art. As has been
mentioned elsewhere9,10, the ability to leverage
protein structure in assigning the function of
unknown protein sequences can be productive.
This result follows from an observation that a
majority of sequence data collected within
genomics projects, typically as expressed sequence
tags (ESTs) are of a length that encode the necessary structural motifs used by protein to form
Drug Discovery World Winter 2000/1
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interaction/active sites (Figure 1). The real challenge, then, is to determine if available methods
can parse the DNA into the expressed protein
amino acid sequences, and if these amino acids
sequences can in turn be converted into the appropriate three-dimensional structural motif that
would provide information on the putative function of the protein (and hence the original DNA
sequence). Ultimately, if successfully applied, functional information derived from 3D structure
would be a good starting point to understanding
the functional consequence of genotypic variations found in the human population.
The application of structural biology methods
to genomic analysis requires a high level of
automation; such automation was pioneered by
Professor Andrej Sali in his creation of MODPIPE
and has subsequently been refined in its implementation within GeneAtlasTM11. Once automated, these techniques can then be distributed across
large numbers of available computers to perform
an analysis on a full genome in a matter of days
for a small bacterial genome, to weeks for
genomes of larger organisms. The value of this
analysis is significant, yielding an incremental
amount of assignment12 for the Deinococcus
Radiodurans and Vibrio Choleræ genomes of
16% and 22%, respectively, when compared to
the assignments made available from The Institute
for Genomic Research (TIGR)13,14. Importantly,
much of this incremental assignment is associated
with a full protein structural model that can be
used to understand active site regions, and hence
how potential drug molecules might interact to
promote or inhibit the role of function of the protein species.
The bridge between target- and chemistrycentric informatics will result as a common
framework is developed that permits both perspectives to be expressed as a view on a common database schema. While such a schema is
not available today, two interesting approaches
are being taken that can evolve into a merged
solution as experience is gathered. In the first of
these, annotations of target sequences are collected and indexed that express the consequence
of the interaction of chemical compounds with
the putative protein product(s). Termed
chemogenomics, these annotations are derived
from the chemical concepts of pharmacophores
and protein-ligand binding that have been
developed and validated during the last decade.
As shown in Figure 2, the chemogenomic
approach of reverse screening uses the ability of
a protein structure to interact with a specific
Drug Discovery World Winter 2000/1

chemical compound to draw relationship
between itself and other protein targets that
exhibit the same response. As many such probe
compounds are used to assess a protein target’s
interaction profile, a response ‘fingerprint’ can
be created from which comparisons can be
made. Rather than similarities based upon the
composition of the protein (ie, the existence and
ordering of its amino acid residues), these similarities represent a similar response profile
which might serve as a basis for understanding
whether and how selective compounds/drugs
might be prepared.
There are several technological hurdles to
overcome in making a practical chemogenomics
solution. The first of these hurdles is accessing
3D protein structures that correctly reflect the
variability in shape that the protein can exhibit
when binding a ligand or interacting with another protein or co-factor. While related to the conformational analysis of small organic compounds, the problem with protein flexibility is
that there are many more degrees of freedom,
and a large preponderance of forces in subtle
balance that must be accurately modelled. A second hurdle is the reliable and automatic identification of interaction and active sites. Here several approaches have been adopted that seek out
invaginations lined with hydrogen bond
donor/acceptor interactions; the success of such
methods is closely related to the aforementioned
challenge with representing the 3D structure of
proteins appropriately. A final hurdle involves
the accounting of the effects of post-translational modifications (of the protein target) on the
interaction and/or active sites available. It is reasonable to assume that with the current focus on
increasing functional knowledge of the proteome that rapid progress in both of these areas
will be reported.
All of this work in creating chemical annotations
would not contribute to the evolution of a comprehensive schema in the absence of a database.
Fortunately, processing of genomic quantities of
data can only be done efficiently within a database
context, and indeed most efforts to annotate
genomic sequence data tends to be captured in
relation databases. While the handling of structural biological information (3D protein structure,
chemogenomics, etc) is a step in the right direction,
considerable progress is needed before a schema
has been developed that truly encompasses a convergence of biological targets derived from
sequence data and a robust handling of compound
related information.
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Figure 2
A Evaluation of a single protein target in its ability to interact with a variety of chemical compounds (virtual screening);
the data is stored with the compound
B Evaluation of many protein targets in their ability to interact with a single chemical compound (reverse virtual
screening); the data is stored with the protein target
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The convergence on a unified platform for target and chemistry data is also occurring from the
chemistry world. Here there are many efforts to
provide more comprehensive access to all biological data known for a compound, and perhaps
more importantly, such biological data is being
tracked with much greater consistency (ie, assay
system to assay system) and with more detailed
information on the protocol and target system
used. Progress here is being driven by the need of
chemists to compare and relate information on a
compound in ways that detailed relationships
between a compound’s structure and the resulting
activity/selectivity can be formulated and used in a
prospective manner.
A goal for the creation of a unified informatics
platform that spans targets and compounds can
ultimately be found in the types of problems that
could be solved. As examples, consider the ability
to evaluate target classes not only on their involvement in a specific biochemical pathway, but also
based upon the uniqueness of their interaction
with compounds that might be developed as a
drug. Use of such chemistry information in target
selection could predispose targets for success as
compounds are tested in vivo. Conversely, an up
front knowledge of a compound’s profile against
proteins involved in metabolism and/or toxicological pathways could avoid one of the more costly
points of failure for a late-stage development candidate. Both examples suggest an improvement in
overall efficiency to the drug discovery and development process.
In summary, significant progress is being
made at the key intersection between the target-centric world of biology, and the compound-centric world of chemistry. This intersection is postulated to be embodied within the
field of structural biology, and moreover it is
concluded that a deep knowledge of structural
biological concepts will drive the creation of a
comprehensive informatics platform. One outstanding problem still not addressed involves
the ability of an informatics to adequately capture the variation of chemical function over
time, ie, proteins being expressed during
growth, up and down-regulation cycles,
responses to external stimulants such as light,
food and drugs, post-translational modifications. Such important biological perspectives
must be captured, and fortunately some
progress has been made 15. Thus, the complex
problem of spanning the abyss between targetand compound-centric informatics is really just
DDW
the tip of an iceberg.
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