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PREFACE

Bioinformatics is fast emerging as an important discipline for academic research
and industrial applications. Research and development in bioinformatics and compu-
tational biology create and develop advanced information and computational tech-
niques to manage and extract useful information from the DNA/RNA/protein se-
quence being generated by high-throughput technologies (e.g., DNA microarrays,
DNA sequencers). It is the comprehensive application of mathematics (e.g., proba-
bility and graph theory), statistics, science (e.g., biochemistry), and computer science
(e.g., computer algorithms and machine learning) to the understanding of living sys-
tems. These techniques are extremely computationally or data intensive, providing
motivation for using grids.

Grids are an enabling technology that permits the transparent coupling of geograph-
ically dispersed resources (machines, networks, data storage, visualization devices,
and scientific instruments) for large-scale distributed applications. Grids provide sev-
eral important benefits for users and applications to share: computing and data storage,
knowledge, instruments, and so on.

This book not only presents grid algorithms and applications, but also presents
software frameworks and libraries that integrate bioinformatics and computational
biology applications. Many researchers in this field are not aware of the existence of
these frameworks which encourages the reusing of existing code with a high level of
transparency in the target grid platform.

The intended audience is mainly in research, development, and some industrial
fields (pharmaceutical, biotechnology, etc.). Research and development concerns
many domains: bioinformatics, computational biology, grid computing, data mining,
and so on. Many biological researchers are also using grids in problem solving.

Many undergraduate courses worldwide on bioinformatics and grid computing
would be interested in the contents because of the introductory part of each chapter
and the additional information on Internet topical resources. In addition, Ph.D. courses
related to grid for bioinformatics are a direct target for this book.

This book’s purpose is to serve as a single up-to-date source for grid issues to the
bioinformatics and computational biology communities. Its text provides details on
modern and ongoing research on grid applications for bioinformatics and computa-
tional biology and is organized following two different categories grid platforms and
grid algorithms.

Some beginning chapters present a state-of-the-art on data and computational grid
platforms devoted to some challenging problems in bioinformatics and computational
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biology: docking and conformational analysis (Chapter 8), sequence analysis and
phylogenetics (Chapter 4), pairwise sequence alignment (Chapter 5), heterogeneous
biomedical data grids (Chapter 7), RNA folding (Chapter 1 1), and biological sequence
comparison (Chapter 13).

Other chapters illustrate grid services such as OpenMolGRID (open computing
grid for molecular sciences and engineering, Chapter 1), WISDOM (molecular dock-
ing, Chapter 9), interactive visualization and analysis of biomedical data (Chapter
10), and semantic mediation architecture for a clinical data grid (Chapter 12), and
biomedical network modeling (Chapter 16).

Grid algorithms for well-known problems in bioinformatics and computational
biology are presented: sequence alignment (Chapter 2), multiple sequence align-
ment for protein sequences (Chapter 3), phylogenetics (Chapter 6), protein threading
(Chapter 14), and DNA fragment assembly (Chapter 15).

EL-GHAZALI TALBI

ALBERT Y. ZOMAYA
Lille, France

Sydney, Australia
September 2007
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OPEN COMPUTING GRID
FOR MOLECULAR SCIENCES

Mathilde Romberg, Emilio Benfenati, and Werner Dubitzky

All substances are poisons; there is none that is not a poison. The right dose differentiates
a poison from a remedy.
Paracelsus (1493-1541)

1.1 INTRODUCTION

The number of chemicals in society is largely increasing, and therewith the risk of
being exposed to chemicals increases. Knowledge of possible toxic effects of these
chemicals is vital, as are the measurement and assessment of the effects and related
risks. Within the European Union, the Registration, Evaluation, and Authorisation of
Chemicals (REACH) legislation [1] places responsibility on the chemical industries
to properly assess the risks associated with their products. It has been estimated that
about 30,000 new chemicals will be put on the European market in the coming years.
The assessment of these chemicals would cost billions of euros and involve the use of
millions of animals. REACH also aims to ensure that risks from substances of very
high concern (SVHC) are properly controlled or that the substances are substituted. To
match REACH requirements, fast and reliable methods with reproducible results are
crucial, and regulatory bodies would be able to approve results. Property prediction
and modeling will play an important role in this case [2].

Toxicology, the study of harmful interactions between chemicals and biological
systems [3], uses more and more computer models. These models are based on already
available data and help to reduce in vivo testing. Toxicity modeling and its data have
many applications such as characterizing hazards, assessing environmental risks, and
identifying potential lead components in drug discovery. A well-established method
for toxicity modeling is quantitative structure—activity relationship (QSAR) or quan-
titative structure—property relationship (QSPR) [4,5]. On the basis of the available
measured and calculated properties or activities and descriptors of compounds, pre-
dictive models for a certain property are built, which are then used to predict that

Grid Computing for Bioinformatics and Computational Biology. Edited by E.-G. Talbi and A.Y. Zomaya.
Copyright © 2008 John Wiley & Sons, Inc.



2 Open Computing Grid for Molecular Sciences

property for new compounds. An example for a property is the lethal dose (LD50),
which is the amount of a substance that kills 50% of the population exposed to it.
This property is mainly used to compare the toxicity of different compounds and to
classify them, for example, for hazard warnings.

Classical QSAR models have been based on a very limited number of parameters,
which have been measured (such as simple physicochemical properties) or calculated.
The model target has been to find a relationship between these parameters and the
property within a very limited congeneric series of chemicals. These chemicals share a
common skeleton, and a few fragments are linked to it. In more recent years, there has
been a significant change in the QSAR scenario: The interest has shifted from the
identification of the relationship between the parameters and the property to a more
practical use, the prediction of the properties of new chemicals. This calls attention to
the predictive power of the model, since previously a model was not verified but was
simply assessed with statistical measurements evaluating the fitting of the calculated
values. Meanwhile, the challenge has become to model larger sets of compounds,
and in addition the number of calculated chemical descriptors or fragments has
drastically increased to several thousands. Finally, new more powerful algorithms are
used, and these tools also introduce the possibility to extract new knowledge from
the data instead of simply leading the algorithms toward well-known parameters
based on a priori knowledge or hypotheses.

Classical bioinformatics applications such as data warehousing and data mining
are a major part of the model development as a result of the following:

(a) The available data are stored in very different sources such as published journal
papers, spreadsheets, and relational databases in different formats and notations
with different nomenclature and

(b) Relations between the data are mined and used for building predictive models
of various kinds such as multilinear regression (MLR), partial least squares
(PLS), or artificial neural networks (ANNss).

Other applications applied within the process of prediction model development belong
to the field of molecular modeling. Calculating certain properties of a molecule on the
basis of its two- and three-dimensional structures provides the basis for the prediction
of an endpoint such as LD50. Currently, the model-building and prediction process
includes a variety of steps that a toxicologist or a pharmacologist would perform
manually step by step by taking care of data selection, parameter setting, data format
conversions and data transfer between each pair of subsequent steps, and so on.
Pharmaceutical industry and regulatory bodies together with environmental agen-
cies are very interested in finding fast, cost-effective, easy, and reliable ways to identify
compounds with respect to their toxicity. The process of determining lead compounds
for a new drug takes years [6,7] in the laboratory, and in addition about 90% of the
potential drugs entering the preclinical phase fail in further process due to their toxi-
city [8,9]. In recent years, pharmaceutical companies along with research initiatives
have investigated modeling and prediction methods together with grid computing to
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streamline and speed up processes. The prominent interest of industries lies in cost
reduction, for example, reducing failure rate and using in-house PCs’ idle time to
run modeling tasks [10,11]. Software providers offer matching grid solutions [12,13]
for the latter. These approaches exploit the embarrassingly parallel' nature of the
applications and offer sophisticated scheduling mechanisms. They are deployed as
in-house systems, that is, they do not span multiple organizations, mainly for security
reasons. Companies do not risk their data and methods being exposed to outsiders.

Publicly funded research projects in bioinformatics investigate data and compu-
tational grid methods to integrate huge amounts of data, develop ontologies, model
workflows, efficiently integrate application software including legacy codes, define
standards, and offer easy-to-use and efficient tools [14-21].

Section 1.2 of this chapter will highlight grid systems in toxicology and drug
discovery and their main characteristics. Section 1.3 will give an in-depth overview
of the European OpenMolGRID approach, while Section 1.4 will conclude with an
outlook for future developments.

1.2 GRIDS FOR TOXICOLOGY AND DRUG DISCOVERY

Toxicology covers important issues in life and environmental sciences. It is essential
that the characteristics of a chemical be identified before producing and releasing it
into the environment. In drug discovery, one aim is to exclude toxic, chemically un-
stable and biologically inactive compounds from the drug discovery [22,23] early onin
the process. Therefore, models are being developed for predicting which compounds
are liable to fail at a later stage of the process. In this context, QSAR models are
one of the most popular methods. Another goal is to identify compounds that would
bind to a given biological receptor. The area of docking is important to understand
biological processes and find cures that succeed by activating or by inhibiting protein
actions [24]. The docking studies require the modeling of the enzyme (which has to
be known) in addition to the modeling of the small chemical compounds to be studied
(ligand). However, these docking studies are more complex and do require a careful
tridimensional description of the ligand. This is not always necessary in the case of
QSAR models. For this reason, faster and simpler screening based on easier methods
is often performed by drug companies, and the detailed docking studies are performed
only for a limited number of chemicals. However, grid technologies introduce new
possibilities.

The major objectives for using grid technology [25,26] to support biomathematics
and bioinformatics approaches in drug discovery and related fields are to shorten the
time to solution and reduce its costs. Users of such technology are (computational)
biologists, pharmacologists, and chemists, who are usually not computer system
experts. To bridge this gap, providing a user-friendly system is crucial. It allows

"'An application is called embarrassingly parallel if no particular effort is needed to split it into a large
number of independent problems that can be executed in parallel, and these processes do not need to
communicate with each other.



