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Introduction

The idea of publishing this book on “Bioengineering in Cell and Tissue Research”
was originated by Gerhard M. Artmann, with the goal of writing about our dreams
and making the reader dream with the authors and be fascinated. The book is meant
to have life and spirit, and to become a pioneer in technology and sciences, espe-
cially the life science. The chapters in this book are written by excellent scientists on
advanced, frontier technology and address scientific questions that need consider-
able thinking in terms of engineering. The aims are to provide the readers, including
students, faculty, and all scientists working in academia and industry, new informa-
tion on bioengineering in cell and tissue research to enhance their understanding
and innovation.

This book is composed of six sections that cover a broad hierarchy from genes
to the universe. These sections are Genes, Genome and Information Network; Cell
and Tissue Imaging; Regenerative Medicine and Nanoengineering; Mechanics of
Soft Tissues, Fluids and Molecules; Bioengineering in Clinical Applications; and
Plant and Microbial Bioengineering.

Section I on “Genes, Genome and Information Network” contains three chapters:
Chapter 1 on “Reporter Genes in Cell-based Ultra-High Throughput Screen-

ing” by Stefan Golz presents the processes used to identify target-specific, disease-
relevant genes or gene products devoid of side effects with the aid of ultra-high
throughput screening (uHTS). It discusses how to set up a drug discovery pipeline
starting from target identification to finally delivering molecules for clinical devel-
opment. This chapter presents many of the large arsenal of technologies available
for researchers in industry and academia to generate data in support of a functional
link between given genes and a disease state. The author concludes that experimen-
tal testing of candidate drug compounds remains the major route for the lead drug
discovery process, which has been aided by uHTS using targeted assays together
with the design of combinatorial chemistry libraries. Converting the knowledge of
the target mechanism and underlying molecular recognition principles into robust
and sensitive assays is a prerequisite of successful uHTS screening.

Chapter 2 on “Gene Arrays for Gene Discovery” by David Ruau and Martin
Zenke provides an overview of the strategies for gene discovery using gene arrays.

vii



viii Introduction

A wealth of genetic information has become available due to the determination of
the DNA sequences of the entire genomes of human and other biological organisms
and the advancement of microarray technology that measures simultaneously the
expression of thousands of genes. As a result, bioinformatic tools have been devel-
oped to determine transcriptional “signatures” of various cell types, tissues and en-
tire organisms in normal and disease states, to apply data mining strategies for gene
discovery, and to synthesize and understand complex gene networks. This chapter
reviews the data mining strategies for microarray gene expression data, including
data pre-processing, cluster analysis, information retrieval from knowledge-based
databases, and their integration into microarray data analysis workflows, as exem-
plified by studies on antigen-presenting dendritic cells that have been treated with
transforming growth factor β1.

Chapter 3 on “Physical Modulation of Cellular Information Networks” by Sum-
ihiro Koyama and Masuo Aizawa reviews the effects of physical stimulation on
the information networks in cells. The modulating factors applied include electrical
potential, hydrostatic pressure, electromagnetic field, shear stress, and heat shock
application, and the cellular functions investigated include viability, proliferation,
differentiation, gene expression, and protein production, as well as morphological
changes. The authors conclude that future work in cellular engineering for physi-
cal stimuli-induced gene expression will involve the exploration of specific physi-
cal stimulus-responsive promoters and investigations on stress-induced expression
mechanisms. They also conclude that the effects of physical stimulation on mam-
malian cells will have a wide range of applications, particularly in cellular engineer-
ing, tissue engineering, and medical engineering.

Section II on “Cell and Tissue Imaging” contains three chapters:
Chapter 4 on “Fluorescence Live-Cell Imaging” by Yingxiao Wang, John Y-J.

Shyy, and Shu Chien surveys the principles and technologies used in performing
fluorescence live-cell imaging and their applications in mechanobiology. The cov-
erage includes the uses of fluorescent proteins and their derivatives and fluorescent
microscopy and its integration with atomic force microscopy, with the purposes
of visualizing intraellular localization of organelles, signaling/structural molecules,
gene expression, and post-translational modifications. Techniques are presented for
the spatiotemporal quantification of these subcellular and molecular events, e. g.,
by using fluorescence resonance energy transfer (FRET), fluorescence recovery af-
ter photobleach (FRAP), and fluorescence lifetime imaging microscopy (FLIM).
The impact of these fluorescence technologies on cardiovascular research in rela-
tion to mechanobiology is discussed. It is pointed out that studies of cardiovascu-
lar specimens from transgenic animals would reveal new information on the target
molecules.

Chapter 5 on “Optical Coherence Tomography (OCT)” by Gereon Hüttmann
and Eva Lankenau addresses this emerging technology for three-dimensional imag-
ing of biological tissues. OCT is a new imaging technology that provides higher
imaging depth with a high resolution that goes below 10 micrometers and does not
rely on the depth of focus of the imaging lens. The basic theory of OCT and its
emerging applications in tissue engineering are presented. Compared to technolo-
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gies such as ultrasound, X-ray, MRT and electron microscopy, OCT offers a non-
contact, non-invasive in-vivo applicability with compact and affordable devices.
Coupling with spectroscopy, stains and specially designed probes provides addi-
tional means to generate site- and function-specific contrast. Hence, optical imaging
and microscopy are well developed technologies now widely used in medicine and
biotechnology.

Chapter 6 on “Ultrasonic Strain Imaging and Reconstructive Elastography for
Biological Tissue” by Walaa Khaled and Helmut Ermert reviews the technology
of imaging relevant to biomechanics and summarizes their work in the field of
elastography. The authors discuss some basic principles and limitations in the cal-
culation of displacement estimators that are needed to evaluate strain images and
the relative elastic moduli of biological tissues, which are illustrated with results
from tissues in-vitro and in-vivo. The quantitative information obtained on the rela-
tive shear modulus seems promising for differential diagnosis of lesions in biolog-
ical tissues. This chapter closes with a discussion on the prospects and applica-
tions of ultrasound elastography. This real-time ultrasound strain imaging system
has been used in a clinical study for the early detection of prostate cancer dur-
ing conventional transrectal ultrasound examinations. The authors feel that elasto-
graphy holds promise in the in vivo diagnosis of prostate cancer and intravascular
diseases.

Section III on “Regenerative Medicine and Nanoengineering” contains five chap-
ters:

Chapter 7 on “Embryonic Stem Cell Derived Somatic Cell Therapy” by Kurt
Pfannkuche, Agapios Sachinidis and Jürgen Hescheler discuss the results from
transplantation studies of embryonic stem cell derived somatic cells in animal mod-
els. The results are promising for ES cell-based cell therapy of degenerative dis-
eases such as cardiac and neurological diseases. However, clinical application of ES
cell-based therapies requires resolving the current barriers regarding safety aspects,
purity and quantity of the cells, immunological rejection and ethical issues. Tissue
engineering in combination with the ES cells might contribute to the development
of new therapeutical concepts for treatment of severe degenerative diseases. Indeed,
many important studies and concepts exist to develop strategies for generation of
tissue engineered heart valves. The authors discuss cardiac tissue engineering with
a special focus on embryonic stem cell derived cardiomyocytes.

Chapter 8 on “Collagen Fabrication for Cell-based Implants in Regenerative
Medicine” by Hwal (Matthew) Suh discusses the use of fabricated collagen for cell-
based regenerative medicine as applied to skin regeneration, bone reconstruction,
esophagus replacement, and liver regeneration, as well as anti-adhesive matrix that
promotes wound healing. This chapter provides an overview for the characteriza-
tion and fabrication of collagen, and the requirements of materials for cell-based
implants and biomaterials in cell hybridization. The author points out that a system-
ized approach with single cell encapsulation by collagen containing signal transduc-
tion agents and ligands to attract specific cell adhesive receptors and with stem cell
differentiation and proliferation toward the designated target tissue may contribute
to the future progress of stem cell-based implant.
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Chapter 9 on “Tissue Engineering” by Bernd Denecke, Michael Wöltje, Sabine
Neuss and Willi Jahnen-Dechent discusses the approach to tissue engineering by
combining cells and biomaterials into functional tissues. The authors recapitulate
the basic considerations of cell-material interactions in the development of biolo-
gical substitutes. The tissue-engineered substitutes are comprised of cells cultured
in a natural or nature-like environment that sustain growth and differentiation. The
biomaterial scaffolds in the substitute need to provide cell attachment sites and a ba-
sic three-dimensional organization resembling the extracellular matrix. This chapter
covers the recent advances in material scaffolds and cell-material interactions, and
the use of stem cells for tissue engineering. The authors point out that the combi-
nation of cells and material scaffolds into tissue-engineered replacements of tissues
and organs poses a formidable task because of the hurdles of regulatory approval
and commercial viability.

Chapter 10 on “Micro and Nano Patterning for Cell and Tissue Engineering”
by Shyam Patel, Hayley Lam, and Song Li focuses on micro and nano technolo-
gies that have been used to investigate the regulation of cell functions by micro
and nano features in matrix distribution, surface topography and three-dimensional
microenvironment. The authors discuss the technologies that can be applied to the
fabrication of functional tissue constructs and the recent advances in microfabrica-
tion and nanotechnology industry that have enabled many new ways of examining,
manipulating and engineering biological processes. This chapter provides informa-
tion on the uses of this emergent micro and nano patterning technology for the study
of cell behavior and the creation of new therapies and engineering of tissues that are
functionally similar to native tissues.

Chapter 11 on “Integrative Nanobioengineering” by Andrea A. Robitzki and
Andrée Rothermel presents novel bioelectronic tools for real-time pharmaceutical
high-content screening in living cells and tissues. The authors discuss new online
and real-time diagnostic systems. Miniaturized biomonitoring systems that utilize
nano- and micro systems technology, automatic methods and software programs
will allow remote measurements of disease-related biomarkers, thus making it pos-
sible to perform risk assessments on the patient before actual symptoms occur. This
will allow the implementation of personalized prevention program and early indi-
vidual therapies for people with an increased risk for a certain disease. The au-
thors propose that future screening platforms should provide several technologies,
including predictive tests of incompatibility, proteomics and post-genomics, cell and
tissue based microsystems, combination with in silico models, and bioelectronical
cell-based immunological measurements.

Section IV on “Mechanics of Soft Tissues, Fluids and Molecules” contains six
chapters:

Chapter 12 on “Soft Materials in Technology and Biology” by Manfred Staat,
Gamal Baroud, Murat Topcu, Stephan Sponagel gives an introduction to the me-
chanics of soft materials. The authors pointed out that growing interest in flexible
structures has brought biomechanics into the focus of engineering. Elastomers and
soft tissues consist of similar networks of macromolecules. The chapter provides
a brief introduction to the concepts of continuum mechanics, and presented typical
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isotropic models of soft materials in technology and biology. The authors discussed
the similarities and differences of the thermo-mechanical behavior. For rubber-like
materials, a modification of the Kilian network is suggested which greatly simplifies
the identification of material parameters. Finally, the dynamical loading of biopoly-
mers and volume changes with phase transitions are considered.

Chapter 13 on “Modeling Cellular Adaptation to Mechanical Stress” by Roland
Kaunas aims at elucidating the mechanism underlying the adaptive changes of cells
in response to mechanical loading. In arteries, atherosclerotic plaques are preferen-
tially located at sites of low and oscillating wall shear stress; bone and skeletal
muscle adapt to compressive and tensile forces, respectively. In all these cases, me-
chanical loading modulates the form and function of tissues. This chapter describes
a new approach for developing an adaptive constitutive model of adherent cells sub-
jected to mechanical stretch. Such a model would provide a framework by which
the accelerating accumulation of mechanotransduction data can be interpreted, thus
providing a clearer understanding of how cells respond to mechanical loading. To
illustrate the concepts, the model is applied toward understanding how endothelial
cells adapt to cyclic stretch.

Chapter 14 on “How Strong is the Beating of Cardiac Myocytes?” by Jür-
gen Trzewik, Peter Linder and Kay F. Zerlin describes the CellDrum technique,
which involves the culture of cell monolayers or thin tissue composites under bi-
axial load conditions for mechanical evaluation. A CellDrum consists of a plas-
tic cylinder sealed on one end with a thin and biocompatible silicon membrane.
The membrane allows cell attachment and proliferation under in vitro cell culture
conditions. This device can be used to monitor the stress-strain relationship of the
cell-membrane composites and has been applied to studying biomechanical pro-
perties of cells cultured on CellDrum membranes, including endothelial cells, fi-
broblasts and cardiomyocytes (self-contracting in monolayer cultures or embedded
in collagen I matrices). The relative displacement of silicon membranes attached
to cylindrical wells (diameter 16 mm) is measured with non-contact displacement
sensors at a resolution in the μm-range. This system can be adapted for medi-
cal applications to determine the mechanical properties of cells/tissues in disease
states.

Chapter 15 on “Mechanical Homeostasis of Cardiovascular Tissue” by Ghas-
san S. Kassab addresses the state of mechanical homeostasis in the cardiovascular
system, with special attention to the variations of stresses and strains. This chapter
critically evaluates the various hypotheses on cardiovascular homeostasis of stresses
and strains, viz., uniform wall shear stress, uniform mean circumferential stress and
strain, uniform transmural stress and strain, and biaxial stress and strain. The evi-
dence for these hypotheses is considered in the normal, flow-overload, and pressure-
overload cardiovascular system, as well as during its development and in atherogen-
esis. This chapter considers the implications of these hypotheses on mechanotrans-
duction and on vascular growth and remodeling. The author concludes that there is
significant evidence that the internal mechanical factors are narrowly bounded and
carefully regulated such that a perturbation of mechanical loading causes adaptive
responses to restore mechanical homeostasis.
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Chapter 16 on “The Role of Macromolecules in Stabilization and Destabilization
of Biofluids” by Björn Neu and Herbert J. Meiselman focuses on the interactions
between RBCs as influenced by the presence of macromolecules in the suspend-
ing phase. RBCs are chosen to study cell-cell interaction because they are the most
numerous cells in blood, have an important function of oxygen transport, and can
raise low-shear blood viscosity and adversely affect microvascular blood flow when
undergoing excessive aggregation. The authors deal in detail the depletion of macro-
molecules near the RBC surface because they believe this phenomenon is the most
likely mechanism for RBC aggregation. Stabilization of RBC systems via small
polymers or covalent attachment of polymers to the membrane surface is also con-
sidered. The authors point out that increased attention to the biophysical aspects of
cell-cell interactions will yield important new information that may lead to improved
disease diagnosis, patient care and advances in cellular- and bio-engineering.

Chapter 17 on “Hemoglobin Senses Body Temperature” by Gerhard M. Artmann,
Kay F. Zerlin and Ilya Digel report on a glass-transition like temperature transition
occurring under certain conditions in RBCs around body temperature. The chapter
was based on an accidental discovery of a temperature transition of RBC passage
through small micropipettes many years ago at the University of California, San
Diego. Artmann’s group followed the biophysical mechanism of this effect since
then. The authors’ claim that the body temperature of a species was imprinted into
the structure of hemoglobin and other proteins has been supported by several recent
publications. The writing reflects Dr. Artmann’s philosophy and view of life.

Section V on “Bioengineering in Clinical Applications” contains five chapters:
Chapter 18 on “Nitric Oxide in the Vascular System: Meet a Challenge” by Ste-

fanie Keymel, Malte Kelm, and Petra Kleinbongard reviews several aspects of re-
search on nitric oxide (NO), especially its role in vascular biology and other fields in
biology and medicine. Theoretical and experimental studies of NO metabolism and
the in vivo and ex vivo detections of NO by bioassay and biochemical methods are
outlined. The authors provide evidence that plasma nitrite is a sensitive marker for
eNOS activity and propose that it may be used to monitor the efficacy of therapeutic
interventions influencing endothelial function and NO metabolism in future clinical
trials. The role of the NOS activity of RBCs as an intravascular source of NO is
discussed. The authors point out the importance of using high-resolution intravital
microscopy and real-time image acquisition and analysis to visualize the microcir-
culation, in order to study NO dynamics in relation to RBC rheology in vivo.

Chapter 19 on “Vascular Endothelial Responses to Disturbed Flow” by Jeng-
Jiann Chiu, Shunichi Usami, and Shu Chien focuses on the role of non-uniform
and irregular distribution of wall shear stress at branches and bends of the arterial
tree in the preferential distribution of atherosclerosis. While laminar blood flow and
sustained high shear stress in the straight part of the arterial tree up-regulates the
expression of genes and proteins in endothelial cells (ECs) to protect them against
atherosclerosis, disturbed flow and the associated oscillatory and low shear stress
up-regulate pro-atherosclerotic genes and proteins. This chapter summarizes the
know-ledge on the effects of disturbed flow on ECs in terms of signal transduc-
tion, gene expression, cell structure and function, as well as pathologic implications.



Introduction xiii

Such investigations serve to elucidate the mechanisms underlying the effects of dis-
turbed flow on ECs, thus facilitating the understanding of the etiology of lesion
development in the disturbed flow regions.

Chapter 20 on “Why is Sepsis an Ongoing Clinical Challenge?” by Aysegül
Temiz Artmann and Peter Kayser reports on RBC responses during sepsis. Most
in-vivo studies conducted by introducing microorganisms such as Escherichia Coli
into experimental animals showed deleterious effects of the infection on RBCs. The
authors found in their own in vitro studies with whole blood, partly in contrary to
earlier studies, that after adding E. coli-derived lipopolysaccharides, RBCs lost their
capability of aggregation, and this was accompanied by RBC swelling. The authors
formulated a new biophysical hypothesis based on colloid osmotic pressure consid-
erations to explain the phenomenon.

Chapter 21 on “Bioengineering of Inflammation and Cell Activation” by Alexan-
der H. Penn, Erik B. Kistler, and Geert W. Schmid-Schönbein discusses the role of
inflammation and cell activation in circulatory shock and multi-organ failure. The
authors have traced the inflammatory mediators in several forms of shock to the
action of digestive enzymes, which are synthesized in the pancreas and act on the
intestine. During intestinal ischemia, the mucosal barrier becomes permeable to pan-
creatic enzymes, allowing their entry into the intestine wall to cause auto-digestion
of matrix proteins and tissue cells and production of inflammatory mediators, which
are released into the central circulation, lymphatics and the peritoneal cavity to cause
multi-organ failure. Inhibition of pancreatic enzymes in the lumen of the intestine
serves to attenuate the inflammation in several forms of shock, and this may have
major significance in the treatment of a variety of clinical conditions.

Chapter 22 on “Percutaneous Vertebroplasty” by Christianne Vant, Manfred
Staat, and Gamal Baroud reviews the two intraoperative complications of this inter-
ventional radiology procedure used to treat vertebral compression fractures. While
this procedure shows promising results, it can cause complications due to exces-
sive injection pressure, which is an extravertebral problem, or extraosseus cement
leakage, which is an intravertebral problem. Current solutions for these complica-
tions involve the modification of cement delivery devices and procedure and the
modulation of the rheological properties of the cement. Testing in a synthetic model
demonstrates the existence of conflicting demands on the cement viscosity, i. e., low-
viscosity cement is needed to solve the extravertebral problem, but high-viscosity
cement is needed to solve the intravertebral problem. The challenge is to develop
biomaterials, techniques and/or devices that can optimize the conflicting demands
on cement viscosity.

Section VI on “Plant and Microbial Bioengineering” contains five chapters:
Chapter 23 on “Molecular Crowding” by Ira. G. Tremmel addresses the effects

of a crowded physico-chemical environment on the structure, function and evolution
of cellular systems in photosynthetic membranes. The impact of crowding on pho-
tosynthetic electron transport has been simulated and analysed, taking into account
realistic concentrations and shapes of photosynthetic proteins. The effects of macro-
molecular crowding may depend on many factors (e. g., background molecules) and
there may be opposing effects (e. g., decrease of diffusion vs. increase of thermo-
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dynamic activities). Diffusion coefficients for both large and small molecules are
reduced 3- to10-fold from those in water, but the mobility of some enzymes is large
in mitochondria, suggesting the presence of channels to facilitate protein movement.
The findings on movement of molecules through crowded environment raises inter-
esting questions in molecular evolution as to how biological macromolecules have
evolved to optimize their function in environments that have evolved to become
crowded.

Chapter 24 on “Higher Plants as Bioreactors” by Fritz Kreuzaler, Christoph
Peterhänsel, and Heinz-Josef Hirsch discusses the use of gene technology with C3-
type plants to optimize CO2 fixation for the production of biomass and bio-energy.
As a result of photosynthesis utilizing CO2, ATP is generated to provide the energy
to do work in biological organisms. In higher plants, the important biochemical
pathways involved in CO2 reduction and assimilation are C3 and C4. Because the
loss of fixed CO2 by photorespiration is large in C3 plants, but virtually none in
C4 plants, it is desirable to modify the plants from C3- to C4-type. The authors
discuss the strategies of integrating new biosynthetic pathways into C3 plants by
modifying the photorespiratory pathway or the CO2-fixating enzyme Rubisco in
plant chloroplasts. Among the various possibilities to produce more biomass to deal
with the progressive increase in demand, the best way is to use gene technology
to improve the efficiency of photosynthesis and CO2-fixation, thus producing more
biomass with better quality.

Chapter 25 on “Controlling Microbial Adhesion” by Ilya Digel discusses the use
of a surface engineering approach to manipulate microbial adhesion to surfaces.
Microbes have a tendency to colonize surfaces, and this complex adhesion process
is affected by many factors, including the characteristics of the bacteria, the target
material surface, and environmental factors such as the presence of macromolecules,
ions or bactericidal substances. A better understanding of these factors would enable
the control of the adhesion process. The controllable stimulation or inhibition of
microbial adhesion can be achieved either by physical adsorption or by chemical
grafting of functional groups onto a suitable matrix. The feasibility and applicability
of these methods have been proved in ethanol production using laboratory-scale bio-
reactors. Such surface engineering approach exploiting the propensity of microbes
to adhere to surfaces can serve many biotechnological purposes.

Chapter 26 on “Air Purification by Means of Cluster Ions Generated by Plasma
Discharge” by Kazuo Nishikawa and Matthew Cook discusses ways to purify air
pollution by using cluster ions. The authors review the growing need for the removal
of harmful molecules in the air due to increasing pollution. The removal of airborne
particles allow for an improvement in indoor air quality and a reduction in illnesses
caused by airborne viruses, bacteria, and fungi and due to allergic bronchial asthma.
The authors discuss the research on air purification through applying a plasma dis-
charge into the atmosphere and creating ozone and radicals of strong chemical re-
activity, and they present a novel plasma discharge technology, which can produce
positive and negative “cluster” ions at a normal atmospheric pressure and character-
ize the resultant cluster ions. A series of experiments have been performed to prove
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the air purification effects of such cluster ions, with close attention paid to airborne
harmful microbes and cedar pollen allergens.

Chapter 27 on “Astrobiology” by Gerda Horneck discusses this relatively new
area that attempts to reveal the origin, evolution and distribution of life on Earth
and throughout the Universe in the context of cosmic evolution. A multidisciplinary
approach is required involving astronomy, planetary research, geology, paleontol-
ogy, chemistry, biology and others. Astrobiology extends the boundaries of biolog-
ical investigations beyond the Earth, to other planets, comets, meteorites, and space
at large. Focal points are the different steps of the evolutionary pathways through
cosmic history that may be related to the origin, evolution and distribution of life.
Increasing data on the existence of planetary systems in our Galaxy support the as-
sumption that habitable zones are not restricted to our own Solar System. From the
extraordinary capabilities of life to adapt to environmental extremes, the boundary
conditions for the habitability of other bodies within our Solar System and beyond
can be assessed. Astrobiology has the potential to give new impulses to biology.

In summary, the twenty-seven chapters in this book on “Bioengineering in Cell
and Tissue Research” provide state-of-the-art knowledge on Genes, Genome and In-
formation Network; Biological Imaging; Regenerative Medicine and Nanoengineer-
ing; Mechanics of Soft Tissues, Fluids and Molecules; Clinical Applications; and
Plant and Microbial Bioengineering. The book is intended to stimulate the reader
to think about these problems and create innovative solutions. The authors and the
editors would be most gratified if these aims are achieved.

Chu Chien



Contents

Part I Genes, Genome and Information Network

1 Reporter Genes in Cell Based
ultra High Throughput Screening . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 From Gene to Target . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 Screening Assay Classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4 Reporter Gene Classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.5 Flash-Light Reporter Genes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.6 Glow-Light Reporter Genes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.7 Coelenterazine Dependent Luciferases . . . . . . . . . . . . . . . . . . . . . . . . 8
1.8 Luciferin Dependent Luciferases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.9 Non-Luciferase Glow-Light Reporter Genes . . . . . . . . . . . . . . . . . . . 11
1.10 Fluorescent Proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.11 Cell Based Assay Formats

in ultra High Throughput Screening (uHTS) . . . . . . . . . . . . . . . . . . . 14
1.12 Reporter Genes in uHTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1.13 Photoprotein Readouts and Cell-Based Assay Development . . . . . . 17
1.14 Multiplexing Reporter Gene Readouts . . . . . . . . . . . . . . . . . . . . . . . . 18
1.15 Ultra High Throughput Screening . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2 Gene Arrays for Gene Discovery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.2 Data Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.2.1 Challenges in Data Acquisition and Processing . . . . . . . . . 25
2.2.2 Data Preprocessing: An Overview . . . . . . . . . . . . . . . . . . . . 25

2.3 Gene Discovery by Gene Clustering . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.4 TGF-β1 Signaling in Dendritic Cells Assessed

by Gene Expression Profiling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

xvii



xviii Contents

2.4.1 Linking Gene Expression Data
to Knowledge-based Databases . . . . . . . . . . . . . . . . . . . . . . . 32

2.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3 Physical Modulation of Cellular Information Networks . . . . . . . . . . . . . 37
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
3.2 Cellular Responses to Physical Stimulation . . . . . . . . . . . . . . . . . . . . 38

3.2.1 Electrical Potential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
3.2.2 Hydrostatic Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
3.2.3 Shear Stress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
3.2.4 Heat Shock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3.3 Electrically Controlled Proliferation
Under Constant Potential Application . . . . . . . . . . . . . . . . . . . . . . . . . 45
3.3.1 Electrical Potential-Controlled Cell Culture System . . . . . 45
3.3.2 Cell Viability Under Constant Potential Application . . . . . 45
3.3.3 Electrical Modulation of Cellular Proliferation Rate . . . . . 47

3.4 Modulated Proliferation Under Extreme Hydrostatic Pressure . . . . 47
3.5 Electrically Modulated Gene Expression

Under Alternative Potential Application . . . . . . . . . . . . . . . . . . . . . . . 50
3.5.1 Electrically Stimulated Nerve Growth Factor Production . 50
3.5.2 Electrically Induced Differentiation of PC12 Cells . . . . . . 52

3.6 Cellular Engineering to Enhance Responses
to Physical Stimulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

3.7 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

Part II Cell and Tissue Imaging

4 Fluorescence Live-Cell Imaging:
Principles and Applications in Mechanobiology . . . . . . . . . . . . . . . . . . . . 65
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
4.2 Fluorescence Proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

4.2.1 Green Fluorescence Protein (GFP) . . . . . . . . . . . . . . . . . . . . 66
4.2.2 Derivatives of GFP with Different Colors . . . . . . . . . . . . . . 67
4.2.3 Fluorescence Proteins Derived from DsRed . . . . . . . . . . . . 68
4.2.4 Small Molecule Fluorescence Dyes . . . . . . . . . . . . . . . . . . . 69

4.3 Fluorescence Microscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
4.3.1 Epi-fluorescence Microscopy . . . . . . . . . . . . . . . . . . . . . . . . 69
4.3.2 Confocal Fluorescence Microscopy . . . . . . . . . . . . . . . . . . . 69
4.3.3 Total Internal Reflection Fluorescence Microscopy (TIRF) 70
4.3.4 Integration with Atomic Force Microscopy (AFM) . . . . . . 70



Contents xix

4.4 Applications in Mechanobiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
4.4.1 Visualization of Cellular Localization

of Signaling Molecules and Expression of Genes . . . . . . . . 71
4.4.2 Spatiotemporal Quantification

of Post-translational Modifications . . . . . . . . . . . . . . . . . . . . 74
4.5 Perspective in Cardiovascular Physiology and Diseases . . . . . . . . . . 78

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

5 Optical Coherence Tomography (OCT) –
An Emerging Technology for Three-Dimensional Imaging
of Biological Tissues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.2 Optical Coherence Tomography (OCT) . . . . . . . . . . . . . . . . . . . . . . . 87

5.2.1 The Basic Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
5.2.2 Image Formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
5.2.3 Figure of Merits for the Performance of OCT . . . . . . . . . . . 91
5.2.4 Functional Imaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

5.3 Applications in Tissue Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
5.3.1 Visualization of Cells in Scaffolds . . . . . . . . . . . . . . . . . . . . 96
5.3.2 Visualization of the Morphology

of Artificially Grown Tissues . . . . . . . . . . . . . . . . . . . . . . . . 96
5.3.3 Measurement of Tissue Function . . . . . . . . . . . . . . . . . . . . . 97

5.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

6 Ultrasonic Strain Imaging and Reconstructive Elastography
for Biological Tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
6.2 Ultrasound Elastography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

6.2.1 Theory for Static Deformations . . . . . . . . . . . . . . . . . . . . . . 107
6.2.2 Imaging Tissue Strain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
6.2.3 Displacement Estimation in Strained Tissues . . . . . . . . . . . 110
6.2.4 Methods Using Radio Frequency Data . . . . . . . . . . . . . . . . 110
6.2.5 Block Matching Methods: . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

6.3 Reconstructive Ultrasound Elastography . . . . . . . . . . . . . . . . . . . . . . 114
6.3.1 Tissue-like Material Phantoms . . . . . . . . . . . . . . . . . . . . . . . 115
6.3.2 Solution of the Inverse Problem . . . . . . . . . . . . . . . . . . . . . . 116
6.3.3 Simulation and Experimental Results . . . . . . . . . . . . . . . . . 119

6.4 Medical Results of Elastography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
6.5 Results of an Intravascular Ultrasound Study . . . . . . . . . . . . . . . . . . . 124
6.6 Summary and Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129



xx Contents

Part III Regenerative Medicine and Nanoengineering

7 Aspects of Embryonic Stem Cell Derived Somatic Cell Therapy
of Degenerative Diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
7.2 Rationale for the Cardiac Tissue Engineering . . . . . . . . . . . . . . . . . . 136
7.3 Embryonic Stem Cells as an Unlimited Source

for Cardiomyocytes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
7.4 Therapeutical Cloning of Embryonic Stem Cells . . . . . . . . . . . . . . . . 140
7.5 Stem Cell Derived Cardiomyocytes . . . . . . . . . . . . . . . . . . . . . . . . . . 143
7.6 Cardiac Tissue Slices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
7.7 Bioartificial Heart Tissue Based on Biomaterials . . . . . . . . . . . . . . . . 147
7.8 Scaffolds for Cardiac Tissue Engineering . . . . . . . . . . . . . . . . . . . . . . 148
7.9 The Ideal Cell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
7.10 Preparation of Cells for In-Vitro Tissue Engineering:

Cell Permeable Cre/loxP System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152
7.11 Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

8 Collagen Fabrication for the Cell-based Implants
in Regenerative Medicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
8.1 Regenerative Medicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
8.2 The Cell-Based Implants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
8.3 Requirements of Materials for the Cell-Based Implants . . . . . . . . . . 161
8.4 Biomaterials in the Cell-Hybridization . . . . . . . . . . . . . . . . . . . . . . . . 162
8.5 Characteristics of Collagen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
8.6 Fabrication of Collagen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
8.7 Collagen in the Cell-based Implants . . . . . . . . . . . . . . . . . . . . . . . . . . 170

8.7.1 Skin Regeneration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
8.7.2 Bone Reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
8.7.3 Esophagus Replacement . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
8.7.4 Wound Healing promoting Anti-Adhesive Matrix . . . . . . . 182
8.7.5 Liver Regeneration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

8.8 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191

9 Tissue Engineering – Combining Cells
and Biomaterials into Functional Tissues . . . . . . . . . . . . . . . . . . . . . . . . . 193
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
9.2 The Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194

9.2.1 In Search of an Ideal Cell Source for Organ Replacement 194
9.2.2 Stem Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
9.2.3 Pluripotent Embryonic Stem Cells . . . . . . . . . . . . . . . . . . . . 196
9.2.4 Adult Stem Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
9.2.5 Perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201



Contents xxi

9.3 The Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202
9.3.1 Scaffolds – Support Materials to Grow Cells into Tissues 202
9.3.2 Vascularisation and Blood Supply in Tissue Engineering 202
9.3.3 Scaffold Material Influences Cell Behaviour . . . . . . . . . . . . 203
9.3.4 Commercial Tissue Engineered Products . . . . . . . . . . . . . . 206

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

10 Micro and Nano Patterning for Cell
and Tissue Engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
10.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
10.2 Regulation of Cell Functions by Matrix Patterning . . . . . . . . . . . . . . 216

10.2.1 Matrix Patterning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
10.2.2 Cell Proliferation and Survival on Micropatterned Matrix 218
10.2.3 Cell Migration on Micropatterned Matrix . . . . . . . . . . . . . . 219
10.2.4 Cell Differentiation on Micropatterned Matrix . . . . . . . . . . 220

10.3 Topographic Regulation of Cell Functions . . . . . . . . . . . . . . . . . . . . . 221
10.4 Engineering 3D Environments with Micro Features . . . . . . . . . . . . . 222
10.5 Nano Patterning for Cell and Tissue Engineering . . . . . . . . . . . . . . . 225
10.6 Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229

11 Integrative Nanobioengineering: Novel Bioelectronic Tools
for Real Time Pharmaceutical High Content Screening
in Living Cells and Tissues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
11.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

11.1.1 Preventive Medicine and High Effective Therapies . . . . . . 231
11.1.2 Follow-up Monitoring After Therapy –

Therapeutical Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232
11.2 Real Time Monitoring and High Content Screening . . . . . . . . . . . . . 232
11.3 Outlook and Future Aspects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

Part IV Mechanics of Soft Tissues, Fluids and Molecules

12 Soft Materials in Technology and Biology –
Characteristics, Properties, and Parameter Identification . . . . . . . . . . . 253
12.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
12.2 Material Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255

12.2.1 Why Material Description . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
12.2.2 What is Rheology and What is the Task

of This Discipline? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
12.2.3 Macromolecular Substances . . . . . . . . . . . . . . . . . . . . . . . . . 258
12.2.4 Phenomenological Behavior of Soft Substances . . . . . . . . . 260
12.2.5 Simple Model Formulation of Soft Materials . . . . . . . . . . . 262



xxii Contents

12.2.6 Basic Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264
12.2.7 Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271

12.3 Basics of Continuum Mechanics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
12.3.1 Kinematics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
12.3.2 Stress State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
12.3.3 Balance Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
12.3.4 Material Equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276
12.3.5 Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

12.4 Basics of Material Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278
12.4.1 Mathematical Fundamentals . . . . . . . . . . . . . . . . . . . . . . . . . 278
12.4.2 Necessity of Asymptotic Representations . . . . . . . . . . . . . . 281
12.4.3 Principle of Fading Memory . . . . . . . . . . . . . . . . . . . . . . . . . 282
12.4.4 Asymptotic Representation of the Hysteresis Term . . . . . . 283
12.4.5 Examination of the Static Term . . . . . . . . . . . . . . . . . . . . . . 285
12.4.6 Considering Phenomenological Thermodynamics . . . . . . . 286
12.4.7 Equibiaxial Loading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291

12.5 Material Laws for Technical and Biological Polymers . . . . . . . . . . . 294
12.5.1 Technical Polymers (Gauß Networks

and Kilian Networks) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 294
12.5.2 Biological Polymers (Collagen) . . . . . . . . . . . . . . . . . . . . . . 297

12.6 Volume Change in Biopolymers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
12.7 Summary and Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313

13 Modeling Cellular Adaptation to Mechanical Stress . . . . . . . . . . . . . . . . 317
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317
13.2 A Brief Review of Stretch-Induced Cell Remodeling . . . . . . . . . . . . 318

13.2.1 Cell Mechanics and Dynamics . . . . . . . . . . . . . . . . . . . . . . . 318
13.2.2 Actin Cytoskeletal Remodeling in Response

to Different Modes of Stretch . . . . . . . . . . . . . . . . . . . . . . . . 319
13.3 Measurements, Modeling, and Mechanotransduction . . . . . . . . . . . . 322

13.3.1 Mechanical Testing of Adherent Cells . . . . . . . . . . . . . . . . . 323
13.3.2 Non-adaptive Constitutive Models of Adherent Cells . . . . 325
13.3.3 Adaptive Constitutive Models of Adherent Cells . . . . . . . . 326
13.3.4 Mechanotransduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 331

13.4 A New Approach for the Study of the Mechanobiology
of Cell Stretching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 332
13.4.1 An Adaptive, Microstructure-based Constitutive Model

for Stretched Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333
13.4.2 Biaxial Loading Traction Microscopy . . . . . . . . . . . . . . . . . 335
13.4.3 Mechanotransduction Experiments . . . . . . . . . . . . . . . . . . . 338

13.5 Illustrative Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341
13.5.1 Step Stretch: Effect of Ramp Rate on the Cell Stress

and Fiber Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341



Contents xxiii

13.5.2 Cyclic Stretch: Effect of Frequency on the Cell Stress,
Fiber Organization, and Mechanotransduction . . . . . . . . . . 343

13.6 Closure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 344

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347

14 How Strong is the Beating of Cardiac Myocytes? –
The CellDrum Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
14.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
14.2 The CellDrum Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 354

14.2.1 The Measurement Principle . . . . . . . . . . . . . . . . . . . . . . . . . . 355
14.2.2 The Steady State Measurement, a Useful Modification . . . 356

14.3 Preparation of Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 356
14.3.1 Methods of Cell-Membrane Connection . . . . . . . . . . . . . . . 356
14.3.2 Visualization of Location and Orientation

of the Cells Inside the Gel . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
14.3.3 Example Cardiac Myocytes . . . . . . . . . . . . . . . . . . . . . . . . . . 361
14.3.4 Beating of Cardiac Myocytes . . . . . . . . . . . . . . . . . . . . . . . . 362
14.3.5 Medical Application in Future . . . . . . . . . . . . . . . . . . . . . . . 365

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367

15 Mechanical Homeostasis of Cardiovascular Tissue . . . . . . . . . . . . . . . . . 371
15.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 371
15.2 Shear Stress and Scaling Laws of Vascular System . . . . . . . . . . . . . . 372

15.2.1 Variation of Shear Stress . . . . . . . . . . . . . . . . . . . . . . . . . . . . 372
15.2.2 Design of Vascular System: Minimum Energy Hypothesis 372
15.2.3 Mechanism for Murray’s Minimum Energy Hypothesis . . 373
15.2.4 Uniform Shear Hypothesis . . . . . . . . . . . . . . . . . . . . . . . . . . 374

15.3 Stress and Strain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 374
15.3.1 Tension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 374
15.3.2 Definitions of Stress and Strain . . . . . . . . . . . . . . . . . . . . . . . 375
15.3.3 Spatial Variation of Circumferential Stress and Strain

in the CV System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
15.3.4 Dynamic Variations of Stress and Strain . . . . . . . . . . . . . . . 376

15.4 Intramural Stress and Strain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 376
15.4.1 Residual Circumferential Strain . . . . . . . . . . . . . . . . . . . . . . 376
15.4.2 Axial Pre-stretch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377
15.4.3 Radial Tissue Constraint . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377

15.5 Perturbation of Mechanical Homeostasis . . . . . . . . . . . . . . . . . . . . . . 378
15.5.1 Flow Reversal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 378
15.5.2 Flow-Reduction and Flow-Overload . . . . . . . . . . . . . . . . . . 379
15.5.3 Pressure-Overload . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 380
15.5.4 Simultaneous Hypertension and Flow-Overload . . . . . . . . . 381
15.5.5 Changes in Axial Stretch . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382
15.5.6 Postnatal Growth and Development . . . . . . . . . . . . . . . . . . . 382
15.5.7 Implications for Atherosclerosis . . . . . . . . . . . . . . . . . . . . . . 383



xxiv Contents

15.6 Limitations, Implications and Future Directions . . . . . . . . . . . . . . . . 384
15.6.1 What is the Stimulus for Mechanotransduction? . . . . . . . . . 384
15.6.2 Strain Homeostasis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
15.6.3 Existence of Gauge Length? . . . . . . . . . . . . . . . . . . . . . . . . . 385
15.6.4 Other Possibilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 386
15.6.5 Summary and Future Directions . . . . . . . . . . . . . . . . . . . . . . 386

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387

16 The Role of Macromolecules in Stabilization
and De-Stabilization of Biofluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393
16.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393

16.1.1 Macromolecules as a Determinant of Blood Cell
Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 394

16.1.2 The Impact of Red Blood Cell Aggregation
on Blood Flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395

16.2 The Effects of Macromolecules on the Stability of Colloids . . . . . . 396
16.3 Macromolecular Depletion at Biological Interfaces . . . . . . . . . . . . . 397
16.4 Cell–Cell Interactions Mediated by Macromolecular Depletion . . . 401

16.4.1 Depletion Interaction Energy . . . . . . . . . . . . . . . . . . . . . . . . 401
16.4.2 Depletion at Soft Surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
16.4.3 Electrostatic Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
16.4.4 Cell Surface Properties as a Determinant

of Depletion Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406
16.5 Stabilization of Bio-Fluids via Macromolecules . . . . . . . . . . . . . . . . 406
16.6 Destabilization of Bio-Fluids via Macromolecular Binding . . . . . . . 408
16.7 Conclusion & Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411

17 Hemoglobin Senses Body Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
17.1 Instead of an Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
17.2 Physiological Aspects of Thermoregulation in the Body . . . . . . . . . 418
17.3 Red Blood Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 420
17.4 Temperature Transition in RBC Passage Through Micropipettes . . 420
17.5 The Molecular Mechanism of the Micropipette Passage Transition 421
17.6 Hemoglobin Viscosity Transition . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423
17.7 Circular Dichroism Transition in Diluted Hb Solutions . . . . . . . . . . 424
17.8 A RBC Volume Transition Revealed with Micropipette Studies . . . 426
17.9 Micropipette Passage Transition in D2O Buffer . . . . . . . . . . . . . . . . . 428
17.10 NMR T1 Relaxation Time Transition of RBCs

in Autologous Plasma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429
17.11 Colloid Osmotic Pressure Transition

of RBC Suspended in Plasma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432
17.12 The Temperature Transition Effect so Far . . . . . . . . . . . . . . . . . . . . . . 433
17.13 Strange coevals – Ornithorhynchus anatinus

and Tachyglossus aculeatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 434



Contents xxv

17.14 Hb Temperature Transition of Species
with Body Temperatures Different from 37 ◦C . . . . . . . . . . . . . . . . . 435

17.15 Molecular Structural Mechanism of the Temperature Transitions . . 438
17.16 Physics Meets Physiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443

Part V Bioengineering in Clinical Applications

18 Nitric Oxide in the Vascular System: Meet a Challenge . . . . . . . . . . . . . 451
18.1 Nitric Oxide: NO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451
18.2 NO in Vascular Biology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 451
18.3 Key Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453
18.4 Assessment of NO Mediated Vasoactivity . . . . . . . . . . . . . . . . . . . . . 453
18.5 From the In-Vivo and Ex-Vivo Detection of NO Effects

to Biochemical Assessment of NO . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
18.6 On the Road to a Potential Sensitive Marker

for NO Formation: Is Nitrite a Candidate? . . . . . . . . . . . . . . . . . . . . . 456
18.7 More Information About NO Interactions in the Blood . . . . . . . . . . 458
18.8 Intravascular Sources of NO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459
18.9 The Potential Relevance of RBC NOS Activity . . . . . . . . . . . . . . . . . 459
18.10 Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 465

19 Vascular Endothelial Responses to Disturbed Flow:
Pathologic Implications for Atherosclerosis . . . . . . . . . . . . . . . . . . . . . . . 469
19.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469
19.2 Endothelial Dysfunction is a Marker of Atherosclerotic Risk . . . . . 470
19.3 Correlation Between Lesion Locations

and Disturbed Flow Regions of the Arterial Tree . . . . . . . . . . . . . . . 471
19.4 In Vitro Studies on the Effects of Disturbed Flow on ECs . . . . . . . . 473

19.4.1 In Vitro Models for Studying the Effects
of Disturbed Flow on ECs . . . . . . . . . . . . . . . . . . . . . . . . . . . 473

19.4.2 Effects of Disturbed Flow on EC Morphology,
Cytoskeletal Organization, and Junctional Proteins . . . . . . 476

19.4.3 Effects of Disturbed Flow on EC Proliferation
and Migration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 478

19.4.4 Effects of Disturbed Flow on EC Permeability . . . . . . . . . . 479
19.4.5 Effects of Disturbed Flow on EC Signaling

and Gene Expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481
19.5 In Vivo Studies on the Effects of Disturbed Flow on ECs . . . . . . . . . 483
19.6 Summary and Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489



xxvi Contents

20 Why is Sepsis an Ongoing Clinical Challenge?
Lipopolysaccharide Effects on Red Blood Cell Volume . . . . . . . . . . . . . 497
20.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 498
20.2 Physiopathological Events During Sepsis . . . . . . . . . . . . . . . . . . . . . . 499
20.3 Markers in Clinical Diagnosis of Sepsis . . . . . . . . . . . . . . . . . . . . . . . 499
20.4 Microcirculation and Sepsis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500
20.5 Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500
20.6 Activated Protein C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501
20.7 Red Blood Cell Behaviour During Sepsis . . . . . . . . . . . . . . . . . . . . . . 501
20.8 New Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 502

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507

21 Bioengineering of Inflammation and Cell Activation:
Autodigestion in Shock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
21.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 510
21.2 Inflammation in Shock and Multi-Organ Failure . . . . . . . . . . . . . . . . 511
21.3 The Pancreas as a Source of Cellular Activating Factors

and the Role of Serine Proteases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 512
21.4 Blockade on Pancreatic Digestive Enzymes

in the Lumen of the Intestine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 513
21.5 What Mechanisms Prevent Auto-digestion? . . . . . . . . . . . . . . . . . . . . 515
21.6 Triggers of Shock Increase Intestinal Wall Permeability . . . . . . . . . . 515
21.7 Intestine as Source of Inflammatory Mediators in Shock . . . . . . . . . 516
21.8 Characterization of Protease-Derived Shock Factors . . . . . . . . . . . . . 516
21.9 Cytotoxic Factors Derived from the Intestine . . . . . . . . . . . . . . . . . . . 518
21.10 Removal or Blockade of Intestinal Cytotoxic Mediators . . . . . . . . . 519
21.11 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 520

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 523

22 Percutaneous Vertebroplasty:
A Review of Two Intraoperative Complications . . . . . . . . . . . . . . . . . . . . 527
22.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 527
22.2 Vertebroplasty: Minimally Invasive

and Cost-Effective Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 528
22.3 Extravertebral Biomechanics: Excessive Delivery Pressure . . . . . . . 529
22.4 Intravertebral Biomechanics: Risk of Extravasation . . . . . . . . . . . . . 531
22.5 Injectable Biomaterials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 533
22.6 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 534

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 537



Contents xxvii

Part VI Plant and Microbial Bioengineering

23 Molecular Crowding: A Way to Deal
with Crowding in Photosynthetic Membranes . . . . . . . . . . . . . . . . . . . . . 543
23.1 In the Crowd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 543
23.2 Macromolecular Crowding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545

23.2.1 Excluded Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 545
23.2.2 Reaction Equilibria and Aggregation . . . . . . . . . . . . . . . . . . 547
23.2.3 Reaction Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 549
23.2.4 Evidence for Consequences of Crowding in Living

Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550
23.3 Photosynthesis in a Crowded Environment . . . . . . . . . . . . . . . . . . . . 552

23.3.1 Basic Principles of Photosynthesis in Higher Plants . . . . . 552
23.3.2 The Problem of Fast Electron Transport in Thylakoids . . . 556

23.4 Crowding Effects in Photosynthetic Membranes . . . . . . . . . . . . . . . . 558
23.4.1 Restricted PQ Diffusion in Crowded Thylakoids . . . . . . . . 558
23.4.2 Occupation of Binding Sites . . . . . . . . . . . . . . . . . . . . . . . . . 564
23.4.3 Reaction Mechanisms in Crowded Thylakoids . . . . . . . . . . 565

23.5 Summary and Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 570
23.5.1 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 570
23.5.2 Treatments of Molecular Crowding In Vivo, In Vitro

and In Silico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 572

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 575

24 Higher Plants as Bioreactors. Gene Technology
with C3-Type Plants to Optimize CO2 Fixation for Production
of Biomass and Bio-Energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 581
24.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 581
24.2 The C3 and C4 CO2 Fixation Mechanisms . . . . . . . . . . . . . . . . . . . . 583

24.2.1 The C3 CO2 Fixation Pathway, the Calvin Cycle
and Photorespiration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 583

24.2.2 The C4 Photosynthetic Pathway . . . . . . . . . . . . . . . . . . . . . . 585
24.3 The Metabolism of Glycolate in Escherichia coli

and in Some Green Algae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 587
24.3.1 The Metabolism of Glycolate in E. coli . . . . . . . . . . . . . . . . 587
24.3.2 The Metabolism of Glycolate in Green Algae . . . . . . . . . . . 588

24.4 Increased Biomass Production in Transgenic Arabidopsis Plants
Containing the E. coli Glycolate Pathway in the Chloroplasts . . . . . 589
24.4.1 The Strategy to Improve CO2 Fixation

and Hence Photosynthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . 589
24.4.2 Establishment of the E. coli Glycolate Pathway

in Arabidopsis Chloroplasts . . . . . . . . . . . . . . . . . . . . . . . . . 590
24.5 Analysis of the GT-DEF Transgenic Plants. DNA, RNA,

Proteins, Physiology, Growth and Production of Biomass . . . . . . . . 594



xxviii Contents

24.5.1 Enhanced Biomass Production in DEF
and GT-DEF Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 596

24.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 597

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 599

25 Controlling Microbial Adhesion: A Surface Engineering Approach . . 601
25.1 The Lost World of Sessile Microorganisms . . . . . . . . . . . . . . . . . . . . 601
25.2 Biotechnological Potential of Adhered Microorganisms

and Its Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 604
25.3 Physicochemical Aspects of Microbial Adhesion . . . . . . . . . . . . . . . 607
25.4 Biological Aspects of Microbial Adhesion . . . . . . . . . . . . . . . . . . . . . 609
25.5 Surface Conditioning as a Tool Facilitating Microbial Adhesion . . . 612

25.5.1 Adsorption Facilitation by Transition Metal Ions . . . . . . . . 614
25.5.2 Surface Preconditioning

with Water-soluble Charged Polymers . . . . . . . . . . . . . . . . . 617

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 621

26 Air Purification Technology by Means of Cluster Ions
Generated by Plasma Discharge at Atmospheric Pressure . . . . . . . . . . 625
26.1 Ion Generating Device . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 625
26.2 Characteristics of Positive and Negative Ions . . . . . . . . . . . . . . . . . . . 626
26.3 Effect of Removing Airborne Bacteria . . . . . . . . . . . . . . . . . . . . . . . . 627
26.4 Effect of Removing Floating Fungi (Mould) . . . . . . . . . . . . . . . . . . . 630
26.5 Effect of Deactivating Floating Viruses . . . . . . . . . . . . . . . . . . . . . . . 631
26.6 Virus Deactivation Model Using Cluster Ions . . . . . . . . . . . . . . . . . . 633
26.7 Allergen Deactivation Effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 634

26.7.1 Allergen Evaluation Reaction . . . . . . . . . . . . . . . . . . . . . . . . 634
26.7.2 ELISA Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 635
26.7.3 ELISA Inhibition Method . . . . . . . . . . . . . . . . . . . . . . . . . . . 636
26.7.4 Intradermal Reaction and Conjunctival Reaction Tests . . . 636

26.8 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 637

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 639

27 Astrobiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 641
27.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 641
27.2 Origin and History of Life on Earth . . . . . . . . . . . . . . . . . . . . . . . . . . 642
27.3 Impact Scenario and Interplanetary Transport of Life . . . . . . . . . . . . 646
27.4 Strategies of Life to Adapt to Extreme Environments . . . . . . . . . . . . 647
27.5 Signatures of Life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 649
27.6 Criteria for Habitability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 651
27.7 Planets and Moons in Our Solar System

That are of Interest to Astrobiology . . . . . . . . . . . . . . . . . . . . . . . . . . 653
27.8 Planetary Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 658



Contents xxix

27.9 Search for Life Beyond the Solar System . . . . . . . . . . . . . . . . . . . . . . 661
27.10 Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 662

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 665

28 Authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 667

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 681



Part I
Genes, Genome and Information Network



Chapter 1
Reporter Genes in Cell Based
ultra High Throughput Screening

Stefan Golz

Bayer Healthcare AG, Institute for Target Research, 42096 Wuppertal, Germany,
stefan.golz@bayerhealthcare.com

Abstract Pharma research in most organizations is organized in discrete phases
together building a “value chain” along which discovery programs process to fi-
nally drug candidates for clinical testing. The process envisioned to identify target-
specific modulators lacking several side effects. Following a technical assessment of
the targets “drugability”, the probability to identify small molecule modulators, and
technical feasibility target-specific assays are developed to probe the corporate com-
pound collection for meanful leads. “High-Throughput-Screening” (HTS) started
roughly one decade ago with the introduction of laboratory automation to handle
the different assay steps typically performed in microtiter plates. Today a large arse-
nal of screening technologies is available for researchers in industry and academia
to set up uHTS or HTS assays. Here the use of reporter genes offer an alternative for
following signal transduction pathways from receptors at the cell surface to nuclear
gene transcription in living cells.

1.1 Introduction

The modern drug research process has reversed the classical pharmacological strat-
egy. Today, research programs are initiated based on biological evidence suggesting
a particular gene or gene product to be a meaningful target for small molecule drugs
useful for therapies. The process envisioned to identify target-specific modulators
lacking several side effects. Also, it allows setting up a linear drug discovery process
starting from target identification to finally delivering molecules for clinical devel-
opment. One central element is lead discovery through high-throughput screening of
comprehensive corporate compound collections. Pharma research in most organiza-
tions is organized in discrete phases together building a “value chain” along which
discovery programs process to finally drug candidated for clinical testing (Hüser
et al. 2006).

This pipeline is fueled by targets suggested from external or in-house generated
data suggesting a gene or gene product to be disease relevant. Today a large arsenal
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4 1 Reporter Genes in Cell Based ultra High Throughput Screening

of technologies is available for researchers in industry and academia to generate
data in support of a functional link between a given gene and a disease state.

1.2 From Gene to Target

Following a technical assessment of the targets “drugability” (Hopkins and Groom,
2002), the probability to identify small molecule modulators, and technical feasibil-
ity target-specific assays are developed to probe the corporate compound collection
for meanful leads. Lead discovery in the pharmaceutical industry today still de-
pends largely on experimental screening of compound collections. To this end, the
industry has invested heavily in expanding their compound files and established
appropiate screening capabilities to handle large numbers of compounds within
a reasonable period of time. “High-Troughput-Screening” (HTS) started roughly
one decade ago with the introduction of laboratory automation to handle the differ-
ent assay steps typically performed in microtiter plates. HTS technologies during
the last decade have witnessed remarkable developments. Assay technologies have
advanced to provide a large variety of various cell-based and biochemical test for-
mats for a large spectrum of disease relevant target classes (Walters and Namchuk,
2003). In parallel, further miniaturization of assays volumes and parallelization of
processing have further increased the test throughput. The ultra-high-throughput is
required to fully exploit big compound files of >1 million compounds and is per-
formed entirely in 1536-well plates with assay volumes between 5 – 10 μl. This as-
say carrier together with fully-automated robotic systems allow for testing in excess
of 200,000 compounds per day. The comprehensive substance collection, together
with sophisticated screening technologies, have resulted in a clear advantages in
lead discovery especially for poorly druggable targets with a poor track record in
the past.

1.3 Screening Assay Classes

Today a large arsenal of screening technologies is available for researchers in in-
dustry and academia to set up uHTS or HTS assays with high reproducibilty and
accuracy. The assay technologies can be divided into three differrent classes:

1. Cellular growth and proliferation assays have been employed to search for thera-
peutics in anti-infectives and cancer. The ease use, the possibility for adaptation
to high-throughput formats and the direct relevance to disease pathology of these
growth assays were the reasons for the wide use in drug discovery processes.
The difficulty to discriminate pharmacologically from cytotoxic effects is the
main problem for an assay principle with unclearly defined targets. As a conse-
quence cellular growth and proliferation assays have a higher risk to fail even in
toxicological testing in late stages.
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2. Biochemical bioassays are an experimental approach for the testing of isolated
enzymes or receptors in which the activty of a purified protein is monitored di-
rectly.

3. Cell based bioassays are a different experimental approach for pharmacologi-
cal assays and are widely used in drug discovery processes. Recently, molec-
ular biology has revolutionized cell based bioassays by providing recombinant
cell lines containing readout technologies amenable to ultra high-throughput for-
mats. The functional readout of this assay format allows, to monitor all possible
drug-receptor interactions, including allosteric modulation and allow the screen-
ing of different pharmacological target classes as G-protein coupled receptors,
Ion-channel or transporter. The timescale of the assay type ranges from seconds,
e. g. hormone-stimulated Ca2+ signals, to few hours for reporter gene readouts.
This assay type is target biased and allows the discrimination and differentiation
of target-specific signals from general phenotypic effects. Optical assays rely
on absorbance, fluorescence or luminescence as readouts. The used readout tech-
nologies are comprising fluorescent Ca2+ indicators and different reporter genes.
The reporter genes used in ultra high-throughput screening can be divided into
two different classes: photoproteins & luciferases and fluorescent proteins.

The choice of cellular screening approach has an enormous impact both on the de-
velopment and implementation of the HTS or uHTS for a target. The availability
and behavior of the cells, together with the amplitude and reproducibility of the sig-
nal attainable against that cellular background, can all determine whether primary
cells or cell lines, both native and engineered, are selected. Primary cells of human
origin are arguably the most physiologically relevant model system and several se-
lected primary cell types, human and other species, are commercially available and
amenable to HTS or uHTS respectively. In general, primary cells cannot be obtained
at the scale necessary for HTS or uHTS, and thus primary cell screens are positioned
in the screening paradigm as low-throughput secondary assays. Transformed cell
lines of mammalian origin (e. g. CHO, HEK 293) are the most commonly used cell-
based uHTS assay formats. The advent of molecular and cell biology techniques to
clone and express human proteins has provided access to cell lines with high ex-
pression levels of the target of interest. Cell lines can be engineered to express or
over-express a target of interest. Expression can be transient or stable and several
expression systems can be employed depending on the nature of the cell line and the
target. Stable cell lines are most commonly generated by plasmid transfection infec-
tion. Stable expression of the target is the approach of choice for HTS and uHTS in
the most drug discovery processes.

1.4 Reporter Gene Classes

Bioluminescence is the light produced in certain organism as a result of luciferase-
or photoprotein mediated reactions. Numerous marine and terrestrial organisms are
bioluminescent, while the biochemistry and molecular biology of the underlying


