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ORAL PRESENTATIONS

Applied Mathematics and Physics

ANVEEKSH KONERU, MINGJIA ZHI,
and NIANQIANG WU, Dept. of Mechanical
and Aerospace Engineering, West Virginia
University, = Morgantown, WV  26506.
Electrospun La  Sr,,MnO, nanofibers for
high temperature electrochemical carbon
monoxide sensor.

La, Sr,,MnO, (LSM) nanofibers were
prepared by electrospinning method and
investigated as sensor electrodes for sensing
carbon monoxide (CO) gas athigh temperatures.
Thenanofibers show good thermal stability even
when annealed at 1050°C. This nanofibrous
structure possesses several advantages, such
as high porosity, high surface to volume ratio
and high activity towards CO electrochemical
oxidation. The sensitivity and low detection
limit (20 and 5 ppm at 600°C and 550°C)
were significantly improved as compared
with bulk LSM powders. Electrochemical
impedance (EIS) analysis indicated that the
nanofibers electrode showed better charge
transfer capability, leading to an improved
catalytic activity for CO oxidation and sensor
performance. The developed sensor can be
used for monitoring emissions from coal-fired
power plants and vehicle exhaust.

DUSTIN REVELL and ADAM PARKS,
Dept. of Biology, Shepherd University,
Shepherdstown, WV 25433; QING WANG,
Dept. of Computer Sciences, Mathematics,
and Engineering, Shepherd University,
Shepherdstown, WV 25433. Mathematically
modeling the growth of Escherichia coli K12
throughout GASP phase.

During growth, bacteria undergo several

different stages where different events and
growth patterns occur. They experience the lag,
exponential, stationary, death, and GASP phase.
During the lag phase, they take in nutrients and
prepare to undergo cell division. During the
exponential phase, the bacteria are dividing atan
exponential rate because nutrients are plentiful.
During the stationary phase, the nutrients have
become primarily depleted and the growth rate
is equal to the death rate, causing a stationary
colony population. During the death phase, no
more nutrients are available for the bacteria,
so they lyse. The first four phases have been
well studied and it is known what events occur
during each phase. Many mathematical models
readily predict the sigmoidal shape of the first
three phases. Much less is known about the
GASP phase, however. During the GASP, many
physiological events occur, such as mutations
to cell death and regulatory pathways and the
activation of error-prone DNA Polymerases,
which allow the bacteria to survive even in
some of the most nutrient deprived conditions.
This growth has not been able to be previously
modeled, due to seemingly sporadic growth
patterns. We wished to study this growth
pattern by looking at a model bacterium, E.
coli K12, as it underwent the different growth
phases over time. We allowed the bacteria
to grow in minimal media and observed
their optical density as they proliferated. By
observing the changes in optical density over
time, we were able to pinpoint around which
day each phase started and ended. We plotted
the Optical Density of several colonies over
time and compared the graphs in order to
generate a model to represent bacterial growth
throughout the GASP phase.

This research has been supported by the
SOARS program.

BRITTANY WHITED, Dept. of Mathematics,
Marshall University, Huntington, WV 25755;
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MARCIA HARRISON-PITANIELLO, Dept.
of Biological Sciences, Marshall University,
Huntington, WV 25755. Modeling gravitropic
curvature in plant stems.

Gravitropism is a physical response in
plants that results in a curvature of the stem.
Primitive measuring methods consisted of
basic angle measurement between the tip and
base of the plant. Now, time lapse imaging can
be used to capture this curving over several
hours. Using image analysis in MATLAB, we
are able to standardize this angle measurement.
In the 2006 paper, “Quantification of curvature
production in cylindrical organs, such as
roots and hypocotyls,” Andrés Chavarria-
Krauser produces various graphs relating the
distribution of curvature over the stem, the
rate of curvature, distribution of rate of change
of curvature, and time. Utilizing numerical
methods, including radial basis functions, we
seek to recreate these graphs. Ultimately, the
graphs can be used to simulate changes in the
pattern of gravitropic curvature that has been
characterized experimentally.

Botany

CAITLAND M. ADKINS and DONALD
E. TRISEL, Dept. of Biology, Chemistry
and Geosciences, Fairmont State University,
Fairmont, WV 26554. The effects of
mycorrhizal fungi on strawberry plants.
This study was designed to determine the
effects of different amounts of mycorrhizal
fungi on strawberry (Tristar) plants. Three
groups of four plants each were treated with
increasing amounts of inoculum (O tsp., 2 tsp.,
and 4 tsp.) and grown in the greenhouse at
FSU under standard conditions. To determine
which treatment resulted in the best growth and

development of the plants, weekly observations
of the stem height, number of leaves, and
overall appearance were recorded. In addition,
a light curve dataset was obtained using three
leaves from every plant at 250, 500, 1000,
and 1500 umols m?s' using the LICOR 6400
Portable Photosynthesis System.

Preliminary results showed the control
group (containing no added microbes) at the
quantum flux rate of 1000 umols m?s' had
the highest average photosynthesis rate at
7.73 pmols CO, m?s™'. Using this value as the
reference, the plants treated with 2 tsp. had a
17.36% decrease and the 4 tsp. treatment, which
had the largest decrease in photosynthesis of
85.00%.

AARON DEESE and DONALD E. TRISEL,
Dept. of Biology, Fairmont State University,
Fairmont WV 26554. Nosema disease in West
Virginia honey bees.

Nosema is a highly contagious fungal
disease found in the digestive tract of adult
honey bees. It affects adult bees only and is
highly contagious. Nosema disease is of rising
concern in honeybees nationwide and may be
one of the key components of Colony Collapse
Disorder (CCD). Nosema disease is caused by
the spore forming parasites known as Nosema
apis and Nosema ceranae. The disease invades
the bee’s digestive tract, focusing primarily
on the lining of the middle intestine. Nosema
increases mortality rates in adult bees and may
decimate entire colonies. This project included
free testing for Nosema as well as presentations
raising Nosema awareness among beekeepers
in WV. Beekeepers submitted 281 samples
in 2010 that were tested for the presence of
Nosema.

Nosema spores were detected in 35.94% of
all samples. Due to the large range of standard
deviation in spore counts, finding significant
correlations in the data was difficult. The trends
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indicated that bees which were medicated, fed,
taken from average strength hives, or originated
from the either a 2010 package or overwintered
hives had the lowest average spores per bee.
The range of positive infestation was 50,000
to 33,000,000 Nosema spores per bee. Of the
25 counties in WV represented in the study,
19 had at least one positive sample. Of the 89
beekeepers who participated, 55% had at least
one positive sample.

NICHOLAS D. HIGINBOTHAM and
DONALD E. TRISEL, Dept. of Biology,
Chemistry & Geosciences, Fairmont State
University, Fairmont, WV 26554. The
effects of growing media on the growth and
photosynthesis rates of beans.

This study was designed to determine
the effects of different growing media on the
bean plant (Phaseolus vulgaris). The plants
were grown from seed and housed in the
greenhouse at Fairmont State University where
environmental factors (temperature, CO,, and
light) were the same for each plant in the study.
The seeds were given a two week germination
and growth period in peat moss, and then
transplanted into the selected media. The three
media tested were sand (control), Miracle-
Gro® potting soil, and a precise mixture of peat
moss and Vegetables Alive® fertilizer. Both
the height and number of leaves for each plant
were recorded on a weekly basis. Plants were
acclimated to different levels of PAR (250, 500,
1000, and 1500 umol photons m?s™') using the
LICOR 6400 Potable Photosynthesis System in
order to determine photosynthesis rates.

Preliminary results for plant height showed
the greatest average height (57.0 cm) in the
Miracle-Gro® treatment and the lowest average
(17.0 cm) in the peat moss/Vegetable Alive®
treatment. The treatment with the greatest
average photosynthetic rate (5.83 umol CO,

m?s') was the peat moss/Vegetable Alive®
medium; the lowest average photosynthetic
rate (2.43 umol CO, m?s™) was in the sand
treatment.

BRITTANY M. LEE and DONALD. ETRISEL,
Dept. of Biology, Chemistry and Geosciences,
Fairmont State University, Fairmont, WV
26554. The effects of growing media on the
growth and photosynthesis rates of morning
glory.

The study was designed to determine how
different growing media affect morning glory
plants (Convolvulaceae). The plant seedlings
were grown in peat moss in the FSU greenhouse
for two weeks and then transplanted to pots
containing the treatment media: sand (control),
Miracle-Gro® Potting Soil, and a precise
mixture of Vegetables Alive® fertilizer and
peat moss. The photosynthetic responses
of the plant were measured with the LICOR
6400 Portable Photosynthesis System. The
plants were exposed to the same controlled
environmental factors (temperature, CO,
levels, light). The plants were tested with four
different light treatments (250, 500, 1000, 1500
PAR umol photons m?s™) during the readings.
Each plant’s height and number of leaves were
recorded weekly.

Preliminary results of the plants showed the
greatest average height in the Miracle-Gro®
medium (6.16 cm) and the lowest average
height in the sand (4.83 cm). The plants
showing the greatest average photosynthetic
rate were grown in Miracle-Gro® (14.1 pmol
CO, m?s™"). The lowest average photosynthetic
rate occurred in the Vegetables Alive® mixture
(7.77 pmol CO, ms™).

KRISTINA M. LEWIS and DONALD E.
TRISEL, Dept. of Biology, Chemistry and
Geosciences, Fairmont State University,
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Fairmont, WV 26554. The effects of
norgestimate/ethinyl estradiol on the growth
and the photosynthetic rates of maize (Zea
mays).

This study was designed to determine
the effects of norgestimate/ethinyl estradiol,
found in oral contraceptives, on maize (Zea
mays) growth and photosynthetic rates. The
maize was grown in the greenhouse at FSU.
The maize in the control group received only
tap water. The three treatments with oral
contraceptives were each subjected to the same
dosage of ethinyl estradiol at 0.035 mg but with
increasing levels of norgestimate at 0.180 mg,
0.215 mg, and 0.250 mg.

Atweek 4, the control plants had an average
height of 44.1 cm which was a 39.5 % increase
from week 3, the 0.180 mg treatment plants
were 39.3 cm tall which was a 40.8% increase
from the previous week, plants in the 0.215 mg
treatment were 42.1 cm tall which was a 40.4%
increase, and the 0.250 mg treatment plants
were 42.5 cm tall which was a 43.1% increase.

The photosynthetic rates for each of the
parameters were conducted and measured
with the LICOR 6400 Portable Photosynthesis
System.  The block temperature, the CO,
reference, and the flow rate were set and
remained the constant for each parameter. The
photosynthesis rate was measured at light levels
of 200, 500, 1000, and 2000 (umol of photons
m?s') PAR. The preliminary results for the
photosynthetic rates for all of the treatments
including the control exhibited no differences
between treatments.

DAWNELLE R. POWELL and DONALD
E. TRISEL, Dept. of Biology, Chemistry
& Geosciences, Fairmont State University,
Fairmont, WV 26554. The effects of acidity
and salinity on growth and photosynthetic
rates of squash plants.

Four groups of squash plants were grown
in the FSU greenhouse at uniform lighting,
temperature and CO, levels. The control group
received tap water, while the salt treatment
plants were watered with 1800 ppm NaCl,
the salt/acid treatment plants received 1800
ppm NaCl and pH 4 buffer, and the acid
treatment plants received only the pH 4 buffer.
Photosynthetic and transpiration rates of other
plants were tested on the LICOR 6400. Rates
were tested at 500, 1000, and 1500 PAR (umol
photons m?s'), other conditions remained
constant.

Preliminary results indicated that the
average photosynthetic rate of the control
group was 9.75 pmol CO, m?s™ at 500 PAR,
and this was 39.8% higher than plants in the
salt treatment and 77.4% higher than the salt/
acid treatment. After one buffer treatment all
plants in the acid treatment were dead. The
control group had a transpiration rate higher
than the salt group by 50.3% at 500 PAR. The
control group demonstrated close to 80% higher
transpiration rates than the salt/acid group at all
three light levels.

KADY ROGERS, DR. KATHARINE GREGG,
JEN COLLINS, Dept. of Biology, West Virginia
Wesleyan College, WV 26201. Composition
of four forest communities at Straight Fork,
southern Upshur County, West Virginia.

This study was designed to determine the
community composition of four forest areas on
a 48-acre property at Straight Fork in southern
Upshur County, West Virginia. The property
was surveyed using a Trimble GPS unit to find
the elevation, slope, and aspect of the four
different forest areas surveyed by students in
2006 and 2007. In those two years, forest areas
were sampled in non-overlapping swathes and
data were collected at points every twenty-
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five meters. Ecological point-centered-quarter
(PCQ) method sampling was implemented
and importance values for each species were
calculated using density, dominance, and
frequency. Based on canopy species, the
community types were determined to be
Mixed Deciduous Forest, Acer saccharum-
Quercus rubra Forest, Liriodendron tulipifera-
Acer saccharum Forest, and Acer saccharum
Forest. The species richness and equability
were calculated using Shannon-Wiener and
Equability indices, respectively.  Similarity
between communities was  determined
using the Sorensen Index. The Shannon-
Wiener Index quantifies species richness and
abundance; values below 1 are indicative
of low species diversity and those above
3 indicate a higher species diversity. The
four forest areas in this study had a range of
values from 2.04 to 3.12. The Acer-Quercus
rubra Forest had the largest Shannon-Weiner
value which indicates the richness and species
abundance are higher for that forest area than
the others. The Liriodendron tulipifera-Acer
saccharum Forest had the second highest
value. Mixed Deciduous and Acer saccharum
Forests had lower values. Equitability, used
to determine evenness of distribution of
individuals among the species in a community,
ranges from 0 to 1, with one indicating the
most even distribution. The equitability values
for the four forest areas ranged from 0.40 to
0.82. Acer saccharum-Quercus rubra Forest
had the highest equitability and therefore the
most even distribution among species of the
four forest areas. The Liriodendron tulipifera-
Acer saccharum Forest had the lowest
equability and therefore the least evenness.
The Sorensen Index is used to determine the
similarity of species in different communities
and ranges from 0 to 1, with 0 indicating
no species in common and 1, all species in
common. The Mixed Deciduous Forest and
the Acer saccharum Forest area had the largest

Sorensen value (0.67) and therefore have the
highest community similarity. The two forests
with the lowest Sorensen value (0.52) and the
least number of species in common were the
Mixed Deciduous and Liriodendron tulipifera-
Acer saccharum Forest. Predictions about
future forest composition will be presented and
discussed.

Chemistry

ENGIN CIFTYUREK, KATARZYNA
SABOLSKY, and EDWARD M. SABOLSKY,
Dept. of Mechanical and Aerospace
Engineering, ~West Virginia  University
Morgantown, WV 26506. Degradation of
platinum thin films electrodes for high-
temperature MEMs applications.

Platinum thin films are used in many areas
as heaters, sensors (temperature, chemical),
catalyst, micro-electrical interconnects and
electrodes. In a subset of these applications,
the microstructural, chemical, and electrical
stability under high-temperature conditions
are of major concern for extended use in these
specialized  microelectronic  technologies.
Typical applications of these high temperature
electrodes/interconnects are aligned
with micro-heaters and -hotplates within
microelectromechanical (MEM) systems.

Platinum, with its relatively high melting
point (1773°C) and excellent chemical
inertness, has long been utilized for MEMS
devices capable of operating under high
temperature conditions. Pt and other noble
metals have a great chemical inertness;
however, they show weak adhesion toward
oxide surfaces. High temperature processing
and service conditions lead to the development
of many structural defects and grain coarsening,
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which all eventually result in non-uniform film
morphology and variable electrical response.
In order to improve noble metal adhesion and
stability of thin film, different approaches
offered so far are: using intermediate layer,
post deposition annealing, using ceramic top
layer, utilizing thick Pt film, using second
phase precipitations, and manipulating thin film
deposition parameters (deposition pressure and
temperature). In our study, we examined and
extensively characterized common adhesion
layers (Ti, Ta and Zr), as well as focused on
improved film characteristic with different
coating architectures by simple manipulation
of the deposition parameters. The coating
deposition was completed by DC magnetron
sputtering on alumina substrates under
cleanroom conditions. In order to evaluate the
film microstructure and migration behavior
of the materials after intermediate (800°C)
and high temperature annealing (1200°C)
processes, Scanning Electron Microscopy
(SEM), Energy-Dispersive X-ray Spectroscopy
(EDS) and X-Ray Photoelectron Spectroscopy
(XPS) were utilized.

Acknowledgements: This research was
funded by US Dept. of Energy University Coal
Research (UCR) program under contract DE-
FE0003872.

PHIL GANSOR, CHUNCHUAN XU, JOHN
ZONDLO, KATARZYNA SABOLSKY,
and EDWARD M. SABOLSKY, Dept. of
Mechanical and Aerospace Engineering, West
Virginia University, Morgantown, WV 26506.
An H_S-tolerant Ni/GDC anode with a GDC
barrier layer.

Solid Oxide Fuel Cells (SOFCs) offer a high
efficiency, low emission method of generating
useable electrical power. In addition to running
on pure hydrogen fuel, these devices are also
capable of utilizing cheaper, more abundant
hydrocarbon fuels. Among the most intriguing

options is coal due to its abundance within the
United States.

However, a major obstacle with operating
SOFCs with gasified coal is degradation of
the anode upon exposure to trace amounts
of impurities that exist within coal-derived
synthesized gas (syngas). In general, H.S is
found in many types of fuel in levels ranging
from <1 ppm to >1000 ppm. With the standard
nickel/yttrium stabilized zirconium (Ni/YSZ)
cermet anode, an initial loss in performance is
seen due to surface adsorption of sulfur on the
Ni particles. However, this loss is instantaneous
and reversible upon removal of H S from the
fuel stream. The secondary losses seen at
higher concentrations of H S are irreversible
and harmful to the life of the cell. Recent works
suggest that a nickel/gadolinium-doped ceria
(GDC) anode improves the tolerance, though
stability for extended periods of time (>100
hours) has yet to be shown. The two primary
theories for irreversible losses are a) loss of Ni
catalysis due to Ni-S formation and b) oxidation
of Ni particles to hinder catalysis. The purpose
of this work is to investigate a Ni/GDC
(gadolinium-doped ceria) anode with a dense
GDC barrier layer and assess its tolerance to
high concentrations of H.S in both humidified
H, and coal syngas environments. This study
utilizes in situ voltage vs. time and impedance
curves to monitor changes in cell activity during
the extended testing times. Additionally, ex
situ Scanning Electron Microscopy (SEM),
Energy-Dispersive X-ray Spectroscopy (EDX),
and X-Ray Photoelectron Spectroscopy (XPS)
are used to show the minimal effects the high-
concentrations of H,S have on this particular
anode.

Acknowledgements: This research was
funded by the US DOE EPSCOR program
under grant number DE-FG02-06ER46299.
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IRFAN A. KHAN and ELMER M. PRICE,
Dept. of Biological Sciences, Marshall
University, Huntington, WV 25755; COLTON
J.  KOONTZ, MASUDUR RAHMAN,
BIN WANG, and MICHAEL L. NORTON,
Dept. of Chemistry, Marshall University,
Huntington, WV 25755; DAVID NEFF,
Molecular and Biological Imaging Center,
Marshall University, Huntington, WV 25755.
Designing a microfluidic cell culture system
for growing endothelial cells.

We are developing microfluidic chips
with microchannels capable of sustaining
monolayers of endothelial cells outside of the
laboratory environment, with the objective of
integrating the chip into a biosensing platform
for monitoring environmental toxicity. The
cells we are using are human umbilical vein
endothelial cells (HUVEC) and the chips
are fabricated using polydimethylsiloxane
(PDMS). We have designed the -chips
using AutoCAD. We have designed several
microfluidic chips with different geometric
constructions. The initial design was based
on our previous experience without the help
of a simulation tool. After fabrication, we
found out that the fluid distribution and shear
stress applied on the endothelial cells were not
uniform throughout the microchannel resulting
in turbulent flow and low-flow zones. To
ensure that uniform shear stress is experienced
by cells growing in the microchannels, we have
been simulating our designs using COMSOL
simulation software since then. COMSOL
Multiphysics provides us with easy-to-use
tools for the study of fluid dynamics. It also
lets us choose different physics and to define
the interdependencies ourselves. We are
currently working with the third generation of
microfluidic chips. These chips are designed
to provide a quasiphysiological environment
for the endothelial cells. These chips have
simple designs with capability of running

two parallel experiments in the same chip
allowing control and test to be run at the same
time. It is anticipated that cellular function
will be modulated by exposure to any of a
wide range of different environmental toxins
and this modulation can be quantifiable using
fluorescence microscopy or electrochemical
probes. The objective is to determine the
time- dependent nitric oxide concentrations
of the cells inside these microchannels using
DAF-FM DA (4-amino-5-methylamino-2,7-
difluorofluorescein diacetate) as a fluorescent
reporter probe. Successful development of
this microfluidic cell culture system will pave
the way to development of a very sensitive,
broad spectrum, portable water toxicity testing
system.

XUEYAN SONG, YUN CHEN, XUEZHANG
XIAO, SONG CHEN, and EVER BARBERO,
Dept. of Mechanical and Aerospace
Engineering, West Virginia University, WV
26506. Thermoelectric and nanostructure
evolution of Ca,Co,O, bulk ceramics upon
high temperature annealing.

Thermoelectric  (TE) technology s
recognized as a clean and promising energy
conversion technology, which can convert heat
from many energy production and consumption
systems directly into electricity. To achieve
a high efficiency in a TE power generator,
particularly for high temperature applications,
identifying high performance TE materials is
key. TE oxide materials, such as Ca,Co,0,444,
are particularly promising for on-board heavy-
duty vehicle applications and high temperature
waste heat harvesting from power plants,
because they are lightweight, inexpensive,
highly efficient, stable at high temperatures in
air, and non-toxic. However, it was reported
that Ca,Co,O, phase decomposes at 1199 K.

In the present work, we report the
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TE performance and nanostructure of
polycrystalline Ca,Co,O, samples synthesized
using the chemical sol-gel route. Specifically,
TE properties and nanostructure evolution were
studied for a Ca,Co,O, sample annealed at 1273
K, which is over the Ca,Co,O, decomposition
temperature of 1199 K as indicated in the CaO-
CoO phase diagram. FElectrical and thermal
properties of both baseline and annealed sample
were measured over the temperature range
of 323-1073 K. The baseline polycrystalline
Ca,Co,0, sample exhibits the highest ZT
of 0.15 at 1023 K. The sample annealed at
1273 K has the highest ZT of 0.13 at 1073
K. X-ray diffraction from both samples only
reveals peaks from Ca,Co,O, phase. SEM
shows the baseline sample has micron-sized
Ca,Co,0, grains. TEM results show that each
of the micron-sized “grains” in the baseline
sample shown in SEM, consist of nano-lamella
Ca,Co,0, grains with fiber texture. As a
result of annealing, some CaO nano-phases
exist between neighboring Ca,Co,O, nano-
lamella grains. In addition to the CaO phases,
a very small amount of Ca,Co,O, phase was
also observed in the annealed sample. The
Ca,Co,0, phase does not exhibit the same
lamella nanostructure as Ca,Co,O,, and
displayed few crystal defects. Except for the
Ca,Co,0, and Ca,Co,0,, no other Ca-Co-O
cobaltite phase such as Ca,Co,O, phase was
found in the annealed sample.

In summary, the polycrystal Ca,Co,O,
pellet shows excellent thermal stability. After
annealing at 1273 K, Ca,Co,O, is still the
dominant phase with small amount of minor
phases of Co-containing CaO phase existing
between the Ca,Co,O, lamellas, and irregular
shaped Ca,Co,0O, grains with few crystal
defects. Both the CaO phase and Ca,Co,O,
grains exhibit a well-defined crystallography
relationship with Ca,Co,O,.

Research sponsors: West Virginia-Energy
Materials Program (Grant EPS08-01), and

West Virginia University Advanced Energy
Initiative.

XIAOPING SUN, DAVID HAAS, KAYANNA
SAYRE, KATRINA LEAPTROT, and
BENJAMIN SMITH, Dept. of Natural Science
and Mathematics, University of Charleston,
Charleston, WV 25304. Our progress in
studies of aryl organosulfur compounds:
synthesis, substituent effects, and reaction
mechanisms.

Diaryl sulfoxides (Ar,SO), parented by
Ph SO, are valuable organic reagents and
possess substantial utility in biomedical and
synthetic applications. For example, Ar,SO [Ar
= Ph, ONPh, H NPh, and (CICH,CH,) NPh]
have been used as precursors to hypoxia-
directed bioreductive cytotoxins (anti-cancer
drugs). Ph SO has been used effectively in
catalytic oxidation of various alkyl sulfides
to sulfoxides.  Usually, Ar,SO, including
Ph_SO, are made by catalytic oxidation of the
corresponding Ar,S. The preparation involves
complicated transition-metal-complex based
catalysts. In addition, the available methods
for synthesis of the starting Ar,S are tedious
and often require sophisticated catalysts.

Olah et al. have studied the mechanism for
the AICI, -catalyzed EAS reactions of arenes
with arenesulfonyl chlorides (ArSOCI) giving
various aryl sulfoxides at 25°C. Analogues to
ArSOCI, thionyl chloride (SOCI,) were initially
expected to undergo double consecutive EAS
reactions with PhH in the presence of AICI, to
give Ph,SO when the starting materials were
mixed in the molar ratio of PhH : SOCI, : AICI,
=2:1:1.

However, only under carefully selected and
controlled conditions was this reaction found
to give a sole product Ph SO (Reaction 1) in
high yields. In many other cases, depending
on the temperature and the manner in which
the starting materials were actually mixed,
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this reaction usually gave several products,
including Ph,SO, PhS, PhSO,SPh, and
Ph_SO,, in various yields. The yield of Ph SO
got greater as temperature increased, while
the yields of Ph,S and PhSO,SPh increased as
temperature was lowered.

AICI, catalyzed reactions of SOCI, with
several substituted benzenes (ArH), including
toluene (PhMe), phenol (PhOH), chlorobenzene
(PhCl), and pentamethylbenzene (PhMe;),
were conducted at room temperature in the
molar ratio of ArH : SOCI, : AICl, =2:1:1. The
PhMe reaction afforded p-(MePh) SO (70%),
0-(MePh), SO (19%), p-MePhSO,S(p-PhMe)
(5%), and p-(MePh) SO, (5%). However, the
PhOH reaction only gave p-(HOPh) S (62%)
together with minor p-HOPhCI1 (5%), and
p-(HOPh),SO was surprisingly not formed.
The PhCI reaction gave p-(CIPh),SO (69%),
0-(CIPh) SO (11%), p-(CIPh),S (5%), and
p-CIPhSO H (14%). The PhMe; reaction gave
a sole diaryl sulfide (Me,Ph),S product (10%)
with no other products observed, and the low
reactivity of PhMe; is presumably attributable
to steric effect. All the results show that
different groups on the aromatic rings result in
distinct substituent effects.

Mechanisms for formations of Ar,SO,
Ar,S, ArSO,SAr, Ar,SO,, and ArSO,H have
been proposed. While formation of Ar,SO
originates from the AICI, -catalyzed double
consecutive EAS reactions with SOCL,, novel
auto-redox and oxygen-exchange processes
were proposed to account for formations of
Ar,S, ArSO,SAr, Ar,SO,, and ArSO,H.

BRIAN C. TRAIN, Dept. of Pharmaceutical
and Pharmacological Sciences, West Virginia
University, = Morgantown, WV  26505;
VORASIT VONGSUTILERS, Dept. of
Pharmaceutical ~ Sciences, = Chulalongkorn

University, Bangkok 10330, Thailand; NISSA
M. THOMSEN, Dept. of Pharmaceutical and
Pharmacological Sciences, West Virginia
University, Morgantown, WV 26505; PETER
M. GANNETT, Dept. of Pharmaceutical and
Pharmacological Sciences, West Virginia
University, = Morgantown, WV  26505.
Investigation of the Z-DNA binding protein
mediated B-/Z-DNA transition through
the wuse of C8-arylguanine modified
oligonucleotides.

The left-handed zigzag conformation
of DNA, Z-DNA, has been implicated in
carcinogenesis. Because the negatively charged
phosphate residues are closer together, Z-DNA
formation is unfavorable which generates
large scale gene deletions, translocations, and
rearrangements when formed in vivo. As a
result of the inherent instability of Z-DNA,
investigation of B- to Z-DNA interconversion
has proven difficult since Z-DNA requires
external stimuli to stabilize its formation like
high salt, chemical modifications, negative
supercoiling, or specific proteins known to
stabilize Z-DNA, Z-DNA binding proteins
(ZBP). We have demonstrated that C8-
arylguanine DNA adducts, derived from
carcinogenic arylhydrazines, drive Z-DNA
formation and the presence of MgCl, stabilizes
the Z form under physiological conditions.
The conformational effects of the DNA adducts
were determined by nuclear magnetic resonance
spectroscopy (NMR) and circular dichroism
(CD). In addition, preliminary results using
in silico molecular dynamics calculations and
CD have demonstrated that ZBPs prefer to bind
to C8-arylguanine modified DNA. Therefore,
C8-arylguanine modified DNA can be used as a
tool to further elucidate the mechanism of ZBP
mediated B- to Z-DNA transition. The current
view of the B-/Z-DNA transition suggests a
stepwise mechanism where one ZBP binds
B-DNA converts it to Z-DNA that is stabilized
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when another ZBP binds. However this view
fails to explain the ZBP selectivity and leads
to a contradictory conclusion that ZBP cannot
bind Z-DNA even though the [ZBP-Z-DNA-
ZBP] complex is stable. Therefore, our C8-
arylguanine modified DNA can be used to
investigate the binding of ZBPs to DNA, as
either the B or Z forms can be generated under
physiological conditions, to fully clarify the
mechanism of ZBP binding to their target DNA
permitting studies not heretofore possible.
Future work will examine the kinetics of
ZBP binding of Band Z-DNA by surface
plasmon resonance (SPR). This may reveal
the underlying factors that control ZBP-DNA
interactions which could become a potential
therapeutic target.

This work was supported by a fellowship to
BCT HEPC.dsr.09013 and NSF EPS-1003907.

Computer Science

MATTHEW GRIFFITH, SEUNG-YUN KIM,
and OSMAN GUZIDE, Dept. of Computer
Science, Mathematics, and Engineering,
Shepherd University, WV 25443, An
educational CPU instruction set architecture.

In general, CPU designs suited for teaching
computer architecture design are either
simple toys incapable of producing any real
computation, or far too complex to be taught
in a single semester. Through this research, we
developed an easy-to-understand educational
computer architecture that is capable of high
computational complexity whilst striving for
ease of use. Itis developed as an FPGA design
with a hardware description module, support
software, and manual to be taught with an
FPGA development board. It has an easy-to-

learn and easy-to-teach pipe-lined data path and
a minimalist instruction set that can compete
with the processing power of contemporary
CPU designs. This CPU architecture results
in the ability of teaching a single-semester
course on computer architecture design where
it is possible for each student to build this CPU
with an FPGA.

JOHN LAUB and OSMAN GUZIDE, Dept.
of Computer Science, Mathematics, and
Engineering, Shepherd University, WV 25443.
Optimizing and analyzing Fat-Tree Butterfly
network-on-chip muliticore topology designs
under nano scale technology constraints.

Many fat-tree interconnectivity designs for
network-on-chip (NoC) are unrealistic and
impractical to implement due to physical chip
design limitations. Optimal NoC architectures
focus on low latency communication and
scalability with little impact to performance.
However, as processer density increases
with technology advancements and the
NoC interconnections become smaller,
the importance of realistic multi-layered
interconnections at the submicron level
becomes more critical to optimize latency
speeds.

This research presents some possible
realistic NoC designs using a three dimensional
design architecture for Fat-Tree Butterfly
(FTB), Extended FTB, and Enhanced FTB.
Each of the optimized topology designs will be
tested by creating a routing algorithm which be
used to compare the efficiency of each design.
The simulator will be developed in Java and
will support the above topologies. It will also
explore the architectural design space, assess
design quality regarding performance, cost,
power and reliability and also evaluate the
traffic patterns and application-oriented traffic.
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MICHEAL V. SMITH, SEUNG-YUN KIM,
and OSMAN GUZIDE, Dept. of Computer
Science, Mathematics, and Engineering,
Shepherd University, WV, 25443. An efficient
management algorithm for smart home
environments using Petri Net modeling and
simulation tools.

With the cost of energy on the rise, there is
a drive to reduce energy consumption of every
device. There is a lot of technology that is
used to reduce the energy consumption of the
average home. Sometimes the occupant of the
home can be a limiting factor of the potential
energy efficiency of the home. An approach is
needed to produce the maximum efficiency of
the home when given irregular
activity patterns of the occupant without
sacrificing the comfort of the occupant. In
this paper, an algorithm is proposed to control
the utilities of the home by monitoring the
occupant’s distance away from the home
and the use of sensors to determine sleeping.
Also, the activities of the home are taken in
consideration. By using the distance of the
occupant from the home the algorithm is able
to adjust the home to the comfort level for
the occupant no matter what the behavioral
pattern of the occupant. Petri Net is a useful
mathematical tool that can be used to model
environments because the elements of the Petri
Net can act of given conditions in real time.
The algorithm and the smart home environment
were modeled using Tina and HPSim Petri net
modeling and simulation tools. From the Petri
Net simulation, the results of the efficiency
of the home were dependent on the location
of the occupant outside the home when the
occupant was away, but there was a reduction
of energy consumption by the home when
using the algorithm as compared to not using
the algorithm.

CHRISTOPHER C. WALLACE and
OSMAN GUZIDE, Dept. of Computer
Science, Mathematics, and Engineering,
Shepherd University, WV 25443. Quantum
cryptography: ultraviolet hash function of
Quantum cryptography.

Quantum cryptography is becoming by
far the go to standard of encryption. The
cryptography field is getting more and more
familiar with this process every year. While
systems have been researched for many years,
the wide ranging capabilities are becoming
more and more important. This is to introduce
the reader to the field of quantum cryptograph
and the direction it is headed. It will discuss
the need for an improved security function for
the Quantum Key Distribution process. To
accomplish this, it will mean taking a quick
look at quantum physics, basic components,
single photonic systems with the use of a pulsed
UV laser, and the future research of Quantum

cryptography.

Engineering

ALAN CAMPBELL, CHENBO DONG, and
CERASELA ZOICA DINU, Department of
Chemical Engineering, West VirginiaUniversity,
Morgantown WV 26506; CHENGCHENG
XIANG and NIANQUIANG WU, Department
of Mechanical and Aerospace Engineering,
West Virginia University, Morgantown WV
26506; JONATHAN DORDICK, Department
of  Chemical Engineering,  Rensselaer
Polytechnic Institute, Morgantown WV 26506.
Activity and stability studies of bionano-
engineered hybrids for decontamination.
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Most of the current decontamination methods
are corrosive and/or toxic and can cause
collateral damage to goods and people. There
is a critical need for technology that allows
decontamination to be non-toxic, non-corrosive
and easily deployable. We are developing
passive, self-cleaning decontamination surfaces
using enzyme-based technologies. Specifically,
our first approach involves direct attachment of
enzyme (i.e., chloroperoxidase that generates
hypochlorous acid) to nanosupports (i.e., carbon
nanotubes or TiO, nanobelts) through covalent
binding with user-defined functionalities. In
the second strategy, we use PEG-based spacers
to separate the enzyme from the nanosupports
and thus to reduce any unspecific binding or
protein-protein interactions. The nanomaterial-
enzyme conjugates are characterized in terms
of loading, activity, and stability, and the data
is related to the structural changes in enzyme
at the interface with the nanosupport (i.e.,
hydrophobicity/hydrophilicity, surface area,
surface curvature, etc.). The nanomaterials
offer high surface-volume aspect ratios that
allow relatively high enzyme loadings and
ease of recovery of the conjugates by filtration;
the nanomaterial surface curvature enhances
enzyme stability. The resulting nanomaterial-
enzyme conjugates can be incorporated
into paints, fabrics or polymer materials to
generate composites with enhanced stability
and decontamination capabilities to be tested
against model bacteria or spores.

AARON COSTA, AARON DENEAU,
CARLA FERAGOTTI, STEWART HARVIN,
ENMANUEL MADERA, JEREMY PEPPER,
DARIUS REYNOLDS, CALEB RICE, ALEX
SQUIRES, MIRANDA STRAUB, NATHAN
WEESE, JOHN KUHLMAN, Dept. of
Mechanical and Aerospace Engineering, West
Virginia University, Morgantown, WV 26506.
Electrostatically enhanced fluidized beds in
microgravity.

The research of the West Virginia
University Microgravity Research Team aims
to explore an electrostatic force as a means
of creating a fluidized bed which can be used
in microgravity conditions.  Successfully
operating a fluidized bed in microgravity would
provide a means of filtration for improved crew
life support for long-term manned missions.
An opposing body force is necessary for a
fluidized bed to function properly; on Earth this
is supplied by the gravitational force. Because
of the absence of significant gravitational
forces while in microgravity environments, a
substitute body force is required. The primary
focus of the proposed experiment is to test
the effects of electrophoresis on fluidized
beds in microgravity, thereby providing a
means of enabling fluidized beds to function
in a weightless environment. To test this
hypothesis, an electric field will be created
using two charged parallel plates located above
and below a cylindrical test bed. Glass particles
within the bed will be charged and placed in
this electric field to produce a net Coulomb
force on the particles. Inter-particle forces will
also be considered since previous research that
has shown the possibility that these forces may
have an effect on the fluidization of the bed.
The magnitude of the electric body force must
be strong enough to prevent the particles from
accumulating at the top of the bed, but not so
strong that the particles become packed at the
bottom of the bed. In the absence of gravity,
the appropriate magnitude of an electrostatic
body force will simulate Earth’s gravitational
force while a flow field is directed in the
opposing direction inside the test section. This
will result in proper fluidization of the particles
in the test bed. A high-speed camera and
digital data acquisition system will be used to
evaluate the fluidization conditions within the
bed. The experiment payload will be flown and
tested aboard NASA’s Microgravity Research
Aircraft at the Johnson Space Center in June of
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2012. Currently, progress is being made as the
team constructs and tests each subsystem of the
test apparatus payload in preparation for flight.

MURAT DINC and DONALD D. GRAY,
Dept. of Civil and Environmental Engineering,
West Virginia University, Morgantown, WV
26506; NICHOLAS HILLEN, J. STEPHEN
TAYLOR, and JOHN KUHLMAN, Dept. of
Mechanical and Aerospace Engineering, West
Virginia University, Morgantown, WV 26506.
Computational fluid dynamics study of the
effect of gravity on the impact of a drop onto
dry and wet surfaces.

The impact of liquid drops onto both
dry surfaces and wet surfaces has fascinated
researchers for more than a century due to its
evident beauty and important technological
applications. The wealth of phenomena in
this seemingly simple flow is such that fresh
discoveries continue to be reported. Our
interest has been sparked by the need to obtain
correlations that can be incorporated into a
computationally efficient Monte Carlo model
for the cooling of heated surfaces by sprays.
While this project utilizes experimental,
analytical, and computational techniques, this
presentation reports results obtained using
the FLUENT computational fluid dynamics
(CFD) computer code running on a desktop
workstation to study the effect of gravity on
single drop impacts. These simulations assume
axial symmetry.

Drop impact in the absence of heat transfer
is influenced by inertia, viscous, surface
tension, and gravity forces. Dimensional
analysis reveals that the relevant dimensionless
numbers may be taken to be the Reynolds
number Re (proportional to the ratio of inertia
to viscous forces), the Weber number We
(proportional to the ratio of inertia to surface
tension forces), and the Froude number Fr

(proportional to the ratio of inertia to gravity
forces). The surface layer thickness H (zero
for a dry surface) divided by the drop diameter
D is a key geometric parameter. In cases in
which a liquid-solid-gas interface forms, the
contact angle q must also be considered. In
these simulations, q is assumed to be constant.

Simulations of water drop impact onto an
upward facing dry surface (Re = 2000, We =
28, H/D = 0, g = 90°) have been performed
with Earth gravity (Fr = 51), Lunar gravity (Fr
= 308), and zero gravity (Fr = o). Although
differing in detail, the flows look surprisingly
similar. The most significant (but hardly
surprising) difference when an upward moving
drop hits a downward facing surface in Earth
gravity (Fr = -51) is that nearly all of the fluid
falls off of the surface.

Simulations were also performed for the
impact of a water drop onto an upward facing
liquid film with Re = 6690, We = 137, H/D =
0.837, q = 0°) in Earth gravity (Fr = 51.5) and
zero gravity (Fr = o). In both cases, a crater
with a very thin bottom film formed and was
replaced by an incipient Worthington jet, but
no fluid was splashed. In the case of an upward
moving drop hitting a downward facing liquid
film in Earth gravity (Fr = -51.5), there was
still no splashing, but the impact excited a
Rayleigh-Taylor instability in which the crown
of the impact crater grew large as it fell away
from the surface.

This work is supported by a NASA EPSCoR
grant.

NICHOLAS HILLEN, J. STEPHEN TAYLOR,
and JOHN KUHLMAN, Dept. of Mechanical
and Aerospace Engineering, West Virginia
University, Morgantown, WV 26506; MURAT
DINC and DONALD D. GRAY, Dept. of Civil
and Environmental Engineering, West Virginia
University, Morgantown, WV 26506. Spray
cooling experiments for Monte Carlo simulation
model.
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Future space-based power systems, as well
as lidar instruments and laser diode arrays
for future earth science satellites or defense-
related space systems, all will require higher
rejected heat fluxes, due to both increased
device power levels and smaller device sizes.
Spray cooling is one promising candidate heat
rejection method that has demonstrated heat
fluxes as high as 10° W/cm? using water as the
coolant. Full Computational Fluid Dynamics
(CFD) simulations of the complicated spray
cooling process is beyond the scope of current
computational modeling: droplet number
fluxes are on the order of 10° drops/(s.cm?),
and simulation of a single drop impact can take
several hours on a current-generation PC using
a quad core processor. There is a great need
for a simple but efficient spray cooling model
that can capture enough of the complex physics
to enable useful design predictions in practical
computational times.

A preliminary Monte Carlo model has
recently been described that incorporates
heuristic  correlations  developed  from
experiments and CFD simulations to enable
accurate prediction of heat flux as a function of
spray flow rate and temperature and the surface
temperature, as well as the dryout of the heater
surface at the onset of the critical heat flux,
in a reasonable computational time. In the
present work, experiments using high-speed
video and a time-resolved optical thickness
instrument are being performed to obtain data
for incorporation into the Monte Carlo spray
cooling model in order to improve its accuracy
to a quantitative level. Typical video frame
rates of 1-2 x 10* fps are required to resolve
impact crater formation and crater lifetimes for
individual spray droplets. The thin films that
remain in the impact craters have thicknesses
on the order of a couple microns or less, as
measured by the optical sensor.

This thin liquid film thickness has a
significant impact on the level of heat flux that

can be achieved. The portions of the heater
surface covered by: a.) vapor bubbles (due
to boiling), and b.) droplet impact craters,
increase the overall average heat flux by
facilitating local, transient heat fluxes that are
significantly higher than can be achieved in
pure conduction or single-phase convection.
Quantitative values of the droplet impact crater
diameter, the volume of splashed liquid, the
time between droplet impact and the filling in
of a droplet impact crater, and the minimum
film thickness in the impact crater, are being
correlated with the initial droplet diameter and
impact velocity. Companion studies are also
being conducted using numerical CFD methods.
From these results improved correlations will
be developed and implemented into the Monte
Carlo simulation model in order to improve its
accuracy.

This work is supported by a NASA EPSCoR
grant.

JINLONG YAN, MINGJIA ZHI, and
NIANQIANG WU, Dept. of Mechanical
and Aerospace Engineering, West Virginia
University, Morgantown, WV 26506. PH,
poisoning effect on NiI/YSZ cermet solid
oxide fuel cell anode.

It is attractive to use coal-derived gas as the
fuel of solid oxide fuel cells (SOFCs). Ni-Yttria
stabilized Zirconia (YSZ) cermet is widely
employed as the anode materials of SOFCs
for its characters of low-cost, high electronic
conductivity and excellent catalytic activity
for diverse fuels. However, the long-term
stability of Ni/YSZ anode is of great concern
when a SOFC is operated with coal syngas as
the fuel. One major concern is poisoning by
impurity species in the coal syngas, such as
sulfur, phosphorous, arsenic, selenium, etc.
Among all the impurities, phosphorous is most
detrimental to cell performance. Therefore,
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it 1s of significance to unveil the underlying
mechanism of phosphorus contamination. The
present paper deals with the influence of electric
current and moisture concentration on the
degradation of Ni/Y'SZ anode upon exposure to
PH3. In situ electrochemical test is combined
with ex-situ material characterization methods
to analyze the degradation of the SOFC anode.
Specifically, Ni migration behavior at the Ni/
YSZ anode is quantitatively investigated. The
nickel migration is induced by the electrostatic
force due to electric current and by the chemical
potential difference of phosphorous. In
addition, the presence of moisture aggravates
the cell degradation in the PH3-containig fuel.

Source of support: US Dept. of Energy
(DOE) EPSCoR Program under grant number
DE-FGO02-06ER46299;  Energy = Materials
Program EMSE/RCG.

FARSHID ZABIHIAN and KAMRAN
ROSTAMI, Dept. of Mechanical Engineering,
West  Virginia  University  Institute  of
Technology, Montgomery, WV 25136; ASAD
DAVARI, Dept. of Electrical Engineering,
West  Virginia  University  Institute  of
Technology, Montgomery, WV 25136;
GIFTY OSEI-PREMPEH, Dept. of Chemical
Engineering, West Virginia University Institute
of Technology,

Montgomery, WV 25136.  Development
of proof-of-concept single cell polymer
electrolyte fuel cell fueled with carbon
monoxide.

The Dept. of Energy (DOE) promotes “Clean
Coal Technologies” as alternative paths for
future power generation. Direct carbon fuel
cells (DMFC) are one of the key elements of
this program. Polymer electrolyte fuel cells
(PEFC) can be ideal candidates for small-
scale residential and mobile coal-based power
generation because of their high power density,

low operating temperature, and their well-
developed technologies. Due to the internal
operation of fuel cells, it is not possible to
directly feed coal to fuel cells. With the currently
available state-of-the-art fuel cells, it is not
possible to achieve a reasonable three-phase
boundary where solid fuel, electrolyte, and
electro-catalyst meet. To avoid this problem,
coal should be first pre-processed. The most
common technique for pre-processing coal is
coal gasification, but it requires a high quantity
of water. An alternative technique for coal pre-
processing is partial oxidation (POX) of coal.
Unlike the gasification technique, POX does
notrequire any steam. In this process, the fuel is
partially combusted with a sub-stoichiometric
amount of air or oxygen. The equipment in
this process is simpler, lighter, and smaller. Its
response to load change is fast, and its start-
up time is short. The product of this process
is a fuel gas with very high concentration of
CO. In the carbon monoxide-fueled PEFC, the
following reactions take place at the anode and
cathode:

Cathode 10O, + 2H*+ 2e- = H,O

Anode
nhode CO + H,O - CO, + 2H* + 2¢

At the anode, carbon monoxide reacts with
water in water gas-shift reaction, generating
carbon dioxide, electrons, and protons. Protons
transport through the membrane and react with
oxygen at the cathode to generate water. The
generated electrons get transported through an
external circuit from anode to cathode, thus
producing the desired product of the system,
electricity.

Unfortunately, the aforementioned fuel
gas cannot be used as fuel in the conventional
PEFC. Traditionally, the electrocatalysts of
PEFC are made of platinum-based material,
which is strongly poisoned in the presence of
carbon monoxide. To solve this problem, it has
been proposed to use platinum alloys, such as
platinum-ruthenium, as the electrocatalyst.
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Currently, a team of researchers from
the Mechanical, Electrical, and Chemical
Engineering Departments at the West
Virginia University Institute of Technology is
intensively working to develop a PEFC that
can directly convert the chemical energy of
carbon monoxide to electrical energy through
electrochemical reactions and to develop a
process to convert coal to CO-rich fuel.

The research laboratory of the WVU Tech
and its industrial partner, American Science
and Technology (AST), is well equipped to
develop and test CO-fueled PEFC. In this
facility, many alloys of platinum- ruthenium
have been tested. The researchers have been
able to develop a single cell proof-of-concept
PEFC that could successfully operate with CO
as the inlet fuel. The current objective of the
research is to optimize the cell to increase its
power density, efficiency, longevity, and reduce
cost. The next step will be to develop a stack of
fuel cells that can produce a significant amount
of electricity.

Molecular / Cellular Biology

ANAND NARAYANAN and DR. PETER
GANNETT, Dept. of Basic Pharmaceutical
Sciences, West  Virginia University,
Morgantown, WV 26505; SRI LAKSHMI
YEDLAPPALI and DR. LLOYD CARROLL,
Dept. of Chemistry, West Virginia University,
Morgantown, WV 26505. Multi-functional
magnetic nanoparticles as cancer therapeutic
agents.

Superparamagnetic iron-oxide
nanoparticles (SPIONs) are a class of magnetic
nanoparticles that offer benefits for the early
detection and treatment of diseases, such as

cancer. SPIONSs are unique in that they can be
rendered biocompatible with living systems,
capable of being loaded with therapeutic drugs,
have the potential for RF-induced heating as a
therapeutic mechanism, and can be conferred
with the capability of specifically targeting
cells through the use of antibodies and receptor
specific tags. These versatile particles are
prime candidates for improving the current
therapeutic methods available for the treatment
of cancer and potentially other diseases.

This multi-disciplinary project includes
various milestones and multiple aims:
identifying the design parameters for SPIONs
that optimize aqueous stability and maximize
amphiphilic character, evaluating SPION-
related drug storage and release characteristics,
and finally, demonstrate binding and entry
of SPIONs to specific cells using molecular
targeting. Here, the focus is on the
fluorescence analysis of labeled SPIONs, the
cellular absorption of SPIONS, and target
binding studies using confocal microscopy.
A previous study examined coupling of cell-
specific agents to the SPIONSs, focusing on
an antisense oligonucleotide against Survivin
mRNA, a protein over-expressed in cancerous
cells. Coupling was accomplished using
an amino end-labeled oligonucleotide (5’
CCCAGCCTTCCAGCTCCTTG-(CH,),-3’
NH,) to form amide linkages upon activation of
the exposed carboxylic acid groups (-COOH)
of the SPION by treatment with N-((3-
dimethylamino)-propyl)-N-ethyl carbodiimide
(EDC). Circular dichroism (CD) and gel
electrophoresis (GE) studies were performed 1)
with SPIONSs in solution, ii)) SPIONs and anti-
sense Survivin in solution, iii) SPIONs coupled
to the antisense Survivin oligonucleotide, and
finally, iv) SPIONs coupled with anti-sense
Survivin, hybridized to the complementary
strand. These data allow us to demonstrate
coupling of the oligonucleotide to the SPION
and also served as a method to quantify and
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optimize coupling.  Further, these studies
demonstrated that antisense Survivin duplex
formation was not destabilized by the presence
of the SPION. The CD results were correlated
with gel electrophoresis data and the same set
of samples.

The aforementioned sequence has
now been modified with 5’-Fluoroscein, a
fluorophore with excitation and emission
maxima with corresponding values at 494 and
522 nm. The same coupling procedures were
performed to develop a SPION:DNA complex
that could now be measured and quantified
through fluorescent techniques. The intention
behind the fluorescent approach is to quantify,
with greater accuracy, covalent binding
between SPIONs coupled to DNA with the
complementary sequence, which is otherwise
difficult to quantify with CD and GE assays.
Furthermore, application of the SPION:DNA
complexes to a cell culture assay, such as an
WST assay, will allow for demonstration of
cellular uptake and localization within the
cell, as confocal microscopy requires the use
of a fluorophore agent for detection. This will
allow for testing of numerous conditions, such
as cellular absorption, environmental effects of
the endosome, localization within the cytosol,
etc.

Funding support is provided in part through
the NIH GMO081348 grant and the WVU
Research Corporation; additional funds, and
the Space Grant Consortium.

ARIELLE STAFFORD and ADAM PARKS,
Dept. of Biology, Shepherd University,
Shepherdstown, WV 25443. Bunker-busting
bacteriophage: isolation of bacteriophage
for elimination of Pseudomonas aeruginosa
biofilms.

Pseudomonas aeruginosa is a biofilm-
forming pathogen that has become increasingly

resistant to antibiotics, forcing researchers
to look into alternative treatment methods.
Bacterialbiofilmsconsistofanexopolysacchride
matrix that surrounds cells and protects them
from host defenses and antibiotic treatment.
Bacteriophage therapy, which uses specific
viruses that infect bacteria, is currently being
considered as an alternative treatment for these
bacterial infections. Using a sewage sample
from the Shepherdstown Sewage Treatment
Plant, we isolated a bacteriophage that can
degrade Pseudomonas aeruginosa biofilms,
allowing it to infect and kill the bacteria.
We tested the interaction of Pseudomonas
aeruginosa and its bacteriophage, as well as the
host range of the bacteriophage. Spot assays
showed that the bacteriophage was able to
prevent biofilm formation, and microtiter plate
analysis showed that overnight exposure to the
bacteriophage was able to degrade an existing
biofilm by up to 36%. Individual plaques
exhibited halos, indicative of polysaccharide
depolymerase activity. The bacteriophage
was unable to infect other bacteria and/or their
biofilms, showing that the virus has a very
limited host range. This is necessary for future
therapeutic use because it protects the essential
bacteria in the body from infection. Spot assays
showed the presence of bacteriophage resistant
colonies. This resistance indicates a need for
a phage cocktail with multiple bacteriophage
or using phage therapy and antibiotics
simultaneously in future treatments. While this
bacteriophage is able to degrade Pseudomonas
aeruginosa biofilms and lyse cells, additional
research needs to be completed to characterize
the bacteriophage’s genome before it can be
employed in future research.

This research was supported by funding
EPSCoR to AS through the SOARS program at
Shepherd University.



18

Proceedings of the West Virginia Academy of Science, 84:1, 2012

RYAN M. WILLIAMS, Dept. of Basic
Pharmaceutical ~Sciences, West Virginia
University, Morgantown, WV 26506; LETHA
J. SOOTER, WVNano Initiative, Dept. of
Basic Pharmaceutical Sciences, West Virginia
University, Morgantown, WV 26506. In vitro
selection of DNA molecular recognition
elements for the pesticide atrazine.

Atrazine is the most widely used herbicide
in the world and has been causally linked to
hormonal cancers in humans. It has been found
in ground and drinking waters in agricultural
areas at levels well above the EPA Maximum
Contaminant Limit. The current method for
atrazine detection is gas chromatography,
which is time and labor intensive. A more
rapid and efficient method of detection that
can be deployed at the point-of-care and in
the field is necessary to determine human
and environmental exposure to this chemical.
Towards this end, twelve rounds of in vitro
selection have been completed, enriching a
pool of 1015 single-stranded DNA molecules
(ssDNA) for those that bind to atrazine.
Binding studies will be performed on ssDNA
sequences present in the enriched pool. The
MRE with the greatest selectivity and affinity
for atrazine will be used in a microfluidic chip
sensing device for rapid, field-deployable
sensing of this environmental contaminant.

We acknowledge support from the National
Science Foundation (Cooperative Agreement
1003907).

Molecular Biology / Microbiology

NIRANJAN ARYAL, Dept. of Biology,
West Virginia State University, Institute, WV
25526; DAVID H. HUBER, Dept. of Biology

and Gus R. Douglass Institute, West Virginia
State University, Institute, WV 25526. The
metagenome of the microbial gut community
of the wood-feeding larvae of the beetle
Osmoderma eremicola.

The microbial ecology of plant biomass-
feeding insect guts has been a research interest
for bioenergy biotechnology. Several studies
have been done on the gut of termites which
are the best characterized wood-feeding insect.
However, the microbial ecology of other
wood-feeding insect guts is still poorly known.
Here we studied the gut microbial ecology of
Osmoderma eremicola larvae, a wood-boring
beetle (family Scarabaeidae). Approximately
60 million base pairs of DNA was acquired
from the hindgut microbiome of mature larvae
using 454 pyrosequencing. A large diversity
of microorganisms was found: 97% of the
microbiome was dominated by bacteria, 1.5%
by archaea, and 1.5% by eukaryotic organisms,
including fungi and protists. Interestingly, the
microbiome of the Osmoderma larvae hindgut
was substantially different from termite guts.
16S rRNA gene diversity analysis using the
RDP (Ribosomal Database project), showed
that the Firmicutes occupied 74% of the total
bacterial diversity in the larvae hindgut but only
3% in the termite. The Spirochaetes occupied
less than 1% of the bacterial diversity in the
larvae but 18% in the termite. Other significant
groups present in the Osmoderma hindgut are
Bacteroidetes (11%) and Proteobacteria (9%).
We anticipate that the Firmicutes may be the
key group for contributing plant biomass
degrading enzymes in the gut of these larvae.
Surprisingly, the Osmoderma hindgut also
contained methanogens (Methanomicrobia,
Methanococci,  Methanobacteria) ~ which
is similar to some termites. Metagenome
analysis also showed some differences in the
suite of plant biomass-degrading genes in the
Osmoderma larvae compared to termites.
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SHELLY H. BRIGHT and GERALD R.
HANKINS, Dept. of Biology, West Virginia
State University, Institute, WV 25112. Are
fibroblast growth factors steroid-responsive
autocrine signals in meningiomas?

Meningiomas are the most common
primary brain tumors in adults. Incidence rates
indicate that they are up to 10 times more
common in women compared to men. Since
this gender bias does not exist in children, it is
believed that female sex hormones are involved
in the development and progression of these
tumors.  Fibroblast growth factors (FGFs)
are mitogenic growth factors that contribute
in many important biological processes
including cell proliferation, morphogenesis,
angiogenesis and cell migration. Research
conducted by Wing et al. (2003) indicates that
expression of FGF9 and its cognate receptors
function in an autocrine fashion that is
mediated by estrogen during the early stages of
endometriosis. We have previously shown by
microarray analysis that that the gene encoding
FGF9 is up-regulated two-fold in meningioma
samples versus healthy meninges. Other
research indicates that both FGF9 and FGF2
participate in tumorigenesis through abnormal
autocrine signaling.  We hypothesize that
FGF9 and/or FGF2 contribute to meningioma
progression through autocrine signaling. To
test this we performed cell proliferation assays
using tyrosine kinase inhibitors PD166866
(FGF receptor-1 specific) and PD166285.
We have also performed chemiluminescent
immunoassays to evaluate the effects of these
inhibitors on ERK1/2 phosphorylation. Our
preliminary data indicates that both PD166866
and PDI166285 reduce cell proliferation
in four meningioma cell lines. Treatment
with PD166285 also significantly reduces
phosphorylation of ERK1/2. Currently, we
are in the process of evaluating FGF2 and
FGFR1 gene expression in meningioma cells

in response to female steroids and epigenetic
agents.

Supported by NIH Grants SP20RR016477
and P20GM 103434 to the West Virgginia IDeA
Network for Biomedical Research Funding.

DAVID H. HUBER, Dept. of Biology and
Gus R. Douglass Institute, West Virginia State
University, Institute, WV 25526; DEEPAK
SHARMA, Dept. of Biology, West Virginia
State University, Institute, WV 25526.
Comparative metagenomics of microbial
bioenergy communities.

Bioenergy is anticipated to be an important
component of the future energy portfolio of the
United States. Anaerobicmicrobial communities
are a significant source of bioenergy through the
decomposition of organic matter and synthesis
of methane and hydrogen. The most successful
industrial scale anaerobic microbial process for
producing bioenergy is anaerobic digestion.
West Virginia State University operates a
pilot-scale (40 m?®) thermophilic anaerobic
digester and research facility for the purpose
of studying and improving the anaerobic
digestion process and anaerobic bioenergy
production. Although the general biochemical
pathways in anaerobic digestion are known,
the metabolic potential and flexibility of these
pathways as well as the underlying microbial
ecology of the systems are still poorly known.
We have applied pyrosequencing to this
digester to obtain a >500 Mb metagenome and
have compared it to a 600 Mb metagenome
derived from a German mesophilic digester
using MG-RAST. The SEED subsystem
metabolic profiles for the two digesters
shows greater similarity than the taxonomic
profiles. The thermophilic digester is enriched
in the bacterial families Ruminococcaceae,
Peptococcaceae, Paenibacillaceae and
Thermoanaerobacteraceae, while the
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mesophilic digesteris enriched in Clostridiaceae
and unclassified Bacteria. The two digester
metagenomes are more similar to each other
than to other anaerobic microbiomes indicating
that the digester environment does not simply
duplicate other anaerobic environments were
decomposition occurs, such asanimal guts. Both
digesters have a diverse array of carbohydrate
utilization genes, but the thermophilic digester
which has been fed primarily poultry litter is
enriched in xylose utilization genes.

MASUDUR  RAHMAN, ANSHUMAN
MANGALUM, MICHAEL NORTON, Dept.
of Chemistry, Marshall University, Huntington,
WV, 25755; DAVID NEFF, Molecular
and Biological Imaging Center, Marshall
University, Huntington, WV 25755. Using
DNA origami to organize bio-materials.

To organize nano-materials (NMs) with the
highest possible accuracy and control is one
of the biggest challenges in Nanotechnology.
Such control will lead usher in nanoelectronics,
nanorobotics and nano-bio sensor systems
to efficiently monitor our environment.
Structural DNA nanotechnology is one of the
most powerful routes to this control, and DNA
origami (DO) is currently one of the most
powerful enabling tools for this objective. DO
is the folding oflong DN A to create one, two and
three dimensional nanoscale shapes. Typically,
this method entails the combination of a long
ssDNA (single strand DNA, bacteriophage
M13, 7249 nucleotides) with about 250 small
ssDNA (called staples) to define the shape
and pattern the structure. With such a high
pixelation density, it is in principle possible
to build patterns with about 100 addressable
points within a definable shape in an area
of about 10,000 nm?. We have developed
rectangular shaped DO (100 x 72 nm? L x H) to
address bio-NMs such as streptavidin proteins

accurately with a 60 nm pitch. Our result
suggests that combinations of single DO are
arguably the most effective way of producing
large addressable platforms; therefore we have
developed 1D DO to increase the addressable
area. This study brings us to the point where
bottom-up organization of NMs can meet the
limit of top-down organization of NMs.

Non-Game Wildlife

JESSICA CAIN, COLLEEN J. NOLAN, and
CAROL ZYGAR PLAUTZ, Dept. of Biology,
Shepherd University, Shepherdstown, WV
25443. Effects of chronic treatment with
Round-Up and its constituents on the snail
Lymnaea palustris with respect to mortality,
fecundity, growth, and developmental
abnormalities.

The freshwater gastropod mollusk Lymnaea
palustris 1s a valuable laboratory organism
since it is easily obtained, bred, and maintained
year-round. We designed experiments to
establish the toxicological effects of Round-Up
and its constituents on this aquatic organism.
L. palustris is a practical model organism
for toxicological studies; the effects of
environmental contaminants on the adults and
embryos are easily observed.

We established mesocosms containing
the herbicide Round-Up or each of its main
components, glyphosate and polyethoxylated
tallow amine (POEA). We also constituted a
synergistic treatment of both glyphosate and
POEA. Starting concentrations were based
on 5x concentration of the EPA MCL for
glyphosate; comparable POEA concentration
was estimated. Four mesocosms of four snails
each were subjected to chronic treatment



Proceedings of the West Virginia Academy of Science, 84:1, 2012

21

lasting for six weeks. Adults were measured
for growth, mortality and fecundity each
week. Embryos were subjected to the same
concentrations as the adults and developmental
abnormalities recorded each week.

Our data show that overall average
weight was decreased slightly in all chemical
treatments except for the synergistic treatment.
In length, only the Round-Up group show
a decrease compared to the control; Round-
Up treatment caused the greatest shell
degradation. Total fecundity in all treatments
was significantly different than the control
(p<0.001) which carried over to the total
abnormalities, which were all also significantly
elevated (p<0.001). The overall average length
of the egg-bearing jelly masses was recorded
and glyphosate, Round-Up, and POEA groups
were all significantly decreased (p<0.001)
compared to controls. The highest mortality
was experienced by the POEA group with five
deaths overall out of 16 snails (31% mortality).

In  conclusion, Round-Up and its
constituents have all been observed to
exert effects on the freshwater organism, L.
palustris. The shell degradation of the snails
treated in Round-Up may be caused by an
issue in the uptake of calcium caused by the
chemicals. All of the chemicals tested showed
that they significantly affected (p<0.001)
fecundity and all caused abnormality in the
embryos; this suggests that exposure at certain
concentrations in the environment may affect
fecundity in aquatic organisms and cause their
embryos to exhibit abnormal development.
Further testing will be conducted on Round-
Up, since it has more of an effect on the snails
overall than any of the other chemicals tested,
alone or in combination, implying that there
is another chemical in Round-Up which is
causing the suppression of fecundity and rise
in developmental abnormalities.

DAVID A. FOLTZ 1I, Dept. of Biology,
Marshall University, Huntington WV 25755;
DR. STUART A. WELSH, Division of
Forestry and Natural Resources, West Virginia
University, Morgantown WV 26506-6125;
DR. ZACHARY J. LOUGHMAN, West
Liberty University, West Liberty, WV 26074.
Baited lines, a novel approach to collecting
burrowing crayfishes.

Collection  methods for  organisms
are constantly being improved upon or
experimented with in order to reach the highest
capture rate with the least amount of effort
possible. Excavation is the primary method
used for collecting primary burrowing crayfish.
This method is moderately successful and
often physically demanding, time consuming,
and difficult in certain habitats. Recently,
burrowing crayfish nets have been used to
collect crayfishes without excavating burrows.
Unfortunately, success rates with BCN are
directly correlated to weather events, making
use of this method temperamental. Baited lines
are fishing hooks baited with earthworms, tied
to 20-30 cm long monofilament leaders, and
require investigators to see crayfishes resting
at the entrances of burrows. Crayfish, when
observed, are tempted with the worms from
their portals, were they are later grasped. The
focus of this study is to compare the baited
line method against burrowing crayfish nets
and excavation in a variety of habitats with
different crayfish species in order to determine
the success of the baited line. Four study areas
were selected throughout West Virginia to
ensure broad coverage of primary burrowing
crayfishes. Prior to the creation of baited
line rigs, burrow colonies were found during
daylight hours and scouted. Active burrows
were flagged so they could be returned to after
dark. Baited lines were used when crayfish
were within arm’s reach of the investigator.
Crayfishes were lead 5-10 cm from the burrow
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portal over a 5-20s period, and grasped or
pinned to the entrance of the burrow and
extracted. The additive model (taxa + sampling
method) was the best approximating model to
the data (AIC weight = 0.71), and provided
evidence for differences in capture rates among
taxa and sampling methods. In all instances,
baited lines were the most successful method
used to collect burrowing crayfishes. Baited
lines represent a novel way to collect burrowing
crayfishes without drastically disturbing the
landscape. This method can only be used
during nightfall, which makes incorporating
it into a busy field day rather problematic.
That said, a suite of field situations exists that
are extremely conducive to the use of this
collection method. Baited lines always proved
more favorable in forested situations, where the
method is now our primary means of collecting
upland burrowing species.

KAREN KETTLER and ZACHARY
LOUGHMAN, Dept. of Natural Sciences
and Mathematics, West Liberty University,
West Liberty, WV 26074. Project B.E.E.:
A biodiversity experience for science
educators.

This past June marked the second year
of a professional development opportunity
for science educators in West Virginia, called
Project B.E.E: Biodiversity Experience for
Educators (previously known as Nature Leaders
Training School (NLTS)). This one-week
intensive learning experience, based in Oglebay
Institute’s Mountain Nature Camp in Terra Alta,
West Virginia, focused on exposing teachers to
various aspects of arthropod biodiversity. The
basis of this program was two-fold: 1. to increase
the content knowledge of science educators
regarding a largely understudied group of
organisms, and 2. to develop a synergistic
relationship between science educators, citizen

scientists, and arthropod experts from both the
Carnegie Museum of Natural History and West
Liberty University, in order to obtain valuable
data regarding West Virginia arthropods.
Participants of Project B.E.E. included both
primary and secondary educators from West
Virginia and individuals involved in the
West Virginia Dept. of Natural Resources
Master Naturalist program, which focuses on
generating citizen scientists throughout the
state. By creating a professional development
model that incorporated educators, citizen
scientists, and content experts working together
to conduct authentic scientific research, we
created an effective community of practice.
We believe that this unique learning experience
could serve as a model for other content-based
professional development programs.

ZACHARY LOUGHMAN, KINSEY
SKALICAN, and NATE TAYLOR. Dept.
of Natural Sciences and Mathematics, West
Liberty University, West Liberty, WV 26074.
Determination of daily of movements and
macrohabitat preference of the invasive
crayfish Orconectes virilis through use of
telemetry.

In an effort to better understand the daily
activity and microhabitat preference of invasive
Orconectes virilis populations, a study was
performed in Anthony Creek, West Virginia
utilizing telemetry. Eight O. virilis (3IM/41IM/1
F)werefitted with 0.8 gtransmitters and released
at their initial point of capture. Animals were
tracked for six consecutive days, after which
a 20 day non-interaction period was initiated,
followed by six days of tracking. Following
the location of each individual, water depth and
velocity, substrate type, and distance travelled
were noted. Orconectes virilis utilized two
distinct movement patterns. “Residents” made
up 62% of crayfish, and either did not move
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from their point of capture or made initial long
distance movements, followed by little to no
movement. “Adventives” (38% of crayfish)
moved on average 41 m/day, and rarely used
the same retreat more than one day. The
longest recorded daily movement was 210 m;
one individual moved 1.62 kilometers over 28
days. Orconectes virilis preferred depositional
habitats with an abundance of detritus and
macrophytes, and avoided habitats dominated
by boulders.

ZACHARY LOUGHMAN, Dept. of Natural
Sciences and Mathematics, West Liberty
University, West Liberty, WV 26074; STUART
WELSH, West Virginia Cooperative Fish
and Wildlife Research Unit, West Virginia
University, Morgantown WV 26506-6125.
Occupancy rates of primary burrowing
crayfishes at natural and disturbed sites
along West Virginia’s Ohio and Kanawha
River floodplains.

Many primary burrowing crayfish inhabit
floodplains where forested landscapes have
been fragmented by agricultural, industrial, or
residential uses. The impact these practices
have on burrowing crayfishes occupying
floodplains is poorly understood. In order to
elucidate burrowing crayfish conservation
concerns associated with these land use
types, site occupancy rates were modeled for
Fallicambarus fodiens and Cambarus thomai,
from Ohio and Kanawha river floodplains
in West Virginia. Occupancy rate modeling
incorporated four environmental covariates
(forest age, soil type, tree frequency, and land
use). Based on presence/absence data, forests
with tree ages > 100 years (AQAICc = 0) and
sites with loam soils (AQAICc = 1.80) were
most likely to harbor F. fodiens populations.
For C. thomai, several models were supported
owing to model selection uncertainty, however

land use had more total model weight (total
wi = 0.55) than all other covariate models.
Cambarus thomai rarely occupied industrial/
agricultural sites, but were often present in
forested and residential sites. Although the
influence of covariates on site occupancy
differed between species, forested habitats
were important for F. fodiens and C. thomai.

TIM RUHNKE, Dept. of Biology, West
Virginia State University, Institute, WV 25112.
Progress and obstacles in species level
investigations of two cestode genera from
sharks and stingrays.

Substantial un-described species diversity
exists within the cestode fauna of elasmobranch
fishes, especially within the genera
Anthocephalum and Paraorygmatobothrium.
The study of morphology and molecules
for species of these genera has yielded both
success and frustration. In different ways,
both serve as case studies of species level
taxonomy and systematics. In this talk,
species concepts are considered as they apply
to tapeworms. Issues with the problematic
nature of the boundaries of new and existing
species are also considered. Examples of how
DNA sequence data is employed in the study
of cestode species level questions will also be
presented. Elasmobranch cestode species have
been assumed to be quite host specific. That
assumption will be examined.

This research was supported by NSF PEET
No. DEB 0529684, NSF PBI Award Nos. DEB
0818696 and DEB 0818823, NSF EPSCoR,
and WV-NASA.

CLIFFORD STARLIPER, USGS Leetown
Science Center, Fish Health Laboratory,
Kearneysville, WV 25430; BARNABY
WATTEN, USGS Leetown Science Center,
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S.0. Conte Anadromous Fish Research
Center, Turners Falls, MA 01376. Method
development for IMO D2 standards on-
board ship disinfection of ballast water.

Ship ballast water is a well-recognized
medium for the transfer and introductions
of aquatic nonindigenous species to North
America. There are numerous examples of
the deleterious effects to aquatic ecosystems
resulting from inadvertent introductions of
invasive species, many of which have been
associated with ballast water releases. Most
notable in recent years were introductions of
Dreissenid mussels, zebra mussels (Dreissena
polymorpha) and quagga mussels (D. bugensis).
These invasive mussels have not only resulted
in extirpations of native mussel species, they
continue to pose eminent threats to native fauna
and are responsible for an estimated $1 billion
annually in the United States in damages to
infrastructure and control measures.

To control dissemination of invasive
species via ballast water, The International
Maritime Organization (IMO), an agency of
the United Nations, developed legislation that
requires ships utilizing ballast water which
were/are constructed during and after 2009
to have treatment capability on-board ship to
disinfect ballast water prior to release. Effective
treatment must be to the extent to meet D2
Standards for maximum allowable numbers
of indicator microorganisms, including Vibrio
cholera, Escherichia coli and intestinal
Enterococci.

We are developing the use of high pH
(NaOH) as a method for disinfection of
ballast water. This paper summarizes our
bacteriological studies to date, which evaluated
the efficacy of various pH concentrations
through pH 12.0 to kill D2 Standards
indicators and a suite of fish pathogenic and
environmental bacteria common in freshwater
aquatic environments. In controlled laboratory

studies, we have determined minimum values
of pH and treatment duration necessary
to achieve bactericidal effect for 155 pure
bacterial cultures. These included 124 cultures
developed from primary isolation plates
from ballast water that originated from the
Laurentian Great Lakes (i.e., Lakes Michigan,
Huron, Superior) and was sampled from ballast
tanks from the ‘Indiana Harbor’, a bulk-freight
carrying ship (app. 1,000 feet in length).
Although the bactericidal endpoints varied for
the bacteria tested, and with the Gram-positives
requiring the highest pH and longest treatment,
all bacteria were killed within 72 h and pH
12.0.

CHASE TURNER and TIM RUHNKE, Dept.
of Biology, West Virginia State University,
Institute, WV 25112; KIRSTEN JENSEN,
Dept. of Ecology and Evolutionary Biology,
The University of Kansas. Examination of
host species usage patterns in species of the
shark cestode genus Paraorygmatobothrium.

The shark cestode genus
Paraoygmatobothrium was erected by Ruhnke
(1994) for three species. Since then, the genus
has grown to include seventeen species. Host
specificity has also been a key assumption in
the taxonomy of this genus. Collections from
a variety of localities world-wide has revealed
substantial un-described species diversity
within the genus. Thus far, analysis of the
cytochrome ¢ oxidase I (COX1) region has
been conducted for 76 individual samples of
Paraorygmatobothrium. These samples have
been collected from 17 shark species of the
order Carcarhiniformes. Sharks were taken
from the northwestern Atlantic Ocean, the
Gulf of Mexico, the Gulf of California, and
the waters off northern Australia, Malaysian
Borneo, and Senegal. An alignment of 471
nucleotide positions was completed for the
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samples of Paraorygmatobothrium, in addition
to the outgroup taxa Thysanocephalum
thysanocephalum and Phyllobothrium
lactuca. At least 17 species have been
putatively identified using COX1, and only
two are known to science. Seven of the new
species were collected from two or more host
species. This pattern of host use by species of
Paraorygmatobothrium is contrary to previous
assumptions of host specificity for the group.

This research was supported by NSF PEET
No. DEB 0529684, NSF PBI Award Nos. DEB
0818696 and DEB 0818823, NSF EPSCoR,
and WV-NASA.

Psychology

ALAN M. DANIEL, Dept. of Social Science,
Glenville State College, Glenville, WV 26351.
A comparative approach to models of
depression.

Animal models of surprising reward loss
have been compared to human depression and
post-traumatic stress disorder. The reaction
to reward loss, termed “frustration,” is an
unconditioned emotional reaction that parallels
physical pain and fear conditioning in terms
of brain structures, neurotransmitter systems,
and its effects on behavior. So far, evidence
of frustration has only been discovered in
one vertebrate class: mammals. Frustration-
like effects have been observed in only one
nonmammalian  species, Apis mellifera,
the honey bee. It is yet to be determined if
frustration-like effects found in bees are a case
of convergent evolution.

Recent research from our lab has expanded
knowledge of the role of the opioid system
(notorious for its modulation of physical

pain) in reward loss situations. The opioid
system in mammals is engaged during reward
loss situations, and appears to modulate the
comparison between expected and received
rewards during the downshift, but not the
memory of the downshift event. In bees,
the opioid system is much less explored, but
they are sensitive to opioid compounds in
aversive learning situations. The most recent
mammalian opioid data from our lab will
be reviewed, and a new experiment will be
proposed to approach the question of whether
frustration effects in bees evolved convergent
mechanisms underlying the behavior.

H.JANE LONG, DANYALE LANE, STEVEN
MCGILL, JAMES SPENCER, RYAN
SEARCY, ANNA REED, PATTT HARRISON,
VIRGINIA KENNEDY, DAWN RACER,
VALERIE BLAKE, and ELIZABETH
HICKOK, Dept. of Psychology, West Virginia
State University, Institute, WV 25112. Salient
objects influence elevator conversation
latency and content.

In this country, elevator etiquette reflects
social norms. When entering an occupied
elevator, strangers are expected to behave
according to specific, unwritten rules: do
not speak, do not make eye contact, and do
not encroach on others’ space. This study
attempted to determine the threshold of these
standards of conduct. Would people engage
strangers in conversation more often if those
strangers were carrying one of several salient
objects, as opposed to when they were not?
Elevators at West Virginia State’s Wallace Hall
served as the study’s setting. Objects chosen
for researchers to carry were a large stuffed
animal (a bunny rabbit, approximately 24
inches tall), a taxidermied squirrel mounted in
a standing position on a 7 inch by 10 inch base,
and two helium balloons tethered by colorful
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ribbons.  Researchers began each trial by
entering the 9th floor elevator alone, with one
of the objects. For each trial, they descended
until the elevator was stopped by a patron.
When the patron(s) entered the elevator, the
researcher maintained their position at the
back center of the car, made eye contact, but
did not initiate conversation. The researcher
noted the gender and approximate age of the
patron(s), and whether they were known to the
researcher. Any conversation initiated by the
patron towards the researcher was noted after
the trial was complete, particularly whether the
conversation was directed towards the object
carried. The latency of the conversation after
entry into the car was also recorded.

Atotal of 101 trials were conducted: 27 with
the squirrel, 24 with the stuffed animal, 23 with
the balloons, and 27 control trials, in which
the researcher carried no object. Twenty-two
of the 27 trials with the taxidermied squirrel
resulted in initiated conversations; the object
was the focus of the conversation in each, and
typically immediately. Only 3 of the 27 control
trials resulted in initiated conversations distinct
from expected elevator etiquette (asking which
floor, etc). The stuffed animal and balloons
were intermediate in results, each responsible
for 12 initiated conversations. Overall results
are consistent with prior research indicating
that an individual carrying a baby, or walking a
dog is the target of significantly more initiated
conversation by strangers than towards
individuals who do not.  Salient objects
provide a focus for elevator conversation
not otherwise available, and ease the tension
normally associated with stranger interactions
in Western culture.

Stream Ecology

NATALIE FOX, MARK FLOOD, and
PHILLIP YEAGER, Dept. of Biology,
Fairmont State University, Fairmont, WV
26554; PAUL BAKER, Save the Tygart
Watershed Association, Grafton, WV 26354.
Determination of the effects of acid mine
drainage remediation wusing microbial
community assessment.

Microbial communities are very important
to the environment by first reacting to any
chemical or physical changes that may have
occurred in the environment. They react
to changes in pH levels, dissolved oxygen
levels, conductivity levels, salinity levels,
total dissolved solids, sediment changes, and
temperature changes in streams. The objective
of this project was to determine how microbial
communities react in streams that are impacted
by Acid Mine Drainage using Ecoplates.
Samples of water were collected in bottles at 10
differentsites in the Three Fork Creek watershed
in Taylor and Preston counties in West Virginia.
The samples were collected above and below
the lime dosers. To collect the water chemistry,
a YSI multi probe was used and it measured
the pH, temperature (°C), conductivity (mS/
cm), dissolved oxygen (mg/l), total dissolved
solids (g/l), salinity (ppt), oxidation reduction
potential (mv), and turbidity (NTU) of the
stream water. Upon arriving back at the lab,
each sample from the 10 different sites was
pipetted into an Ecoplate. A Fluostar Optima
microplate reader was used to assess digestion
of the substrates by release of a tetrazolium dye
attached to them. A measurement at 590 um
was used to detect changes in optical density
at 2, 4, 8, 12, 24, 48, and 72 hours. Ward’s
cluster analysis revealed similarities between
streams which are separated into three groups.
Group 1 consisted of North Fork of Birds Creek
(Below Doser) and Raccoon Creek (Above
Doser), which revealed very little metabolic
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rate and diversity among the microbial
communities. Group 2 consisted of North Fork
of Birds Creek (Above Doser), South Fork of
Birds Creek (Below Doser), Raccoon Creek
(2 miles below Doser), and Raccoon Creek
(not impacted) having very similar microbial
activity to each other with Raccoon Creek
(not impacted) showing the most microbial
activity. Group 3 consisted of South Fork of
Birds Creek (Above Doser), Mouth of Raccoon
Creek (6 miles below doser), and Squires Creek
(Above Doser). Overall, the results indicated
that recently installed limestone dosers did
impact the microbial community results in this
experiment.

This project was supported by a Fairmont
State University SURE grant.

SETH O’NEAL and MARK FLOOD, Dept. of
Biology, Fairmont State University, Fairmont,
WV 26554. Determination of the effects of
Marecellus shale drilling and fracking on
local stream composition.

Marcellus shale drilling has become a
highly anticipated economic activity in West
Virginia recently. Not only does it yield
large amounts of natural gas for nationwide
use, it also provides local jobs on well sites.
However, it has been seen in previous drilling
expeditions that several issues arise from the
hydraulic fracturing process. This study was
conducted to examine whether or not the
drilling and hydraulic fracturing processes
used in West Virginia had negative effects
on streams located near the well sites. To
examine the stream’s composition, nitrate
and phosphate levels were measured using
reagent packets and a spectrophotometer in
addition to a YSI probe being used to measure
temperature, total dissolved solids (TDS),
conductivity, pH, and turbidity above and below
five different Marcellus well site. Aquatic

macroinvertebrates were also sampled in all
areas. The five sites were along Cherry Camp
Road, Indian Creek Road, Little Bingamon
Creek, and two sites along Big Bingamon
Creek. The results were that three of the five
sites experienced an increase in conductivity
and nitrates below the Marcellus well sites and
two sites had higher dissolved oxygen and TDS
below the well sites. Only one of the sample
sites on Big Bingamon Creek did not have
any changes to the stream composition below
the well site. Furthermore, an effect was also
observed in some local well waters nearby to
the newly drilled wells. In conclusion, several
factors in the streams appear to be affected by
the presence of Marcellus shale wells.

This project was supported by a Fairmont
State University SURE Grant.

CHRISTINA SNODGRASS, MARK FLOOD,
and PHILLIP YEAGER, Dept. of Biology,
Fairmont State University, Fairmont, WV
26554; PAUL BAKER, Save the Tygart
Watershed Association, Grafton, WV 26354.
Determination of the effects of acid mine
drainage remediation in the Three Fork
Creek drainage.

Water is an integral part of life and plays
a central role in the balance of the ecosystem,
especially in West Virginia. The state has
flourished in the coal industry, but improper
upkeep of abandoned mines have negatively
impacted local streams and rivers due to the
toxic effects of acid mine drainage (AMD)
on aquatic flora and fauna. In order to rectify
AMD, the WV-DEP recently installed dosers at
four locations in the Three Fork Creek drainage
that automatically dump limestone into the
stream to neutralize the acidity of the water.
The objective of this project was to assess if
the dosers were positively impacting stream
health. Water quality was assessed using a Y SI
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multiprobe that measured the pH, temperature
(°C), conductivity (mS/cm), dissolved oxygen
(mg/l), total dissolved solids (g/l), salinity
(ppt), oxidation reduction potential (mv),
and turbidity (NTU) of the stream water. In
addition, aquatic macroinvertebrates were
sampled. Data collected during the summer
of 2011 (after dosers were installed) was
compared to previously collected samples
from before the dosers were installed. Overall,
the results indicated that recently installed
limestone dosers did have a positive impact on
several of the water quality measurements that
were collected. Knowledge gained from this
remediation effort will help in determining how
to reclaim AMD waters in the future within the
state of West Virginia.

This project was supported by a Fairmont
State University SURE grant.

CHARLES Z. WALBURN and LESLIE
C. HOPKINSON, Dept. of Civil and
Environmental Engineering, West Virginia
University, = Morgantown, WV  26506.
Quantifying near-streambank turbulence
through a storm event.

Fluvial entrainment, initiated by near-
boundary turbulence, is the main driver of
streambank retreat as it leads to unstable
streambank  geometries.  This  research
characterized the turbulence structure of
flow near the streambank toe throughout a
storm event. Three-dimensional velocity was
measured at baseflow and through a storm
hydrograph at an experimental cross-section
(West Run in Morgantown, WV) using a Sontek
16-MHz ADV. One velocity measurement (2
min sample time at 25 Hz) was taken every
seven minutes for a 23 hour storm event; water
depth was also monitored. Channel geometry,
grain roughness, and vegetation parameters
(i.e. location, size, and density) were measured

before and after the storm event. Reynolds
stresses, turbulent kinetic energy, and
turbulence intensities were calculated for
each velocity time series, resulting in a time
distribution of shear stress and turbulence
characteristics. Turbulent kinetic energy
increased with an increase in water depth. The
average turbulent kinetic energy as the flow
approached the peak was 38% greater than
the average turbulent kinetic energy at base
flow. Reynolds stresses did not increase as
water depth increased. Additionally, applied
shear stresses estimated by turbulent kinetic
energy were an order of magnitude greater than
the calculated Reynolds stresses, indicating
that the turbulence characteristics may not be
used interchangeably to estimate streambank
erosion rates.

POSTER PRESENTATIONS

Applied Mathematics

NAIRITA DEB and WEIDONG LIAO, Dept.
of Computer Science, Math, and Engineering,
School of Natural Sciences and Mathematics,
Shepherd University, Shepherdstown, WV
25443. Hybrid CPU vs. GPU computing: a
comparative study.

Combining a programmable graphics en-
gine and the CPU onto the same silicon chip
is a miracle in metal. This model, named the
hybrid chip, was first targeting netbooks where
performance expectations are lower than PCs.
Many examples in this effort can be seen from
industry. Intel has launched Pinetrail which had
graphics core into an Atom chip. AMD decid-
ed to step up and presented Bobcat CPU archi-
tecture. Intel then released CPU-die graphics
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within a year to win the market again. Arran-
dale launched Core i3 and Core 15 hybrid chips,
and at the end Sandy Bridge stole the thunder
with its compatible motherboard technology.

Sandy Bridge was created based on a par-
allel pipeline computation model therefore no
discrete graphics card were needed. Even bet-
ter, Sandy Bridge is cheaper and faster than Ne-
halem architecture.

The advantage of hybrid CPUs is that they
require less power. Meanwhile, having every-
thing on one piece of silicon chip improves
performance. Latency between the GPU and
CPU is reduced. According to Intel, this could
be up to a four times performance boost.

Some may wonder why some people are
still buying expensive add-on GPU PCs. It is
mostly due to the fact that hybrid CPUs still
cannot compete with computers with separate
high-end GPUs for gaming. As a result, the
younger generation who play games a lot still
leans towards old fashioned CPUs with add-on
graphics cards.

In conclusion, we believe hybrid CPU will
dominate most of computer market for general
public except the gaming and certain special-
ized areas, which may still favor computers
with dedicated, high-end GPU cards.

The undergraduate research project as pre-
sented here is supported by SOARS scholar-
ship grant.

COSTANDEINO DOURAKOS, ZHIJUN
WANG, and QING WANG, Dept. of Computer
Science, Mathematics, and Engineering, Shep-
herd University, Shepherdstown, WV 25443,
Performance study of a TSP optimization
problem solver using genetic algorithm.

The purpose of this research was to de-
termine the efficiency of the genetic algorithm
when applied to the travelling salesman (TSP)
optimization problem. The brute force permu-

tation method was used to evaluate the accu-
racy of the results from the genetic algorithm.
The encoding for the TSP problem was a list of
nodes that represented the path. The genetic
algorithm generated a certain number of ran-
dom paths for the first generation. The paths
were then sorted using the fitness function
values, which were defined as the total path
distances. Once sorted, a modified crossover
method was applied to produce chromosomes
for the next generation. First, every two chro-
mosomes were paired based on fitness function
values. The crossover points were generated
randomly and each parent chromosome passed
partial genetic sequences to its children. The
chromosomes were then subject to mutation
where nodes were swapped to prevent local
minimums in the search process. The aver-
age running time of the algorithm is linear for
close-to-optimal solutions and polynomial with
low exponents for optimal solutions in the sim-
ulation tests. Therefore, the genetic algorithm
proved to be extremely efficient compared to
the permutation method.

DARRYL JOHNSON, MATTHEW ALT,
EMAD KHAN, and QING WANG Dept. of
Computer Sciences, Mathematics, and Engi-
neering, Shepherd University, Shepherdstown,
WV 25443; BRITTANI LOVE, Dept. of Chem-
istry, Shepherd University, Shepherdstown,
WV 25443, Fundamental modes of elliptic
drumheads in relation to eccentricity.

Circular drumheads are simple instru-
ments yet are unable to hold a tone; sound orig-
inating from a drum yields a dissonant clamor
of frequencies that result in that ubiquitous
thud we hear when we hit it. An analysis us-
ing the theories of partial differential equations
shows that these aharmonic sounds are due to
the fundamental modes of a circular disc. The
properties of these modes are dependent on the
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geometry of the membranes boundary and an
analysis on how complicated geometric shape
can affect these modes and frequencies can
lead one to understand the origin of a violin’s
rich timbre. We restrict ourselves to a simple
set of geometric figures, ellipses, and study
how the variation of a parameter, the eccentric-
ity, will affect the shape of the standing waves
on a membrane bounded by this figure and the
frequencies of these standing wave vibrations.
Our analysis first involves fixing a circumfer-
ence and next involves fixing the area, and with
both we are varying eccentricity. We convert
Laplace’s equations into elliptic coordinates
and use numerical methods to solve for the ei-
genfunctions to determine how they depend on
eccentricity.

MIN KOOK KIM, Dept. of Integrated Science
and Technology, Marshall University, Hunting-
ton, WV 25575; JOHN J. DAIGLE, School of
Forest Resources, University of Maine, Orono,
ME 04469. Analysis of vegetation diversity
using remote sensing technology on Cadillac
Mountain summit, Acadia National Park.

While park and recreation ecology has
played an important role in identifying plant
response characteristics as well as species di-
versity after being disturbed by trampling or
off-trail hiking, the challenge is to verify the
result of those recreational impacts when a site
boundary is relatively large for on-site mea-
surement. In this study, we utilized remote
sensing technology for identifying vegetation
diversity at a large spatial scale and eventu-
ally for assessing efficacy of employed site and
visitor management strategies. By using multi-
spectral high resolution remote sensing data-
sets obtained in 2001 and 2007, a supervised
classification was applied to produce modified
plant family level classifications in the vicin-
ity of the summit loop trail, Cadillac Mountain,

Acadia National Park. Based on the classifica-
tion results, the Euclidean Distance (ED) was
calculated to compare beta diversity between
the study site and a nearby control site with no/
little visitor use. Additionally, the Shannon-
Weiner (SW) diversity index was statistically
tested to directly compare alpha diversity be-
tween the two sites based on 30m? plots cre-
ated. Vegetation diversities were lower at the
experimental site both in 2001 and 2007 (all p
<0.001), showing no positive relationship with
the employed management strategies in terms
of enhancing vegetation diversity during the
examined analysis time frame.

MATTHEW MOCNIAK, QING WANG, and
ZHIJUN WANG, Dept. of Computer Science,
Mathematics, and Engineering, Shepherd Uni-
versity, Shepherdstown, WV 25443. Genetic
algorithm based analysis and numerical
study of an SIR model for contagious disease
patterns.

The purpose of this research is to apply ge-
netic algorithms from Al and numerical simu-
lations to approximately solve and study cou-
pled differential equations from an SIR model,
which model the spread and control patterns
of contagious diseases such as the HINI1 in-
fluenza. The SIR and related models describe
the dynamics of susceptible, infected, and re-
covered subpopulations within a given popu-
lation for infectious diseases. The model was
brought back to attention with the outbreak of
SARS and HINI. Control parameters in the
model were experimented in order to find the
optimal values that could put the disease under
control at the fastest rate possible. A new mu-
tation method was developed and applied to the
genetic method. Instead of using a totally ran-
dom number, a random number was generated
for a gene in the range of two neighbor genes
to smooth the functional curves. By using the
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customized version of genetic algorithm, the
average error rate can be much reduced. This
research shows the potential of applying ge-
netic algorithms to solve more complex mathe-
matical models within a reasonable time frame.

Botany

DOUGLAS W. BRIGHT and J. MARK CHAT-
FIELD, Dept. of Biology, West Virginia State
University, Institute, WV 25112. Developing
a modern herbarium at WVSU.

A herbarium is a repository for preserved
plant voucher specimens. Voucher specimens
are pressed, dried plants that are artifacts of
the particular species that are preserved. Each
specimen has an accompanying label that re-
cords the collector, the specimen identifica-
tion data, the date of collection, and the area
in which it was collected. Each specimen is an
important resource that can be used for track-
ing plant distribution, ecological studies, plant
anatomy studies, DNA studies, and multiple
other botanical, environmental, ecological, and
molecular studies.

Currently, over 200 specimens have been
catalogued in the West Virginia State Univer-
sity collection. The goal is to increase this
count to over 500 preserved, mounted, identi-
fied, and labeled specimens by year’s end. It
is not only the intent to establish a working
herbarium, but to establish a modern working
herbarium. GPS technology is in use to record
precise location data that can be conveniently
transposed to maps. Mounted specimens will
be photographed using standard digital formats
recognized by other herbaria and entered into
an online version of the WVSU herbarium.
The online database will include digital photo-
graphs of each specimen in its living state and
of the environment it was found in. A website

will be constructed to provide public access to
the database and photographs. New techniques
will also be developed to protect the plant spec-
imens from insect damage, eliminating the use
of toxic and harmful pesticides and chemicals.

WVSU offers an array of courses that could
be enhanced by utilizing herbarium specimens.
Courses such as General Ecology, Field Bota-
ny, Plant Physiology, Economic Biology, and
Principles of Biology could all be improved
from the presence of a herbarium. The aim of
this project is to establish a working herbarium
at WVSU and to provide a solid foundation of
plant voucher specimens that can be used for
both research and teaching purposes.

MARILYNN BURKOWSKI, ETHAN
EPLING, JOSEPH BROWN, and DR. RICO
GAZAL, Dept. of Land Resources, Glenville
State College, Glenville, WV 26351. Spatial
distribution of plant invasives in West Vir-
ginia.

The productivity of forest ecosystems in
West Virginia is negatively impacted by the
proliferation of non-native invasive plants. In
2007-2008, the Northern Research Station’s
Forest Inventory Analysis Program (NRS-FIA)
surveyed the presence and extent of 20 inva-
sive plants in West Virginia. Approximately
20% of permanent forested plots in 46 of the 55
counties were surveyed. The non-native plants
were chosen based on range, invasiveness,
and level of landowner interest. We generated
maps and performed geospatial analysis us-
ing Geographic Information System (ArcGIS
v.10). The most abundant invasive species was
multiflora rose, (Rosa multiflora) which was
present in 48% of the forested plots and 77%
of the inventoried counties. Japanese stiltgrass
(Microstegium vimineum) occurred in 52% of
WV counties and was recorded in 24% of the
sample plots. Nearly 25% of the sample plots
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containing Japanese stiltgrass had 25 to 70%
cover. Autumn olive (Elaeagnus umbellata),
tree-of-heaven (A4ilanthus altissima), and gar-
lic mustard (Alliaria petiolata) were present in
18, 14, and 10% of the forested plots, respec-
tively. Each of West Virginia’s ecoregions con-
tains large number of invasive species with the
Northern Ridge and Valley and Southern Un-
glaciated Allegheny Plateau Sections contain-
ing the highest amount of 85% (n=17). Among
the 46 counties, Hardy County contained the
largest number of invasive plants surveyed
at 65%, while Lewis County held 50%, and
Ritchie and Hampshire Counties contained
45%. Understanding invasive species and the
environments where they exist is essential to
gauge their impact and control their spread in
West Virginia. Key site factors (elevation, as-
pect and slope), disturbance regime (land use
types, amount of timber removal, degree of ur-
banization, fire occurrences and road density)
and climate factors (temperature and precipi-
tation) contribute to rapid increase in the dis-
tribution and abundance of nonnative invasive
plants.

AARON DEESE, JOSHUA VANOSDOL, and
DONALD E. TRISEL, Dept. of Biology, Fair-
mont State University, Fairmont, WV 26554.
Effects of nitrogen deficiency and toxicity on
photosynthetic rates in Lycopersicon escul-
entum.

The objective of this study was to deter-
mine the effects of nitrogen deficiency and
nitrogen toxicity on the growth and photosyn-
thesis rates in tomato plants. The methods of
study included weekly observation, measure-
ments of height and approximate diameters,
visual descriptions, and data from the LICOR
6400 Portable Photosynthesis System. The
plants were initially grown in aerated mason
jars filled identical hydroponic solutions using

the complete nutrition control solution. After
two weeks, the plants were separated into four
treatments with three plants per group. The
treatments included the control with standard
levels of N, a N-deficient solution, a solution
with 2X higher than the standard level of N,
and 10X higher than the standard.

All of the plants looked sickly and showed
varying amounts of chlorosis and minor ne-
crosis. The average height of the N deficient,
control, 2X, and 10X plants were 21.3, 17.7,
24, and 18.7 cm, respectively. The average
photosynthesis rate of the control was the high-
est at 3.6 mol CO, m? s™', while the nitrogen-
deficient and 2X photosynthesis rates were
approximately 3.1, and the 10X treatment was
3.3.

LORI DINGESS, LAVANYA ABBURI, GOPI
VAJJA and UMESH K. REDDY, Dept. of Biol-
ogy, West Virginia State University, Institute,
WV 25112. Competition ability of Arabidop-
sis ecotypes.

To test the competitive ability of ecotypes
in different soil environment, we selected 10
ecotypes from different geographical regions.
Two soil treatments were used, of which one
was commercial soil mix and the other mine
soil collected from the mine site. All the eco-
types were sown in small (depth 2.5 inches)
pots filled with arabi mix. These pots were
kept for incubation at 4°C for 4 days to break
the seed dormancy. Once the seedlings were
grown, they were transferred to ArabiSun light
stands for germination. After 14 days, the
plants were transplanted in to bigger pots (depth
5 inches). Each pot had a combination of two
ecotypes of three plants each. Each combina-
tion was grown in three replications. Ecotypes
were individually grown as controls to observe
their solitary performance without any compe-
tition from the other ecotypes. ANOVA was
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carried out to find out the critical differences.
Combinations and solitary controls, signifi-
cantly different, were analyzed to judge their
competition ability. Mrk-0, Sorbo, Lz-0, N13
and Van-0 were the superior competitors. Ts-1,
Sg-8 and Oy-0 were poor competitors. All the
ecotypes performed well in combinations.

CAITLIN HUDKINS, LAUREN SIBURT,
and DONALD E. TRISEL, Dept. of Biology,
Chemistry and Geosciences, Fairmont State
University, Fairmont, WV 26554. The effects
of trace nutrient deficiencies on photosyn-
thetic rates of Solanum lycopersicum.

This study was designed to determine
the effects of trace nutrient deficiencies on the
photosynthetic rates of tomato (Solanum lyco-
persicum) plants. Plants were grown in hydro-
ponics solutions missing a specific trace ele-
ment (zinc, iron, copper, boron, or manganese
and chloride) or a complete nutrition solution
(control). Five plants were exposed to the defi-
ciencies for 6 weeks and five additional plants
grew for 3 weeks with complete solution and
were then switched to a deficient solution for
3 weeks. Photosynthetic data was collected
during light curve procedures using 250, 500,
1000, and 1500 PAR (mol of photons m?s™),
using the LICOR 6400 Portable Photosynthesis
System.

Preliminary results showed that the plants
grown with an iron deficiency for all 6 weeks
photosynthesized with a rate of 5.5 (mol CO,
m?s!) at 1500 PAR, 6% higher than zinc, the
second highest, at 5.2 and 49% higher than
copper, the lowest rate, at 2.9. The plants ex-
posed to an iron deficiency after 3 weeks pho-
tosynthesized with a rate of 10.6 at 1500 PAR,
52% higher than the second highest rate which
was manganese at 5.1, and 67% higher than the
lowest rate which was zinc at 3.5. With wilted,
brown leaves and stunted growth, zinc deficient

plants appeared to be less healthy than the rest.

EVA A. MULLINS and DONALD E. TRISEL,
Dept. of Biology, Chemistry and Geoscienc-
es, Fairmont State University, Fairmont, WV
26554. The effects of mycorrhizal fungi on
strawberry plants.

This study was designed to determine
the effects of different amounts of mycorrhi-
zal fungi on strawberry (Tristar) plants. Three
groups of four plants each were treated with
increasing amounts of inoculum (0 tsp., 1 tsp.,
and 3 tsp.) and grown in the greenhouse at FSU
under standard conditions. To determine which
treatment resulted in the best growth and devel-
opment of the plants, weekly observations of
the stem height, number of leaves, and overall
appearance were recorded. In addition, a light
curve dataset was obtained using three leaves
from every plant at 250, 500, 1000, and 1500
umols m?s! using the LICOR 6400 Portable
Photosynthesis System.

Preliminary results showed the control
group (containing no added microbes) at the
quantum flux rate of 1000 umols m?s' had
the highest average photosynthesis rate at 7.73
pmols CO,m?s™". Plants treated with 1 tsp. had
a25.36% decrease, and plants with 3 tsp. had a
41.91% decrease.

BERNIE SUPERAK, JADE BENNETT, and
DONALD E. TRISEL. Dept. of Biology, Fair-
mont State University, Fairmont, WV 26554.
Effects of global warming on photosynthetic
rates and CO, compensation points of C3
and C4 plants.

This study was designed to predict the ef-
fects that global warming may have on crops in
the future. For our study, green beans (Phaseo-
lus vulgaris) and corn (Zea mays) were grown
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in Fairmont State University’s greenhouse.
The leaves of both the corn and green bean
plant were exposed to the same controlled en-
vironment. To test the effect of global warming
on our two plants, we performed an A/Ci curve
and collected data at temperatures of 25°C,
30°C, and 36°C. The variables and responses
of the plants to the variables were conducted
and measured with the LICOR 6400 Portable
Photosynthesis System.

Preliminary results in green beans showed
a photosynthesis rate of 8.38 umol CO, m?s™ at
25°C. There was a 20% increase in maximum
photosynthetic rate at 30 °C and a 40% increase
from 25 to 36°C. In addition, CO, saturation
points for bean were increased from 600 at
25 degrees to 900 at 30°C while no saturation
point was reached in the 36°C experiment.

Cellular Biology

KEVIN  CARTE, ANOJININE KA-
RUNATHILAKE, and ROBERT HARRIS,
West Virginia State University, Institute, West
Virginia 25112; ERIC BLOUGH, Department
of Biological Sciences, Marshall University,
Huntington, West Virginia 25701. Expression
of titin, CCN and extracellular matrix pro-
teins in smooth muscle are altered by me-
chanical stretch.

The role of titin in stabilizing contractile
filaments in striated muscle is well understood.
Titin forms filaments that function as bi-direc-
tional springs that provide elasticity but limit
cell lengthening and as such contribute to over-
all stiffness. The function of smooth muscle
(SM) titin remains unclear, but as in striated
muscle, it is reasonable to postulate that SM
titin may contribute to stiffness. Unlike stri-

ated muscle, SM cells respond to stretch in a
complex manner that involves an extensive
change in morphology and reorganization of
their cytoskeleton. SM cells may thus respond
to changes in mechanical load with alterations
in titin expression. The CCN proteins are a
family of six secreted matri-cellular regulatory
factors that function as regulators of the ECM
components and as signaling proteins that are
involved in a variety of important biological
functions such as adhesion and extracellular
matrix remodeling. The role of these proteins
in vascular remodeling is just beginning to
be understood. In this study, quiescent A7r5
SM cells were exposed to cyclic (dynamic) or
static (step) mechanical stretch and expression
of genes for titin, CCN proteins and extracel-
lular matrix (ECM) proteins were determined
(qQRT-PCR). There was a decrease in expres-
sion of titin in response to 1 hr (19%) and 2
hrs (77%) of cyclic stretch. It is during this
time that the cytoskeleton is relatively un-
loaded as it is remodeling. At 6hrs of cyclic
stretch, when the cytoskeleton had remod-
eled to a lower stretch orientation, the decline
in titin mRNA expression was somewhat less
than the 2 hr value (38%). In contrast to cyclic
stretch, cells responded to static stretch with an
increase in titin expression (35%). Together,
these data suggest that SM cells may alter ex-
pression of titin in order to modulate internal
stiffness. In regard to CCN genes, stretch also
resulted in increased expression of Cyr61 and
NOV and decreased expression of Ctgf and
Wispl. For related ECM genes, there was an
increased expression of Col8al, Fnl, Mmp13,
and PAII and decreased expression of Collal
with stretch. Some of these changes are consis-
tent with decreased cell adhesion and increased
migration. In conclusion, we believe that SM
titin may play a sensory role for the cell and
we conclude that the pattern of CCN expres-
sion supports changes in cell function that are
associated with vascular remodeling.

This research was supported by NIH Grant
SP20RR016477
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DAVID A.C. CHELF, Dept. of Computer Sci-
ences, Mathematics, and Engineering, Shep-
herd University, Shepherdstown WV 25443;
DR. JEFFERY GROFF, Institute of Environ-
mental and Physical Sciences, Shepherd Uni-
versity, Shepherdstown WV 25443, The ef-
fects of synaptic noise on the spike-timing
precision of an integrate-and-fire cortical
neuron model driven by an integrate-and-
fire-or-burst thalamocortical relay cell mod-
el.

The thalamocortical (TC) neurons of the
dorsal lateral geniculate nucleus (dLGN) re-
ceive input from the retina and relay this in-
formation to the primary visual cortex where
higher visual processing occurs. Importantly,
TC cells have low-voltage activated calcium
channels that allow these cells to generate
bursts of action potentials in response to retinal
drive. The physiological role of these bursts
is not well understood, but it is thought that
perhaps they are generated by especially im-
portant stimuli or serve as a wakeup call to the
cortex. On the other hand, the long temporal
duration of bursts (as opposed to the short du-
ration of single spikes) probably acts to reduce
the spike-timing precision of the response gen-
erated by the post-synaptic cortical neurons re-
ceiving input from bursting TC cells. That is,
there may be a great deal of variability in the
timing of the postsynaptic response because
the bursts last for 10-40 ms instead of the 1-4
ms duration of individual spikes. This research
was initiated to study the temporal precision of
these postsynaptic spikes by utilizing an ODE-
based model of a cortical neuron synaptically
connected to a busting TC neuron. The corti-
cal neuron also receives synaptic noise, which
is an aggregate of the activity of other neurons
sending signals to the cortical cell. The tim-
ing of the noise spikes is modeled as a Poisson
process. It was discovered through the course
of the study that when the synaptic drive to

the cortical neuron from the bursting TC cell
is subthreshold, a moderate amount of synaptic
noise from other neurons can stimulate a post-
synaptic spike with high temporal precision, a
phenomenon known as stochastic resonance.
On the other hand, as the level of noise increas-
es the temporal precision diminishes.

This work was funded by a WV NASA
Undergraduate Research Consortium Award.

CHENBO DONG AND CERASELA ZOICA
DINU, Department of Chemical Engineer-
ing, West Virginia University, Morgantown
WV, 26506, DAVID LOWRY, MICHAEL
KASHON, and LINDA M SARGENT, Nation-
al Institute for Occupational Safety and Health,
Morgantown WV, 26505. Nanoindentation
analysis of epithelial cells incubated with
carbon nanotubes.

Carbon nanotubes (CNTs) “bottom-up”
functionalization with biological molecules
such as proteins or nucleic acids opened up ex-
citing applications in bioengineering and bio-
medical fields. However, with current topics
aimed at translating modified CNTs into po-
tential therapeutic platforms, studies of their
cytotoxicity are of urgent need. Here, we
unravel the biological complexity of CNT in-
teractions with epithelial cells by building on
latest technological advances. Specifically, by
using Atomic Force Microscopy (AFM) we are
probing topography and evaluating mechani-
cal properties of cells incubated with CNTs, all
with high spatial resolution and increased sen-
sitivity. Our results demonstrate that spherical
mapping of cells can be correlated to cell dy-
namics and thus provide the platform to devel-
op further topologically based approaches to
probe the structure-function relationship in live
cells and cells treated with other nanomaterials.
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ZACHARY DOUGLAS, SHANNON STEW-
ART, ZHAOLIANG LI, HAITAO LUO, and
YI CHARLIE CHEN. Natural Science Divi-
sion, Alderson-Broaddus College, Philippi,
WV 26416. Kaempferol inhibits VEGF ex-
pression in prostate cancer cells.

Prostate cancer is the second leading
cause of cancer deaths for men in America.
Kaempferol is a flavonoid widely distributed
in edible plants and has been reported to in-
hibit angiogenesis in ovarian cancer cells. To
investigate whether kaempferol holds similar
potential for angioprevention in prostate can-
cers, we studied cell viability, cell necrosis,
and expression of several genes in two prostate
cancer cell lines, employing MTS-based assay,
LDH assay, qRT-PCR, Western Blotting, and
ELISA, etc. Kaempferol reduced viability of
both prostate cancer cells, and no necrosis was
observed by kaempferol treatment. Expression
of VEGF and HIF-1-alpha proteins was inhib-
ited in both cell lines, while p21 mRNA was
up-regulated in PC-3 cells. mRNA levels in
ERR-alpha was reduced in PC-3 cells, and se-
cretion of IL-6 was inhibited in DU-145 cells.
In general, we found that kaempferol effective-
ly inhibits VEGF expression in prostate cancer
cells through multiple pathways/mechanisms.

This research was supported by NIH Grant
5P20RR016477 to the West Virginia IDeA Net-
work for Biomedical Research Excellence.

REEM ELDAWUD, CERASELA ZOICA
DINU, Department of Chemical Engineering,
West Virginia University, Morgantown WYV,
26506; HOSAM A. ELBAZ, YON ROJANA-
SAKUL, Department of Basic Pharmaceutical
Sciences, West Virginia University, Morgan-
town, WV 26506. Electronic platform used
as a proxy to quantify cellular toxicity of an-
ticancer drugs.

Digitoxin is a cardiac glycoside known for
its efficacy in treatment of heart failure. Re-
cently, it was shown that this drug also exhibits
strong cytotoxic effects against several types of
cancers, from breast to prostate and lung can-
cer. However, the mechanisms associated with
cellular exposure to digitoxin and its selectiv-
ity towards cancer cells when compared to nor-
mal cells are still unknown. In this research we
used a new technique called Electric Cell Im-
pedance Sensing (ECIS) to assess digitoxin’s
kinetics and toxicity in real time. The approach
is based on correlating the behavior induced by
exposure to the drug of non-small lung cancer
cells (NCI-H460) at interface with the electron-
ic platform used as a proxy, into complex in-
ternal cellular signaling. In this approach, the
cells immobilized on gold electrodes serve as
an active platform; changes in impedance upon
exposure to different drug concentrations are
measured and subsequent cellular structure-
function relationships are derived. Our results
provide novel means to investigate drug kinet-
ics and metabolization in real time using a high
throughput electronic platform and promise to
extend such a cellular-based assay to studies of
other analytes such as toxins in real time.

JASON R. HEALY AND RAE R MATSUMO-
TO, Dept. of Basic Pharmaceutical Sciences,
West Virginia University, Morgantown, WV
26506; PADMAVANI BEZAWADA, MAT-
THEW METCALF, CHRIS CUNNINGHAM,
SUCHETA KUDRIMOTI, and ANDREW
COOQOP, Dept. of Pharmaceutical Sciences, Uni-
versity of Maryland School of Pharmacy, Bal-
timore, MD 21201. Pharmacological charac-
terization of novel opioid agents intended to
reduce chronic tolerance.

The three opioid receptor subtypes mu,
delta and kappa have long been associated with
analgesia. Traditional opioid analgesics exert
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their effects through mu receptors located in
the CNS; yet side effects including tolerance
are problematic. Therefore, there is a pressing
need to identify a pharmacological agent that
maintains potent analgesic properties while al-
leviating the side effects. Recent studies sug-
gest that the development of an agent display-
ing dual properties of mu agonism and delta
antagonism could be of benefit to individuals
who require chronic administration of opi-
oid analgesics. The design of novel agents is
largely based on structure activity relationships
(SAR) of potent mu agonists, the orvinols, as
well as classes of opioid agents that elicit low
efficacy towards the delta receptor, the indolo-
morphinans and the opioid benzylidenes. The
lab of Dr. Andrew Coop has designed a vari-
ety of synthetic agents that address the issues
herein. These novel agents have been tested for
their binding affinity at the mu, delta and kappa
receptors. Affinity data is obtained through ra-
dioligand binding assays using [*H] [D-Ala?,
N-MePhe?, Gly-ol]-enkephalin  (DAMGO),
[*H] [D-Pen*3]-enkephalin (DPDPE) and [*H]
U69,593 for the mu, delta and kappa receptors
subtypes respectively. Several agents, includ-
ing UMB 425 and 426, display high affinity at
the mu receptor and moderate affinity at the del-
ta receptor, with moderate to low affinity at the
kappa receptor. In vitro [**S]JGTP S functional
assays were used to determine the agonistic/
antagonistic properties of these compounds at
the respective opioid receptor subtypes. [*S]
GTP S functional assay results indicate that
UMB 425 and 426 behave as partial agonists
at the mu receptor, whilst having antagonistic
properties at the delta receptor. Lastly, in vivo
animal models (i.e., hot plate, tail-flick) were
used to identify the acute analgesic properties
of UMB 425. Early indications suggest that
UMB 425 has similar analgesic properties to
morphine itself, while producing a longer anal-
gesic response. Additional in vivo models will
be designed to determine the level of tolerance

developed by UMB 425 compared to the mor-
phine positive control.

This project is supported by the National
Institute on Drug Abuse (DA-13583).

KAILEY IMLAY, Dept. of Biology, West Vir-
ginia University, Morgantown, WV 26506;
RYAN M. WILLIAMS and LETHA J. SOOT-
ER, Dept. of Basic Pharmaceutical Sciences,
West Virginia University, Morgantown, WV
26506. Isolation of molecular recognition el-
ements against Exotoxin A for application in
toxin detection.

Exotoxin A is secreted from Pseudomonas
aeruginosa as a proenzyme that enters suscep-
tible mammalian cells and catalyzes a reaction
that blocks protein synthesis. It is thus toxic to
both animals and humans. The pathogen is in-
volved in hospital diseases and infections, com-
mon in patients with weakened immune sys-
tems and the toxin it secretes is used as a food
poisoning agent in biowarfare. The objective
of this study is to select molecular recognition
elements (MRESs) that bind to Exotoxin A with
the highest affinity and specificity. Research
is conducted by completing multiple rounds of
in vitro selection using a pool of 10" different
single-stranded DNA sequences against Exo-
toxin A. The in vitro selection and sequenc-
ing portion of the project is nearly complete.
Binding studies are presently being performed.
Once selected, these MREs will be incorporat-
ed into hand held assays to aid in the detection
of Pseudomonas aeruginosa Exotoxin A, aim-
ing to decrease rates of illness.

Research sponsors: National Science
Foundation and Dept. of Defense.

AMRUTA MANKE and YON ROJANA-
SAKUL, Dept. of Basic Pharmaceutical Sci-
ences, West Virginia University, Morgantown
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WV 26505; TODD A. STUECKLE and LIY-
ING WANG, National Institute for Occupa-
tional Safety and Health, Morgantown WV
26505; CERASELA ZOICA DINU, Dept. of
Chemical Engineering, West Virginia Univer-
sity, Morgantown WV 26505. Novel synthetic
cardiac glycosides for anti-cancer therapy.

In recent years, several cardiac glyco-
sides (CGs) have shown significant anti-cancer
properties and are being investigated for their
potential use in oncology. In order to identi-
fy and understand the mode of action of these
compounds against cancer, our group recently
evaluated novel synthetic analogs of digitoxin
(DTX), a prototypical cardiac glycoside, in a
non-small cell lung cancer (NSCLC) H460
cell line. These compounds at therapeutically
relevant doses of 10-40 nM reduced NSCLC
proliferation of tumor cells and increased pro-
grammed tumor cell death. Moreover, these
anti-cancer effects have been found to be se-
lective against tumor cells. However, one cur-
rent theory of carcinogenesis involves normal
epithelial cells undergoing transition to a mes-
enchymal cell phenotype (EMT) which is char-
acterized by increased tissue invasion and rapid
proliferation, that ultimately leads to metasta-
Sis.

The aims of this study were: 1) To observe
if low doses of DTX analogs affect EMT sig-
naling pathways, and 2) to determine whether
these analogs can reduce tumor aggressiveness
and metastasis by reducing invasion, ability to
recruit new blood supply, and resistance to
cell death.

D6-MA, an -L-rhamnose monosaccharide
analog of DTX, was prepared using a selective
palladium glycosylation technique. H460 cells
were treated with different concentration of ei-
ther DTX or D6-MA. MTT, Matrigel transwell
and 2D Matrigel assays were used to study pro-
liferation, invasion and angiogenesis of treated
H460 cells, respectively. Isolated mRNA from

untreated as well as treated cells were subjected
to whole genome expression microarray analy-
sis following by Ingenuity Pathway Analysis
(IPA) to identify potential novel anti-cancer
signaling pathways. Western blot analysis was
utilized to study protein expression for key reg-
ulators of the EMT related signaling.

D6-MA (~5-10 nM) showed 4 to 5 fold
greater potency at reducing proliferation, inva-
sion, capillary formation and programmed cell
death resistance ability than DTX (~20-40 nM).
Genome profiling and IPA demonstrated that
D6-MA reduced lung cancer-related signaling
and EMT associated gene expression. West-
ern blot analyses indicated that sub-therapeutic
doses of DTX and D6-MA were successful at
reversing several of the known biomarkers and
transcriptional activators associated with pro-
moting EMT.

In conclusion, our data suggests that sub-
toxic doses of DTX analogs and DTX reversed
expression of known biomarkers and transcrip-
tional activators that promote EMT in NSCLC.
This signaling correlated with a reduction in
aggressive, metastatic behavior of NSCLC
towards a more benign and less invasive tu-
mor phenotype. The study highlights the im-
portance of novel synthetic CG drugs against
NSCLC and how their design is helpful towards
a safer and effective approach in potential anti-
cancer therapies. This research holds promise
for novel lung cancer treatment options and for
translation into improved health care for West
Virginia residents.

Disclaimer: The findings and conclusions
in this abstract are those of the authors and
should not be construed to represent National
Institute for Occupational Safety and Health or
any agency determination or policy.

SARAH MATHIS, CANDACE M. HOW-
ARD, and PIER PAOLO CLAUDIO, Dept. of
Biochemistry and Microbiology, Translational
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Genomic Research Institute, Marshall Univer-
sity, Huntington, WV 25755; JAGAN VAL-
LURI, Dept. of Biological Sciences, Marshall
University, Huntington, WV 25755; GERRIT
A. KIMMEY, Dept. of Medical Oncology,
St. Mary’s Hospital, Huntington, WV 25702;
THOMAS DOUGHERTY, Dept. of Pathology
and Marshall University, St. Mary’s Hospital,
Huntington, WV 25702. Personalized chemo-
therapy identified for a case of progressing
spinal ependymoma.

Administration of ineffective anticancer
therapy is associated with unnecessary toxic-
ity and development of resistant clones. Many
attempts have been made over the years to de-
velop an ex-vivo anti-cancer test that would
provide clinically relevant treatment informa-
tion. Each time patients are treated, they have
a high chance of relapse and their cancer may
become more resistant to therapy.

Unlike the bulk of tumor cells, cancer
stem cells (CSCs) resist chemotherapy and can
regenerate the various cell types in the tumor,
thereby causing relapse of the disease. Thus,
development of a test that identifies the most
effective chemotherapy management offers
great promise for individualized anticancer
treatments.

The test we developed (ChemolDSM) in-
volves growing primary cell cultures from tu-
mor biopsies. CSCs are then enriched using
a rotating wall bioreactor and immunopheno-
typed by flow cytometry. Both bulk of tumor
cells and CSCs are exposed to a variety of che-
motherapeutic agents in a range of concentra-
tions. A full dose-response curve is generated
for each drug evaluated, and the data are pre-
sented as a cytotoxic index (% kill).

A 19-year-old patient affected by a recur-
ring undifferentiated spinal ependymoma was
biopsied in July 2009. The primary cell culture
obtained was immunophenotyped showing an
elevated percentage of CD133(+) cells. Patient

had already been treated in the past three years
by cyber knife, surgery, and several chemother-
apy regimens, but was recurring on average of
3-5 months.

Arabinoside-C,  busulfan, cisplatin,
Camptosar (CPT-11), etoposide, methotrexate,
and oxaliplatin were tested in various concen-
trations flanking the clinically relevant doses.
ChemoIDSM determined that the most ef-
fective treatments for this ependymoma were
CPT-11 or Cisplatin as measured on both bulk
of tumor cells and CSCs. Patient was treated
with a regimen of Avastin and CPT-11, and
showed no disease progression for 18 months.

More testing is needed for this new as-
say that could lead to more effective anticancer
treatments.

ROUNAK NANDE'!, MICHAEL S. GOSS-
MAN?, JEFFREY P. LOPEZ?, CANDACE
M. HOWARD', JAMES DENVIR!, and PIER
PAOLO CLAUDIO'?. 'Dept. of Biochemistry
and Microbiology, Translational Genomic Re-
search Institute, Marshall University, Hunting-
ton, WV; ?Tri-State Regional Cancer Center,
Radiation Oncology, Ashland, KY; *Dept. of
Surgery, Marshall University, Huntington, WV.
Comparison of microbubble assisted pS53,
PRB, and p130 gene therapy in combination
with radiation therapy in prostate cancer in
vitro and in vivo.

There are limited options for patients with
therapy resistant prostate cancer. The ineffec-
tiveness of current treatments is due to loss or
mutation in p53 and/or pRB. We used a novel
approach using adenoviral (Ad) delivery of
cell cycle proteins encapsulated inside micro-

bubbles (MBs), in combination with radiation
to target p53 and pRB mutant prostate cancer
cells. MBs deliver effective therapeutic Ads,
combined with ultrasound-targeted microbub-
ble destruction (UTMD), allowing for a site-
specific gene transfer system.
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DU145 radio-resistant human prostate
cancer cells were exposed to 10 and 20Gy of
x-ray radiation in vitro. Immediately after ir-
radiation, cells were transduced with Ads car-
rying p53, pRb, or p130. Cell death was evalu-
ated by flow cytometry and Annexin-V assay
between 24-96-hours.

DU145 tumors were grown to a volume
of 200 mm? in nudemice in their flanks. Mice
were treated with intravenous injections of the
Ads, each at concentration of 10* pfu/uL, +
MB. Intravenous treatments were compared to
intratumoral injections of the Ads. Combina-
tional therapy groups were irradiated at 8Gy,
and injected intravenously with MB/Ads + ul-
trasound, every week for 4 weeks. Gene trans-
fer was confirmed by western blot analysis.

In vitro, a higher percentage of cell death
was observed in 20Gy vs. 10Gy irradiated cells.
Cells transduced with adenoviruses carrying
RB, p53, and p130 showed a decreasing order
of cell death. Combination of radiation and
p53 or RB Ads treatments showed increased
cell cycle G1 arrest, while p130 combination
treatments demonstrated GO arrest when com-
pared to control Ad or radiation alone.

Statistically significant (p<<0.05) reduction
of the ultrasound-targeted MB/p53 or RB Ad
transduced tumors was observed when com-
pared to intratumoral treatments or radiation
alone. Ultrasound targeted MB/Ads in combi-
nation with x-radiation therapy resulted in the
most efficient treatment.

Combination treatments of radiation and
UTMD increase the treatment potential of ther-
apy resistant prostate cancer.

BAHAR NOORBAKHSH, RAE MATSUMO-
TO, Dept. of Basic Pharmaceutical Sciences,
School of Pharmacy, West Virginia University,
Morgantown, WV 26505; CHRISTOPHE ME-
SANGEAU, CHRISTOPHER MCCURDY,
Dept. of Medicinal Chemistry, School of Phar-

macy, University of Mississippi, University,
MS 38677. Pharmacological characteriza-
tion of sigma-2 receptor compounds: puta-
tive aids in the treatment of cocaine abuse
and addiction.

Cocaine is a powerful psychostimulant
that is highly abused by 1.9 million people in
the United States. It accounts for more emer-
gency Dept. visits than any other illicit drug.
Even with the high rate of cocaine abuse, no
FDA approved pharmacological treatments ex-
ist. Many attempts at finding a pharmacother-
apy for cocaine abuse and addiction have been
made, but proven unsuccessful.

Cocaine is known to bind sigma recep-
tors at physiologically relevant concentrations,
deeming them candidate novel targets for the
study and development of cocaine pharmaco-
therapies. Two subtypes of sigma receptors
have been described, sigma-1 and sigma-2.
Minimal information is known about the func-
tion of sigma-2 receptors in relationship to co-
caine-induced effects. This is in part attributed
to the absence of highly selective ligands. The
present study was aimed at finding novel sig-
ma-2 compounds and determining their abili-
ties as possible treatments for cocaine abuse
and addiction.

Three novel compounds, CM398, CM777
and CM775, were found through radioligand
binding assays, in rat brain homogenates and
liver P2 membrane, to possess substantially
high affinities for sigma-2 receptors versus
sigma-1 and non-sigma receptor sites. Sub-
sequently, the effects of these compounds on
acute cocaine toxicity were studied through
cocaine-induced convulsion behavioral tests.
Male, Swiss-Webster mice were pretreated
with CM398, CM777 or CM775 followed by
administration of a convulsive cocaine dose
(70 mg/kg, i.p.). All three compounds signifi-
cantly attenuated the convulsions by at least
50% (Fisher’s exact test, p<0.05 to p<0.001).
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Furthermore, locomotor activity experiments,
performed on the mice, aimed at studying the
impact of CM398, CM777 and CM775 on co-
caine’s stimulant effects. Pretreatments of the
compounds to a stimulatory locomotor dose of
cocaine (30 mg/kg, 1.p.) resulted in significant
decreases in cocaine’s locomotor hyperactiv-
ity (one-way ANOVA, followed by post-hoc
Dunnett’s test, p<0.05 to p<0.001). Yet, when
administered alone as a pretreatment, the com-
pounds had no significant effect on locomotor
activity (one-way ANOVA, p>0.05).

The sigma-2 receptor compounds
CM398, CM777 and CM775 were able to sig-
nificantly assuage the acute toxicity and stimu-
lant effects associated with cocaine exposure.
These ligands may serve as future pharmaco-
logical agents to aid in the treatment of indi-
viduals suffering from cocaine abuse and ad-
diction.

This research was supported by grants
from the National Institute on Drug Abuse/
National Institutes of Health DAO013978,
DA023205.

Chemistry

JOSEPH L. ALLEN and STEPHEN C. KUE-
HN, Environmental Geosciences Program,
Dept. of Physical Sciences, Concord Univer-
sity, Athens, WV 24712. Concord University
microanalysis facility: electron microprobe
and micro-X-ray fluorescence for teaching
and research in West Virginia.

Concord University has recently estab-
lished a new microanalysis user facility that
is open for use by academic and commercial
users in West Virginia. The facility provides
instrumentation to analyze and map the chemi-

cal composition of natural and synthetic solid
materials. The core of the facility is an ARL
SEMQ electron probe microanalyzer (EPMA)
and a Horiba XGT-5000 micro-X-ray fluores-
cence analyzer (micro-XRF). These major
research instruments are complemented by a
new atomic force microscope (AFM), a Ra-
man spectrometer, polarized light microscopes
(transmitted and reflected light), and sample
preparation facilities.

The West Virginia Research Trust Fund
and WV EPSCoR provided major support for
initial operation and upgrade of the EPMA,
which is the only electron microprobe in West
Virginia. The EPMA uses a highly focused
beam of electrons to generate X-rays in sam-
ples of solid materials, allowing non-destruc-
tive, quantitative chemical analyses of ele-
ments from carbon through uranium from spot
sizes as small as 1 micron. Automated map-
ping of individual elements or back-scattered
electrons is possible within areas as large as ~6
cm? at a resolution of <2 microns. The EPMA
is equipped with four wavelength-dispersive
spectrometers (WDS) containing LIF/PET,
PET/RAP, ADP/LIF, and TAP/OV60 analyzing
crystals that enable quantitative analysis with
a much higher accuracy and precision than is
possible with energy dispersive spectrometers
(EDS) typically found on scanning electron
microscopes. Quantitative analysis functions
(electron beam, WDS spectrometers, and sam-
ple stage) are automated using Probe for EPMA
running on modern PC hardware. The EPMA
is also equipped with a newly installed solid-
state, EDS that operates without liquid nitrogen
cooling. The new EDS and associated analyti-
cal software provides important enhancements
to our analytical, X-ray mapping, and automa-
tion capabilities, including the ability to per-
form combined WDS+EDS analyses.

The micro-XRF complements the capabil-
ities of the EPMA by providing qualitative and
semi-quantitative elemental mapping of areas
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as large as 100 cm? with a resolution of 0.01 -
0.1 mm. Point analyses can be accomplished
using two X-ray guide tubes that accommo-
date either a 10 micron or 100 micron spot
size. Whereas EPMA requires careful prepa-
ration of polished samples for analysis under
a high vacuum (3 x 10 Torr), the micro-XRF
operates under normal atmospheric pressure
and requires little or no sample preparation. It
therefore has broader applications that extend
to biological specimens, historical documents,
art, and archaeology.

We are incorporating these instruments
into the curriculum at all levels from intro-
ductory general education to advanced major
courses in chemistry and geology. Among the
first courses to use the instruments are petrol-
ogy, mineralogy, analytical chemistry, a course
on X-ray methods, and introductory geology.
The EMPA is currently in use for undergradu-
ate and faculty research. To serve off-site us-
ers, we are developing the capability for remote
operation of most functions needed for quanti-
tative analysis and X-ray mapping.

CHRIS D. BOSTICK, JOHN E. JETT, and PE-
TER M. GANNETT, Dept. of Pharmaceutical
and Pharmacological Sciences, West Virginia
University, WV 26506; DAVID LEDERMAN,
Dept. of Physics, West Virginia University,
WV 26506. Single molecule direct measure-
ment of electron transfer in Cytochrome
P450s and the effect of bound substrates on
protein.

Cytochrome P450s (P450s) are a large family
(>11,000) of heme based proteins that play a
crucial role in metabolism of exogenous sub-
strates and oxygen transport. At the center of
their mechanism of action is the ability for an
electron to be transferred from an electron do-
nor, Cytochrome P450 reductase, to the center
heme group. Although there have been exten-

sive studies on Electron Transfer (ET) in heme
based proteins, the process still remains unclear.
Electrochemical studies have had some success
in systems where the P450 is in solution or is an
integral part of the electrode. However, these
studies have been hampered by the ability of
P450s to aggregate and a lack of control of the
interactions with substrates. Based on previ-
ous work, our lab is developing a platform that
isolates single P450s on gold pillars. Using
this platform we have probed isolated P450s
using Conducting Probe Atomic Force Micros-
copy (CAFM) and have obtained ET profiles
of Cytochrome P450 CYP2C9 alone and in the
presence of different substrates. Using CAFM
we are able to gently interact with a single
P450 enzyme molecule alone or with substrate
bound, and measure current as a bias voltage
is applied. The data we have obtained shows a
correlation between the conductivity of the ET
profile and the rate at which the given substrate
is metabolized by the P450. For future studies
we plan to expand these and test other P450
isozymes (CYP2D6 and CYP3A4) and their
respective substrates. These experiments will
allow us to gain a better understanding of ET,
and can open up a new realm of studies.

We acknowledge support from the Na-
tional Science Foundation (Cooperative Agree-
ment 1003907) and NIH (GM081348).

HANNAH CAVENDER, SHAWN SIMMS,
and GENIA SKLUTE, Dept. of Chemistry,
West Virginia State University, Institute, WV
25112. Reactivity and diastereoselectivity of
acyl zirconocene towards chiral sulfinimines.

Enantiomerically pure sulfinamines are impor-
tant precursors to natural products and biologi-
cally active materials. The purpose of this re-
search project is to synthesize enantiomerically
pure sulfinamine from readily available starting
materials in a single-pot operation. Unsaturat-
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ed acyl zirconocene is a reactive intermediate
and is highly susceptible to further conversions
to a variety of carbonyl compounds. Starting
from alkyne, hydrozirconation followed by
carbon monoxide insertion will lead to the in
situ formation of acyl zirconocene. This high-
ly reactive species will then be subjected to a
1,2-addition reaction in a single-pot operation.
The scope and the diastereoselectivity of this
reaction will be investigated. The reaction be-
tween acyl zirconocene and chiral sulfinimines
will lead to the asymmetric formation of chiral
a-amino enone derivatives. Removal of the
chiral auxiliary reveals a-amino enone.

JOSE ESCOBAR and ISMAIL CELIK, DOE
National Energy Technology Laboratory, Mor-
gantown, WV 26506 , Dept. of Mechanical and
Aerospace Engineering, West Virginia Univer-
sity, Morgantown, WV 26506. Faster simula-
tions for pollutant predictions using detailed
chemistry.

Emission of pollutants into the atmosphere rep-
resents a risk for the environment and human
health. The main source of pollutants released
into the atmosphere is the combustion of fossil
fuels. Nitrogen oxides (NOx) are present in the
pollutant gases and they are highly reactive in
the atmosphere. NOx leads to the formation
of smog and acid rain. Environmental controls
have lead research to find innovative strategies
to reduce the negative impact of combustion in
the environment. In the past, combustion de-
sign was aided by the compilation of large sets
of experimental data and the development of
empirical correlations which made the design
of new combustors an expensive enterprise.
Nowadays, numerical simulations have be-
come an important tool in research and design
of combustion systems.

One of the main goals of today’s combus-
tion researchers is the accurate prediction of

pollutant concentration. The challenge of such
prediction is the small concentration of the pol-
lutants, e.g. NOx concentration is in the order
of parts per million. Simplified models used to
calculate NOx concentration proved to predict
trends of NOx emissions but failed to calculate
the actual concentrations. A possible solution
to accurately predict both trends and quantities
is the utilization of detailed chemistry models.
Assumptions in detailed chemistry models are
kept to a minimum (compared to simplified
models) which could lead to more accurate re-
sults. However these detailed models cannot
be implemented in computer simulations due
to the number of chemical species and the wide
range of characteristic time scales of these spe-
cies.

The present study tackles the problem of
using detailed chemistry in numerical simula-
tions by the implementation of the chemical
reactor network (CRN) concept. It consists in
solving the problem in two steps. First, com-
putational fluid dynamics (CFD) simulations
of the burner are performed using a simplified
chemistry model with the goal of obtaining the
flow and temperature fields. Second, the CFD
domain is divided into zones that share similar
characteristics (e.g. temperature and water con-
centration) which are represented by simplified
reactor models. The zones obtained from the
division are simulated again using a detailed
chemistry model.

CFD simulations are performed using a
commercial code and CRN are performed with
an In-house code. CFD simulations of a labo-
ratory scale methane-air burner are performed
using a reduced chemistry model that consists
of nine chemical species and five reactions.
CRN simulations are carried out using a de-
tailed mechanism with 53 chemical species and
325 reactions. Simulation results using CRN
approach can be obtained in a time frame of
only a day compared to the results of the CFD
simulations that use more complete chemical
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models which can take a week. CRN concen-
tration results match the high concentration
species but there is discrepancy in the NOx
concentration, simulation improvements are in
progress.

This technical effort was performed in
support of the National Energy Technology
Laboratory’s on-going research in Gas Turbine
Combustion Modeling under the RES award
RES1000023 / 068.

AMANDA R. KULICK, Pre-forensics, West
Virginia University, Morgantown, WV 26506;
RYAN M. WILLIAMS, Dept. of Basic Phar-
maceutical Sciences, West Virginia University,
Morgantown, WV 26506; LETHA J. SOOT-
ER, WVNano Initiative, Dept. of Basic Phar-
maceutical Sciences, West Virginia University,
Morgantown, WV 26506. In vitro selection of
PETN molecular recognition elements using
capillary electrophoresis.

Pentaerythritol tetranitrate (PETN) is a plastics
explosive that has threatened public safety and
national security on several occasions. Cur-
rent methods of detection for this explosive us-
ing vapor pressures are not very reliable; the
molecule does not have a high vapor pressure.
PETN also lacks metal and will not be rec-
ognized by a metal detector. Using capillary
electrophoresis (CE), a molecular recognition
element (MRE) with high affinity and specific-
ity is being isolated through the in vitro selec-
tion process. The target, PETN, is mixed with
approximately 10" single stranded DNA mol-
ecules and CE is used to separate bound from
unbound DNA. CE is a powerful method of
separating compounds based on a molecule’s
size to charge ratio. Currently, one round of
selection has been completed. A total of 4-6
rounds are expected to be necessary. This MRE
will be incorporated into a sensing device so
that PETN will be both identifiable and detect-

able in very low amounts. It is anticipated that
this device will help protect people from terror-
ist attacks. It may also be used by the military
to protect our service members.

Research Sponsors: DoD and NSF.

ROBERT MORRIS, MICHEAL FULTZ, and
THOMAS GUETZLOFF, Dept. of Chemistry,
West Virginia State University, Institute, WV
25112. Microwave synthesis of N-phenyl
succinimides.

Finding new and cleaner methods to synthe-
size complex functional groups has become
economically viable due 