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My primary research interest is in the interactions of parasites with their hosts. Since the parasite my

students and | work on is a plant-parasite nematode we have to consider the physiology of both plants and

animals. The nematode called the soybean cyst nematode (SCN) causes several billion dollars loss to the

soybean crop worldwide and is
considered the number one pest of
this crop. Over the last 25 years
our work has focused on helping
to understand the factors that
govern the development and
reproduction of this organism. We
have examined the mating
behavior, the pheromone
production, the role of host plant
physiology on fecundity and egg
hatching of this species. By far the

majority of work has been on the physiology of egg hatching. This nematode is not only interesting

because of its economic significance but because it has a relatively complex life cycle with complex

developmental control. Working with students in the lab and watching them develop an interest in doing

science is the best part for me about doing research.

119



The effects of carbon dioxide on nematode
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Faculty Mentor: Paul Tefft, Ph.D.
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Supported by the SJU Summer Scholars
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One of the most pressing issues facing the earth’s ecology is the increase of carbon dioxide levels
in the atmosphere as a result of the burning of fossil fuels. The effect of this increase in carbon dioxide on
plants has been studied in many species including important crops such as soybeans. However, little is
known about the role increased carbon dioxide has on plant diseases. We are studying the effects of
increased carbon dioxides on the soybean cyst nematode (SCN), Heterodera glycines. The soybean cyst
nematode is the primary pest of the soybean crop. SCN causes an annual economic loss in the United
States of 1.5 billion dollars. A major obstacle of control is the ability of the nematode eggs to remain
viable for more than 10 years in the soil.

This summer we began studies for staging of SCN larvae in the roots of soybean plants grown in
ambient and elevated levels of carbon dioxide. Soybean roots were inoculated with a known inoculum of
Heterodera glycines eggs. The plants were then allowed to grow in environmental growth chambers.
Once the infection had taken place, the soybean roots were stained with acid fuchsin and the developing
worms were counted and staged. So far we have tried different levels of inoculations and soybean
varieties in order to get a base line and will continue these studies in the fall (see Fig. 1).

Chemotaxis of nematode larvae was also studied in response to root exudates from plants that
were grown in ambient and elevated levels of carbon dioxide, as well as plants that were grown in
different treatments of the plant hormone gibberellic acid (see Fig. 2).

2.0 RGH Larval Behavior

Fig 1 Fig 2
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Research Interests: Genetic analysis of the
predatory life cycle of Bdellovibrio bacteriovorus.

My laboratory has been examining the life style of a small bacterium with the long-term goal of
understanding the underlying mechanisms in its developmental cycle. Bdellovibrio bacteriovorus is an
obligate predator, attacking and devouring other bacteria. The developmental cycle of this unique
bacterium is bi-phasic (see figure below). As free-living attack phase predators they exhibit extremely
rapid motility (up to 160 cell lengths per second) as they search for susceptible prey. Following an attack
and irreversible attachment, the bdellovibrio penetrates the outer envelope of the prey cell and nestles in
the periplasmic space, where it initiates the intraperiplasmic growth phase. During this phase, the
bdellovibrio initiates DNA synthesis and elongates into a long spiral utilizing the cytoplasm of the prey
for nutrition. After about three hours, the filament fragments into four to five progeny, each with its own
flagellum, and lyses the prey envelop releasing new attack phase cells. With the work of a number of
undergraduate research students, two of these questions have been answered: the enzymes involved in
penetration, and the translocation of a porin (channel) protein into the cytoplasmic membrane of the prey
protoplast for gaining access to nutrients.

The current thrust of research in my laboratory is to created transposon insertion mutants of
Bdellovibrio that lack the ability to prey on
susceptible bacteria. We have isolated a truly
facultative strain (can grow either predatiously or
axenically), and have been able to develop new
methods for delivering transposons into the
bdellovibrios and screening for  predation.
Transposons, with flanking DNA, from these
mutants have been recovered and cloned into
Escherichia coli. Several of these clones have been
sequenced and compared through BLAST analysis
with the Bdellovibrio genome currently deposited
with the National Center for Bioinformatics. We are continuing to isolate new mutants, isolate their DNA
and sequence the genes that are essential for predation. We are also examining mRNA during the life
cycle in order to determine the temporal expression of these essential genes. As we continue these
studies, it is hoped that we will gain new insights into the control of this unique predatory life style, and
perhaps one day to utilize this bacterial predator as a biological control for harmful bacterial species
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Bdellovibrio bacteriovorus is a gram negative bacterium. It is an obligate predator, meaning it needs another gram
negative bacterium in order to survive and reproduce. B. bacteriovorus attacks a gram negative bacterium, such as E. coli, and
begins its intraperiplasmic growth. B. bacteriovorus then consumes the nutrients inside its prey as it grows. The filament of B.
bacteriovorus divides into numerous new attack phase B. bacteriovorus, which lyse the prey and start the cycle over. There are
multiple mutants that are capable of growing independently of a prey, known as host-independent (HI). Because the genes
necessary for predation are unknown, these HI B. bacteriovorus are useful in developing a procedure for determining these genes.

This summer | worked on a developing a protocol for synchronizing the life cycles of B. bacteriovorus within a culture.
A synchrony is useful because it allows a culture of B. bacteriovorus to be observed easily since they are all going through the
same stages of the life cycle at the same time. This is different than the random stages that can be seen throughout a normal
culture not treated to be synchronous. When this protocol is used with a mutant that cannot predate upon a host, it is easy to spot
where in the life cycle the characteristic needed for predation is blocked. This is because all of the B. bacteriovorus are at the
same stage and have stopped proceeding through the life cycle together.

In order to create a synchronous culture, an inoculum with the strain 109J-SJ was created in a nutrient-rich broth and
was incubated with shaking overnight. A second inoculum was created from the first and was incubated overnight with shaking.
On the third day of the procedure, 1.7 mg/mL of E. coli protein extract was added to the 109J-SJ inoculum created. After 4
hours, the B. bacteriovorus were dividing synchronously (Figure 1). The inoculum was then spun down and E. coli was added to
the B. bacteriovorus. After two hours, the majority of the E. coli had become bdelloplasts (Figure 2), meaning the new B.
bacteriovorus formed from the synchrony were attack phase and had the capability to attack the E. coli and reproduce. This
protocol will further be used with mutants that are not capable of creating bdelloplasts in order to determine where in the life
cycle the characteristic necessary for predation is lacking.

2 Hours after E. coli was added to 109J-SJ, the majority have become bdelloplasts
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Transposon Mutagenesis of Bdellevibrio
bacteriovorus

David Hession,’09

Faculty Mentor: John Tudor
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Supported by the National Science Foundation

| was involved in the study of the bacterium Bdellovibrio bacteriovorus with Dr. Tudor in the
microbiology lab. This species of bacteria is obligately predatory on other bacteria. Its life cycle is
separated into two distinct parts. The first is a mobile attack phase where the bacterium will search
out its prey. In the second part B. bacteriovorus invades the periplasmic space of the prey gram
negative bacterium where it grows by feeding on the prey cell’s cytoplasm and then reproduces itself.
The research is primarily focused on creating predatory deficient mutants by the process of
transposon mutagenesis. A transposon is a portion of DNA that can randomly insert itself into a host
genome. A segment of DNA containing the transposon is “shot” into B. bacteriovorus by the process
of electroporation, which involves mixing the transpson and B. bacteriovorus in a cuvette between
two metal plates and drawing the negatively charged DNA toward the cathode with a split second
1350 volt pulse. The transposon contains genes that code for resistance to the antibiotic kanamycin.
Growing the electroporated cells on a medium plus kanamycin allows us to select for cells that have
taken up the transposon into the genome. Cells containing the transposon are then introduced to E.
coli to check for predation deficiency. B. bacteriovorus cells that are unable to prey on E. coli are
presumed to have the transposon in a position in the genome that interrupts a gene that is essential for
predation. The DNA is then cut with a restriction enzyme that does not cut within the transpson
leaving sections of DNA with the transpson and the flanking DNA. The DNA is then ligated and
electroporated into E. coli where it can be multiplied as a plasmid. The plasmid is then isolated and
sent to be sequenced and compared to a database of the B. bacteriovorus genome.

This was the primary focus of my research. Secondarily, |1 was attempting to use new
plasmids with different antibiotic resistances to use in the electroporation procedure. Through
several electroporations and different isolations, | was unable to effectively introduce the different
plasmids into B. bacteriovorus. Several different methods were used but none were able to come up
with successful introduction of the plasmid.

Another secondary project involved another kanamycin resistant plasmid. This plasmid, mini
Tn5, lacks an origin of replication and cannot be replicated inside E. coli. So in order to recover the
DNA containing a gene necessary for predation, the plasmid must be combined with a plasmid
cloning vector that contains an origin of replication. In order to accomplish this, both the mni Tn5
containing flanking DNA and the cloning vector had to be isolated and combined and ligated. This
step of the process was successful and a plasmid containing both components was isolated. We were
unsuccessful, however, in electroporating the plasmid into E. coli. This issue was attributed to the E.

coli being unable to accept the plasmid.
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Determination of Genes Necessary for Predation
in Host Independent Predatory Mutants of
Bdellovibrio Bacteriovorus.
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There are a variety of bacteria that are predatory on other bacteria. Bdellovibrio bacteriovorus
and Bdellovibrio-like organisms (BALOSs) are defined by their unique intraperiplasmic developmental
cycle which is essential for their specific type of predation on other Gram negative bacteria (Fig. 1).
There are two phases in the Bdellovibrio’s life cycle: an attack phase and an intraperiplasmic growth
phase. In attack phase the bacteria are highly motile and travel throughout the medium searching for a
prey bacterium to attach to. Once it has found a prey cell, the Bdellovibrio switches into its
intraperiplasmic growth phase. There inside of the periplasmic space, the BALO extracts nutrients from
the prey’s cytoplasm, undergoes duplication, and finally lyses the prey cell releasing the newly replicated
attack phase cells once all of the usable nutrients have been taken. It is not completely certain how the
BALO prevents the infected prey cell from being infected many times and also how the BALO transports
the nutrients taken from the prey’s cytoplasm to its own cytoplasm. By isolating and examining mutants
that cannot complete predation then the genes responsible for normal intraperiplasmic growth can be
identified and compared with the complete sequenced genome of B. bacteriovorus.

By introducing DNA (a transposon) into the bacterial genome and in the process interrupting

genes in the chromosome, genes essential for predation in the genome can be located. A transposon is a
genetic element that is capable of moving from one DNA molecule and inserting itself in another. The
transposon is introduced into the B. bacteriovorus using electroporation, a method which uses an
electrical potential to insert the negatively charged transposon into the cells. When inside of the cell, the
transposon then can incorporate itself into the bacterial chromosome. If the transposon is incorporated
between the beginning and end of a gene, then that gene will
be inhibited, leading to a loss of function for that specific
gene. If the mutant demonstrates a loss of predation, then the
gene that was interrupted is essential for B. bacteriovorus’
predation. Mutants that have lost the ability for predation are
selected for and the genes that have been interrupted are
isolated, sequenced, and compared to the B. bacteriovorus
genome to investigate the function of the gene. This process
can lead to the elucidation of gene functions that are

| required for predation.
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Research interests: non-linear characteristics of
physiological time series, with special emphasis on
neural and cardiovascular dynamics.

My research focus is the analysis of the time series generated by the electrical activity of neurons
and the heart and the use of this information to characterize the dynamical state of the systems they
describe. The study of neural networks is accomplished by using a number of computer simulation tools
to build and analyze these networks. The output of a simple three-neuron system is shown in Fig. 1. In
addition to the oscillations seen in this figure, | am also interested in the phenomenon of neural bursting
and its influence on network behavior. Bursting is characterized by a series of nerve impulses occurring
within a short period of time, followed by a period of quiescence. A variety of networks and their
behavior are currently being studied; among them are synfire chains which are models for learning and
memory, highly connected networks to show what happens during an epileptic seizure, and models of
neurons that control circadian rhythms.

For many years it was believed heart rate regularity characterized the healthy, or normal state.
The diseased or unhealthy condition was always associated with some sort of irregularity, regardless of
type. Today, however, our view of what constitutes a normal sinus rhythm has changed considerably.
Using the techniques of nonlinear analysis and applying concepts of chaos theory, there is a new way of
looking at heart function. Fig. 2 shows what a typical ECG looks like under the new paradigm. Instead
of plotting the data as a function of time, the figure shows electrocardiogram (ECG) data plotted in phase
space. We look at specific changes in these diagrams to provide clues about cardiac function. There are
two questions my laboratory is currently studying: 1) How do the dynamical properties of the
cardiovascular system change with age? 2) What role does the autonomic nervous system play in
regulating the dynamical properties of the heart? Computer models of heart cell behavior are also used to
examine the role ion channels play in the overall physiology of the heart. These channel models have
become increasingly important in the study of various forms of atrial fibrillation and long QT syndrome.

qu 1. Neural Network Oscillations Fig 2. Phase Space ECG Diagram
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A central pattern generator (CPG) is a type of neural network in the nervous system that is responsible for
generating rhythmic motor output. Neurons that form a CPG exhibit a repetitive bursting behavior consisting of
alternating periods of spiking activity followed by a period of inactivity (quiescence period). The cycle period of a
burst is the sum of both the active and quiescence durations.

The output from a CPG network can be modified to change cycle frequency. It has been suggested that
differences in cycle frequency arise from the interaction between the intrinsic properties of neurons in a network and
the dynamics of synaptic connections among these neurons. Using the simulator SNNAP, we have developed a
model network to mimic the characteristics of a CPG controlling quadruped locomotion. This model consists of a
cyclic network of bursting Hodgkin-Huxley type neurons reciprocally coupled through counterclockwise excitatory
synapses and clockwise inhibitory synapses (Fig.1a).

After applying an initial transient stimulus (3.21uA for 0.05s) to neuron a, neurons b, ¢, and d fire
sequentially, and the network exhibits stable bursting behavior. Increasing synaptic strength of excitatory synapses,
by increasing conductance values (0.239 to 0.262uS/cm?), results in a greater cycle frequency. Increasing reversal
potential of inhibitory synapses (-42 to -16mV) also results in the network bursting at a greater frequency. This
demonstrates that changes in the relative amounts of synaptic excitation or inhibition in a CPG alter bursting
behavior.

Having characterized the dynamics of spiking activity and its dependence on synaptic conductance and
reversal potential, we then investigate the extent to which neuronal intrinsic properties contribute to bursting
behavior. We focus on the interactive effects between introduced calcium (Ca®*) and calcium-dependent potassium
(Kca) channels. Increasing conductance of Ca?* channels (0.18 to 0.23uS) causes internal Ca>* concentration to
increase from 1.036 to 1.384uM. This subsequently results in a decrease in cycle period. Increasing the conductance
of K¢, channels, on the other hand, causes cycle period to increase.
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Fig. 1. (a) Architecture of the model network: four neurons are reciprocally coupled through counterclockwise excitatory synapses and clockwise
inhibitory synapses. (b) Bursting dynamics of a neuron within the network before (upper trace) and after (bottom trace) the addition of Ca®* and
Kca channels. (c) Representative calcium concentration data for a neuron containing Ca?* and K¢, channels.

126



Over Stimulation and Synfire Chain Dynamics in
Simple Hodgkin Huxley Networks

Edward M. Podgorski 111, 08

Faculty Mentor: James Watrous, Ph.D.
Department of Biology

Supported by the SJU Summer Scholars Program

£ i

Since the introduction of the electrical compartment model for nervous cell activity, computer simulation
programs like SNNAP (Simulator for Neural Networks and Action Potentials) have been used to better understand
how neurons function. Hodgkin Huxley’s (1952) electrical circuit used mathematical equations to define the activity
of cells involved in such systems. Using SNNAP these compartment models can be combined to model simple,
connected networks within the nervous system.

Using a simple five neuron Hodgkin Huxley learning model (Fig. 1) it was shown that over stimulation
plays a major role in network transmission efficacy. Network parameters were explored to reduce the effect of over
stimulation, including network topology, synaptic strength, and inhibition. Altering each of these parameters yielded
functional transmission in the network, but fell short in describing the learning mechanisms seen in more recent
models.

Building upon Hebb’s (1949) learning model and then Rosenblatt’s perceptron (1958), Abeles (1991) has
since published on his work synfire chains (Fig. 2), Corticonics. Today, these theories are at the forefront in trying
to explain the learning processes within the human cortex. Both models have been designed to achieve perception
(i.e. learning). The perceptron attempts to learn using binary coding principles, while the synfire chain uses the
timing of action potentials.

Intriguing as the perceptron and synfire chain models are, there has been no way to examine if these neural

circuits occur in the cortex. A recent paper published by Schrader et. al. (2008) looks at synfire chains and
concludes that limited random samples on the scale of 100-200 neurons will be sufficient to detect the existence of
such chains in the cortex as recording sensitivity is increased.
Due to this recent interest in synfire chains, we have started to look at the underlying dynamics, kinetics, and
functional range of such chains. Each chain consists of three layers (input, hidden, output) with neurons (w) and
synaptic connections (m), ranging from 2-6 and 1-6, respectively. In a fully connected, symmetrical network (Fig. 2)
action potentials are transmitted from the input (sensory info) to the output layer (central nervous system) in
synchronous volleys (Fig. 3). Changing w or m has no effect on each network’s ability to transmit information
synchronously, but they do alter the functional range of these network. As n is increased over-stimulation is
encountered, suggesting that information is more easily transmitted in small nerve nets. However, as m is decreased
in these small nets they lose their ability to transmit action potentials, suggesting that larger nerve nets are better
equipped to handle cell death or injury.

Although these experiments hint at the underlying characteristics of small and larger nerve nets, they are
limited by the symmetry of such models. Because all nerve cells are not identical, future experiments will be aimed
at testing unsymmetrical networks. With such properties in place, the use of realistic Hodgkin Huxley neurons, and
proof or disproof of such chains on the horizon, these experiments could provide valuable information about the
learning mechanisms used in the cortex.

AN =i
\T/ 3 AN

Fig 1: 5 Neuron Learning Model Fig. 2: 9 Neuron Synfire Chain Fig. 3: Synchronous Spiking
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How do we define the national interest? What is the proper scope for the
exercise of public authority over private choices? How are our beliefs about needs
formed? How do they change, and how do they affect policy possibilities? These
questions reside at the core of my “constructivist” research, as | examine the
beliefs that shape state and societal interests and legitimate different policy
choices. In developing this agenda, | have addressed a range of empirical concerns
— for the effects of American liberalism on definitions of the national interest, the
meaning of the Cold War, Vietnam War, and War on Terror, “democratic
differences” between the U.S. and India, the rise and demise of the Bretton Woods
order, the Mexican, Asian, and Russian monetary crises of the 1990s, and the
Enron crisis of 2000-2001, just to name a few. | have also engaged more specific
“political theory” controversies pertaining to the nature of Keynesian economics,
ethics and the distinction between “macro-" and *“micro”-economics, and the
implications of pragmatism for scholarship and democratic deliberation.

Constructivism is more broadly premised on the assumption that “how we
think about the world” shapes “how the world works”, and so — to the extent that
we want to promote progress and change — | also examine the role of wars and
crises as socially constructed “turning points” that reshape actors’ interests. This
perspective is necessary to the extent that agents cannot react to events like the
September 11, 2001 attacks until they have interpreted them. For example, while
some would cast those attacks as perpetrated by members of a small, fanatical
group, others would suggest that they were mounted by a global Islamic
movement. Understanding that such interpretations are socially constructed —
always to advance some agenda — is necessary to developing a truly critical
analysis of world politics.
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This past year, | had the opportunity to serve as an intern in Washington D.C. while
completing a departmental honors project focused on the evangelical community’s response to
climate change in the United States. During my time in D.C., | had the pleasure of interviewing
prominent Evangelical leaders. This experience motivated me to research how a different religious
faction, Roman Catholicism, is viewing the threat of climate change. Additionally, | had the
opportunity to conduct this research in Rome, Italy, which allowed me to witness first-hand how this
particular issue is unfolding in the European Union.

The environmental movement, particularly in Europe, has proved challenging to many
political institutions, not least the Catholic Church. Since the late 1980’s, the European Union has
supported international cooperation aimed at establishing progressive environmental policies at the
global level. The EU has been at the forefront of the international arena, encouraging policies that
conserve energy and preserve resources. As a result of EU efforts, the 1997 Kyoto Protocol was
established as international law in 2005 with ratification by more than 160 countries. This
legislation commits supporting countries to severely reduce their greenhouse gas emissions by 2012.
Currently, the European Union is comprised of 27 countries, the majority of which were historically
supportive of Catholic traditions and beliefs. However, in recent years, the percentage of practicing
Catholics in the EU has dwindled dramatically.

Traditionally, environmental concerns answered by science and religion have encountered
numerous disagreements and many obstacles: as the environmental movement continues to grow in
Europe, the Pope and Catholic Church are faced with another unprecedented challenge. This
summer, | explored how the increase of environmentalism and social change in the EU are producing
an institutional response by the Catholic Church. For example, although the Catholic Church has
dismissed the role that human activity plays in climate change, the Church is currently striving to
raise awareness about the global warming issue and encouraging Catholics to live more prudently and
responsibly. The Church is particularly concerned about how climate change will affect poorer
communities, specifically those living on island states and in coastal regions. At this time, the
Catholic Church is reacting to this problem directly by endorsing progressive environmental efforts
which supports the EU approach to reduce greenhouse gas emissions. As the severity of climate
change increases, many religious groups, including Roman Catholicism, are supporting proposals to
safeguard humanity and preserve God’s creation, the Earth.
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