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Preface

Explosive growth in the field of micro system technology (MST) has
introduced a variety of promising products in major disciplines, from
microelectronics, automotive, telecommunications, process technology, to
life sciences. Especially life science and the health care business was, and is,
expected to be a major market for MST products. Undoubtedly the merging
of biological with micro- and nano science will create a scientific and
technological revolution in the future.

Unfortunately such obvious facts were corrupted in the past by fancy
visions, such as micro-submarines swimming in the arterial system repairing
calcification of blood vessels. Major financial resources were dedicated to
this new and exciting technology. However, the breakthrough, predicted in a
‘science fiction’-like prophecy, was significantly delayed as a result of the
complexity and difficulties which MST developments faced in life science
applications. This led to some misunderstandings of the real benefits of this
technology and of the outcome for clinical science.

MST on its own is now becoming established, and it will be valuable
to look at the lessons of the past, the practical issues, and the future
expectations for life science applications.

Therefore the aim of this review is to gain a realistic view of this topic. In
this book we shall display most of the important bio-related MST activities,
and it will become obvious that micro miniaturization of devices, down to
the nano-scale, approaching the size of biological structures, will be a
prerequisite for the future success of life sciences. Microminiaturized
analytical and therapeutic micro- and nano-systems will be mandatory for
system biologists in the long run, in order to obtain insight into morphology
and the interactive processes of the living system. This is the topic of system
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biology, a new and very challenging research field investigating the whole
complex functionality of a living system. With such a deeper understanding
new and personalized drugs could be developed leading to a revolution in
life science. However, the present tools for these scientific tasks are macro
devices, such as MS or NMR equipment. The development of smart and
sensitive micro analytical tools, ultimately with single molecule sensitivity,
is obviously future MST tasks.

Up to now, micro analytical devices are used in clinical analytics or in
molecular biology as gene chips. In addition, standard micro biomedical
products are employed in intensive care and the surgical theatre mainly for
monitoring purposes. However, the gap between these two completely
different scientific fields will be closed as soon as functional micro-devices
can be produced allowing a deeper view into the function of cells, cell
cultures, organs, and whole organisms.

Despite that the word ‘micro system’ has become an established and
commonly used term, it is still lacking a generally accepted definition. Some
definitions emphasize more the micro miniaturization, others prefer a
technology based view, while the third kind highlight the system aspect.
Although the latter aspect is obviously a profound one, the others need still
to be considered. Undoubtedly, miniaturization is a key feature of MST,
yielding a significant benefit for applications in the biosciences and in space
projects. In all other applications system specifications and costs, rather than
miniaturization, have first priority.

A new discipline evolved which focused on micro systems for living
systems. Historically micro systems for automotive or computer periphery
applications were called MicroElectroMechanical Systems (MEMS), since
such micro-parts exhibited mechanical structures in acceleration and
pressure sensor systems or micro-elements for actuating fluids. The
combining of MEMS with biology and medicine created the common term

“BIOMEMS’, although only in a few applications are mechanical movable

structures used.

Another important aspect of BIOMEMS devices is—despite the
miniaturization—the use of innovative materials and biological substances
in combination with micro-technological fabrication processes. The
combination of these topics yielded completely new sensor devices, the so
called ‘micro biosensors’. Examples of early realized miniaturized analytical
BIOMEMS are glucose sensors, now well established in diabetology for
home care measurement of diabetics, generating a fast growing market of
several billion dollars. .

In the latter years another market pull for micro-biosensor devices
was generated in the United States for measuring warfare agents, food
and environmental safety. The ‘Homeland Security Program’ is providing
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substantial funds for the development of micro- and nano technology based
handheld monitors for ubiquitous use.

These BIOMEMS product successes point to the enormous potential of
miniaturized devices which have historically always been of leading
research interest. The initial stages of BIOMEMS developments can be
found in the micro-sensor developments of the mid 20" century, whilst
complete BIOMEMS based products just recently started to penetrate
significant medical markets, illustrating the complexity and the difficulties
of transferring a new technology into new products for large medical
markets.

The first chapter offers an overview of the basics and the historical
background of BIOMEMS. Owing to the interdisciplinary character of
BIOMEMS, different topics are presented in what follows in order to
provide an overview of the broad BIOMEMS development field. The
scientific topics range from implant devices to analytical micro-biosensors
systems, complex DNA based micro systems, analytical protein arrays, and
cell based systems. Some of the necessary technological prerequisites are
micro-fluidic platforms and separation based tools on chips.

‘As a view into the future of the emerging fields of whole tissue based
arrays, as well as bio-nano-technology, research results are highlighted.
These most interesting scientific research fields are expected to yield
exciting research results and long awaited products for the next decade,
particularly in the direct intra—cellular observation of metabolic pathways
using nano-tools. The understanding of these complex functions will be a
prerequisite for the developments in two emerging fields, system biology
and BIONEMS—BIOlogical Nano-ElectroMechanical Systems.

Subsequent book editions will undoubtedly deal with such topics in more
detail.

In this book the reader will be able to review at a glance the exciting field
of bio microsystems, from their beginnings to indicators of future successes.
This book will also show that a broad penetration of micro- and nano-
technologies into biology and medicine will be mandatory for future
progress of scientific and new product development in life science.
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