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Preface

The protein- and gene-expression research areas are developing very rapidly and it is
fair to say that analytical chemistry plays a very important role in these developments.
New challenges lie ahead, with new discoveries and tools opening up novel dimensions in
life-science applications. One could argue that the developments in analytical technology
are among the major drivers in the biological sciences of today. Examples include the
ground-breaking work on DNA-sequencing using capillary electrophoresis, and mass
spectrometers being standard instrumentation in research laboratories throughout the
world for protein/DNA sequencing and structure work. The pioneering contribution of
mass spectrometry to progress in biological sciences was also highlighted by the December
2002 Nobel prizes that were awarded for the invention of electrospray and laser desorption
MS.

In parallel, new discoveries in biology and medicine also set new targets for the
scientific community regarding performance of new analytical technologies, systems and
methods. Our recognition of the pressing need for advanced technologies to fulfill the
requirements of the demanding tasks of functional genomic initiatives is the underlying
motivation for all of us working on the cutting edge of bioanalytical technologies. With
this book, our intention is to

e compile state-of-the-art knowledge of the field and describe emerging technologies

e provide examples by relevant applications and other case studies

e provide insight into the new frontiers of the field that embrace relevant biological
systems

e stimulate young scientists and newcomers to be a part of the ongoing biological
revolution, where bioanalytical developments are a cornerstone of these successes

The book is intended to serve as a general reference for researchers and scientists within
the bioanalytical field as well as for postgraduate students. Each chapter includes
references to the corresponding literature to serve as valuable entry points to anyone
wanting to move forward in this field, either as a practitioner or for acquiring state-of-the-
art knowledge.

Finally, we would like to express our gratitude to the contributing authors for their time
and effort in preparing the chapters. Without the engagement and lively interactions we
have had over the last half year to get this project finalized, this book would not have been
possible.

GYORGY A. MARKO-VARGA AND PETER L. OROSZLAN
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CHAPTER 1

Enabling Bio-analytical Technologies for Protein
and Genomic Material Analysis and their
Impact on Biology

GYORGY A. MARKO-VARGA" and PETER L. OROSZLAN”

“Department of Analvtical Chemistry, Lund University, Lund, Sweden

P Zeptosens AG, Witterswil, Switzerland

1.1. BACKGROUND

Although the human genome was made public by the end of June 2000, it was not the
complete human map; there were still parts that were not readily available. Currently, there
is a plan that the National Human Genome Research Institute will publish the finished draft
of the human-genome sequence in a scientific journal by 2003. During the period between
the first launch of the human-genome sequences (June 2000) and today, the focus has turned
towards the post-genomic area. High capacity and high performance technologies that are
able to identify the expression of proteins are currently a research area attracting enormous
attention. This is due to the fact that the DNA coding and “the holy grail” of human life is no
further than the nearest computer with an Internet connection. Almost the entire genome can
be searched. These gene sequences hold only a limited percentage of the entire proteome that
is present in cells. The reason is that, upon transcription and translation, proteins in many
cases undergo a post-translational moditying step.

Proteomics has become the new ‘hot” research where the protein expression area has
received enormous attention scientifically as well as from investors in the stock market [ 1].
Several hundred million dollars have already been invested by the Pharma and Biotech
companies and the business growth until 2005 is expected to be $5 billion [2].

Academia, the pharmaceutical industry and the biotech sector have moved their efforts
and positions towards trying to complete the human proteome and what it holds. It seems that
this task is not only a major effort to fulfil, but also difficult to define. What exactly the
proteome as such holds in terms of gene products is one aspect of addressing the entire map
of the human proteome. The other aspect is that the post-translational modifications that
occur within the cell reflect a fundamental and very important process whereby additionally
a large number of proteins is present. The post-translationally modified proteins may occur
as many variants all sharing a larger degree of protein sequences. e.g. enzymes often occur as
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one protein sequence holding an inactive form in a state of rest, which after modification
becomes activated. These activation mechanisms include phosphorylations, carbohydrate
modifications or simply cleaving a protein sequence from the pre-protein.

Many academic scientists argue that efforts to map the entire proteome are a matter of
organisation. This illustrates the need for a single body to coordinate research efforts and
advance human knowledge as a whole rather than according to the corporate agenda.
Unlike the genome project, where DNA sequencing technology propelled the project
towards a single easily understood goal, the proteomics field is driven by an array of
emerging technologies having multiple goals. Scientists would like to identify ultimately
all human proteins, determine the shapes they assume inside cells and understand their
function by observing how they change in different circumstances. The initiative of
starting an inventory of protein content in cells was suggested in the 1980s [3].

The Human Proteome Organization (HUPO) is currently trying to provide some help
coordinating large proteome investigations. There is also agreement within HUPO that the
focus of its work will be on mapping proteins within certain biological materials generated
from human clinical studies, with cancer research of primary interest [4].

The ‘Human Proteome Index’ (HPI) |5] is another initiative from the founders of
SwissProt. It is a human protein database to which all human protein sequences can be
submitted. Because national and international funding into proteomics research is steadily
increasing, sequence information should be stored in a central database accessible to
everyone. The number of inactive protein sequences forms one part of the required
information. This detailed biological information addresses the actual cell compartment
from where the specific protein in question originates and/or where it was found to be
present. It is of mandatory importance. An identity by itself, that a protein is expressed, or
found to be up- or down-regulated in a certain disease or disease in-vivo or in-vitro model,
comprises only the first step in the proteomics process. Unless the expression can be linked
to its biological function, resulting limitations in the verification of the biological role will
remain.

Sequencing the genome is just the start in a long march towards an understanding of
how humans grow and develop and also to the link with disease and disease evolvement.
Genes are powerful, but ultimately we need to understand the proteins that carry out bodily
functions.

In this context, the evolving ‘new science’ and its various disciplines are expected to
have a large impact also on the life science industry.

1.2. INDUSTRIAL IMPACT

State-of-the-art drug discovery and development—the foremost important consumer of
new analytical technologies—is driven largely by chemistry and high-throughput
screening. Questions about the biological effect of a candidate drug (i.e. toxicity, efficacy)
are addressed only at a rather late phase of the development process. In the contemporary
pharmaceutical business, much effort is directed to reducing drug development times
significantly in order to expedite marketing incentives. A rational time-saving approach
could contribute significantly to the short-term (i.e. fast product launch) as well as



