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Preface
The crossroads between computational modeling and the

biosciences. It is ambitious but fruitful interdisciplinary
research, and this special issue aims to illustrate different
presentations of it.

The added advantage is that any fragment of tissue from
which DNA can be extracted, (and this can be as small as a
dried drop of blood, or a single hair root) is enough to identify
the human from which it originated. The latest high profile
trial in which DNA evidence featured was the O.J.Simpson
trial. However, in this case although DNA tests established
beyond reasonable doubt the identity of various blood samples,
enough questions remained as to how the blood came to be
present to allow the defendant to be acquitted. This week we
heard in the news of a murderer being convicted because of the
DNA evidence obtained from minute bloodstains left on the
clothes of his victim - herself a doctor at the Royal Free.

At the same time, however, the state’s academic bioscience
R&D base has not kept pace with growth at the national level.
Between 2004 and 2008, academic bioscience R&D grew 13.8
percent in Iowa as compared to a 22.3 percent increase at the
national level. Iowa’s bioscience academic R&D expenditures
totaled more than $450 million in FY 2008, but this is less than
a number of peer and competitor states. Iowa will need to
continue to invest to expand its bioscience R&D enterprise in
order to remain, not only nationally but globally competitive.

As an industry, the biosciences are constantly evolving and
broadening in scope which makes it difficult to define under
existing federal industry classifications.

This book, which we hope will lay the foundations for the
next generation of this subject.

—Author



Introduction 1

1
Introduction
FRONTIERS BIOSCIENCE AND TECHNOLOGY

The crossroads between computational modeling and the
biosciences. It is ambitious but fruitful interdisciplinary
research, and this special issue aims to illustrate different
presentations of it. It offers those advancing knowledge in some
particular area the view to related research activity and
opportunities. How mathematics and computer simulation
inform experimentation to obtain new knowledge about nature.
Some articles represent discoveries and others review, introduce,
test, or trial algorithms or tools that are potentially helpful to
arrive at discoveries. A few articles, however, are reversed in
that they demonstrate how bioinspired algorithms or biological
devices can solve hard computational challenges. Consider that
manipulating chemicals may compute an answer much faster
than by means of the standard silicon-based computer and
within this special issue there is an article by K. Li et al.
describing the principles by which such a DNA computer can
compromise an encryption algorithm that is central to present
day secure communications.

One might classify the chapter are divided into three
groupings: (1) those concerned with biological problems from
molecular cell biology to systems biology, (2) those which apply
classification algorithms in cancer diagnosis and methods of
computer vision to anatomy, and finally (3) those which offer
new knowledge or possibilities in bioengineering and
biomedicine. The first grouping covers Systems Biology, an
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exciting interdisciplinary field that marries experiments with
computer simulations. Synthetic and systems biotechnology,
for example, is a technology at these frontiers that aims to
sequester the services of micro-organisms for the benefit of
mankind. Its ability to produce foods in a vat that would

otherwise take up valuable land resources with conventional
agriculture will offer flexibility in food production. The presence
of oleic acid are obtained for E. coli. Interesting research about
signaling networks in retina, as induced by light exposure in
mice, is presented by J. Krishnan et al. showing marked
alterations in gene expression upon light exposure. Certain
transcription factors are discovered to be important for the
responses to light-induced retinal loss, revealing that many of
the apoptosis-related genes are up- or downregulated in this
process. In their article, R. Moreno-Sanchez et al. offer a very
useful review of metabolic control analysis (MCA), a tool that
represents a type of engineering control theory for cell biology
and when applicable MCA can help to grapple with an
understanding of the complex control of the metabolic pathways.

The study of infectomes encoded by the genomes of microbes
and their hosts. Infectomics has potential to advance the rational
strategies that will prevent and treat infectious diseases as
these could require a full appreciation of the infectomes that
contribute to microbial infections.

There is a need to figure out how to dissect the dynamic
duality relationship between symbiosis and pathogenesis in
microbial infections, and advocates of this new field oppose
what they see as the misguided, though current and popular,
reductionist and Manichean views of the microbe-human host
relationship. Another article on the topic of infectious diseases
by K.-Y. Hwa et al. investigates the emerging and life-
threatening infectious disease known as SARS, where there is
a compelling need for the development of effective therapeutics.
In this chapter presents interesting and potentially important
findings, that molecular mimicry occurs between SARS-CoV
and host proteins. They investigate how to predict those peptides
that are worthy of exploration for their biological activity. The
article by L. Hamel et al. provides novel insight into the field
of phylogenetics with the idea of the spectra of a tree, and
reviewers identified its potential to compare with phylogenetic
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trees across different genes and for detecting lateral gene
transfer.

In this chapter covers specialist numerical algorithms for
gene sequencing, genomics, and proteomics. With genomic
sequencing, an error in contig assembly causes serious error
proliferation, and ConPath is a tool that can address this
problem. It constructs scaffolds, ordering and orienting separate
sequence contigs by exploiting the mate-pair information
between contig pairs. C.-K. Chan et al. develop the growing
self-organized map (GSOM) for binning (the clustering of these
unassembled DNA sequences). They report improvements over
the binning that combines oligonucleotide frequency and self-
organizing maps (SOMs), and identify suitable training features
and quantitative measures for assessing results in this area.
In their article, K. Han et al. develop an algorithm to search
for the highly connected subgraphs in protein interaction
networks because this might be helpful to predict protein
function. The article by Mi-Young Kim expounds a new approach
to the very important problem of text mining of biomolecular
text,  and  is  specifically  concerned  with  detecting  gene
interactions. There follow two articles in biological chemistry
with computational chemistry. C.-J. Kuo et al. solve the crystal
structure of H. pylori undecaprenyl pyrophosphate synthase
and perform virtual screening of inhibitors from a chemical
library of thousands of compounds. M. Muddassar et al. explore
receptor-guided 3D-QSAR to design IGF-1R inhibitors by
pursuing careful statistical analysis to interpret the models
that are obtained with the help of contour maps. The article
by J.-C. Lue and W.-C. Fang proposes a compact integrated
microsystem solution for robust, real-time, and onsite genetic
analysis. It uses a preceding VLSI differential logarithm
microchip that is designed to compute the logarithm of the
normalized input fluorescence signals and a succeeding VLSI
artificial neural network (ANN) processor chip to analyse the
processed signals from the differential logarithm stage. It is
submitted that the version of ANN chosen is particularly adept
at recognizing the low-fluorescence patterns.

The cancer diagnosis, biomedical imaging and also
computational anatomy (the study of anatomical variability in
health and disease via deformable templates as inspired by
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D’Arcy Wentworth Thompson). These fields sit in the frontiers
of biosciences, image analysis, mathematics, and numerical
methods. In this grouping, a number of articles implement (D.
Howard et al.), evaluate, or introduce (J. Kolibal et al.)
techniques of image analysis to cluster, segment, or analyse
images, or extract information or enrich biomedical images.
For example, J. Woo et al. discuss multimodal data integration
for computer-aided ablation of atrial fibrillation. Y. Park et al.
analyse the interpoint dissimilarity comparisons in the
hip-pocampus shape space to distinguish between hippocampi
of subjects with three conditions (clinically depressed, high
risk, and control subject), and discover the high-risk population
closer in shape space to the control population than to the
clinically depressed population. Additionally, they find that the
left hippocampi carry more information than do the right. In
their article, N. A. Lee et al. examine performance in the
segmentation of high-resolution MRI subvolumes containing
hippocampus, prefrontal cortex, and occipital lobe, as acquired
on different scanners. They offer evidence that the alternating
kernel mixture algorithm outperforms alternatives on the ten
datasets considered. The availability of powerful imaging and
other sensors, the availability of information technology, and
the nature of modern threats point to population biometrics as
a topic of enormous current and future importance.
Implementing biometrics well is hard and is not yet properly
understood. The methodological paper by Y. N. Shin et al.
proposes a formal performance evaluation model for a biometric
recognition system. They also implement face recognition
systems based on the proposed model. The model seems to be
useful in terms of database availability, compliance with
standards, and evaluation costs. The proposed formalism may
gain traction for other biometrics, and it has the potential to
inform strategies for population-based biomedical imaging
performance evaluation and standardization. The last article
of this second grouping by J. Wichard et al. evaluates how
bioinspired and computational intelligence algorithms compare
in providing reliable early cancer diagnosis.

The third grouping comprises articles which cover advances
in biomechanics, biophysics, and biomedicine. It includes a
detailed biomechanics study by J. S. Merritt et al. on the equine
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distal forelimb, which is a common location of injuries related
to mechanical overload. These authors combine analysis with
experiment in a fairly thorough but concise way to calculate
the forces in the major tendons and joint reaction from kinematic
and kinetic data of walking and trotting horses. Their findings
point to the importance of muscle tendon wrapping when
evaluating joint loading in the distal forelimb. The article by
C. Handapangoda and M. Premaratne describes a novel
numerical technique for modeling optical pulse propagation in
inhomogeneous scattering and absorption cross-sections through
weakly scattering biological tissues. The design of implantable
electronic devices to interact with the nervous system is an
active field, the development of an efficient system for long-
term stimulation of the optic nerve is rather timely (e.g., it is
required to evaluate the long-term safety of retinal implants),
and the methodological report by J. A. Zhou et al. describes the
design of a suprachoroidal electrical retinal stimulator for long-
term application. Finally, two articles in the third category
advance novel robots (H. Sawada et al.) and haptic solutions
(K.-U. Kyung et al.) that interact with the human senses and
which might prove helpful to the sensorially impaired.

CIRCLES CIRCULAR DNA MOLECULES
It was initially believed that all DNA molecules are linear

and have two free ends. Indeed, the chromosomes of eukaryotic
cells each contain a single (extremely long) DNA molecule. But
now we know that some DNAs are circles. For example, the
chromosome of the small monkey DNA virus SV40 is a circular,
double-helical DNA molecule of about 5,000 base pairs. Also,
most (but not all) bacterial chromosomes are circular; E. coli
has a circular chromosome of about 5 million base pairs.

Additionally, many bacteria have small autonomously
replicating genetic elements known as plasmids, which are
generally circular DNA molecules. Interestingly, some DNA
molecules are sometimes linear and sometimes circular. The
most well-known example is that of the bacteriophage ‘, a DNA
virus of E. coli.

The phage ‘ genome is a linear double-stranded molecule
in the virion particle. However, when the ‘ genome is injected
into an E. coli cell during infection, the DNA circularizes. This
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occurs by base-pairing between single-stranded regions that
protrude from the ends of the DNA and that have complementary
sequences (“sticky ends”).

DNA TOPOLOGY
As DNA is a flexible structure, its exact molecular

parameters are a function of both the surrounding ionic
environment and the nature of the DNA-binding proteins with
which it is complexed. Because their ends are free, linear DNA
molecules can freely rotate to accommodate changes in the
number of times the two chains of the double helix twist about
each other.

But if the two ends are covalently linked to form a circular
DNA molecule and if there are no interruptions in the sugar
phosphate backbones of the two strands, then the absolute
number of times the chains can twist about each other cannot
change. Such a covalently closed, circular DNA is said to be
topologically constrained. Even the linear DNA molecules of
eukaryotic chromosomes are subject to topological constraints
due to their entrainment in chromatin and interaction with
other cellular components.

Despite these constraints, DNA participates in numerous
dynamic processes in the cell. For example, the two strands of
the double helix, which are twisted around each other, must
rapidly separate in order for DNA to be duplicated and to be
transcribed into RNA. Thus, understanding the topology of
DNA and how the cell both accommodates and exploits
topological constraints during DNA replication, transcription,
and other chromosomal transactions is of fundamental
importance in molecular biology.

LINKING NUMBER OF COVALENTLYCLOSED, CIRCULAR
DNA

Let us consider the topological properties of covalently
closed, circular DNA, which is referred to as cccDNA. Because
there are no interruptions in either polynucleotide chain, the
two strands of cccDNA cannot be separated from each other
without the breaking of a covalent bond.

If we wished to separate the two circular strands without
permanently breaking any bonds in the sugar phosphate
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backbones,we would have to pass one strand through the other
strand repeatedly (we will encounter an enzyme that can
perform just this feat!).

Fig. Topological States of CovalentlyClosed Circular (ccc) DNA
The number of times one strand would have to be passed

through the other strand in order for the two strands to be
entirely separated from each other is called the linking number.
The linking number, which is always an integer, is an invariant
topological property of cccDNA, no matter how much the DNA
molecule is distorted.

Linking Number Is Composed of Twist and Writhe
The linking number is the sum of two geometric components

called the twist and the writhe. Let us consider twist first.
Twist is simply the number of helical turns of one strand about
the other, that is, the number of times one strand completely
wraps around the other strand. Consider a cccDNA that is
lying flat on a plane.

In this flat conformation, the linking number is fully
composed of twist. Indeed, the twist can be easily determined
by counting the number of times the two strands cross each
other. The helical crossovers (twist) in a right-handed helix are
defined as positive such that the linking number of DNA will
have a positive value. But cccDNA is generally not lying flat
on a plane.

Rather, it is usually torsionally stressed such that the long
axis of the double helix crosses over itself, often repeatedly, in
three-dimensional space. This is called writhe. To visualize the
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distortions caused by torsional stress, think of the coiling of a
telephone cord that has been overtwisted. Writhe can take two
forms. One form is the interwound or plectonemic writhe, in
which the long axis is twisted around itself.

The other form of writhe is a toroid or spiral in which the
long axis is wound in a cylindrical manner, as often occurs
when DNA wraps around protein. The writhing number (Wr)
is the total number of interwound and/or spiral writhes in
cccDNA. For example, the molecule shown in Figure has a
writhe of 4 from 4 interwound writhes. Interwound writhe and
spiral writhe are topologically equivalent to each other and are
readily interconvertible geometric properties of cccDNA.
Also, twist and writhe are interconvertible. A molecule of cccDNA
can readily undergo distortions that convert some of its twist
to writhe or some of its writhe to twist without the breakage
of any covalent bonds.

Fig. Two Forms of Writhe of Supercoiled DNA
The only constraint is that the sum of the twist number (Tw)
and the writhing number (Wr) must remain equal to the linking
number (Lk). This constraint is described by the equation:
Lk =  Tw +  Wr.

Lk° Is the Linking Number of Fully Relaxed cccDNA
Consider cccDNA that is free of supercoiling (that is, it is

said to be relaxed) and whose twist corresponds to that of the
B form of DNA in solution under physiological conditions (about
10.5 base pairs per turn of the helix). The linking number (Lk)
of such cccDNA under physiological conditions is assigned the
symbol Lk°. Lk° for such a molecule is the number of base pairs



Introduction 9

divided by 10.5. For a cccDNA of 10,500 base pairs, Lk = +1,000.
(The sign is positive because the twists of DNA are right-
handed.) One way to see this is to imagine pulling one strand
of the 10,500 base pair cccDNA out into a flat circle. If we did
this, then the other strand would cross the flat circular strand
1,000 times.

How can we remove supercoils from cccDNA if it is not
already relaxed? One procedure is to treat the DNA mildly
with the enzyme DNase I, so as to break on average one
phosphodiester bond (or a small number of bonds) in each
DNA  molecule.  Once  the  DNA  has  been  “nicked”  in  this
manner, it is no longer topologically constrained and the
strands can rotate freely, allowing writhe to dissipate.

If  the  nick  is  then  repaired,  the  resulting  cccDNA
molecules will be relaxed and will have on average an Lk that
is equal to Lk°. (Due to rotational fluctuation at the time the
nick is repaired, some of

Fig. Relaxing DNA with DNase I
the resulting cccDNAs will have an Lk that is somewhat greater
than Lk° and others will have an Lk that is somewhat lower.
Thus, the relaxation procedure will generate a narrow spectrum
of topoisomers whose average Lk is equal to Lk°).

DNA in Cells is Negatively Supercoiled
The extent of supercoiling is measured by the difference

between Lk and Lk°, which is called the linking difference:
Lk = Lk – Lk°.



Frontier Technologies in Biosciences10

If the ”Lk of a cccDNA is significantly different from zero,
then the DNA is torsionally strained and hence it is supercoiled.
If Lk < Lk° and ”Lk < 0, then the DNA is said to be “negatively
supercoiled.” Conversely, if Lk <Lk° and ” Lk < 0, then the DNA
is “positively supercoiled.” For example, the molecule shown in
Figure is negatively supercoiled and has a linking difference
of -4 because its Lk is four less than that for the relaxed form
of the molecule shown in Figure.

Because ” Lk and LkO are dependent upon the length of the
DNA molecule, it is more convenient to refer to a normalized
measure of supercoiling. This is the superhelical density, which
is  assigned  the  symbol  ó  and  is  defined  as:

ó =  ”Lk/Lk°

DNA rings purified both from bacteria and eukaryotes are
usually negatively supercoiled, having values of ó of about -
0.06. The electron micrograph compares the structures of
bacteriophage DNA in its relaxed form with its supercoiled
form. What does this mean biologically? Negative supercoils
can be thought of as a store of free energy that aids in processes
that require strand separation, such as DNA replication and
transcription. Because

Lk = Tw + Wr,
negative supercoils can be converted into untwisting of the

double helix. Regions of negatively supercoiled DNA therefore
have a tendency to partially unwind. Thus, strand separation
can be accomplished more easily in negatively supercoiled DNA
than in relaxed DNA.

The only organisms that have been found to have positively
supercoiled DNA are certain thermophiles, microorganisms
that live under conditions of extreme high temperatures, such
as in hot springs.

In this case, the positive supercoils can be thought of as
a store of free energy that helps keep the DNA from denaturing
at the elevated temperatures. In so far as positive supercoils
can be converted into more twist (positively supercoiled DNA
can be thought of as being overwound), strand separation
requires more energy in thermophiles than in organisms whose
DNA is negatively supercoiled.
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THE PHYSICAL CARRIER OF INHERITANCE
While the period from the early 1900s to World War II has

been considered the “golden age” of genetics, scientists still had
not determined that DNA, and not protein, was the hereditary
material.

However, during this time a great many genetic discoveries
were made and the link between genetics and evolution was
made. Friedrich Meischer in 1869 isolated DNA from fish sperm
and the pus of open wounds. Since it came from nuclei, Meischer
named this new chemical, nuclein. Subsequently the name was
changed to nucleic acid and lastly to deoxyribonucleic acid
(DNA).

Robert Feulgen, in 1914, discovered that fuchsin dye stained
DNA. DNA was then found in the nucleus of all eukaryotic
cells.

During the 1920s, biochemist P.A. Levene analysed the
components of the DNA molecule.

He found it contained four nitrogenous bases: cytosine,
thymine, adenine, and guanine; deoxyribose sugar; and a
phosphate group.  He concluded that the basic unit (nucleotide)
was composed of a base attached to a sugar and that the
phosphate also attached to the sugar. He (unfortunately) also
erroneously concluded that the proportions of bases were equal
and that there was a tetranucleotide that was the repeating
structure of the molecule.

Fig. Molecular Structure of Three Nirogenous Bases
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During the early 1900s, the study of genetics began in
earnest: the link between Mendel’s work and that of cell
biologists resulted in the chromosomal theory of inheritance;
Garrod proposed the link between genes and “inborn errors of
metabolism”; and the question was formed: what is a gene? The
answer came from the study of a deadly infectious disease:
pneumonia.

During the 1920s Frederick Griffith studied the difference
between a disease-causing strain of the pneumonia causing
bacteria (Streptococcus peumoniae) and a strain that did not
cause pneumonia.

The pneumonia-causing strain (the S strain) was surrounded
by a capsule. The other strain (the R strain) did not have a
capsule and also did not cause pneumonia. Frederick Griffith
was able to induce a nonpathogenic strain of the bacterium
Streptococcus pneumoniae to become pathogenic. Griffith
referred to a transforming factor that caused the non-pathogenic
bacteria to become pathogenic.

Griffith injected the different strains of bacteria into mice.
The S strain killed the mice; the R strain did not. He further
noted that if heat killed S strain was injected into a mouse, it
did not cause pneumonia. When he combined heat-killed S with
Live R and injected the mixture into a mouse (remember neither
alone will kill the mouse) that the mouse developed pneumonia
and died. Bacteria recovered from the mouse had a capsule and
killed other mice when injected into them!

Hypotheses:
• The dead S strain had been reanimated/resurrected.
• The Live R had been transformed into Live S by some

“transforming factor”.
Further experiments led Griffith to conclude that number

2 was correct.
In 1944, Oswald Avery, Colin MacLeod, and Maclyn McCarty

revisited Griffith’s experiment and concluded the transforming
factor was DNA. Their evidence was strong but not totally
conclusive. The then-current favourite for the hereditary
material was protein; DNA was not considered by many
scientists to be a strong candidate.
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The breakthrough in the quest to determine the hereditary
material came from the work of Max Delbruck and Salvador
Luria in the 1940s.

Bacteriophage are a type of virus that attacks bacteria, the
viruses that Delbruck and Luria worked with were those
attacking Escherichia coli, a bacterium found in human
intestines. Bacteriophages consist of protein coats covering
DNA. Bacteriophages infect a cell by injecting DNA into the
host cell.

Fig. Structure of a Bacteriophage Virus
This viral DNA then “disappears” while taking over the

bacterial machinery and beginning to make new virus instead
of new bacteria. After 25 minutes the host cell bursts, releasing
hundreds of new bacteriophage.

Phages have DNA and protein, making them ideal to resolve
the nature of the hereditary material. In 1952, Alfred D. Hershey
and Martha Chase conducted a series of experiments to
determine whether protein or DNA was the hereditary material.
By labeling the DNA and protein with different (and mutually
exclusive) radioisotopes, they would be able to determine which
chemical (DNA or protein) was getting into the bacteria.

Such material must be the hereditary material (Griffith’s
transforming agent). Since DNA contains Phosphorous (P) but
no Sulfur (S), they tagged the DNA with radioactive
Phosphorous-32.
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Conversely, protein lacks P but does have S, thus it could
be tagged with radioactive Sulfur-35. Hershey and Chase found
that the radioactive S remained outside the cell while the
radioactive P was found inside the cell, indicating that DNA
was the physical carrier of heredity.
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